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Background
In KEYNOTE-012 (NCT01848834) and KEYNOTE-059 (NCT02335411), pem-
brolizumab demonstrated manageable safety and promising antitumor
activity alone or in combination with chemotherapy in patients with ad-
vanced G/GEJ cancer. Compared with chemotherapy alone, chemother-
apy combined with pembrolizumab in the neoadjuvant/adjuvant setting
can provide additional benefit to patients with locally advanced, resect-
able G/GEJ cancer. KEYNOTE-585 is a phase 3, randomized, double-blind
study of chemotherapy combined with pembrolizumab versus chemo-
therapy combined with placebo as neoadjuvant/adjuvant treatment for
locally advanced resectable G/GEJ cancer.
Methods
Key eligibility criteria in KEYNOTE-585 (NCT03221426) include age ≥18
years; previously untreated G/GEJ adenocarcinoma (Siewert type 2 or 3 tu-
mors; Siewert type 1 tumor eligibility limited to those for whom planned
treatment is perioperative chemotherapy and resection), with no evidence
of metastatic disease; planning to undergo surgery after preoperative
chemotherapy; Eastern Cooperative Oncology Group performance status
© The Author(s). 2017 Open Access This artic
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0-1; adequate organ function; no active autoimmune disease. Patients will
be randomly assigned 1:1 to receive chemotherapy + pembrolizumab
(arm 1) or chemotherapy + placebo (arm 2). Stratification factors are geo-
graphic region (Asia vs Non-Asia), primary tumor location (stomach vs
GEJ), and tumor stage (II/III vs IVa). All patients will receive neoadjuvant
(preoperative) chemotherapy + pembrolizumab every 3 weeks (Q3W) for
3 cycles or chemotherapy + placebo Q3W for 3 cycles followed by surgery
and then adjuvant chemotherapy + pembrolizumab Q3W for 3 cycles or
chemotherapy + placebo Q3W for 3 cycles followed by monotherapy with
pembrolizumab or placebo Q3W for 11 cycles; treatment will continue for
up to 17 cycles overall. Chemotherapy consists of cisplatin 80 mg/m2 intra-
venously + either capecitabine 1000 mg/m2 twice daily orally or 5-
fluorouracil 800 mg/m2 intravenously (investigator’s choice). Pembroli-
zumab 200 mg was administered intravenously. Adjuvant monotherapy
consists of pembrolizumab (arm 1) or placebo (arm 2). Primary end points
are overall survival (OS), event-free survival, and rate of pathologic
complete response (defined as no invasive disease and histologically
negative nodes) per central review. Adverse events (AEs) are graded per
National Cancer Institute Common Terminology Criteria for Adverse Events
v4.0 and will be monitored for 30 days after treatment end (90 days for
serious AEs). Patients are followed up for survival every 12 weeks until
death, withdrawal from study, or study termination. Planned enrolment is
approximately 800 patients.
Trial Registration
ClinicalTrials.gov, NCT03221426
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Background
IPI-549 is a potentially first-in-class, oral, potent, selective PI3K-gamma
inhibitor being developed as an immuno-oncology therapeutic in mul-
tiple cancer indications. Preclinical solid tumor research has shown that
PI3K-gamma blockade in tumor-associated macrophages by IPI-549 re-
sults in transcriptional reprogramming of the pro-tumor macrophage
phenotype (M2) to its anti-tumor counterpart (M1). Within this setting,
IPI-549 has demonstrated activity as monotherapy and still greater ac-
tivity when combined with checkpoint inhibitor therapies. Importantly,
the latter approach has been found to overcome checkpoint inhibitor
resistance in specific resistant models.
Methods
This study is being conducted to evaluate the safety, tolerability,
pharmacokinetics, and pharmacodynamics of IPI-549 to ultimately de-
termine its recommended Phase 2 dose and activity, both as mono-
therapy and in combination with nivolumab, in patients with advanced
solid tumors. As shown in Fig. 1, the design includes four parts: 1) dose
escalation (DE) of IPI-549 monotherapy; 2) DE of IPI-549 with fixed-dose
nivolumab; 3) monotherapy expansion; and 4) combination expansion
in specific tumor types, including non-small cell lung cancer, melan-
oma, and squamous cell carcinoma of the head and neck, with de novo
or acquired resistance to checkpoint inhibitors (Fig. 1).
Results
This trial is currently in progress. No results are available.
Progress update: Monotherapy DE enrollment is complete for once-
daily (QD) IPI-549 doses up to 60 mg, while monotherapy expansion
enrollment has been initiated at 60 mg QD. Combination DE enroll-
ment is complete for QD doses of 20 mg and 30 mg IPI-549 com-
bined with fixed-dose nivolumab (240 mg once every 2 weeks).
Conclusions
The collective preclinical data highlight the key role of PI3K-gamma
in the immuno-suppressive tumor microenvironment and provide a
strong rationale for the ongoing clinical study of IPI-549.
Trial Registration
ClinicalTrials.gov: NCT02637531
Fig. 1 (abstract P219). See text for description
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Background
Adoptive cell therapy (ACT) may be effective in treating immunogenic
tumors with high mutational load such as melanoma and virally-
associated tumors like cervical cancer with several patients in studies
performed by other institutions achieving durable complete response
for years. HPV infection increases mutational load, thus providing add-
itional neoantigen targets ideal for the polyclonal nature of ACT. As out-
comes for patients with recurrent, metastatic or persistent cervical
cancer remain extremely poor, there is an enormous need for novel im-
munotherapeutic approaches with curative potential such as ACT.
Methods
Clinical trial C-145-04 (NCT03108495) is a prospective, phase 2 multi-
center, open-label study evaluating the efficacy of a single autolo-
gous tumor infiltrating lymphocyte infusion (LN-145) followed by IL-2
after a non-myeloablative lymphodepletion (NMA-LD) regimen in pa-
tients with recurrent, metastatic, or persistent cervical cancer who
have failed at least one prior systemic therapy. The clinical trial
protocol requires resection of a tumor lesion which is then shipped
to a central GMP manufacturing facility for TIL extraction, expansion,
and preparation of the final infusion product (LN-145). One week
prior to LN-145 shipment and infusion, patients undergo NMA-LD
consisting of cyclophosphamide (60 mg/kg) daily x 2 days followed
by fludarabine (25 mg/m2) daily x 5 days. LN-145 is infused 24 hours
after the last dose of fludarabine followed by up to 6 doses of IL-2
(600,000 IU/kg) every 8-12 hours. Simon’s two-stage optimal design
with one-sided alpha level=0.025 and 80% power will be used to
compare an objective response rate (ORR) of 5% vs. 20% in the first
stage (n=15 subjects). If two or more ORR are observed, trial will expand
to Stage 2 (n=47). The primary endpoint is the ORR per RECIST v1.1. Sec-
ondary endpoints include complete response, duration of response, dis-
ease control rate, progression free- and overall survival; and the safety
summarization of treatment-emergent adverse events (AEs) including
serious AEs, AEs leading to discontinuation, and clinical laboratory tests.
Patients must have been treated with at least 1 systemic chemotherapy
or immunotherapy treatment for recurrent, metastatic, or persistent cer-
vical cancer and, in addition to the tumor targeted for excision and TIL
manufacture, must have an additional measurable lesion for assessment
of response. Other major eligibility criteria include amongst others:
adequate bone marrow, liver, pulmonary, cardiac and renal function;
ECOG performance status of 0 or 1. Systemic steroids greater than 10
mg/day prednisone equivalents are prohibited as are a history of serious
immunotherapy-related adverse events.
Trial Registration
ClinicalTrials.gov identifier: NCT03108495
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Background
Adoptive cell therapy (ACT) may be effective in treating immuno-
genic tumors with high mutational load such as melanoma and
virally-associated tumors like cervical cancer with several patients in
studies performed by other institutions achieving durable complete
response for years. Despite the heterogeneity of squamous cell car-
cinomas of the head and neck (HNSCC), most tumors are either
virally-associated (e.g., HPV in oropharyngeal) or carry high muta-
tional load (e.g., tobacco-related) providing an increased diversity of
potential targets ideal for the polyclonal nature of ACT. Furthermore,
outcomes for patients with recurrent and/or metastatic HNSCC
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remain poor. Therefore, a clear rationale exists for the potential appli-
cation of ACT in patients with HNSCC.
Methods
Clinical trial C-145-03 (NCT03083873) is a prospective phase 2 multicen-
ter, open-label study evaluating the efficacy of a single autologous tumor
infiltrating lymphocyte infusion (LN-145) followed by IL-2 after a non-
myeloablative lymphodepletion (NMA-LD) regimen in patients with
recurrent and/or metastatic HNSCC. Study-related therapy begins with
resection of a tumor lesion that is then shipped to a central GMP manu-
facturing facility where TIL are extracted, expanded, packaged, and
shipped for administration (LN-145). One week prior to LN-145 infusion,
patients undergo NMA-LD consisting of cyclophosphamide (60 mg/kg)
daily x 2 days followed by fludarabine (25 mg/m2) daily x 5 days. LN-145
is infused 24 hours after the last dose of fludarabine followed by up to 6
doses of IL-2 (600,000 IU/kg) every 8-12 hours. Simon’s two-stage optimal
design with one-sided alpha level=0.025 and 80% power will be used to
compare an objective response rate (ORR) of 5% vs. 20% in the first
stage (n=15 subjects). If two or more ORR are observed, trial will expand
to Stage 2 (n=47). The primary efficacy endpoints are the objective re-
sponse rate per RECIST v1.1 and the safety summarization of treatment-
emergent adverse events (AEs) including serious AEs, AEs leading to
discontinuation, and clinical laboratory tests. Secondary efficacy end-
points include CR, DOR, PFS, and OS. Patients must have been treated
with at least one systemic chemotherapy or immunotherapy treatment
for recurrent and/or metastatic HNSCC and, in addition to the tumor
targeted for excision and TIL manufacture, must have an additional
measurable lesion for assessment of response. Additional eligibility cri-
teria include amongst others: adequate bone marrow, liver, pulmonary,
cardiac, and renal function; ECOG performance status of 0 or 1. Systemic
steroids greater than 10 mg/day prednisone equivalents are prohibited
as are a history of serious immunotherapy-related adverse events.
Trial Registration
ClinicalTrials.gov identifier:NCT03083873
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Background
Patients with BRAF-mutant advanced melanoma have been shown to
respond at high rates to combination BRAF plus MEK inhibition.
Response rates to single-agent immune therapies tend to be modest,
but are often durable, while response rates to BRAF plus MEK inhibition
tend to be high but transient. While early attempts at combining tar-
geted and immune therapy resulted in dose-limiting hepatic toxicity,
more recent attempts with newer agents have shown significant prom-
ise. T-VEC is an oncolytic viral immunotherapy which was designed to
selectively replicate in tumors resulting in lytic cell death, antigen
release, and production of GM-CSF to enhance systemic immune re-
sponse. In a prior randomized, phase 3 study of T-VEC versus GM-CSF,
durable response rate was statistically improved with T-VEC, with a
strong trend towards improved overall survival. Dabrafenib and trame-
tinib, inhibitors of BRAF and MEK, respectively, have been shown in
combination to result in response rates of up to 75% and improvement
in progression-free and overall survival compared to single-agent tar-
geted therapy and chemotherapy. Combining T-VEC with dabrafenib
and trametinib may further enhance antitumor immune responses in
addition to preserving the targeted effect.
Methods
This is a Phase Ib, prospective, single arm study of T-VEC given in com-
bination with standard doses of dabrafenib and trametinib in advanced
melanoma with an activating BRAF mutation. The primary endpoint of
the study is tolerability as measured by dose-limiting toxicities seen in
the first 5 weeks of treatment. Key secondary endpoints include
progression-free survival, objective response rate, change in tumor bur-
den, time to response, and duration of response among responders.
Tumor-level responses in injected and uninjected tumors, and
characterization of immune markers in pre-study and on-study biopsies
will be exploratory endpoints. Key eligibility criteria include unresect-
able stage IIIB-IV BRAF mutant melanoma, presence of measurable and
injectable disease, no active cerebral metastases or autoimmune dis-
eases, and any number of prior lines of therapy but no prior receipt of
T-VEC. T-VEC (106 PFU/mL first dose, 108 PFU/mL subsequent doses) will
be administered by intralesional injection into cutaneous, subcutane-
ous, or nodal lesions on week 1 day 1, week 4 day 1, and every 2 weeks
thereafter until disappearance of injectable lesions, complete response,
progressive disease, intolerance of study treatment, or 24 months after
starting therapy, whichever occurs first. Dabrafenib and trametinib will
be given until progression or intolerance. Twenty subjects are to be en-
rolled at a single U.S. institution.
Trial Registration
NCT03088176
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Background
Metastatic castration-resistant prostate cancer (mCRPC) treatment has in-
cluded suppression of androgen receptor signaling, palliative radiation
therapy, and chemotherapy. As expression of the programmed death 1
(PD-1) receptor and its ligand PD-L1 is present in a subset of mCRPC
lesions, targeting this pathway may be an attractive treatment option.
KEYNOTE-199 (NCT02787005) is a nonrandomized, multinational, multi-
cohort open-label phase 2 study to evaluate the anti–PD-1 antibody
pembrolizumab in patients with mCRPC.
Methods
Patients must be ≥18 years old with histologically or cytologically con-
firmed prostate adenocarcinoma without small-cell histology, measur-
able disease (RECIST v1.1) or detectable bone metastases by whole-body
bone scintigraphy and no RECIST v1.1 measurable tumors, supplied
tumor sample for PD-L1 expression (new or archived), disease progres-
sion within 6 months before screening, and ECOG performance status 0-
2. As of June 2017, 2 additional cohorts were added called cohorts 4
and 5. For these cohorts patients had to fail or show signs of failure on
current prechemotherapy enzalutamide; patients could fail abiraterone
treatment before enzalutamide. For cohort 4, patients will be enrolled
with RECIST v1.1-measurable disease (n=80) and for cohort 5 patients
will be enrolled with bone metastases only or bone-predominant dis-
ease (n=40). For both cohorts patients will receive pembrolizumab 200
mg every 3 weeks (Q3W) plus current enzalutamide regimen. For the
original cohorts (cohorts 1-3), patients must have been treated with ≥1
targeted endocrine therapy (abiraterone or enzalutamide) and ≤2
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chemotherapy regimens; one must have contained docetaxel. Pa-
tients also must be undergoing androgen deprivation with serum
testosterone <50 ng/dL. Patients will be enrolled based on PD-L1
status and RECIST v1.1 measurability and will receive pembrolizu-
mab 200 mg Q3W: PD-L1–positive, RECIST v1.1 measurable disease
(cohort 1), PD-L1–negative, RECIST v1.1 measurable disease (cohort
2; cohorts 1 and 2 combined, n=200), and bone metastases and
RECIST v1.1 nonmeasurable disease (cohort 3, n=50). All patients
will continue until documented confirmed disease progression, un-
acceptable adverse events (AEs), or illness that prevents further
treatment. Imaging response will be assessed every 9 weeks for
approximately 1 year and every 12 weeks thereafter, per central
imaging vendor review (RECIST v1.1) and the Prostate Cancer
Clinical Trials Working Group 3 guidelines. AEs will be monitored
throughout the study. Primary end points are overall response rate
for cohorts 1 and 2 combined and for cohorts 1, 2, and 4. Key
secondary end points include safety and tolerability, duration of re-
sponse, disease control rate, radiographic progression-free survival,
and overall survival.
Trial Registration
ClinicalTrials.gov, NCT0278700
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Background
Rocapuldencel-T is an investigational patient-specific immunothera-
peutic comprised of autologous dendritic cells programmed with
RNA from the patient’s tumor to express tumor-specific antigens
and thereby induce a memory T cell response. Rocapuldencel-T is
engineered to secrete IL-12, a critical cytokine for memory-T cell
formation, to induce an antigen-specific memory T cell response.
We previously reported results from a Phase 2 study showing a cor-
relation between the magnitude of the induced memory-T cell re-
sponse and overall survival (OS) in advanced RCC patients. We
therefore measured the antigen-specific memory T cell response
and the level of secreted IL-12 in patients receiving Rocapuldencel-
T to assess the relationship of these parameters to each other and
to overall survival (OS).
Methods
The ADAPT trial is designed to evaluate OS in subjects with newly
diagnosed mRCC receiving Rocapuldencel-T in combination with
standard-of-care (SOC) versus SOC alone. As part of this interim
analysis, immune monitoring was performed on patients (N=146)
enrolled in the United States and randomized to the combination
arm. The change in the number of CD28+/CD45RA- antigen-specific
memory T cells present after in vitro stimulation of PBMCs with
Rocapuldencel-T was measured with multi-color flow cytometry.
The amount of IL-12 secreted by each patient’s immunotherapeutic
was measured by a cytokine bead capture method (N=179). The
increase in the number of antigen-specific memory T cells after
administration of Rocapuldencel-T and the concentration of IL-12
secreted by each patient’s immunotherapeutic where correlated
with OS.
Results
Data from this interim analysis revealed a statistically significant in-
crease in the number of CD28+/CD45RA- memory T cells after as few
as three doses of Rocapuldencel-T administered three weeks apart. The
increase above baseline became a statistically significant correlate with
OS after seven doses. Furthermore, the amount of IL-12 each patient’s
immunotherapeutic produced showed a statistically significant correl-
ation with both the magnitude of the memory T cell response and OS.
Conclusions
This interim analysis demonstrated that administration of Rocapuldencel-
T resulted in an increase in antigen-specific memory T cells and that the
magnitude of the induced memory T cell response after seven doses cor-
related with OS. Additionally, the amount of IL-12 secreted by each pa-
tient’s immunotherapeutic correlated with both the magnitude of the
induced memory T cell response and OS. Therefore, the level of IL-12
secretion may serve as a predictive biomarker for T cell response to
Rocapuldencel-T and favorable clinical outcome, warranting further
investigation.
Trial Registration
ClinicalTrials.gov identifier-NCT01582672
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Background
Rocapuldencel-T is an investigational patient-specific immunothera-
peutic comprised of autologous dendritic cells programmed with
RNA from the patient’s tumor to express tumor-specific antigens and
induce a memory-T cell response. The Phase 3 ADAPT trial is designed
to evaluate overall survival (OS) in subjects with newly diagnosed
mRCC receiving Rocapuldencel-T in combination with standard-of-care
(SOC) versus SOC alone. Current SOC first-line treatment with sunitinib
is shown to decrease regulatory T cells (Tregs), thus potentially modu-
lating anti-tumor activity. Therefore, FoxP3+ Treg cell counts in patients
receiving Rocapuldencel-T were measured ex vivo in whole blood sam-
ples and the relationship to OS was assessed for each arm of the study.
Methods
For this interim analysis, whole blood samples collected at intervals
during the course of the ADAPT trial were stained immediately
ex vivo by multi-color flow cytometry to determine the number of
CD4+/CD25+/CD127-/Foxp3+ Treg cells. The correlation between the
number of Tregs present and overall survival was determined for the
combination arm subjects (N=177) and the SOC arm subjects (N=80)
for whom data was available. We further studied the impact of
Rocapuldencel-T on Treg phenotype and function after in vitro stimu-
lation of PBMCs from treated subjects.
Results
As reported elsewhere, data from this interim analysis showed a de-
cline in the number of Tregs after the first cycle of sunitinib. Surpris-
ingly, the number of Tregs at baseline or at any time point measured,
positively correlated with OS in the combination arm, but negatively
correlated with OS in the SOC arm. Furthermore, in vitro stimulation of
autologous PBMCs with Rocapuldencel-T resulted in conversion of
Tregs to a proinflammatory cell phenotype that proliferates in culture,
thus providing a possible explanation for the positive correlation be-
tween the number of Tregs and OS in the combination arm.
Conclusions
In this interim analysis, baseline Tregs positively correlated with sur-
vival only in the Rocapudencel-T arm and not in the SOC arm. These
data suggest that Rocapudencel-T exerts a biologic effect catalyzed
by the presence of Tregs, potentially by conversion to T effector cells,
resulting in favorable clinical outcome. This is consistent with the
in vitro observation that Rocapudencel-T can convert Tregs to T effector
cells. Therefore, the level of Tregs in whole blood samples may serve as
a useful baseline biomarker predictive of favorable long-term clinical
outcome in patients treated with Rocapudencel-T while also predicting
poor outcome in patients receiving conventional SOC.
Trial Registration
ClinicalTrials.gov identifier-NCT01582672.



Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):87 Page 121 of 244
P226
FRACTION-RCC: a randomized, open-label, adaptive, phase 2 study
of nivolumab in combination with other immuno-oncology agents
in patients with advanced RCC
Corina Candiani Taitt1, Robert J. Motzer2, Toni K. Choueiri3, Bernard J. Escudier4,
Timothy Kuzel5, Michael A. Carducci6, Suresh Nair7, Scott S. Tykodi8,
Sarah Tannenbaum-Dvir1, Megan Wind-Rotolo1, Katy L. Simonsen1,
Paula M. Fracasso1
1Bristol-Myers Squibb, Princeton, NJ, USA; 2Memorial Sloan Kettering
Cancer Center, New York, NY, USA; 3Dana-Farber Cancer Institute,
Boston, MA, USA; 4Gustave Roussy Cancer Centre, Villejuif Cedex, France;
5Rush University Medical Center, Chicago, IL, USA; 6Sidney Kimmel
Comprehensive Cancer Center, Johns Hopkins University, Baltimore, MD,
USA; 7Lehigh Valley Health Network, Allentown, PA, USA; 8University of
Washington and Fred Hutchinson Cancer Research Center, Seattle, WA,
USA
Correspondence: Corina Candiani Taitt (ea@chrysalismedical.com)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P226

Background
Nivolumab, a fully human IgG4 monoclonal antibody (mAb) that tar-
gets the PD-1 receptor, is approved for patients with advanced renal
cell carcinoma (RCC) after prior antiangiogenic therapy based on su-
perior overall survival vs everolimus (CheckMate 025; Motzer RJ, et al.
N Engl J Med. 2015). Nivolumab has also shown promising antitumor
activity in combination with ipilimumab (a fully human IgG1 mAb
that targets cytotoxic T-lymphocyte antigen 4) in patients with meta-
static RCC, supporting the rationale that nivolumab in combination
with other immuno-oncology (IO) agents or targeted therapies may
improve outcomes in patients with advanced RCC. Given the rapid
development of novel IO agents, traditional study designs may not
efficiently evaluate all possible IO-IO and IO-targeted therapy combi-
nations. Fast Real-time Assessment of Combination Therapies in
Immuno-ONcology (FRACTION) is an innovative clinical trial program
with a rolling, adaptive platform design that allows for the addition of
new regimens as well as the withdrawal of ineffective regimens. Here
we describe the study concept, key design components, and first IO
treatment combinations of FRACTION-RCC, a phase 2, randomized,
open-label, adaptive study in advanced RCC (NCT02996110).
Methods
FRACTION-RCC is envisioned to accelerate the development of the
next generation of IO combinations for patients with metastatic RCC.
Patients with advanced RCC with a clear-cell component will be en-
rolled based on prior IO treatment and randomized to receive nivolu-
mab plus BMS-986016 (a fully human IgG4 mAb that targets
lymphocyte activation gene 3) or nivolumab plus ipilimumab. Enroll-
ment is continuous and may offer patients consecutive treatment op-
tions based on treatment exposure and response. Primary endpoints
include objective response rate, duration of response, and progression-
free survival rate at 24 weeks. The secondary endpoint is safety. Bio-
marker analyses will also be performed. New treatment combinations
will be added over time to explore their potential benefits and provide
a continuous flow of treatment options for patients whose cancer pro-
gresses on existing treatments.
Trial Registration
ClinicalTrials.gov, NCT02996110
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Background
PD-1 blocking antibodies are standard first line therapy for man-
agement of advanced melanoma. Monotherapy response rates to
these agents are reported between 30-40%; therefore, the majority
of patients require additional therapy [1, 2]. Strategies to improve
the benefit of these agents are currently focused on combination
with other systemic agents and adjunctive local treatment mea-
sures. We are evaluating the combination of pembrolizumab with a
vaccine incorporating 6 peptides that induces CD4+ helper T cell
(TH) responses (6MHP) and has proven activity in patients with ad-
vanced melanoma [3]. The primary end point is determination of
the safety and tolerability of the combination of 6MHP vaccine plus
Pembrolizumab and estimation of the CD4+ T cell response rate to
6MHP in the blood and sentinel immunized node. Secondary end-
points include evaluation of the induction of epitope-spreading
and the T cell infiltration of the tumor microenvironment.
Methods
This is an open-label, phase I/II study to evaluate the safety, immuno-
genicity and clinical activity of the 6MHP vaccine and pembrolizumab
(MEL64, NCT02515227). Candidates may be resistant or naïve to sys-
temic immunotherapy agents. Patients with prior PD-1 antibody expos-
ure are included if the patient failed to experience a clinical response
after 12 weeks or progressed on treatment. All subjects will receive
6MHP on days 1, 8, 15, 43, 64, and 85. Pembrolizumab will be adminis-
tered intravenously (IV) every 3 weeks for up to 2 years. Biopsy speci-
mens will be collected from the tumor (days 1 and 22) and a sentinel
immunized node (SIN; day 22). Biopsy and peripheral blood specimens
will be used in the immunologic analyses. Overall target sample size is
based upon having sufficient information to assess whether combined
treatment with 6MHP vaccine plus pembrolizumab increases the im-
munogenicity of 6MHP alone in the entire study population. Maximum
target sample size is 40 patients. Trial is currently enrolling patients.
Results
Trial in Progress.
Conclusions
Trial in Progress.
Trial Registration
NCT02515227
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Background
While a variety of different treatment regimens have been studied
for patients with relapsed/refractory acute myeloid leukemia (AML)
clinical outcomes unfortunately remain dismal. There appears to be
no single superior therapeutic approach and the current standard of
care is referral to an appropriate clinical trial. The unique com-
bination of pembrolizumab and decitabine used in this trial was
selected for investigation based on several factors: 1) Largely non-
overlapping adverse reaction profiles for these agents. 2) Both agents
already FDA approved potentially allowing for rapid translation/adop-
tion. 3) Both agents have previously evaluated dosing schedules that
are compatible with one another. 4) Theoretical possibility of synergy
given respective mechanisms of action.
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Methods
PD-AML (17-H-0026, NCT02996474) is an investigator sponsored,
single-institution, single-arm open-label ten subject pilot study to
evaluate the feasibility of a novel combination of pembrolizumab
and decitabine in adults with relapsed/refractory AML. Secondary
objectives will explore efficacy and determine time to first re-
sponse, best response and duration of best response. Laboratory
objectives include investigation of changes in AML clonal compos-
ition and disease burden during therapy, and measurement of
changes in immune parameters associated with clinical efficacy
and/or toxicity. Up to eight 21 day cycles of pembrolizumab are
given with decitabine given on days 8-12 and 15-19 on alternative
cycles (ie: cycles 1, 3, 5 and 7) (Fig. 1).
Results
This clinical trial opened in February 2017 and is currently in pro-
gress. Currently seven patients have reached response and toxicity
assessment time-points. Updated results will be presented at the
meeting.
Conclusions
Acute myeloid leukemia is a heterogeneous group of diseases with
distinct molecular and phenotypic characteristics. Even within a single
patient AML may be polyclonal at any examined time-point, and this
clonal composition can change over time with the clone predominant
at presentation not necessarily the one responsible for relapse and
death. We hypothesize that effective pembrolizumab therapy for refrac-
tory/relapsed AML may be associated with changes in the leukemic
clonal composition due to differences in immunogenicity between
clones. The oligoclonal nature of AML biology, together with a blood
and bone marrow distribution highly amenable to repeated sampling
of the sites of disease burden, provides a near unique opportunity to
investigate fundamental mechanisms underpinning treatment efficacy
of this new combination of immunotherapeutic drugs.
Trial Registration
[https://clinicaltrials.gov/ct2/show/NCT02996474]
FDA-IND: 131826
Fig. 1 (abstract P228) See text for description
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Background
Checkpoint blockade has become a major modality in the treatment
of metastatic melanoma (MM). However, long-term survival and dur-
able remission rates remain low and new treatment options are
needed. CD40 activation on antigen presenting cells (APCs) initiates
their maturation and ability to prime and activate CD8+ T cells
through upregulation of co-stimulatory molecules (CD80, CD86,
CD70, 4-1BBL, OX40L, and GITR-L) as well as expression of cytokines
such as IL-12. Furthermore, CD40 activation cause macrophages to
develop a more tumoricidal phenotype and tumor cells to increase
MHC I expression.
Direct intratumoral (IT) immune modulation utilizes the tumor as a
“vaccine site” to generate a tumor specific immune response. We
hypothesize that (IT) injection of a CD40 agonist such as APX005M,
will “immunize” patients against melanoma neoantigens through “li-
censing” of tumor infiltrating APCs for tumor specific T cell priming
and activation. In preclinical mouse models, we have shown that IT
administration of the recombinant adenovirus encoding the dendritic
cell-activating CD40L induces CD8+ T cell-mediated systemic activity
against B16 melanoma. Importantly, IT rAdCD40L also augmented
the activity of anti-PD-1.
Methods
This phase I/II trial (NCT02706353) evaluates the safety, efficacy, and
immunological impact of IT administration of APX005M (CD40 agon-
istic mAb) in combination with systemic pembrolizumab in pts with
MM. An accelerated 3+3 design was used for the phase 1 dose escal-
ation portion of this study. Pts will receive IT APX005M at escalating
doses every 3 weeks for a total of 4 doses. Image guidance will allow
for injection of visceral, nodal, and soft tissue metastases. The single-
arm phase 2 expansion will evaluate the overall response rate (ORR)
of this regimen 12 weeks after initiation of treatment. Some key inclu-
sion criteria: confirmed cutaneous or mucosal melanoma; measurable,
unresectable stage-III or stage-IV disease, and at least 2 injectable
lesions. Key exclusion criteria include: prior immunotherapy, uveal mel-
anoma, active autoimmune disease, or active immunodeficiency. A
sample size of 26 patients will have 75% power to detect an improve-
ment from a null ORR of 33% to 55%, using a one group chi-square test
and assuming a one-sided α–level of 5%. Immune analysis will be per-
formed on pre and on-treatment tumor/liquid biopsies including but
not limited to quantification of dendritic cells and T cells both in
injected and non-injected tumors.
Trial Registration
NCT02706353
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Background
No chemotherapeutic regimens or targeted agents are approved
specifically for esophageal cancer; available options have limited
benefit and substantial toxicity. In the phase 1b KEYNOTE-028 study
(NCT02054806), pembrolizumab monotherapy demonstrated manage-
able safety and durable antitumor activity in heavily pretreated patients
with PD-L1–positive advanced esophageal carcinoma. In KEYNOTE-059
(NCT02335411), combining chemotherapy (cisplatin and 5-fluorouracil)
and pembrolizumab as first-line treatment for patients with advanced
gastric or gastroesophageal junction cancer resulted in encouraging ef-
ficacy and manageable safety. This suggests chemotherapy plus pem-
brolizumab as a potential therapeutic strategy for esophageal cancer.
KEYNOTE-590 is a randomized, double-blind, multicenter phase 3 study
of cisplatin and 5-fluorouracil plus pembrolizumab versus cisplatin and
5-fluorouracil plus placebo in patients with advanced E/EGJ carcinoma.
Methods
Eligible patients are ≥18 years of age; have locally advanced unresect-
able or metastatic adenocarcinoma or squamous cell carcinoma of

https://clinicaltrials.gov/ct2/show/NCT02996474
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esophagus or metastatic Siewert type 1 adenocarcinoma of EGJ, meas-
urable disease per RECIST 1.1, ECOG performance status 0-1, adequate
organ function; have had no prior therapy for advanced disease, no
autoimmune disease, no active infection; and can provide a newly ob-
tained or archival tissue sample. Patients will be randomly assigned 1:1
to cisplatin 80 mg/m2 IV every 3 weeks (Q3W) for 6 cycles plus 5-
fluorouracil 800 mg/m2 continuous IV on days 1-5 Q3W IV plus pem-
brolizumab 200 mg IV Q3W or cisplatin 80 mg/m2 IV Q3W for 6 cycles
plus 5-fluorouracil 800 mg/m2 continuous IV on days 1-5 Q3W plus pla-
cebo Q3W IV. Treatment will continue up to 2 years. Response will be
assessed using CT (preferred) or MRI every 9 weeks by central imaging
per RECIST v1.1. Adverse events will be graded per NCI CTCAE v4.0 and
up to at least 30 days after the end of treatment. Primary end points
are PFS per RECIST v1.1 and OS in all patients and in patients with PD-
L1 positive or negative tumor expression (combined positive score
≥10% or <10% using immunohistochemistry). Secondary end points in-
clude ORR per RECIST v 1.1, duration of response, safety, and health-
related quality of life. PFS and OS will be compared between groups
using a stratified log-rank test; hazard ratios will be estimated using a
Cox regression model. The Kaplan-Meier method will be used to esti-
mate event rates within groups. Enrollment is planned for approxi-
mately 700 patients.
Trial Registration
ClinicalTrials.gov, NCT03189719
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Background
Targeting CD40, a member of the TNF receptor superfamily found on
antigen presenting cells (APCs), represents a promising cancer immu-
notherapeutic strategy. Activation of this costimulatory molecule re-
sults in improved antigen processing and presentation and cytokine
release from activated APCs, enhancing T cell responses. Additionally,
CD40 is expressed on many tumor cells that, when activated, results
in tumor cell apoptosis and inhibition of tumor growth. APX005M
(Apexigen, San Carlos, CA) is a humanized IgG1 anti-CD40 agonistic
antibody that binds to CD40 with high affinity. In a FIH phase I clin-
ical trial in patients with advanced solid tumors, APX005M was rela-
tively well tolerated, with cytokine release syndrome (CRS) as the
DLT at doses above the RP2D. Importantly, correlative studies show
that APX005M produces dose-dependent activation of APCs, T cell
activation, and increases in circulating cytokine levels.
Methods
This pilot trial represents the first to evaluate a CD40-agonistic anti-
body in esophageal/GE junction cancer, a disease in which IO
agents (particularly PD-1 mAbs) have demonstrated promising ac-
tivity. The study is also the first to explore combining IO with che-
moradiation in the neoadjuvant setting, as this multimodality
approach represents the standard of care for patients with resect-
able esophageal/GE junction cancer and is optimally conducive for
serial tumor tissue acquisition. A total of 16 patients with resectable
(uT1-3N0-1) squamous cell or adenocarcinoma of the esophagus or
GE junction will be enrolled. Chemoradiation consists of radiation
(5040cGy in 28 daily fractions) and low-dose carboplatin plus pacli-
taxel weekly x 5, as per standard of care. APX005M 0.3 mg/kg (1
dose level below single-agent MTD) is given every 3 weeks for a
total of 4 doses, with the first dose administered two weeks prior
to the initiation of concurrent chemoradiation. APX005M administration
is offset by 2-3 days from chemotherapy to avoid the steroid pre-
medication administered with paclitaxel. Tumor tissue is acquired via
endoscopic biopsy at baseline and following the single-dose “run-in” of
APX005M; and then again at esophagectomy, which occurs 1-2 months
following completion of chemoradiation. Serial blood collections are
also performed at multiple pre-defined timepoints. In addition to asses-
sing the feasibility, safety, and preliminary efficacy (as measured by
pathologic complete remission rate) of this novel combination, analyses
of tumor tissue and blood will be performed, including Tissue Multiplex
Immunohistochemistry and flow cytometry for both APC and T cell
activation, as well as T cell receptor sequencing for T cell repertoire
diversity.
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Background
Tumor-specific immune responses are known to be initiated by
tumor associated and/or specific antigen-sensitized dendritic cells
(DCs), that can effectively process and present tumor antigens to
CD4+ and CD8+ T cells. MASCT-I is a sequential immune cell therapy
for solid tumor, which included multi-antigen loaded DC vaccines
followed by the adoptive transfer of anti-tumor specific T cells. DC
vaccines are produced from patients’ autologous PBMC-derived DC
loaded with multiple tumor associated antigen peptides and are
injected into patients to induce active anti-tumor immunity. Anti-
tumor specific T cells are stimulated from the same patient by co-
cultured with DC vaccines and Anti-PD1 antibody in vitro, are then
infused into the patient to target tumor cells.
Methods
This is a single center, three stages phase I study. Stage1 and 2 will
enroll (3+3 design) patients with advanced (unresectable) or recur-
rent bladder cancer or soft tissue sarcoma who have failed all stand-
ard therapies, Patients will be treated with MASCT-I. If the dose
limitation toxicity (DLT) in the first cycle of MASCT-I is <33.3%, the
stage 2 will begin. Patients who have advanced recurrent or meta-
static bladder cancer with Gemcitabine and Cisplatin (GP) chemo-
therapy achieving clinical benefit (group 1) will be treated with
MASCT-I as maintenance therapy. Also, patients who have advanced
recurrent or metastatic sarcoma with achieving clinical benefit after
MAID or CAV/IE (predominant Doxorubicin regimens) (group 2) will
be treated with MASCT-I combined with Ifosfamide as maintenance
therapy too. During the stage 2, if, in the first cycle of MASCT-I treat-
ment, the DLT is < 33.3%, stage 2 will extend to stage 3. Approxi-
mately additional 24 patients will be enrolled in group 1 and 2. The
primary objective is safety and tolerability. Secondary objectives in-
clude DCR, PFS, TTP, OS. As of 17 May 2017, Three patients were en-
rolled and completed Stage 1 without any DLT and treatment
related SAEs. Five AEs are related with treatment, they are pain on
the injection site, fatigue, pruritus and arthralgia, which were all
grade 1. Recruitment is ongoing for dose expansion (stage 2). Clinical
trial information: NCT030343
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Background
Primary lung cancer is the most common malignancy after non-
melanocytic skin cancer with deaths exceeding those from any other
type of malignancy worldwide. In advanced (TNM stage IIIA, IIIB and IV)
disease, only palliative therapy is available which carries a high risk of
toxicity and limited potential to extend life. Intradermal delivery of
dendritic cells (DCs) carrying an immunogenic cargo offers a novel ap-
proach to address malignancy mediated through upregulated telomer-
ase expression and decreased cell death. AST-VAC2 is a mature,
allogeneic DC vaccine derived by differentiating H1 human embryonic
stem cells (hESCs) into mature DCs, transfected to express the tumor
associated antigen human telomerase reverse transcriptase (hTERT)
and lysosomal associated membrane protein 1 (LAMP-1) [1,2]. LAMP-1
fusion proteins enable target hTERT peptides to be directed to HLA
(Human Leukocyte Antigen) II and HLA I receptors on the surface of en-
dogenous DCs, invoking dual, antigen-specific CD4+ and CD8+ re-
sponses [3]. Preclinical investigations have shown that AST-VAC2
phagocytose, process, and present antigen upon maturation. Further-
more they produce immunostimulatory cytokines, migrate in response
to cytokines, and activate antigen specific T cell responses.
Methods
The first-in-human trial will evaluate safety, tolerability, immunogen-
icity and therapeutic potential in adult NSCLC patients in advanced
(metastatic or locally advanced disease) and adjuvant (currently
radiologically disease free) settings. Patients who are positive for the
HLA-A2 allele (expressed by AST-VAC2) will receive 6 weekly doses of
1 x 107 AST-VAC2 cells and will be monitored for one year as the
primary follow-up point and subsequently for up to five years for
long-term follow-up. Safety assessments as well as immunological
monitoring for the generation and maintenance of hTERT specific T
cells will be key endpoints. Results will be used to expand the clinical
indications for assessment and support future combination immuno-
therapy approaches.

References
1. Tseng SY, Nishimoto KP, Silk KM, Dawes GN, Waldmann H, Fairchild PJ,

Lebkowski JS, Reddy A. Generation of immunogenic dendritic cells from
human embryonic stem cells without serum or feeder cells. Regen. Med.
2009; 4(4):513-526.

2. Nishimoto KP, Tseng S-Y, Lebkowski JS, Reddy A. Modification of human
embryonic stem cell-derived dendritic cells with mRNA for efficient anti-
gen presentation and enhanced potency. Regen. Med. 2011;6(3):303–318.

3. Su Z, Dannull J, Yang B, Dahm P, Coleman D, Yancey D,Sichi S, Niedzwiecki
D, Boczkowski D, Gilboa E, Vieweg J. Telomerase mRNA-Transfected Den-
dritic Cells Stimulate Antigen-Specific CD8+and CD4+T Cell Responses in
Patients with Metastatic Prostate Cancer. J Immunol. 2005.174: 3798–3807.

P235
Nivolumab in patients with advanced or metastatic non-small cell
lung cancer (Stage IIIb/IV) who have received at least one prior
systemic chemotherapeutic regimens
Sung Yong Lee, Sang Mi Chung, Ju Whan Choi, Young Seok Lee,
Jong Hyun Choi, Jee Youn Oh, Kyung Hoon Min, Gyu Young Hur,
Jae Jeong Shim, Kyung Ho Kang
Korea University Medical Center, Seoul, Republic of Korea
Correspondence: Sung Yong Lee (syl0801@korea.ac.kr)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P235

Background
Nivolumab, a human programmed death 1 (PD-1) immune check-
point inhibitor antibody, has been shown to increase overall survival
in non-small cell lung cancer (NSCLC) patients. This immune checkpoint
blockade has been approved in Korea, United States, the European
Union, and other countries for the treatment of advanced NSCLC that
has progressed after platinum-based chemotherapy. Nivolumab has
demonstrated longer overall survival than docetaxel among the pre-
viously treated NSCLC patients. We have assessed the safety of ni-
volumab in 8 patients with previously treated, locally advanced or
metastatic NSCLC who were enrolled in the NSCLC Expanded Access
Program (EAP) in Korea University Guro Hospital.
Methods
This EAP program included subjects with histologically or cytologic-
ally documented NSCLC who have relapsed after systemic treatment
with a minimum of 1 prior systemic treatment for stage IIIB/stage IV
disease. Subjects were treated with 3 mg/kg of nivolumab IV every 2
weeks for a maximum of 24 months. Each 14-day dosing period con-
stituted a single cycle. Patients included in the analysis had received
≥ 1 dose of nivolumab and were monitored for adverse events (AEs).
Results
As of June 30, 2017, eight patients participated. Median age was 63.0
years. All participants were male. Except for 1 (12.5%) current smoker
and 1 (12.5%) never smoker, other 6 (75%) patients were former
smokers. The average of smoking period was 27 pack-years. 2 had
squamous and 6 had non-squamous histology. At the time of enroll-
ment, 4 had bone, 3 had brain and 3 had brain metastases. Best re-
sponse rates was 12.5% and disease control rate was 50%. Median
progression free survival was 99.5 days (95% CI 50.1-174.7). During the
nivolumab chemotherapy, 2 patients had pneumonia and 1 had stroke.
Other 5 patients had no critical complication during the treatment.
Conclusions
Our study showed that EAP participants had some lower response
rate and more prolonged PFS compared to previously reported in
Checkmate-017 and in Checkmate-057. And nivolumab EAP showed
good safety profiles. In conclusion, treatment with Nivolumab is safe
and effective for patients who have previously received heavily
chemotherapy.
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Background
Passive immunotherapy of cancer is established for a variety of ma-
lignant diseases. Anti-GD2 antibody (Ab) ch14.18/CHO (dinutuximab
beta) showed activity for the treatment high-risk neuroblastoma (NB)
patients and received recently marketing approval in the EU. Here
we demonstrate that one important mechanism of action in patients
is antigen specific Ab-dependent cellular cytotoxicity (ADCC) and we
report that ADCC impacts on PD-1/PD-L1 checkpoint regulation that
can be targeted by co-treatment with an inhibitor.
Methods
53 patients received 100 mg/m2 ch14.18/CHO (d8-17), 6x106 IU/m2

sc IL-2 (d1-5; 8-12 and 160 mg/m2 oral 13-cis-RA (d19-32) in a closed
single center program (53 pts). Polymorphisms in Fcγ-receptor genes
2A (H131R), -3A (V158F) and -3B (NA1/NA2) were determined by real-
time PCR. Expression of PD-L1 and PD-1 was analyzed by RT-PCR and
flow cytometry. Effect of PD-1/PD-L1 blockade and ch14.18/CHO-me-
diated anti-NB immune response was evaluated using anti-PD-1 Ab
both in vitro (Nivolumab) and in the syngeneic GD2

+ NB NXS2 mouse
model (anti-mouse PD-1).
Results
We identified 33/53 patients with low affinity FCGR alleles (FCGR2A-
H131R/R and/or FCGRA3A-V158 F/F). These patients showed lower
PFS rates compared to 20/53 patients with high affinity polymor-
phisms (p < 0.01). ADCC levels on day 15 of cycle 1 in pts with high
affinity polymorphisms showed an ADCC increase of 20±6% com-
pared to 11±2% in the control. The correlation with functional
immune parameter ADCC and clinical outcome confirm its role for
clinical efficacy.
Interestingly, tumor specific ADCC in the presence of LA-N-1 neuro-
blastoma cells, leukocytes and sub-therapeutic ch14.18/CHO concen-
trations (10 ng/ml) results in a strong increase of the PD-L1
expression and incubation with IL-2 further enhanced this effect.
Blockade with Nivolumab reversed the PD-L1-dependent inhibition
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of ADCC. Finally, mice treated with ch14.18/CHO in combination with
PD-1 blockade showed strongest reduction of tumor growth, longest
survival rate as well as the highest level of NB cell lysis mediated by
serum and leukocytes of treated mice compared to controls.
Conclusions
Patient studies clearly reveal ADCC as mechanism of ch14.18/CHO
against neuroblastoma, and this upregulates the inhibitory check-
point PD-1/PD-L1. Combination of ch14.18/CHO with PD-1/PD-L1
blockade results in synergistic treatment effects. Similar upregulation
of PD-L1 expression by suboptimal ADCC was also seen with the hu-
man GD2+ osteosarcoma cell line MG63. This suggests a broader ap-
plicability and to consider combinations of passive immunotherapy
of cancer with PD-1/PD-L1 checkpoint inhibition.
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Background
Invariant Natural Killer T (iNKT) cells represent a distinctive subset of
T lymphocytes characterized by an invariant receptor Vα24/Jα18 in
human, which play critical roles in regulating anti-tumor immunity
by bridging innate and adaptive immune responses. We have previ-
ously demonstrated that the accumulation of circulating iNKT cells
provide a better prognosis for hepatocellular carcinoma (HCC) pa-
tients, the adoptive transfer of ex vivo expanded human iNKT cells in
HCC tumor-bearing NOD/SCID mice led to the decrease in tumor
size, revealing the iNKT immunotherapy may bring clinical benefits
for the HCC patients.
Methods
The phase I trial enrolls patients who have relapsed/advanced
HCC tumor relapsed or metastasized through the body after
standard treatment or the patients cannot receive standard
treatment under current conditions. The purpose of this study is
to find the biggest dose of iNKT cells that is safe and tolerance,
to see how long they last in the body, to learn the immune-
response, the side effects and if the iNKT cells will help people
with relapsed/advanced HCC. Key eligibility criteria include age
≥18 years, with HCC (BCLC, stage C) proved by histopathology
or proved by CT or MRI imaging system, relapsed after previous
therapy and no effective therapies known at this time and life
expectancy of ≥ 12 weeks. Three different dosing schedules will
be evaluated. Three patients will be evaluated on each dosing
schedule. The following dose levels will be evaluated: Loading
Dose 1: 3x107/m2; Loading Dose 2: 6x107/m2; Loading Dose 3:
9x107/m2. The doses are calculated according to the actual
number of iNKT cells. Human Interleukin-2 will be given at a
dose of 25,000 IU/kg/day for 5-14 days. Tegafur will be given at
a dose of 40~60 mg bis in die (BID) 2 weeks. immune re-
sponses were measured by Elispot and ELISA; flow cytometry
assays were performed to evaluate the effects on immune cell
subsets. Tumor biopsies were evaluated for iNKT cells by immu-
nohistochemistry. Incidence of treatment-emergent adverse
events were defined as signs/symptoms, laboratory toxicities,
and clinical events that are possibly, likely, or definitely related
to study treatment adverse events assessed according to NCI-
CTCAE v4.0 criteria 2. HCC progression was evaluated by im-
aging according to the irRC standard.
Results
To date, one patient has been started on therapy and is in week 3
monitoring period, is tolerating treatment well, with no significant
toxicities thus far. Data regarding the peripheral blood iNKT cells re-
sponse will be presented.
Trial Registration
ClinicalTrials.gov identifier NCT03175679.
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Background
Hepatocellular carcinoma (HCC) is one of the most prevalent cancers
for neoplastic deaths and shows a high recurrence rate. Adoptive T
cell therapy, involving the ex vivo selection and expansion of
antigen-specific T cell clones by MHC/peptide tetramer sorting, pro-
vides a method of augmenting antigen-specific immunity against
HCC. To generate of a high number of cytotoxic T lymphocytes
(CTLs), kind of effective T cells that specific recognizing and killing
antigen targeted cells through cloning amplification after receiving
antigen information from antigen presented cells, is a promising
strategy for adoptive therapy.
Methods
The phase I trial enrolls patients who have HCC tumor relapsed or
metastasized through the body after standard treatment or the pa-
tients cannot receive standard treatment under current conditions.
The purpose of this study is to evaluate the safety and tolerance as
well as the potential clinical efficacy of an adoptive transfer of CD8+

T cells, sorted with human leukocyte antigen (HLA)-peptide multi-
mers and specific for Glypican (GPC)-3 /New York Esophageal
Squamous-1 (NY-ESO-1) /alpha-fetoprotein (AFP) antigens and cul-
tured in vitro. Key eligibility criteria include age ≥18 years, with HCC
(BCLC, stage C) proved by histopathology or proved by CT or MRI im-
aging system, relapsed after previous therapy and no effective ther-
apies known at this time and life expectancy of ≥ 12 weeks. Three
different dosing schedules will be evaluated. Three patients will be
evaluated on each dosing schedule. The following dose levels will be
evaluated: Loading Dose 1: 3x107/m2; Loading Dose 2: 6x107/m2;
Loading Dose 3: 9x107/m2. The doses are calculated according to the
actual number of GPC3/NY-ESO-1/AFP CTLs. Human Interleukin-2 will
be given at a dose of 25,000 IU/kg/day for 5-14 days. Tegafur will be
given at a dose of 40~60 mg bis in die (BID) for 2 weeks. Immune re-
sponses were measured by Elispot and ELISA, flow cytometry assays
were performed to evaluate the effects on immune cell subsets.
Tumor biopsies were evaluated for CTLs by immunohistochemistry.
Incidence of treatment-emergent adverse events were defined as
signs/symptoms, laboratory toxicities, and clinical events that are
possibly, likely, or definitely related to study treatment adverse
events assessed according to NCI-CTCAE v4.0. HCC progression was
evaluated by imaging according to the irRC standard.
Results
To date, 5 patients have been enrolled and 2 of them are in week 2
monitoring period, with no significant toxicities thus far. Data regard-
ing the peripheral blood antigen-specific CTL cells response will be
presented.
Trial Registration
ClinicalTrials.gov identifier NCT03175705
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Background
CRT with cisplatin is the standard of care for patients with LA-HNSCC
not treated by surgery. Preclinical data in murine cancer models
show improved tumor growth control and survival when RT is com-
bined with a programmed death 1 (PD-1) inhibitor. Pembrolizumab
has been found to be effective for treating recurrent/metastatic
HNSCC, and initial results from a phase 1b study suggest that pem-
brolizumab plus CRT is tolerable in patients with LA-HNSCC.
KEYNOTE-412 (NCT03040999) is a phase 3, randomized, placebo-
controlled, double-blind trial to determine the efficacy and safety of
pembrolizumab given concomitantly with CRT and as maintenance
therapy versus placebo plus CRT in LA-HNSCC.
Methods
Eligibility includes patient age ≥18 years; newly diagnosed,
treatment-naive, oropharyngeal p16 positive (any T4 or N3), oropha-
ryngeal p16 negative (any T3-T4 or N2a-N3), or larynx/hypopharynx/
oral cavity (any T3-T4 or N2a-N3) SCC; evaluable tumor burden
(RECIST v1.1); ECOG performance status 0-1; results available from
local testing of human papillomavirus status for oropharyngeal can-
cer; eligible for definitive CRT and not considered for primary surgery
per investigator decision; tissue from a core or excisional biopsy for
programmed death ligand 1 (PD-L1) biomarker analysis. Patients will
be randomly assigned (1:1) to receive pembrolizumab 200 mg every
3 weeks plus CRT, including radiotherapy (RT; accelerated [70 Gy, six
2 Gy fractions/wk] or standard [70 Gy, five 2 Gy fractions/week] frac-
tionation) plus cisplatin 100 mg/m2 Q3W for 3 cycles only, or placebo
Q3W plus CRT. Treatment will be stratified by RT regimen (acceler-
ated vs standard), tumor site/p16 status (oropharynx p16 positive vs
p16 negative or larynx/hypopharynx/oral cavity), and disease stage
(III vs IV). A priming dose of pembrolizumab or placebo will be given
1 week before CRT, followed by 2 doses during CRT, and an add-
itional 14 doses after CRT, for a total of 17 pembrolizumab or pla-
cebo infusions. Treatment will be discontinued upon centrally
confirmed disease progression, unacceptable toxicity, or patient/
physician decision to withdraw. Disease status will be assessed by
computed topography or magnetic resonance imaging 12 weeks
after CRT, every 3 months for 3 years, then every 6 months for years
4 and 5. Safety will be monitored throughout the study and for 30
days after treatment. The primary end point is event-free survival.
Secondary end points include overall survival, safety, and patient-
reported outcomes. Recruitment will continue until ~780 patients are
enrolled.
Trial Registration
ClinicalTrials.gov, NCT03040999.
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Background
Cabozantinib is an oral receptor tyrosine kinase inhibitor targeting
MET, VEGFR, and TAM family receptors (TYRO3, AXL, and MER). It is
approved for use in patients with advanced renal cell carcinoma
(RCC) after prior therapy with antiangiogenic/VEGFR-targeted ther-
apy, and has demonstrated clinical activity in urothelial carcinoma
(UC). In clinical studies, cabozantinib exposure resulted in an increase
in circulating CD8+ T cells and reduction of immune-suppressive
monocytes and Tregs. In preclinical tumor models, treatment with
cabozantinib resulted in an increase of MHC class 1 expression on
tumor cells and a reduction of myeloid-derived suppressor cells.
These observations support that cabozantinib may facilitate an
immune-permissive tumor environment and may enhance the re-
sponse to immune checkpoint inhibitors. Atezolizumab, an anti-PD-
L1 monoclonal antibody, is approved for use in locally advanced or
metastatic UC for patients who are either cisplatin-ineligible or have
disease progression during or following platinum-containing chemo-
therapy. It is also approved for use in patients with metastatic non–
small cell lung cancer who have disease progression during or
following platinum-containing chemotherapy. Here, we present the
study design of an ongoing phase 1b study combining cabozantinib
with atezolizumab in patients with locally advanced or metastatic UC
or RCC.
Methods
This multicenter, phase 1b, open-label study aims to assess safety,
tolerability, preliminary efficacy, and pharmacokinetics of cabozanti-
nib in combination with atezolizumab (NCT03170960). The study
will enroll patients with advanced UC (including bladder, renal
pelvis, ureter, urethra) or RCC. It consists of two stages: a dose-
escalation stage and an expansion-cohort stage. In the dose-escalation
stage (3+3 design), a recommended cabozantinib dose for the combin-
ation will be established. In the expansion stage, four tumor-specific co-
horts will be enrolled, and the primary objective is to determine the
objective response rate in each cohort. The four expansion cohorts are
(1) patients with UC who have progressed on or after platinum-
containing chemotherapy; (2) chemotherapy-naïve patients with UC
who are ineligible for cisplatin; (3) chemotherapy-naïve patients with
UC who are eligible for cisplatin; and (4) previously untreated patients
with RCC with clear cell histology. Exploratory objectives include correl-
ation of tumor and plasma biomarkers, and changes in immune cell
profiles with clinical outcome. The study has been initiated and enroll-
ment target is up to 120 patients across the 4 cohorts in the
expansion-cohort stage.
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Background
CD47, a marker of self, is upregulated by tumors to evade the im-
mune system. Blocking the interaction between CD47 and SIRPα, its
receptor on myeloid cells, disrupts a key immune checkpoint and
may enhance innate and adaptive immunity against cancer. ALX148
is a high affinity, engineered fusion protein containing the N-
terminal D1 domain of SIRPα, which binds and blocks CD47, and is
genetically linked to an inactive human Fc domain to minimize tox-
icity. ALX148 enhanced activity of multiple anti-cancer targeted anti-
bodies and checkpoint inhibitors with minimal effect on normal
blood cells in nonclinical models. This phase 1 study evaluates the
safety, tolerability, pharmacokinetic (PK) and pharmacodynamic pro-
files of ALX148 in patients with advanced malignancy.
Methods
The primary study objective is to characterize the safety profile of
ALX148 first as a single agent and then in combination with estab-
lished anti-cancer antibodies. Cohorts (3-6 pts) with advanced malig-
nancy receive escalating doses of ALX148, intravenously, once
weekly or once every other week. Tumor response, PK, and target oc-
cupancy (TO) are characterized as secondary objectives. Preliminary
single agent data are reported from the data cutoff, July 21, 2017
and will be updated at the time of presentation.
Results
Ten patients received ALX148 (4 males/6 females; 0.3 mg per kilogram
(mpk), 3; 1.0 mpk, 4; 3.0 mpk, 3) as of data cutoff. Median age was 63
(37-76) yrs and ECOG PS 0/1: 1/9. Four patients experienced treatment
related adverse events (AEs) which were predominantly low grade and
included 1 each at 0.3 mpk (G1 Headache, Rash, Fatigue); 1.0 mpk (G3
Anemia, G1 Dysgeusia); and at 3.0 mpk (G2 Decreased Appetite, Hyper-
sensitivity). As of the data cut-off no pts have experienced a dose-
limiting toxicity. One patient achieved SD (0.3 mpk; leiomyosarcoma)
for 16 weeks. ALX148 initial PK showed increased exposure with in-
creasing dose and noticeable accumulation with repeated dosing, likely
driven by target saturation. Dose dependent TO on CD47 by ALX148
was observed on RBCs and T cells. The magnitude and duration of TO
increased with repeat dosing.
Conclusions
ALX148 is well tolerated in patients with advanced solid tumors with
favorable PK/TO characteristics and no significant hematologic tox-
icity at doses evaluated. Accrual is ongoing. When the maximum tol-
erated dose/optimal biological dose of single agent ALX148 is
established, patients with advanced malignancy will be evaluated
with ALX148 in combination with anticancer antibodies.
Trial Registration
ClinicalTrials.gov identifier NCT03013218.
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Background
Programmed death-1 (PD-1, CD279) is an inhibitory co-receptor
expressed on antigen-activated and exhausted T and B cells. PD-1/
PD-L1 axis inhibition by targeted-antibodies, increases the T cell pro-
liferation and cytotoxicity. This represents a promising mechanism to
stimulate the anti-tumor activity of the immune system. CBT-501,
genolimzumab (GB226) is a novel humanized IgG4 monoclonal anti-
body targeting the PD-1 membrane receptor on T lymphocytes and
other cells of the immune system. CBT-501 demonstrated highly spe-
cific binding to PD-1 of human (Kd=505 pM) and cynomolgus
(Kd=7.2 nM). CBT-501 efficiently inhibited the binding of PD-L1/L2 to
PD-1 for both human and monkey and enhanced human T cell acti-
vation in the Mixed Lymphocyte Reaction (MLR) assay. CBT-501 has
demonstrated anti-tumor activity in the in vivo animal model and no
abnormal drug-related toxicity has been observed in the GLP toxicol-
ogy studies. Data from all pre-clinical pharmacodynamics and toxicol-
ogy studies of CBT-501 indicate pharmacological activity at effective
doses with a wide margin of safety. Based on these findings, a Phase
1 study has been initiated with CBT-501 in Australia.
Methods
CBT-501-01 is a Phase 1, multicenter, dose escalation study of CBT-
501 in subjects in select advanced or relapsed/recurrent solid tumors.
The primary study objective is to identify the overall safety and toler-
ability, including any dose limiting toxicities (DLT), and determine the
recommended Phase 2 dose (RP2D) in subjects with advanced solid
tumors. Secondary objectives include assessing efficacy by overall re-
sponse rate (ORR), best overall response rate (BOR) per RECIST v1.1
and irRECIST, time to response, duration of response (DOR), disease
control rate (DCR) by RECIST v1.1 and irRECIST, progression free sur-
vival (PFS), and determining the pharmacokinetic (PK) parameters.
Exploratory objectives involve the assessment of PD-1 and PD-L1 ex-
pression, receptor occupancy and the host immune response (im-
mune modulation) in blood peripheral-blood mononuclear cells
(PBMCs) or formalin-fixed paraffin-embedded (FFPE) samples. This is
a 2-part study with a dose-escalation segment and dose and disease
expansion cohorts of CBT-501. In Part 1, dose escalation (3+3 design)
will occur among 3 cohorts to determine the RP2D. The tumor
type(s) with the most robust clinical signal relative to response rate
and safety/tolerability will be selected for further evaluation in the
expansion cohort (Part 2). Approximately 32 subjects will be enrolled
in the dose and disease expansion and treated at the RP2D, as deter-
mined in Part 1.
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Background
Lymphocyte-activation gene 3 (LAG-3) is a membrane protein in
the immunoglobulin superfamily that binds to major histocom-
patibility complex class II (MHC-II). LAG-3 engagement negatively
regulates T cell proliferation and differentiation. Blockade of PD-1
and LAG-3 in animal tumor models enhanced antitumor immun-
ity via distinct, non-redundant signaling pathways that fostered
the accumulation of functionally competent CD8+ T cells in mice
[1]. Dual targeting of PD-1 and LAG-3 may help reverse effector
cell exhaustion and increase the response rates and/or effective-
ness of immunotherapy beyond that observed with single agents
alone. MGD013 is an Fc-bearing bispecific tetravalent (bivalent for
each antigen) DART® protein engineered as a hinge-stabilized im-
munoglobulin G4 molecule and designed to concomitantly bind
PD-1 and LAG-3, thereby contributing to sustain or restore the
function of exhausted T cells. MGD013 may enhance T cell
activation in a synergistic fashion beyond that observed with the
anti–PD-1 and anti–LAG-3 monoclonal antibodies alone or in
combination. A bispecific format for target engagement may con-
fer biologic advantages that may translate to clinical advantages
over antibody combinations.
Methods
This is an open-label, dose escalation / cohort expansion phase 1
study (NCT03219268) designed to characterize the safety, toler-
ability, pharmacokinetics, pharmacodynamics, and preliminary an-
titumor activity of MGD013. Patients with unresectable, locally
advanced or metastatic solid tumors of any histology are enrolled
in the dose escalation phase. Sequential escalating flat doses
ranging from 1 mg to 1600 mg every 2 weeks are evaluated in
successive cohorts of 1 to 6 patients each. A single patient dose
escalation design is utilized in the lower dose cohorts. The escal-
ation approach transitions to a conventional 3+3 design after the
first three cohorts. Occurrence of a drug-related Grade 2 adverse
event in a single patient cohort will lead to enrollment of 3 add-
itional patients at that dose level. Occurrence of a DLT in a single
patient cohort will trigger transition to a conventional 3+3 design.
Response is first determined at 8 weeks. Patient management is
guided by response assessment according to irRECIST. MGD013
dosing may continue up to 2 years based on response. Cohort
expansion phase will start after maximum tolerated dose is deter-
mined and will be restricted to 5 tumor types, including solid
tumors and hematological malignancies.
Trial Registration
Clinicaltrials.gov- NCT03219268.
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Background
Coxsackievirus A21 (CVA21) is a novel bio-selected oncolytic, immu-
notherapeutic agent. Intratumoral (i.t.) CVA21 injection can induce
selective tumor-cell infection, immune-cell infiltration, IFN-g response
gene up-regulation, increased PD-L1 expression, tumor cell lysis and
systemic anti-tumor immune responses. A clinical trial evaluating
combination CVA21 and pembrolizumab in patients with melanoma
was initiated and preliminary data on a pre-established futility end-
point are presented here.
Methods
This is a single-arm, multi-institutional open-label phase Ib clinical
trial of i.t. CVA21 and i.v. pembrolizumab for treated or untreated
unresectable Stage IIIB-IVM1c melanoma. Subjects with injectable
disease receive up to 3 x 108 TCID50 CVA21 i.t. on Days 1, 3, 5, 8,
and then every 3 weeks for up to 19 injections. Subjects also
receive pembrolizumab (2mg/kg) i.v. every 3 weeks starting on Day
8. The primary endpoint is safety/tolerability by incidence of dose-
limiting toxicity. Secondary endpoints include best ORR by
immune-related response criteria, progression-free survival, overall
survival, quality of life.
Results
To date, 22 subjects have started on protocol therapy. Overall, the
adverse events have been low-grade constitutional symptoms related
to CVA21 and expected pembrolizumab-related side effects. One sub-
ject had Grade 3 increased hepatic enzymes that was considered re-
lated to pembrolizumab. No DLT’s have been reported. Currently, 19
patients are evaluable for investigator response assessment. Among
the evaluable subjects (n=19), the ORR was 63% (12/19). The DCR (CR
+PR+SD) is currently 84% (16/19). In subjects with stage IVM1c disease,
the ORR is 78% (7/9). The study has met its primary statistical futility
endpoint of achieving ≥2 confirmed objective responses (CR or PR) in
the first 12 patients enrolled. One of the 12 responders displayed early
pseudo-progression and later developed a partial response.
Conclusions
Based on these initial results, the sample size has now been ex-
panded to enroll up to 50 patients including subjects refractory to
anti-PD1 therapy. Combination therapy of CVA21 and pembrolizu-
mab may represent a new approach for the treatment of patients
with injectable advanced melanoma.
Trial Registration
NCT02565992.
Consent
Written informed consent was obtained from all of the patients for
participation in the study and use of the data for publication.
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Background
Immunotherapy has demonstrated promising antitumor activity in
various advanced cancers. Combined tumor targeting from multiple
drugs with unique mechanisms may provide further improved out-
comes. Tremelimumab (TRE) is a CTLA-4 antibody and durvalumab
(DUR) blocks PD-L1. Poly-ICLC is a toll-like receptor 3 agonist. Intratu-
moral (intra-T) injection of poly-ICLC directly alters the tumor micro-
environment (TME), and by creating an in situ vaccination, may
trigger a clinically effective systemic anti-tumor response when also
combined with DUR and TRE.
Methods
This is an ongoing Phase 1/2, open-label, multicenter study
(NCT02643303). The study evaluates the use of intra-T administra-
tion of TRE and IV DUR + poly-ICLC (intra-T and intramuscular [IM])
to determine the safety, preliminary efficacy and immune activity
of this regimen in patients with advanced, measurable, biopsy-
accessible tumors: head and neck squamous cell carcinoma, breast
cancer, sarcoma, merkel cell carcinoma, cutaneous T cell lymphoma,
melanoma, genitourinary cancer, and other solid tumors. Phase 1
determines the recommended combination dosing (RCD) for the
regimen with dose de-escalation based on dose limiting toxicities
(DLTs) and standard 3 + 3 rules. Starting doses are: DUR, 1500 mg
IV; TRE, 75 mg IV; TRE, 10 mg intra-T; poly-ICLC, 1 mg intra-T/IM.
Phase 1 starts with Cohort 1A (DUR + poly-ICLC). Upon demonstra-
tion of tolerability, enrollment proceeds with Cohort 1B (DUR + IV
TRE + poly-ICLC) and Cohort 1C (DUR + intra-T TRE + poly-ICLC).
The RCD is the highest dose at which < 2/6 patients have DLTs. In
Phase 2, up to 66 evaluable patients are treated using the RCD regi-
men, with enrollment of 6 patients per tumor type initially, and en-
rollment of 6 additional patients per 3 tumor types contingent
upon at least 1 response among the initial 6 patients. Study end-
points are RCD and safety, objective response rate, progression-free
survival, and overall survival. Exploratory endpoints are biological
activity, including effects on the TME and immunological responses.
Enrollment opened on 28 Dec 2016.
Results
Trial in Progress.
Conclusions
Trial in Progress.
Trial Registration
Clinicaltrials.gov: NCT02643303.
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Background
MAGE-A4 is a cancer/testis antigen that has been identified in 13-
48% of non-small cell lung cancer (NSCLC), urothelial, melanoma,
head and neck, ovarian, gastric and esophageal tumors. This study
(NCT03132922) will evaluate the safety and tolerability of genetically
engineered autologous specific peptide enhanced affinity receptor
(SPEAR) T cells (MAGE-A4c1032T cells) directed towards a MAGE-A4
peptide expressed on tumors in the context of HLA-A *02. Antitumor
activity will also be assessed.
Methods
This first-in-human T cell dose escalation study utilizes a modified 3
+3 design to evaluate safety, including dose limiting toxicities (DLT).
Secondary objectives include anti-tumor activity (overall response
(per RECIST v1.1), duration of response, time to response,
progression-free survival, overall survival) and translational research
assessments. Patients are screened under a separate protocol
(NCT03132922). Those who are HLA-A*02 positive (with the excep-
tion of A*02:05) and have inoperable or metastatic (advanced)
NSCLC, urothelial cancer, melanoma, or squamous cell head and
neck, ovarian, gastric or esophageal tumors with MAGE-A4 expres-
sion and meet all other entry criteria are eligible for treatment. Sub-
jects must have prior treatments as described in the table (Table 1).
Patients must have received standard of care therapies and have
measurable disease.
Following leukapheresis, the T cells are isolated, transduced with a
lentiviral vector containing the MAGE-A4c1032 TCR, and expanded
with CD3/CD28 beads. Subjects are given lymphodepleting chemo-
therapy (fludarabine 30 mg/m2/day and cyclophosphamide 600 mg/
m2/day, on days -7, -6 and -5) prior to infusion of transduced cells.
Groups 1, 2 and 3 will consist of 3-6 subjects, and the transduced cell
doses will be as follows, respectively: 0.1 × 109 (±20%), 1 × 109

(±20%), and 5 × 109 (range: >1.2 – 6 × 109). The DLT observation
period will be during the first 30 days following the infusion of
MAGE-A4 SPEAR T cells for each patient in all groups. Following the
dose escalation, up to 10 patients will be enrolled at the target dose.
Disease assessments will be conducted at week 6, 12, 18 and 24, and
then every 3 months until confirmation of disease progression or at
2 years post-infusion. On study tumor biopsies and blood samples
will be evaluated to compare the pre- and post-T cell infusion im-
mune profile for association with treatment outcome.
Trial Registration
NCT03132922.
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Background
NY-ESO-1 and LAGE-1a are cancer/testis antigens that are expressed
frequently in multiple myeloma (MM) and are often associated with
poor prognosis. This two-arm randomized study will evaluate the safety
and efficacy of genetically engineered autologous specific peptide en-
hanced affinity receptor (SPEAR) T cells (NY-ESO-1c259T cells) directed
towards a NY-ESO-1/LAGE-1a peptide expressed on tumor cells in the
context of HLA-A*02, alone and in combination with pembrolizumab.
Methods
This open label randomized pilot study will evaluate safety, efficacy
(using the International Myeloma Working Group Uniform Response
Criteria), and translational research endpoints. Patients must meet these
criteria: ≥ 18 yrs old; HLA-A*02:01, A*02:05 or A*02:06 positive; have his-
tologically confirmed diagnosis of MM with either primary refractory or
relapsed/refractory disease expressing NY-ESO-1 and/or LAGE-1a; prior
therapies including IMiD and a proteasome inhibitor as separate lines
or a combined line of therapy; and adequate organ function. Subjects
who have relapsed after autologous hematopoietic cell transplantation
(HCT) or are unable to receive autologous HCT are eligible. Target en-
rollment for this study is 20 subjects, with 10 in each arm; patients will
be randomly assigned to a treatment arm. Eligible subjects who do not
receive the T cell infusion may be replaced.
Following apheresis, the T cells are isolated and expanded with CD3/CD28
beads, transduced with a lentiviral vector containing the NY-ESO-1c259

TCR, and 1– 8 × 109 transduced T cells are infused intravenously on day 1
after lymphodepletion with fludarabine 30 mg/m2/day and cyclophospha-
mide 600 mg/m2/day on days -7 to -5 and granulocyte-colony stimulating
factor support starting on day -4. In Arm 1, SPEAR T cell infusion is the
only investigational product administered. Subjects in Arm 2 will receive
SPEAR T cell infusion followed by an initial 200 mg dose of pembrolizu-
mab on day 22 (week 3). If toxicities preclude week 3 treatment, the first
dose may be given at week 6. Subsequent doses of pembrolizumab will
be given every 3 weeks up to week 108 post T cell infusion.
In both arms, safety will be assessed at each clinic visit. Disease re-
sponse is assessed at weeks 1 and 3, every 3 weeks until week 24, every
6 weeks until week 72, and then every 12 weeks until confirmed pro-
gression of disease. On study biopsies and blood samples will be evalu-
ated to compare the pre- and post-T cell infusion immune profile for
association with treatment outcome.
Trial Registration
NCT03168438.
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Background
MGA012 is a humanized, IgG4κ monoclonal antibody (mAb) that rec-
ognizes human programmed cell death protein 1 (PD-1). MGA012
binds to PD-1 expressing T cells, inhibits PD-1 and PD-L1/PD-L2 inter-
actions, and disrupts the negative signaling axis to restore T cell
function. The biological activity of MGA012 is comparable to replicas
of approved anti-PD-1 mAbs when assessed in vitro, including block-
ade of PD-1 and PD-L1/PD-L2 interactions, inhibition of PD-1 signal-
ing, and enhancement of T cell effector function.
Methods
This phase 1, dose escalation study will characterize the safety,
tolerability, PK/PD, immunogenicity, and preliminary anti-tumor ac-
tivity of MGA012 administered IV every two or four weeks in pa-
tients with advanced solid tumors. MGA012 has been evaluated in
sequential dose escalation cohorts (1-10 mg/kg) of 3 to 6 patients
each, using a 3+3 design. Four tumor-specific expansion cohorts
will be treated at the maximum tolerated dose of MGA012. Select-
ive cohort expansion was allowed during escalation to gather fur-
ther safety and PK/PD data.
Results
At the data cutoff, 33 patients (12M/21F, median age 63 years) with
diverse tumor types were treated at doses from 1-10 mg/kg, includ-
ing 21 patients on treatment at the time of data cutoff. MGA012 has
demonstrated acceptable tolerability with no dose-limiting toxicities
(DLTs). Treatment-related adverse events (AEs) occurred in 20/33
(61%) patients, most commonly fatigue (n=9) and nausea (n=5).
Treatment-related Grade ≥3 AEs occurred in 3/33 (9%) patients and
include increased lipase (n=2) and vaginal ulceration/inflammation
(n=1). A single treatment-related serious adverse event (SAE) has
been reported (aphasia occurring in conjunction with the emergence
of new brain metastases). Immune-related AEs (irAEs) were limited to
rash (n=3), infusion-related reaction (n=1), and vaginal ulceration/in-
flammation (n=1). MGA012 has PK features consistent with other
IgG4 monoclonal antibodies, as well as full and sustained receptor
occupancy at all dosing levels tested, consistent with its known bind-
ing characteristics. Twenty-two patients were response evaluable at
the data cutoff. Three patients have experienced unconfirmed partial
responses (including ovarian, MSI-high colorectal and uterine papil-
lary serous carcinoma), and 4 additional patients experienced stable
disease as a best response. Others had radiographic progressive dis-
ease or clinical progression.
Conclusions
MGA012 has demonstrated an acceptable safety profile, predictable
PK/PD, and early evidence of anti-tumor activity. Subsequent to dose
escalation, patients will be enrolled on tumor-specific monotherapy
expansion cohorts. Future trials also are planned for combination
testing of MGA012 with T cell directed, CD3-based DART® molecules.
Trial Registration
NCT03059823.
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Background
LTX-315 disintegrates cytoplasmic organelles (e.g mitochondria) and
induces immunogenic cancer cell death in preclinical in vivo models.
Intratumoral LTX-315 increases tumor-infiltrating lymphocytes (TILs)
and induces complete tumor regression in several rodent models.
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Systemic (abscopal) anti-tumor immune responses can be enhanced
upon combination with immune checkpoint inhibitors (ICI). Here we
report preliminary results of the phase 1 trial which evaluates intratu-
moral LTX-315 in monotherapy or in combination with ICI.
Methods
Patients with advanced solid tumors were immunologically primed
with weekly intratumoral LTX-315 into a single accessible lesion
over 6 weeks. Additional injections could be administered thereafter
every 2 weeks. ICI combinations included ipilimumab (melanoma co-
hort) and pembrolizumab (TNBC cohort). Biopsies of injected lesions
were taken at baseline and after LTX-315 treatment. Immunoprofiling
was performed using immunohistochemistry and Nanostring analysis.
Twenty nine patients have been treated with LTX-315 monotherapy.
LTX-315 monotherapy was administered at doses of 2-7mg to a median
of 1.8 tumor lesions (range 1-6) for a median of 9 weeks (range 1-33).
Results
In 29 patients, all LTX-315-related adverse events were CTC grade 1
or 2, most commonly local erythema, flushing, pruritis and
hypotension, usually resolving within minutes of injection. Related
grade 3 (3 patients) or 4 (1) allergic/anaphylaxis adverse events oc-
curred and resolved without sequelae. Of 44 injected lesions in 20
evaluable LTX-315 monotherapy patients, 2 lesions regressed com-
pletely, > 50% regression was seen in 5 lesions, and 20 remained
stable. Significant increases in CD8+ TILs occurred in 67% (14 of 21)
patients with evaluable biopsies. The HalioDx Immune Gene Signa-
ture analysis of LTX-315-treated tumors showed upregulation of
genes involved in immune-mediated tumor regression (effector T
cells, TH1 orientation, chemokines and cytokines). Regression of dis-
tant non-injected tumors (irRC) criteria has been observed in 11 of
30 tumors in 9 patients. Stable disease (SD) of at least 7 weeks dur-
ation in non-injected tumors (median duration 11 weeks) by
immune-related RECIST criteria (irRC in evaluable patients) occurred
in 50% of LTX-315 monotherapy patients (4 melanoma, 3 sarcoma,
and 1breast cancer patients).
Conclusions
This phase 1 study demonstrates that intratumoral LTX-315 is gener-
ally safe and tolerable. Intratumoral LTX-315 triggers an increase in
TILs as assessed by IHC, and generates a transition from a cold to a
hot tumor transcriptome as assessed by Immunosign® gene signa-
ture. Moreover, local and systemic clinical benefit (achievement of
SD in non-injected sites per irRC criteria) was observed.
Trial Registration
Clinical trial information: NCT01986426.
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Background
Blocking immune checkpoint PD-1, PD-L1 and CTLA-4 function en-
hance antitumor immunity, leading to durable clinical responses for a
subset of patients with melanoma, lung cancer and other tumor types.
However, the majority of patients with melanoma or lung cancer con-
tinue to have short or no response to checkpoint blockade therapies
and thus require novel approaches to stimulate the antitumor immune
response such as immune stimulatory antibodies. Recently, Zippelius
and co-authors [1] showed in preclinical models that CD40 engage-
ment with an agonistic mAb leads to a T cell and IFN-γ dependent
upregulation of PD-L1 on tumor infiltrating monocytes and macro-
phages, thereby promoting a negative feedback loop, which hampers
CD40 induced T-cell responses. This resistance mechanism was success-
fully circumvented by co-administration of PD-1/PD-L1 blocking anti-
bodies. To this end, Apexigen Inc., is developing APX005M a
humanized monoclonal IgG1 CD40 agonistic antibody that stimulates
both innate and adaptive immune response. APX005M recognizes a
unique epitope that overlaps with the CD40 ligand binding sites and
uses FcRγIIb to cluster CD40, thus mimicking CD40L engagement. As a
result of antigen presenting cell (APC) activation, APX005M enhances T-
cell response to tumor antigens. APX005M combined with antibodies
against PD-1 or PD-L1 synergistically enhances T-cell responses. In a
phase 1 trial, APX005M was administered IV every 21 days to adult sub-
jects up to 1mg/kg with an acceptable safety profile and has demon-
strated a dose-dependent activation of APCs and T cells and increases
in circulating levels of cytokines.
Methods
Study APX005M-002 is a Phase 1b–2 study of APX005M administered
in combination with nivolumab every 21 days to adult subjects with
platinum pre-treated immunotherapy naïve non-small cell lung can-
cer (NSCLC) or metastatic melanoma after failure of anti-PD-1/PD-L1
therapy (MM). The Phase 1b portion will establish the maximum tol-
erated dose and the recommended Phase 2 dose of APX005M with
nivolumab. The Phase 2 portion will evaluate safety and efficacy of
the combination in each of the two distinct tumor types. Inclusion
criteria include: age ≥ 18 years, histologically documented NSCLC or
MM, measurable disease by RECIST 1.1, ECOG performance status 0-
1, adequate organ function. Exclusion criteria include: concomitant
anti-cancer therapy, history of bone marrow transplantation, active
coagulopathy, previous immune mediated disorders, active infections
or uncontrolled intercurrent illness. Recruitment is ongoing, with a
target enrollment of approximately 100 subjects across 7 centers in
the United States.
Trial Registration
Clinical trial information: NCT03123783.
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Background
APX005M is a humanized monoclonal IgG1 CD40 agonistic antibody
developed by Apexigen, which mimics the natural ligand CD154.
APX005M binds with high affinity to human CD40 leading to antigen
presenting cell (APC) activation and subsequent T cell activation.
APX005M enhances T cell proliferation, IFN-γ production and T-cell
response to tumor antigens. In comparison with other anti-human
CD40 agonistic antibodies, such as CP-870,893/RG7876, SGN-40, and
ADC-1013/JNJ-64457107 analogs, APX005M is the most potent CD40
agonist and outperforms all others in many measures of immune ac-
tivation. In a first in human clinical trial APX005M was administered
IV every 21 days and has demonstrated a dose-dependent activation
of APCs and T cells and increases in circulating levels of IL-12, IFN-γ,
TNFα and IL-6. APX005M was escalated up to 1mg/kg with a good
safety profile.
Methods
Study APX005M-001 was originally designed as a multicenter Phase
1 dose escalation study of APX005M administered every 3 weeks to
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subjects with solid tumors and was amended to introduce two new
dosing schedules for APX005M (every 2 weeks and every 1 week).
Currently, primary objectives of the study are to evaluate the safety
of APX005M administered intravenously (IV) every 2 weeks and every
week and to determine the maximum tolerated dose (MTD) and rec-
ommended Phase 2 dose (RP2D) of APX005M for the every 2 weeks
and every 1 week schedules. Secondary objectives include determin-
ing the pharmacokinetics (PK) of APX005M and preliminary assess-
ment of clinical response. Inclusion criteria include: age ≥ 18 years,
histologically or cytologically documented diagnosis of urothelial car-
cinoma, melanoma, squamous cell carcinoma of the head and neck,
non-small cell lung cancer, or any solid tumor with high microsatel-
lite instability status (MSI-high), measurable disease by RECIST 1.1,
ECOG performance status 0-1, adequate organ function. Exclusion
criteria include: concomitant anti-cancer therapy, history of bone
marrow transplantation, active coagulopathy, previous immune me-
diated disorders, active infections or uncontrolled intercurrent illness.
Recruitment is ongoing, with a target enrollment of approximately
20 subjects across 3 centers in the United States.
Trial Registration
Clinical trial information: NCT02482168.
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Background
RORγ is the master transcription factor for Type 17 effector T cell differ-
entiation and function. RORγt expression is induced by cytokines such
as IL-6, TGF-β, IL-1b, and IL-23 and is activated by endogenous ligands
derived from the cholesterol biosynthetic pathway. Synthetic RORγ ag-
onists augment the activity of this transcriptional regulator by modulat-
ing a gene expression program in immune cells, resulting in enhanced
effector functions and decreased immunosuppression. LYC-55716 and
other RORγ agonists have shown promise as monotherapy and com-
bination therapy in syngeneic tumor models. During Phase 1 clinical
testing of this compound, preclinical and bioinformatics assessments
were undertaken to prioritize tumor types that may respond to RORγ
agonist therapy, for possible inclusion in a Phase 2a trial.
Methods
An RORγ agonist signature was derived from transcriptional profiling
of primary murine and human T cells treated with or without RORγ
agonists. Using a panel of murine syngeneic models and The Cancer
Genome Atlas (TCGA) dataset, a series of bioinformatic analyses were
conducted to provide information across tumor types on (a) RORγ ex-
pression, (b) RORγ biology, including sterol mobilizing genes and cor-
relations with prognosis, and (c) general immune parameters. Public
data sets were also assessed for correlations of RORγ signature genes
and prognosis. For each assessment, tumor types were prioritized,
then compared across categories to determine a final ranking.
Results
Target expression: 15 tumors types were identified, with >20% of
samples expressing RORγt. However, based on lack of correlation be-
tween baseline RORγt expression and efficacy of RORγ agonists in
preclinical models, these criteria were extended to include additional
tumors that express mRNA for factors known to induce RORγ expres-
sion. Target biology: As a surrogate for endogenous ligand levels,
TCGA analysis revealed differentially expressed sterol synthesis and
efflux genes across tumor types. RORγt expression correlated signifi-
cantly with patient survival in 5 tumor types. Immune parameters:
Consideration of tumors with immune infiltrates, high mutational
burden, and reports of prior immunotherapy success highlighted
8 tumor types. After combining these findings, 7 tumor types
met all selection criteria: non–small-cell lung; ovarian; stomach
adenocarcinoma; and head and neck squamous cell, renal clear
cell, hepatocellular, and esophageal carcinomas.
Conclusions
Preclinical data from syngeneic tumor models and bioinformatic ana-
lyses of TCGA database prioritized 7 tumors for LYC-55716 monother-
apy. Our findings support the inclusion of these tumor types in the
Phase 2a clinical trial.
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Background
Pancreatic cancer is one of the most lethal malignancies of the
gastrointestinal tract. While check point inhibitors such as αCTLA4
and αPD-1 have been effective in melanoma and lung cancer, clinical
benefit of immunotherapy in the management in pancreatic cancer
subjects has not been yet established. A recent study using a genet-
ically engineered mouse model of pancreatic ductal adenocarcinoma
(PDA) demonstrated that despite robust expression of PD-1 and PD-
L1 in the tumor microenvironment, treatment with αPD-1 with or
without αCTLA-4 failed to improve the survival of mice or slow the
growth of PDA tumors. However, administration of αCD40, gemcita-
bine (Gem) and nab-paclitaxel (NP), induces T cell immunity in mice
with PDA, controls tumor growth and significantly improves survival
in a CD8+ T cell dependent manner. In particular, αCD40/Gem/NP
plus αPD-1 nearly double the median overall survival in genetically
engineered KPC mice with pre-established spontaneous pancreatic
tumors. Moreover, the capability of treated mice to reject second
and third subcutaneous tumor challenges in a CD8+ T cell-dependent
fashion thereby rendering long-term survival suggests the establish-
ment of antitumor immune memory with curative potential.
Methods
This is a multi-center, open label study evaluating the combination
of APX005M with Nivolumab and standard chemotherapy (Gem and
NP). The Phase 1b will define the recommended Phase 2 dose of
APX005M when combined with the standard dose of Gem and NP,
with or without Nivolumab. The second part of the study is a 3-arm
randomized Phase 2 (35 subjects per treatment arm) aimed to evalu-
ate the activity (overall survival) of APX005M combined with Gem
and NP, with or without Nivolumab with Gem and NP. Main inclusion
criteria include: age ≥ 18 years, documented diagnosis of pancreatic
adenocarcinoma with metastatic disease, measurable disease by
RECIST 1.1, ECOG performance status 0-1, normal organ function.
Main exclusion criteria include: concomitant anti-cancer therapy, previous
exposure to CD40, PD-1, PD-L1, CTLA-4 mAbs or any other immunomod-
ulatory agents, previous immune mediated disorders, active infections or
uncontrolled intercurrent illness. The study will be exploring different
doses of APX005M in combination with approved doses of Nivolumab
and chemotherapy. The main safety endpoints include the frequency of
DLT and incidence of AEs. The main efficacy endpoints include overall
survival, and 1-year OS rate in each treatment arm.
Results
This trial is open for enrollment.
Conclusions
Clinical trial information: NCT02482168.
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Combination Therapy (IO/IO, IO/Standard of Care,
IO/Other)
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Background
Tumor dependence on specific amino acids for survival and prolifera-
tion is well recognized and has been exploited effectively in the
clinic through the use of asparaginases for the treatment of acute
lymphoblastic leukemia. Sensitivity of tumors to L-Arginine (L-Arg)
deprivation results from an impaired ability to synthesize L-Arg, most
commonly due to decreased functional expression of argininosucci-
nate synthase. Native human arginase 1 is not a viable drug candi-
date due to low activity and low stability in serum. We have
developed a novel cobalt substituted, PEGylated human arginase 1
(AEB1102, Pegzilarginase) with enhanced pharmacological properties.
We and others have successfully utilized arginase 1 to impart an
anti-tumor effect through L-Arg starvation in multiple tumor types
in vitro and in vivo (e.g. AEB1102 single agent efficacy in melanoma,
SCLC, sarcoma, large cell NSCLC, Merkel cell carcinoma). Given that
arginase 1 has been reported to be immune suppressive, immune
neutral (PMID: 23717444), or immune promoting (PMID: 27043409) in
different experimental settings and by different groups, we have
investigated the impact of systemic depletion of L-Arg on the anti-
tumor efficacy of immune checkpoint inhibitors.
Methods
Murine syngeneic models (e.g. CT26, MC38) were dosed with AEB1102
alone and in combination with immunomodulatory anti-PD-L1 mono-
clonal antibody (mAb).
Results
Combination therapy of AEB1102 with anti-PD-L1 resulted in an addi-
tive anti-tumor effect with improved survival benefit (increased life
span (ILS) 55-129%) compared to AEB1102 (ILS 29-33%) and anti-PD-L1
(ILS 7-33%) monotherapies. In addition, in the CT26 model, complete
tumor regression (non-palpable tumors) was observed in 37% of the
mice; importantly, complete responses were observed only in the com-
bination therapy group. When the complete responders were re-
challenged with fresh CT26 cells, tumors failed to establish, suggesting
the development of an immune memory response as a result of the
previously administered combination therapy of AEB1102 and anti-PD-
L1. Administration of AEB1102 as a monotherapy or in combination
with anti-PD-L1 in the CT26 model was associated with an increase in
tumor-infiltrated CD45+ cells, indicating that AEB1102 promotes T-cells
accumulation in the tumor microenvironment.
Conclusions
Collectively, these results demonstrate that in addition to tumor
growth inhibition, L-Arg depletion in the tumor microenvironment
enhances the effectiveness of immunotherapy. AEB1102 is currently
in Phase 1 (monotherapy) clinical trials. These data open the possibil-
ity of clinical combination of AEB1102 with immunomodulators of
the PD-1 pathway to further improve outcomes in cancer patients.
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Background
Glioblastoma (GBM) is a malignant brain tumor with an overall
survival of < 3.3% at 5 years. Novel immunotherapies are being
explored but face limitations due to low infiltration of activated T
cells. ZVex is an integration-deficient lentiviral vector-based plat-
form that targets dendritic cells in vivo to generate tumor-specific
T cells. Intratumoral injections of G100, which contains glucopyr-
ansosyl lipid A (GLA, a synthetic TLR4 agonist), modulate the
tumor microenvironment through induction of proinflammatory
responses. We have previously shown in the B16 model that
G100 induces T cell homing chemokines CXCL9 and CXCL10, in-
creases number of T cells in the tumor, enhances intratumoral
antigen presentation, and results in antigen spreading of the T
cell response. Combined systemic and in situ immunization with
ZVex/OVA and G100, respectively, completely eradicated estab-
lished B16/OVA melanomas in mice. Here, we report that, in an
orthotopic GBM model, the combined regimen with ZVex/OVA
and G100 induced near complete regression of established GL261
syngeneic gliomas in C57BL/6 mice.
Methods
Female C57BL/6 mice were stereotactically cannulated in the left stri-
atum. At study initiation, 2 x 105 GL261 glioma cells expressing ovalbu-
min (GL261/OVA) were inoculated through the cannula. Tumor growth
was monitored via imaging of luciferase activity, twice weekly. On Day
7, mice with tumors (6.8 x 105 avg. radiance) were immunized by a sin-
gle subcutaneous injection of ZVex/OVA. G100 (2 μg GLA) was adminis-
tered through the cannula, also on Day 7, and then once weekly for
the duration of the study, for a total of three injections. Animals were
sacrificed when displaying signs of cachexia and > 20% weight loss,
usually around 25 days after tumor inoculation.
Results
GL261/OVA-bearing mice treated with G100 or ZVex/OVA alone ex-
hibited delayed tumor growth or modest tumor regression, respect-
ively (mean reduction of 17% and 72%, respectively, ranging from
none to 83%), while mice treated with ZVex/OVA and G100 combin-
ation exhibited significantly greater reduction in tumor size, aver-
aging 98% (74%-99.8%).
Conclusions
This study demonstrates that ZVex/OVA and G100 combination ther-
apy was very successful in controlling growth of GL261 gliomas, pre-
sumably in part by chemotactically directing peripheral T cells to the
brain, and suggest the potential for treatment of patients with GBM.
The precise mechanism of synergy in this GBM model is currently
under investigation. Both ZVex-based therapies and G100 are being
evaluated in multiple Phase 1 and 2 clinical trials, and their combin-
ation is being investigated in a Phase 1 trial in soft tissue sarcoma
patients.
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Background
Poly(ADP-ribose) polymerase inhibitors (PARPi) trap PARP at sites of
single-strand DNA breaks, and generate genomic instability and cell
death in homologous recombination deficient tumour cells. Both in-
trinsic and PARPi-induced DNA repair defects may attract tumour-
infiltrating lymphocytes (TILs), upregulate programmed cell death
ligand-1 (PD-L1) and release tumour neo-antigens upon cell death.
The MEDIOLA study (NCT02734004) assessed the effect of the PARPi,
olaparib, alone and in combination with durvalumab (anti-PD-L1), on
immune cell pharmacodynamics, and the correlation of candidate
predictive markers on disease control rate (DCR).
Methods
Patients with HER2-negative, gBRCAm MBC (n=25), or relapsed SCLC
(n=38) received olaparib (300 mg PO BID) for 4 weeks, followed by a com-
bination of olaparib and durvalumab (1.5 g IV every 4 weeks) until pro-
gression. At 4 weeks after initial olaparib, paired biopsies were conducted
for immuno-oncology profiling. Primary endpoints were DCR at 12 weeks,
safety and tolerability. Biomarker endpoints included archival (Fig. 1) and
paired biopsy analysis of tumour cell (TC) and immune cell (IC) PD-L1 ex-
pression (SP263), densities of CD3 and CD8 T-cells (cells/mm2), tumour
mutation status and peripheral blood immunophenotyping.
Results
Olaparib caused small reductions in circulating T, B and Natural Killer
(NK) cells on day 29 and thereafter in 86–93% of MBC and 81–91% of
SCLC patients, followed by evidence of post-durvalumab 2-fold or
greater increases in Ki67+CD8+ T-cells in 46% of MBC and 50% of SCLC
patients on day 57. In MBC (n=25) 5/5 (100%) PD-L1 TC≥1% patients
had controlled disease at 12 weeks, compared with 9/14 (64.3%) PD-L1
TC<1% patients (no data for 6/25 patients). In SCLC (n=38) PD-L1
TC≥1% patients had a DCR of 1/6 (16.7%) compared with a PD-L1
TC<1% DCR of 9/27 (33.3%) at 12 weeks (no data for 5/38 patients). At
the time of analysis, 1/2 MBC with paired biopsy data had a partial re-
sponse (PR) and demonstrated dramatic increases in CD3/CD8 densities
and PD-L1 TC positivity 4 weeks post-olaparib monotherapy. 1/3 SCLC
paired biopsies had PRs and showed increases in CD3/CD8 densities,
but no PD-L1 TC expression, compared with no change in 2/3 patients
with stable disease. Updated results will be presented.
Conclusions
Olaparib results in modest reductions in circulating T, B and NK cells:
however, this effect does not disrupt durvalumab-based increases in
circulating, proliferating cytotoxic T-cells. Preliminary data suggest
that olaparib treatment may increase levels of TILs, but more data
are required. Data collection and analysis is ongoing.
Fig. 1 (abstract P257). Biomarker analysis summary
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Background
Immunotherapies, including ipilimumab, nivolumab, and nivolumab
+ipilimumab, are recommended for the treatment of advanced mel-
anoma. Patients treated with immunotherapies often experience clin-
ical benefit beyond treatment discontinuation, resulting in a
significant treatment-free interval (TFI) until subsequent treatment
is needed. However, resource use during TFI is not well under-
stood. The objective of this study was to estimate the resource
use and costs associated with the TFI experienced after first-line
immunotherapies.
Methods
Patient-level data (N=882) from the phase 3 CheckMate 067 and
phase 2 CheckMate 069 trials were analyzed to estimate the health-
care resource use associated with the management of advanced mel-
anoma. TFI is defined as time from first-line discontinuation to
second-line initiation. Concomitant medications, laboratory tests, pro-
cedures, consultations, hospitalizations, and surgeries were analyzed.
The annual rate of resource use was estimated for ipilimumab,
nivolumab, and nivolumab+ipilimumab, and stratified by disease
phase (progression-free or progressed defined by RECIST v.1.1). Mean
annual total costs and 95% confidence intervals (CIs) were estimated
by applying unit costs from publicly available sources in the United
States.
Results
Annual costs per patient during the TFI on various immunotherapies
are presented below (Table 1) Although confidence intervals are
wide, ipilimumab is associated with higher total cost/year compared
to nivolumab+ipilimumab and nivolumab in the progression-free
phase (difference in costs $5,624-$6,481), and compared to nivolu-
mab+ipilimumab and nivolumab in the progressed phase (difference
in costs $354-$3,834). Progression increases the costs of melanoma
management across all treatments by $12,486-$16,823. Key resources
utilized across all treatments were hospitalizations (34-62% of total
costs) in the progression-free phase, due to management of adverse
events, and hospitalizations and surgeries (>94% of total costs) in the
progressed phase, due to disease worsening.
Conclusions
Immunotherapies for advanced melanoma, particularly nivolumab
+ipilimumab, may lead to a long TFI before starting second-line ther-
apy. The estimated annual cost of managing advanced melanoma is
low in the TFI prior to disease progression, especially with nivolumab
and nivolumab+ipilimumab. These results require comparison with
real-world evidence to measure the impact of bias due to the con-
trolled clinical trial setting.
Table 1 (abstract P258). See text for description

*Includes costs associated with concomitant medications, laboratory tests,
procedures, and consultations
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Background
IMP321 is a recombinant soluble LAG-3Ig fusion protein binding
to MHC class II molecules and mediating antigen presenting cell
(APC) activation followed by CD8 T-cell activation. The activa-
tion of the dendritic cell network and the subsequent T cell re-
cruitment at the tumor site with IMP321 may lead to stronger
anti-tumor CD8 T cell responses than observed with pembrolizu-
mab alone. This combination of an APC activator with an im-
mune checkpoint inhibitor (ICI) is aiming to increase efficacy
without additional toxicity. We report initial results of the first 2
cohorts of a dose escalation phase I trial (TACTI-mel,
NCT02676869) with pembrolizumab and IMP321 at different
dose levels.
Methods
In this study, melanoma patients treated with pembrolizumab
being without a complete response or fast progression after 3
cycles received pembrolizumab per standard dosing plus either
1 mg (n=6; cohort 1) or 6 mg (n=6, cohort 2) IMP321 injections
s.c. (every 2 weeks for 6 months) from cycle 5 onwards. Pa-
tients without progressive disease (PD) at the end of the 6
months combination therapy continue on pembrolizumab
monotherapy.
Results
In total, 12 patients (11 male, 1 female) with a median age of 62
years (range 48-85) were enrolled between Apr 2016 and Feb
2017. Four patients completed the 6 months combination treat-
ment. One patient discontinued due to serious adverse event
(SAE), unrelated to both study drugs. Two patients withdrew con-
sent and five discontinued prematurely due to PD. No dose limit-
ing toxicities for the combination have been reported. No SAE
were found related to IMP321. All patients were evaluable accord-
ing to irRC and 6 showed a reduction of ~50 % after IMP321 ini-
tiation. This includes one patient with a confirmed complete
response while having PD on pembrolizumab monotherapy be-
fore study start.
Conclusions
One (1) and 6 mg IMP321 given s.c. every 2 weeks in combination
with pembrolizumab are safe and testing of the highest dose (30
mg) is underway. The 6 late tumor responses seen after the combin-
ation was started may point out to the benefit of adding a systemic
APC activator to an ICI.
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Background
gpNMB is an internalizable transmembrane glycoprotein expressed
in multiple tumor types. The ADC GV delivers the potent cytotoxin
MMAE to gpNMB+ cells and showed promising activity as monother-
apy in advanced melanoma refractory to checkpoint inhibitors (CPI).
Preclinical results showed synergistic antitumor activity between ADC
with CPI [1, 2], via dendritic cell (DC) activation; ADC-MMAE aug-
mented the immune response induced by V, an agonist monoclonal
antibody against the T cell costimulatory molecule CD27. This Phase
2 study was conducted to evaluate the activity and safety of the GV/
V combination in advanced melanoma.
Methods
Patients with advanced melanoma, progressive after ≤1 chemotherapy,
≥1 checkpoint inhibitor (CPI), and if BRAF mutation ≥1 BRAF or MEK +
BRAF inhibitor, were treated with GV (1.9 mg/kg q3w until progression/
intolerance) in combination with V (3.0 mg/kg) on day 1 of weeks 1, 3,
9, 15, 21, and 27. Retrospective analysis on pre-study tumors and skin
biopsies include gpNMB expression and infiltrating lymphocytes by im-
munohistochemistry plus gene expression profiling. Primary objective
is to evaluate objective response rate (ORR) (RECIST 1.1).
Results
Thirty-four patients enrolled: median age of 61 years; 59% male; 18%
BRAFV600 mutated; 59% ≥3 lines prior therapy; 76% prior anti-CTLA-4;
100% prior anti-PD-1/PD-L1 inhibitor; 97% Stage IV; 71% M1c. Of 30
response evaluable patients, emerging tumor response data shows 2
confirmed partial responses (PR) (ORR = 7%, CI: 0.8, 22.1), and 1 single
time point PR before patient withdrew consent. 48% patients had
tumor shrinkage. Median PFS = 2.6 months and median OS = 4.4
months; 3 patients remain on treatment and 18 patients in survival fol-
low up. Most common treatment related toxicities include alopecia,
rash, fatigue, neuropathy, nausea, and vomiting. Tumor cells in 84% of
patients with samples (n=25) tested to date are 100% gpNMB+.
Conclusions
The GV/V combination was well tolerated without evidence of additive
toxicity. There was no apparent enhanced clinical benefit of GV/V over
GV alone in this patient population, perhaps because immune check-
point molecules remained unblocked and/or of a dearth of antigen
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presenting cells in tumors. Correlative biomarker analyses are ongoing
and will be presented. For further insights into the synergy of ADC and
immunotherapy, a cohort evaluating GV with anti-PD-1 in CPI-refractory
melanoma is enrolling and a cohort investigating GV with the DC
growth factor FLT3L (CDX-301) is planned.
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Background
Radiotherapy (RT) has the potential to amplify immune responses trig-
gered by tumor vaccines, including ADXS-PSA, a live-attenuated Listeria
monocytogenes (Lm)-based vector expressing human PSA. Earlier obser-
vations suggest that the two treatment modalities cooperatively induce
regression of syngeneic mouse prostate cancer cells expressing human
PSA (TPSA23), though immune correlates of efficacy and tumor recur-
rence are poorly understood.
Methods
We compared efficacy of different sequencing regimens of combin-
ation RT/vaccine treatments on TPSA23 tumor growth in syngeneic
mice. Using the optimal sequencing protocol, tumors were collected
post-implantation to assess immune infiltrate and function during initial
tumor regression (day 20) and upon resumption of tumor growth (day
38). Correlates of treatment efficacy were determined by transcriptome
analysis, phenotypic analyses of infiltrates and TCR sequencing.
Results
We confirmed that combination RT/ADXS-PSA is superior to single mo-
dality treatments. Concurrent administration of RT/vaccine was the most
effective treatment schedule and was associated with enhanced T cell ac-
tivation and robust IFNg signatures in the tumor microenvironment. This
was reflected in increased intratumoral CD4 and CD8 T cell infiltration in
mice receiving RT/vaccine. TCRb chain sequencing revealed elevated and
sustained T cell diversity in tumor tissues of RT/vaccine-treated mice,
when compared with mice receiving single modality treatments. In these
residual tumors resident and/or memory T cell phenotypic markers were
increased. Transcriptome analysis of recurring tumors further revealed in-
duction of PD-L1 as a function of treatment. Targeting of the PD1/PD-L1
axis via a PD1 blocking antibody administered in addition to radiation
and ADXS-PSA (triple combination) further amplified tumor growth inhib-
ition in mice receiving dual RT/vaccine therapy.
Conclusions
Combining RT with the ADXS-PSA vaccine leads to effective tumor
growth inhibition and induces robust, persistent antitumor immunity
within the tumor environment. Transcriptome analysis during treat-
ment revealed increased PD1 expression as a potential resistance
mechanism and a PD1 blocking antibody provided further thera-
peutic benefit. These results support the rationale for combining Lis-
teria-based vaccines with radiation in the clinic.
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Background
Phosphatidylserine (PS) is a phospholipid that is exposed on sur-
face of apoptotic cells, viable tumor cells, tumor endothelium and
activated immune cells. It has been shown to promote immuno-
suppressive signals in the tumor microenvironment. In a mouse
B16 melanoma model, targeting PS in combination with immune
checkpoint blockade promoted greater anti-tumor activity than
either agent alone. This combination was shown to enhance CD4
+ and CD8+ T cell infiltration and activation in the tumors of
treated animals. Radiation therapy (RT) is an effective focal treat-
ment of primary solid tumors, but is less effective in treating
metastatic solid tumors as a monotherapy. RT induces immuno-
genic tumor cell death and enhances tumor-specific T cell infiltra-
tion in treated tumors. The abscopal effect, a phenomenon in
which tumor regression occurs outside the site of RT, has been
observed in both preclinical and clinical trials when RT is com-
bined with immunotherapy.
Methods
Mice were injected intradermally on the hind limb with 105 B16F10
melanoma cells. 7-10 days after implantation, tumors were treated lo-
cally with 15 Gy RT. 1 day after RT, mice were given antibodies to PS
(mch1N11) and PD-1 (RMP 1-10) intraperitoneally every 3 days.
Tumor surface area and overall survival of mice were used to deter-
mine efficacy of the combinations. For FACS analysis, tissues were
collected between 1-10 days after RT.
Results
In this study, we show that irradiation of B16 melanoma causes
an increase in PS expression on the surface of viable tumor and
immune infiltrates. We subsequently examined the effects of
combining RT with an antibody that targets PS and anti-PD-1. We
found that treatment with mch1N11 synergizes with RT to im-
prove anti-tumor activity and overall survival in tumor bearing
mice. In addition, the triple combination of mch1N11, RT and
anti-PD-1 treatment displayed even greater anti-tumor and sur-
vival benefit. Analysis of the immune response in the tumors of
treated animals revealed an increase in M1-like macrophages in
the tumors after treatment with RT and mch1N11. In addition,
analysis of the systemic immune responses revealed an increase
in antigen-specific CD8 T cell infiltration in the tumors as well as
increased activation, effector function and differentiation in the
triple combination therapy.
Conclusions
This finding highlights the potential of combining these agents to
improve outcome in patients with advanced-stage melanoma and
may inform the design of future clinical trials with PS targeting in
multiple cancers.
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Background
A successful therapeutic cancer vaccine will activate the immune
system to rapidly induce potent, balanced and durable CD8 and CD4
T-cell responses to selected tumor antigens that can reduce tumor
growth, lead to tumor regression or prevent/delay the onset of new
lesions.
Methods
The magnitude and quality of T-cell responses against self (rhesus
Prostate Specific Membrane Antigen; rhPSMA) and non-self (human
PSMA; hPSMA) antigens delivered by various vaccine platforms in non-
human primates (NHPs) given with and without a check point inhibitor,
anti-CTLA4 monoclonal antibody (tremelimumab; anti-CTLA4), were
evaluated.
Results
Assessment of T-cell responses against self (rhPSMA) and non-self
(hPSMA) antigens delivered by various vaccine platforms in NHPs,
demonstrated that the AdV vector was the most potent delivery plat-
form for breaking of immune tolerance to a self-antigen.
Many humans have immunity to adenovirus that could blunt the ability
of an adenovirus vaccine to effectively prime an immune response. This
limitation can be overcome by utilizing an AdV of a different serotype
for which humans do not have pre-existing immunity. However, even
with a low/no seroprevalent AdV, an AdV boost vaccination following
an AdV prime vaccination can only be effective when the neutralizing
immunity to the vector wanes in between the vaccinations, making the
regimen less suitable for patients with high tumor burden or fast pro-
gressive disease. Therefore, plasmid DNA boost vaccinations delivered
intramuscularly by electroporation were evaluated for durable expan-
sion of AdV primed T-cell responses. Administration of anti-CTLA4 deliv-
ered subcutaneously to achieve high local concentrations in the
vaccine draining lymph nodes, given concurrently with the AdV prime
and DNA boost vaccinations was shown to induce and expand durable
and polyfunctional (IFNγ+, TNFα+ and/or IL-2+) T-cell responses to a
tumor-associated self-antigen in NHPs.
Conclusions
In summary, we have developed VBIR that consists of a heterologous
prime-boost vaccine approach given in combination with local deliv-
ery of tremelimumab to maximize vaccine potency while minimizing
the negative impact of neutralizing antibodies to the AdV vector.
These results have encouraged clinical development of this unique
immunotherapeutic regimen.
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Background
Sunitinib is a receptor tyrosine kinase (RTK) inhibitor approved as a
monotherapy for the treatment of advanced renal cell carcinoma
(RCC), gastrointestinal stromal tumors and advanced pancreatic neu-
roendocrine tumors. It inhibits angiogenesis and targets RTKs
(PDGFR, VEGFR, KIT, FLT3, and RET) involved in tumor cell growth.
Sunitinib also has been shown, in preclinical studies and patients, to
have immunomodulatory properties that reduce myeloid derived
suppressor cells (MDSCs) and restore a Th1 cytokine profile. The ap-
proved dosing regimens for RCC have a safety profile that is overall
manageable with the most commonly reported sunitinib-related
grade 3 adverse events including hypertension, fatigue, diarrhea and
hand-foot syndrome. Although the tolerability of sunitinib as mono-
therapy was acceptable in advanced stage, metastatic cancer pa-
tients, the drug’s side effect profile could potentially pose challenges
for use in patients with earlier stage cancer and/or when combined
with other oncology therapies. Thus, lowering the dose of sunitinib
might improve the safety of combinations, including combinations
with cancer vaccines, thus enabling treatment of cancers of all
stages.
Methods
The anti-tumor efficacy of lowered doses of sunitinib as a monother-
apy, and in combination with a cancer vaccine, was investigated in
immune-competent mouse tumor models. To understand the mechan-
ism of such efficacy, the impact of the treatments on MDSC profiles in
the periphery and tumors, T cell IFNγ production, and antigen-specific
immune responses was evaluated. Additionally, adoptive immune cell
transfer experiments were conducted to monitor survival of MDSCs
and T cells in mice treated with sunitinib.
Results
At doses below the maximum biologic efficacy dose in mice (< 40 mg/
kg q.d.), sunitinib selectively and significantly reduced the survival and
frequency of MDSCs in the periphery and tumors, which resulted in in-
creased IFNg production by T cells. Importantly, when low dose suniti-
nib was given concurrently with a rat HER2 (rHER2)-based heterologous
prime-boost vaccine, it significantly reduced the growth of subcutane-
ous tumors and prolonged survival of tumor-bearing rHER2 transgenic
mice compared to mice receiving only monotherapies. Addition of an
anti-CTLA4 monoclonal antibody (anti-CTLA4) significantly enhanced
the vaccine-induced immune response and prolonged survival.
Conclusions
The combination of the vaccine, sunitinib, and anti-CTLA4 further
increased efficacy and survival. These results indicate that low dose
sunitinib, alone or together with either a cancer vaccine or a cancer
vaccine plus anti-CTLA4, maintains its immune modulatory properties
and may be a valuable component of a safe and efficacious vaccine-
based immunotherapy regimen.
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Background
KRAS is the most commonly identified driver oncogene in lung cancer.
However, to date there is no effective therapy available for KRAS mu-
tant lung cancers. To identify the most effective therapy, we studied
the impact of Kras signaling targeted therapy (MEK inhibition) on the
immune microenvironment, in order to formulate a combinatorial
therapy using targeted therapy and immunotherapy, with a goal of
optimally enhancing tumor apoptosis and promoting long-term im-
mune response simultaneously. MEK signaling is a downstream of Kras
signaling pathway and critical for tumor growth and T cell activation.
Conventionally, MEK inhibitor is treated daily/continuously. However, to
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enhance tumor apoptosis and promote T cell activation on MEK
inhibition, we hypothesized intermittent administration of MEK
inhibitor will confer T cells temporal release from MEK signaling
inhibition allowing T cells activated, while tumor growth is sup-
pressed and immunotherapy can be combined based on T cell acti-
vation/inhibitory markers change on this treatment schedule.
Methods
We have treated T cells from Kras lung cancer bearing mice or tumor
bearing mice with Selumetinib or Trametinib in a pulsatile/intermit-
tent or continuous way, then analyzed T cell phenotype changes,
tumor progression, and survival.
Results
Ex vivo T cell study showed that pulsatile treatment of MEK inhibi-
tor, Selumetinib and Trametinib, showed highly increased CTLA4
expression and mild increase of PD1 in CD8+ T cells and CD4
+Foxp3- T cells, compared to continuously treated group which is a
standard regimen. This result was confirmed in intermittently
treated KrasG12D/+; p53-/- transplantable mouse model and GEMM
as well. Moreover, CD8+ T cells from pulsatile group showed in-
crease of Ki67 and 4-1BB expression, suggesting that CD8+ T cells
are more activated in pulsatile group. In vivo tumor study using
Kras mutant lung cancer animal model showed intermittent treat-
ment suppressed tumor growth better than continuous treatment.
Better response, more activated phenotype of CD8+ T cells includ-
ing increased CTLA4 expression in intermittent group lead us to
test combination of intermittent MEK inhibitor treatment with anti-
CTLA4 antibody to maximize anti-tumor T cell activity and it is
currently under investigation.
Conclusions
In summary, we found that pulsatile/intermittent treatment with MEK
inhibitor showed better response and more activated phenotype of T
cells including increased CTLA4 expression compared to continuous
treatment. This study suggests that optimized intermittent schedule
of MEK inhibitor treatment is essential to maximize T cell mediated
anti-tumor activity in combination with anti-CTLA4 therapy and this
will benefit Kras mutant lung cancer patients.
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Background
Children with recurrent and/or metastatic osteosarcoma (OS), neuro-
blastoma (NB) and glioblastoma (GBM) have a dismal even-free survival
(EFS) (<25%). Dinutuximab is an anti-GD2 monoclonal antibody that
has significantly increased EFS in children with GD2+ neuroblastoma
[1]. ALT-803 is a superagonist of an IL-15 variant bound to an IL-
15RαSu-Fc fusion with enhanced biological activity [2]. Our group has
successfully expanded peripheral blood Natural Killer cells (exPBNK)
with irradiated feeder cells [3].
In this research, we aim to determine if the combination of ALT-803
and dinutuximab significantly enhances exPBNK cell in vitro cytotox-
icity against GD2+ OS, NB and GBM.
Methods
PBMCs were expanded with lethally irradiated K562-mbIL21-41BBL
cells [4]. ExPBNK cells were isolated using Miltenyi NK cell isolation
kits as we previously described.3 ALT-803 was generously provided
by Altor BioScience Corporation. NK proliferation, NK receptors ex-
pression and cytotoxicity were assessed as we previously described
[3]. Dinutuximab (generously provided by United Therapeutics) was
used for antibody-dependent cellular cytotoxicity (ADCC) assays. IFN-
γ and perforin levels were evaluated by ELISA assays. GD2+ OS, NB
and GBM cell lines were used as target cells.
Results
ALT-803 significantly promoted exPBNK in-vitro proliferation by in-
creasing the phosphorylation of Akt, Stat3/5 and p38 MAPK. ALT-803
increased NK activating receptors expression: NKG2D, NKp30, NKp44,
and NKp46.
ALT-803 significantly enhanced exPBNK mediated ADCC with dinu-
tuximab in a E:T dependent manner (p<0.001) against OS, NB and
GBM cells (Fig. 1). ALT-803 significantly enhanced IFN-γ (p<0.001)
and perforin (p<0.001) release from exPBNK when it was combined
with dinutuximab against OS, NB and GBM cells compared to
exPBNK, ALT-803+exPBNK, or dinutuximab+exPBNK.
Conclusions
ALT-803 significantly enhanced exPBNK ADCC and IFN-γ and perforin
release with dinutuximab against GD2+ OS, NB and GBM cells. In vivo
studies using NOD/SCID human solid tumor xenografts are under
investigation.
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Background
Mechanistic findings in preclinical studies demonstrate that antibody
blockade of Semaphorin 4D (SEMA4D, CD100) reduces expansion of
MDSC and shifts the balance of immune cells within the TME to fa-
cilitate tumor rejection. Efficacy is further enhanced when combined
with various immunotherapies.
Methods
Anti-SEMA4D antibodies were evaluated in combination with other
immunotherapies in preclinical models. Anti-tumor activity and
immune response was characterized by immunohistochemistry, flow
cytometry, functional assays, and cytokine, chemokine and gene ex-
pression analysis. These data support clinical combination trials of
VX15/2503, a humanized IgG4 antibody targeting SEMA4D, with im-
mune checkpoint inhibition.
Results
SEMA4D restricts migration of monocytes and promotes expansion
of suppressive myeloid cells in vitro. Strong expression of SEMA4D at
the invasive margins of growing tumors in vivo restricts the infiltra-
tion and modulates polarization of leukocytes in the TME. Antibody
blockade of SEMA4D in preclinical models facilitated recruitment of
activated DCs and T lymphocytes with concurrent reduction in M2
macrophage and Treg within TME [1]. MDSCs were significantly re-
duced in tumor and blood following treatment and new data charac-
terizing MDSC function will be described. This significant shift in the
immune contexture is associated with durable tumor rejection and
immunologic memory in murine colon, breast, HNSCC, and melan-
oma models. New translational data characterizing expression of
SEMA4D and its receptors in human tumors will be shown. Import-
antly, anti-SEMA4D treatment can further enhance activity of im-
munotherapies and chemotherapy. For example, combinations with
immune checkpoint inhibitor anti-LAG3 or anti-CTLA-4 cause
complete tumor regression in 90% or 100% of mice, as compared to
~20% with monotherapy (p<0.01). New preclinical data include syn-
ergistic activity of combinations of anti-SEMA4D with anti-LAG3 and
additional studies combining with epigenetic modulators, including
treatment of established tumors.
Conclusions
SEMA4D blockade represents a novel mechanism to promote func-
tional immune infiltration into the tumor and enhance immunother-
apy. Treatment with VX15/2503 was well tolerated in a Phase I trial
in patients with advanced refractory solid tumors [2]. Plans for sev-
eral clinical trials will be presented, including a Phase 1b/2 of com-
bination therapy with avelumab in immunotherapy naïve NSCLC, and
combination with anti-PD-1 or Ipilimumab in various indications. A
neoadjuvant trial of VX15/2503 with anti-PD-1 in patients with meta-
static colorectal and pancreatic cancers will be described, as well as
introduction of a Phase 1/2 trial of VX15/2503 in pediatric and osteo-
sarcoma patients.
Trial Registration
NCT01313065.
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Background
The clinical promise of cancer immunotherapy relies on the immune
system recognizing and eliminating tumor cells identified as non-self.
However, solid malignancies evade host immune surveillance by mul-
tiple mechanisms, including epigenetic deregulation and promoting a
tumor microenvironment (TME) that suppresses infiltration and func-
tion of immune effector cells. The TME hampers T and NK cell matur-
ation, recruitment, and function, ultimately causing their functional
exhaustion via numerous immunosuppressive pathways, including up-
regulation of immune checkpoints such as PD-L1. Epigenetic silencing
of genes involved in antigen processing and tumor immune recogni-
tion has been associated with worse prognosis in a wide spectrum of
malignancies. Hence, there is an unmet clinical need to develop ef-
fective therapeutic strategies that can reprogram the TME to re-
store tumor immune recognition and reverse immune evasion. We
recently demonstrated that entinostat, a class I histone deacetylase
(HDAC) inhibitor reverses carcinoma immune escape to T cell-
mediated lysis.
Methods
We hypothesize that the immune-mediated tumor elimination pro-
moted by the IL-15/IL-15Ra superagonist ALT803 in combination with
PD-L1 checkpoint blockade or a therapeutic adenoviral vaccine tar-
geting CEA (Ad-CEA) will be augmented by the epigenetic repro-
graming of the TME induced by entinostat.
Results
In preclinical studies, ALT803 has been shown to exhibit potent anti-
tumor activity in multiple murine models of cancer through the ex-
pansion of NK and CD8+ T cells with high effector function. Here, we
demonstrate that entinostat modulates the cell-surface phenotype of
murine colon and breast carcinoma cells to become more amenable
to immune-mediated elimination. In the MC38-CEA murine model of
colon carcinoma, proper scheduling of entinostat administration sig-
nificantly augmented the antitumor activity promoted by ALT803
plus Ad-CEA, resulting in increased survival. Further, in the 4T1 mur-
ine model of triple-negative breast cancer, the combination of enti-
nostat with ALT803 and a monoclonal antibody (mAb) targeting PD-
L1 significantly reduced primary tumor weight relative to ALT803
plus anti-PD-L1 therapy. Treatment with the triple therapy in the
neoadjuvant setting resulted in significant reduction of the number
of 4T1 tumor-forming cells in the lung, with over 85% of animals
cured. Current studies aim to elucidate the immune mechanisms as-
sociated with the antitumor effects observed with these therapeutic
interventions.
Conclusions
Overall, these studies examine the rationale for combining entinostat
with multivalent immunotherapy combinations, including cytokines,
mAbs targeting PD-L1, and therapeutic cancer vaccines.
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Background
The checkpoint inhibitor antibodies (Abs) have improved the anti-
tumor response although in a limited number of patients [1]. The
combination of these Abs has enhanced the efficacy but with in-
creased adverse events [1]. Since immune-stimulatory agonist Abs
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like anti-OX40 significantly increase the immune response [2], their
combination with the anti-PD-1 Abs is being tested in clinical trials
[3] with at least one clinical trial demonstrating lack of benefit [4]
and the rest are not yet reported. Moreover, the potential immune
outcome of such a combination are currently lacking. Therefore, pur-
pose of this study was to determine the therapeutic and immune
outcome of combining anti-PD-1 with anti-OX40 in an immune-
primed environment.
Methods
Effects of adding PD-1 blockade to anti-OX40/vaccine treatment on
tumor growth and survival were evaluated in a TC-1 tumor mouse
model using different treatment schedules and immune responses
were assessed. In vitro mechanistic studies were carried out in pMel-
1 CD8+ T-cells.
Results
Anti-OX40 treatment resulted in significant enhancement of antigen-
specific CD8+ T-cells tumor-infiltration leading to strong anti-tumor
response and prolonged survival of mice. Interestingly, we found that
simultaneous addition of anti-PD-1 to anti-OX40 completely abro-
gated these effects. Despite an increase in IFNγ-producing E7-specifc
CD8+ T-cells in the spleens of mice treated with the combination,
these cells underwent significant apoptosis in both the periphery
and the tumor. Consistent with increased apoptosis, immunoSequen-
cing analysis of the tumor and spleen T-cell population showed re-
duction in T-cell fraction and clonality following the addition of anti-
PD-1. We further showed that delay in anti-PD-1 addition resulted in
no significant change in T-cell apoptosis, however, it did not add to
the anti-tumor response of the anti-OX40 treatment.
Conclusions
These results indicate that anti-PD-1 added at the initiation of ther-
apy exhibits a detrimental effect on the positive outcome of anti-
OX40. This may provide an important insight into why some of the
immune combination clinical trials are not producing the intended
outcome, demonstrating the need to rigorously test the combination
partners and sequencing before employing them in the clinic.
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Background
CSF1 regulates tumor-associated macrophages and myeloid-derived
suppressor cells, which are critical tumor microenvironment modula-
tors of immune response. Combining a programmed death 1 (PD-1)
inhibitor with a CSF1R inhibitor in preclinical models shows en-
hanced antitumor activity. ARRY-382 is a highly selective oral inhibi-
tor of CSF1R. Studies of ARRY-382 monotherapy identified the
maximum tolerated dose (MTD) as 400 mg once daily (QD), with bio-
logic activity at doses ≥200 mg QD. This 3-part, phase 1b/2 study
evaluates ARRY-382 in combination with pembrolizumab, a human-
ized monoclonal antibody targeting PD-1.
Methods
Phase 1b (part A) determined the MTD and recommended phase 2
dose (RP2D) of ARRY-382 plus pembrolizumab in patients with se-
lected advanced solid tumors. Patients were enrolled in 3 successive
cohorts of ARRY-382 at doses of 200, 400, or 300 mg QD plus pem-
brolizumab 2 mg/kg every 3 weeks (Q3W). The primary endpoint was
the incidence of dose-limiting toxicities (DLTs). Secondary endpoints
included safety, pharmacokinetics of ARRY-382, and objective re-
sponse rate.
Results
Twenty patients enrolled in part A; 19 were treated: 200 mg QD, n=6;
400 mg QD, n=7; 300 mg QD, n=6. Median age was 59 years; tumor
types were pancreatic (n=6), colorectal (n=5), ovarian (n=3), gastric
and melanoma (n=2 each), and triple-negative breast (n=1). The
mean number of prior therapies was 2.9 (range, 1–5). DLTs of grade
3 increased aspartate aminotransferase (AST)/alanine aminotransfer-
ase/bilirubin and grade 3 increased creatine phosphokinase (n=1
each, 400-mg dose) and grade 3 pancreatitis (n=1, 300-mg dose)
were observed. The most common (>2 patients across doses) grade
3/4 adverse events (AEs) by dose cohort (200, 300, and 400 mg) were
increased AST (1, 1, and 2 patients), increased lipase (0, 3, 0), and
rash (1, 1, 1), respectively. One patient in the 200-mg cohort discon-
tinued treatment because of an AE of pneumonitis in cycle 5. ARRY-
382 pharmacokinetics was unaffected by pembrolizumab. Preliminary
efficacy data will be presented.
Conclusions
ARRY-382 plus pembrolizumab has a manageable safety profile. The
RP2D of ARRY-382 plus pembrolizumab 2 mg/kg Q3W is 300 mg QD.
This combination is currently being evaluated in the study in patients
with melanoma and non–small-cell lung cancer.
Trial Registration
ClinicalTrials.gov: NCT02880371.

P272
The anti-tumor effect of radiation therapy is enhanced with the
addition of TTI-621 (SIRPαFc), an immune checkpoint inhibitor
blocking the CD47 “do not eat” signal
Lei Cui, Hui Chen, Alison O'Connor, Debbie Jin, Jeffrey Winston,
Robert Uger, Lisa Johnson
Therapeutics Inc., Mississauga, ON, Canada
Correspondence: Lisa Johnson (lisa@trilliumtherapeutics.com)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P272

Background
CD47 is an immune checkpoint that binds to signal regulatory protein
alpha (SIRPα) and delivers a “do not eat” signal to suppress macro-
phage phagocytosis. Tumor cells frequently overexpress CD47 to evade
macrophage-mediated destruction. TTI-621 (SIRPαFc) is an immune
checkpoint inhibitor consisting of the CD47 binding domain of human
SIRPα linked to the Fc region of human IgG1 designed to both: 1) block
the CD47 “do not eat” signal, and 2) engage macrophage Fcγ receptors
with IgG1 Fc to enhance phagocytosis and antitumor activity.
Radiation therapy (RT), a primary mode of cancer treatment, induces
immunogenic cell death, and is associated with release of tumor
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antigens, induction of pro-inflammatory cytokines, and enhanced mi-
gration and infiltration of immune cells, including macrophages, to
tumor sites. Thus, the combination of RT and TTI-621 may improve
the therapeutic effect over either treatment modality alone. Herein,
we report the efficacy of the combination of RT and the CD47-
blocking agent TTI-621 in xenograft tumor models.
Methods
The in vivo efficacy of RT, TTI-621, and RT+TTI-621 was evaluated in B
cell lymphoma (SU-DHL-6) and solid tumor xenografts, including the
radio-insensitive A549 lung adenocarcinoma. TTI-621 (10 mg/kg) or ve-
hicle were administered intratumorally 30 min prior to RT, 3 times per
week for 4 weeks. Tumors were locally irradiated using an image-
guided small animal irradiator (225 kVp, 13 mA) at a dose of 4-6 Gy for
3 fractions. Tumor volumes were monitored using standard caliper
measurement. Systemic toxicity of the treatments was evaluated by
body weight change. Tumor-associated macrophages were quantita-
tively assessed using flow cytometry and immunohistochemistry.
Results
RT+TTI-621 had a more profound effect on tumor control in both
lymphoma and solid tumor models than RT alone. In SU-DHL-6, 88%
(7/8) of mice treated with both TTI-621 and radiation were tumor-
free at the end of the study whereas none were tumor-free when
treated with RT or TTI-621 alone, although there was tumor growth
delay with each individual therapy compared to vehicle. RT+TTI-621
led to an increased infiltration of macrophages at the tumor sites in
SU-DHL-6. Significant tumor control was also observed in A549 tumor
bearing mice treated with RT+TTI-621 compared to either treatment
alone. No toxicity was observed for any of the treatments.
Conclusions
The current study demonstrates the combination of TTI-621 and radi-
ation therapy is superior to either treatment alone and provides sup-
portive evidence for dual modality therapy in a variety of tumors.
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Background
Head and neck squamous cell carcinoma (HNSCC) is an important
malignancy in Taiwan. Anti-PD-1, including nivolumab or pembrolizu-
mab, have shown the efficacies against head and neck squamous cell
carcinoma. Afatinib, an irreversible EGFR tyrosine kinase inhibitor
(TKI), had showed its activity against HNSCC. The role of afatinib for
cancer immunotherapy have not been explored. In animal model,
afatinib can suppress the carcinogenesis by inhibiting the function of
macrophage [1]. EGFR targeted therapy can increase the MHC ex-
pression, enhance dendritic cell function, and increase the infiltrating
T cell in the tumor [2]. In syngeneic mice cancer models, EGFR TKI
can suppress the glycosylation of PD-L1 and sensitize the mice to
anti-PD-1 therapy [3]. We hypothesized that adding afatinib with
pembrolizumab may improve the treatment efficacy for patients with
recurrent or metastatic HNSCC.
Methods
Patients with locally advanced or metastatic HNSCC were retrospect-
ively reviewed in a university hospital in Taiwan. For patients taking
pembrolizumab, the combination with afatinib will be discussed be-
tween the physician and the patient. For patients taking pembrolizu-
mab and afatinib (P+A), the medical records were reviewed.
Results
From Nov 2016 to Jul 2017, there were 35 patients taking P+A. The
median age was 59 years, and 32/35 pts were men. Oral cavity can-
cer is the most common type of HNSCC in the cohort (29/35 pts).
The treatment were: pembrolizumab 200mg: 30pts; 2mg/kg: 5pts;
afatinib 40mg QD: 34pts; 30mg QD: 1 pt. The maximal cycles of pem-
brolizumab per patient is four cycles. Sixteen patients took P+A as
first line therapy. Until Jul 30, 2017, 29 pts had evaluable outcomes.
The ORR (CR+PR) is 48.2% (14/29), DCR (CR+PR+SD) was 69.0% (20/
29), and the median PFS: 184 days (32-332). The common toxicities
were: diarrhea 40%; skin rash 37%; mucositis 29%; hand-foot-skin re-
action 23%; weight loss 17%; and elevated AST/ALT 9%. Grade >= 3
toxicities happened in 8.6% patients. There was no treatment related
pneumonitis in the cohort.
Conclusions
The addition of afatinib with pembrolizumab showed good efficacy
(ORR: 48.2%, DCR: 69.0%, PFS: 6.0 months) and tolerable toxicities.
Further confirmatory prospective trial is indicated.
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Background
We investigated therapeutic and mechanistic synergy between
single-dose RT and systemic administration of NKTR-214.The effects
of NKTR-214 with and without RT on anergic, tumor-specific CD8 T
cells were characterized. NKTR-214 is a CD122-biased cytokine agon-
ist conjugated with releasable chains of polyethylene glycol. NKTR-
214 provides sustained signaling through the IL2 receptor pathway
(IL2Rβγ) to preferentially activate and expand effector CD8 T and NK
cells over regulatory T cells. Preclinical models demonstrated NKTR-
214 preferentially expands effector CD8 T and NK cells in the tumor
resulting in marked tumor growth suppression as a single-agent and
in combination with checkpoint inhibitors. RT can induce antigen-
release and epitope spreading, while NKTR-214 activates and ex-
pands antigen-specific effector populations. We hypothesized the
combination of systemic NKTR-214 and RT would generate better
therapeutic responses than either treatment alone. A phase I/II trial is
in progress to evaluate NKTR-214 safety and efficacy in an outpatient
setting as monotherapy and in combination with nivolumab.
Methods
NKTR-214 was dosed 0.8 mg/kg alone or together with high-dose RT
(20 Gy x 1) in multiple murine models, including an established CD8
T cell anergy model using Nur77-GFP reporter CD8 T cells. Activation
markers on CD4, CD8 and NK cells in blood, lymph and tumor were
evaluated by flow cytometry and gene expression (mRNA) profiling
of the irradiated and non-irradiated tumors. In addition, immunohis-
tochemistry was utilized to visualize immune infiltration.
Results
Consistent with prior observations, NKTR-214 induced activation
marker expression by CD4, CD8 T and NK cells in the blood, lymph
nodes and tumor. The combination of RT and NKTR-214 resulted in
unique effects including increased absolute lymphocyte counts, in-
creased expression of CD8 activation markers (CD25, PD1) in the
blood and tumor, increased intratumoral NK cells, and a significant
survival benefit over monotherapy. Evaluation of tumor infiltrating
lymphocytes (TIL) indicates combination therapy reverses tumor-
associated T cell anergy and results in a higher frequency of recently
activated CD8 TIL.
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Conclusions
The combination of NKTR-214 and radiotherapy is synergistic, provides
significantly better anti-tumor responses and reverses T cell anergy.
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Background
NKTR-262 is a novel therapeutic, which delivers sustained intratu-
moral engagement of the TLR 7/8 pathway, promoting an immune
stimulatory environment and tumor antigen release. When NKTR-262
is administered in combination with NKTR-214, a CD122-biased cyto-
kine agonist currently in clinical trials as a monotherapy and in com-
bination with nivolumab, the combined effect of innate immune
stimulation and enhanced antigen presentation with sustained T cell
activation leads to systemic tumor immunity.
Methods
Balb/c mice were implanted s.c. with bilateral CT26 colon carcinoma
tumors. Once established, one tumor was treated with a single peri-
tumoral dose of NKTR-262, while NKTR-214 was administered i.v. on
q9dx3 schedule. Regression of treated tumors and the abscopal ef-
fect in contralateral tumors was assessed by tumor size measure-
ments. Immune cell activation in both tumors was assessed by flow
cytometry. Cytokine induction was measured in plasma, blood cells
and treated tumors by MSD and qRT-PCR.
Results
Combination treatment with NKTR-262 and NKTR-214 eliminated
both tumors in up to ≥95% of mice. Single agent NKTR-262 or NKTR-
214 treatment led to complete responses in ≤30% of mice. Combin-
ation treatment of NKTR-262 plus NKTR-214 induced a two-step im-
mune response in treated and untreated tumors. At early timepoints,
accumulation of activated neutrophils correlated with tumor cell
death and dendritic cell activation. The innate response was followed
by increased CD8+ T cells and a reduction of immunorepressive cells.
Single agent treatment showed only a subset of the cellular changes
observed in the combination.
Conclusions
We present a designed combination therapy that mimics a natural
immune response by activating a broad immune cell network. Com-
bining NKTR-262 and NKTR-214 engages the entire immune activa-
tion cascade required for systemic tumor clearance from local tumor
antigen production to a sustained systemic T cell response. Unlike
treatments that stimulate downstream components of select immune
pathways without eliciting systemic tumor immunity, a comprehen-
sive anti-tumor immune activation by coordinated engagement of in-
nate and adaptive immune cells may increase the success of
immune therapy for patients
Fig. 1 (abstract P276) . See text for description
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Background
Recent advances in cancer immunotherapy have led to the advent of
treatments that boost an anti-tumor response, such as checkpoint
blockade and co-stimulatory molecules. However, these approaches
are effective for only a subset of patients and target non-specific
molecules, thus the large doses required result in off-target toxicities.
Here, we have developed a nanoparticle that synergizes checkpoint
blockade and T cell costimulation on a single injectable therapeutic.
Nanoparticles are conjugated with antibodies against 4-1BB,
expressed by T cells, and anti-PD-L1, expressed by tumor cells and
target these pathways while also physically linking the effector and
target cell to increase efficacy. These dual targeting particles, termed
“immunoswitch particles”, localize treatment to the tumor site and
are effective at 10-100X lower doses than systemically injected drug
and thus have the potential to reduce cost and off-target toxicities.
Methods
Immunoswitch particles were synthesized by conjugating 80nm iron-
dextran nanoparticles with agonistic anti-4-1BB and antagonistic anti-
PD-L1 antibodies. In vitro efficacy was assessed by co-culturing PD-L1hi

tumor cells with 4-1BB/PD-1hi CD8+ T cells and measuring cytotoxicity,
cytokine secretion, and effector-target cell conjugation. In vivo efficacy
was measured by comparing intratumoral immunoswitch and soluble
antibody treatment in multiple murine tumor models.
Results
Immunoswitch particles were demonstrated to increase CD8+ T cell
cytokine secretion when co-incubated with T cells and cognate B16
tumor cells compared to an equivalent amount of soluble antibody
in vitro. Immunoswitch particles also increased effector-target cell
conjugation both in vitro (Fig. 1) and in vivo. In vivo, immunoswitch
treatment, but not an equivalent amount of soluble antibody, de-
layed/reversed tumor growth in both a B16-SIY and MC38-OVA
tumor treatment model in the absence of adoptively transferred cells
(Fig. 2). This was caused by a change in biodistribution, altered CD8+
T cell repertoire, and an increase in cytokine secretion by tumor-
specific CD8+ T cells (Fig. 3A). Despite local intra-tumoral treatment,
new data shows that MC38-OVA cured mice have systemic immunity
against the OVA antigen. These mice have a systemically circulating
repertoire of tumor-specific cells, demonstrated by increased in vivo
killing of intravenously injected OVA-expressing cells (Fig. 3B) and
protection against a re-inoculation of MC38-OVA.
Conclusions
Here, we have demonstrated the efficacy of a new dual-targeting
immunoswitch particle for cancer immunotherapy. Immunoswitch
particles synergize checkpoint blockade with co-stimulation by con-
fining the antibodies to a rigid nanoparticle surface. This new ap-
proach can be extended to different disease models and new
checkpoint or co-stimulatory target molecules.
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Fig. 2 (abstract P276). See text for description
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Background
Background: High Grade Serous Carcinoma of the ovary is mostly di-
agnosed at late stages and primarily treated with surgery followed
by platinum/taxane chemotherapy. Unfortunately, majority of the pa-
tients exhibit resistance to chemotherapy and ultimately succumb to
the disease. We previously reported that tumours from patients with
early recurrence show an immunosuppressed pre-existing tumour
immune microenvironment with decreased expression of genes in-
volved in Type I Interferon (IFN1) and T helper type 1 response [1, 2,
3]. We thus hypothesized that response to chemotherapy and overall
survival of HGSC patients can be improved by stimulating the IFN1
response in the TME post chemotherapy.
Methods
In this pre-clinical study we tested the efficacy of a novel “Stimulator
of Interferon Genes” agonist in immunocompetent mice implanted
with ID8-TRP53-/- mouse ovarian cancer cells. Post treatment tumour
immune cell profiles were measured using a combination of flow cy-
tometry and CyTOF based profiling. Tumour immune transcriptomic
alterations were measured using the NanoString mouse pan cancer
immune profiling panel. Log-rank test based survival analysis was
performed to determine significant differences in overall survival
post treatment.
Results
Flow cytometry and NanoString based analysis of tumours collected
at endpoint showed higher intra-tumoural PD-1+ and CD69+CD62L-,
CD8+T cells, increased expression of IFN response, antigen presenta-
tion and MHCII, genes, respectively, in tumours from STING agonist
treated mice compared to those from vehicle treated mice. In
addition to significantly decreased ascites accumulation and de-
creased tumour burden, survival of mice treated with a combination
of Carboplatin + STING agonist + anti-PD-1 therapy was significantly
longer compared to Carboplatin + STING agonist, Carboplatin only,
STING only and vehicle treated mice.
Conclusions
Findings from this study are foundational to future clinical trials
aimed at combinatorial immunomodulatory therapies to improve
chemotherapy response and overall survival of HGSC patients.
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Background
Glioblastoma (GBM) is a fatal primary brain tumor that, even after max-
imum surgical resection, radiotherapy (RT) and chemotherapy, is associ-
ated with a median overall survival (OS) of 14.6 months. Combinatorial
treatment approaches that simultaneously address tumor growth, as well
as the immunosuppressive microenvironment, may prove to be more ef-
fective than current clinical strategies. This work aims to determine the
therapeutic efficacy of combining the novel, pharmaceutical-grade IDO1
enzyme inhibitor, BGB-5777, with PD-1 blockade and/or whole brain radi-
ation, in a syngeneic, immunocompetent mouse glioblastoma model.
Methods
Mice were intracranially-engrafted with 2x105 GL261 or CT-2A murine
GBM cells, then treated, beginning day 14 post-tumor cell implant-
ation, with 500μg loading dose IgG control mAb followed by three
200μg doses, administered every third day (n=7), or 2 Gy WBRT for 5
days, PD-1 mAb (J43) administered the same as IgG control mAb,
and 100mg/kg BGB-5777 BID for 4 weeks (n=9).
Results
Mice engrafted with the GL261 tumors and treated with the combin-
ation therapy showed a significant increase in overall survival (53 days)
compared to IgG treated mice (25 days). This therapy regimen also sig-
nificantly increased durable survival (>120 days) (P<0.0001) in mice ic.
unmodified GL261 or CT-2A cells. (Fig. 1A) Paradoxically, mice with
GBM cells overexpressing mouse IDO1 cDNA and treated with triple
therapy showed a similar proportion of durable survivors (40%) vs. mice
with similar tumors treated with IgG control (P<0.0001). (Fig. 1B) Inter-
estingly, the survival effects seen in engrafted with unmodified GL261
tumors correlated to a significant decrease in GBM-infiltrating Treg
levels (P<0.01), however this same effect was not seen in mice with
GL261 mIDO1 O/E tumors. (Fig. 1C) These results suggest that effective-
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ness of triple therapy is independent of tumor IDO1 expression level
and Treg accumulation. Results from the analysis of WT and IDO1-/-

mice with intracranial tumor indicate that in the presence of non-
tumor IDO1, IDO1 inhibition is necessary to confer survival benefit
(P<0.01). (Fig. 2)
Conclusions
Ultimately, the data suggest that using radiation to induce potential im-
munogenicity and/or inflammation in GBM, while co-inhibiting immuno-
suppression, is a rational and potentially clinically-beneficial pursuit.
Fig. 2 (abstract P278). See text for description

Fig. 1 (abstract P278) . See text for description
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Background
Antibodies targeting immune inhibitory checkpoint pathways
have transformed cancer therapy. However, the majority of pa-
tients fail to respond to therapies targeting single immune check-
points due, in part, to the compensatory activity of alternative
immune suppressive pathways. A therapeutic strategy that targets
multiple immune checkpoints may significantly improve the anti-
tumor response rate, however this strategy may also increase the
risk of severe treatment related immune mediated side effects.
Orally bioavailable, small molecule immune checkpoint antago-
nists with short in vivo half-lives are ideal candidates for combin-
ation cancer immune therapy due to a short drug washout time
which may improve safety and flexibility in scheduling which
may increase efficacy.
Methods
The anti-tumor efficacy of orally administered CA-170 (a PD-L1/2 and
VISTA/PD-1H antagonist), CA-327 (a PD-L1/2 and Tim-3 antagonist) or
the combination of CA-170 plus CA-327 was studied in the mouse
syngeneic CT26 colon carcinoma tumor model. Compound dosing
was initiated within 1-3 days of tumor implantation or in mice bear-
ing established tumors (90-170 mm3). Populations of immune cells
were measured by flow cytometric analysis in tumor or blood. Ex vivo
functional assays were performed on tumor derived CD8+ T cells to
evaluate effector cell function and gene expression profiling was per-
formed on tumors.
Results
Significant anti-tumor efficacy was observed in CT26 tumor bear-
ing mice treated with either CA-170 or CA-327 compared to ve-
hicle treated animals. Flow cytometric analysis of the tumors
taken from these mice revealed that both compounds signifi-
cantly increased the total number of CD45+ immune cells within
the tumor relative to vehicle treated animals. Tumor growth in-
hibition positively correlated with increased numbers of activated
CD8+ T cells and IFN-γ+ CD8+ effector T cells within the tumor. A
significant increase in anti-tumor efficacy was observed when CA-
170 and CA-327 were administered together as an oral combin-
ation therapy, when compared to animals treated with either
compound alone.
Conclusions
These non-clinical data demonstrate a proof-of-concept showing
that a combination therapy consisting of oral small molecules
that antagonize the PD-L1/2, VISTA and Tim-3 pathways signifi-
cantly enhance anti-tumor efficacy. CA-170 is currently undergo-
ing Phase I clinical testing and CA-327 is in pre-clinical
development. The results of our study provide a strong rational
for the continued development of combination therapies using
small molecule immune checkpoint antagonists for the treatment
of advanced cancers.
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Background
Checkpoint blockade of immune inhibitory pathways is an exciting ap-
proach to cancer immunotherapy, however there remains considerable
room for improvement through the use of unique immunotherapeutic
combinations. We explored the combination of intratumoral injection
(in situ immunization) with a virus-like particle (VLP) combined with
anti-PD1 antibody therapy. The VLP is designated CMP-001 and is com-
posed of an immunostimulatory CpG oligodeoxynucleotide TLR9 agon-
ist encapsulated in the Qb bacteriophage protein. CMP-001 was
previously evaluated clinically in over 700 subjects in non-cancer trials
where it stimulated a strong Th1 cytokine response. The current studies
were based on the hypothesis that intratumoral CMP-001 can augment
the development of a tumor-specific T cell response that can be main-
tained by anti-PD-1 therapy.
Methods
The impact of CMP-001 with and without anti-PD1 was assessed in
both human (in vitro) and mouse (in vitro and in vivo) systems. In
vivo therapy studies in mice included the B16F0 melanoma and A20
B cell lymphoma models. CMP-001, or saline control, was delivered
intratumorally starting one week after tumor challenge. Anti-PD-1, or
isotype control, was administered systemically starting one week
after tumor challenge. Tumor growth and survival was followed. In
some experiments, tumor inoculation was done bilaterally while a
unilateral tumor was injected with CMP-001 to allow for assessment
of response of both the treated and untreated tumor.
Results
In vitro, CMP-001 stimulated IFNα production, as well as other pro-
inflammatory cytokines, from human and mouse mononuclear cells
(from the peripheral blood and spleen respectively). This was only
seen when anti-Qβ antibody was present.
Intratumoral CMP-001 enhanced survival, and reduced tumor growth
of treated tumors in the B16F0 model, and of both treated and un-
treated tumors in the A20 lymphoma model. Anti-PD-1 enhanced
this effect in the A20 model. Depletion of T cells in mice eliminated
the anti-tumor effect in both the treated and untreated tumors.
Conclusions
We conclude CMP-001 can induce a robust Th1 response in both
murine and human systems in a manner that is dependent on
opsonization of the VLP with anti-Qb antibody. The combination of
intratumoral CMP-001 and systemic anti-PD-1 leads to development
of a systemic anti-tumor T cell response in two murine tumor models
and is a promising immunotherapy combination worthy of clinical
evaluation. A Phase 1 clinical trial of the combination of anti-PD-1
and CMP-001 is underway in advanced melanoma. These results will
be presented separately.
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Background
The activation of VEGFR-2 by its primary cognate ligand VEGF has
been principally implicated in tumor angiogenesis. However, emer-
ging data has suggested that the VEGF/VEGFR-2 axis also mediates a
suppressive effect on the anti-tumor immune response. Inhibition of
this pathway has demonstrated the potential to facilitate T cell mi-
gration into the tumor and to reduce the direct immune inhibitory
activity promoted by tumor endothelial cells. Clinical studies that
combine anti-angiogenic antibodies to immune checkpoint inhibitors
have shown promising results in a number of solid tumors. However,
the mechanisms underlying immunomodulatory activity of agents
that target the VEGF/VEGFR-2 axis remain incompletely understood.
Methods
Ramucirumab is an approved VEGFR-2 targeted antibody currently
undergoing clinical trials in combination with PD-1/PD-L1 inhibitory
antibodies. The emerging data from these early trials has prompted
us to undertake non-clinical studies with potential to uncover mecha-
nisms that mediate the enhancement of anti-tumor immune re-
sponse by the blockade of VEGFR-2. Using murine EMT6 breast and
MC38 colon carcinoma models we investigated the immunomodula-
tory effects of DC101, a surrogate antibody that blocks mouse
VEGFR-2, and its ability to increase the anti-tumor efficacy of check-
point inhibition. Intra-tumor immune-related changes were evaluated
by flow cytometry, immunohistochemistry (IHC) and nCounter gene
expression analysis (NanoString).
Results
Anti-VEGFR2 monotherapy resulted in increased T cell infiltration into
the tumors. Combination of anti-VEGFR-2 with anti-PD-L1 resulted in
greater anti-tumor efficacy compared to anti-PD-L1 monotherapy in
both MC38 and EMT6 tumor models. Mice achieving complete tumor
regressions after the combination treatment resisted tumor rechal-
lenge demonstrating the development of immunologic memory.
Analysis of changes in the tumor microenvironment by flow cytome-
try during combination therapy showed increased myeloid and T cell
infiltration. nCounter gene expression analysis confirmed that anti-
VEGFR-2 treatment enhanced inflammation and immune activation
gene expression signature in monotherapy, and this effect was much
more pronounced after the combination treatment. Pathway analysis
highlighted that the combination effect could be attributable to
enhanced innate immune response (e.g. dendritic cell maturation,
antigen presentation) and T cell activation. These results were cor-
roborated by flow cytometry, showing increased MHCI and MHCII ex-
pression on DCs and macrophages, along with increased PD-L1
expression during anti-VEGFR-2 monotherapy.
Conclusions
Taken together, these results highlight the potential of anti-VEGFR-
2 antibodies to partially ameliorate intra-tumor immune suppres-
sion, providing insights into the mechanisms by which combined
VEGFR-2/PD-L1 antibody therapy leads to increased anti-tumor
efficacy.
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Background
Lung cancer is a deadly disease responding poorly to conventional
therapy. Checkpoint blockade antibodies inhibiting PD-1/PD-L1 have
shown clinical benefit. Since the success of PD-1 blockade therapy
prerequisites the presence of tumor-reactive T-cells, we hypothesized
that an activating immunotherapy with high potency to stimulate T-
cell responses would be an ideal candidate to combine with anti-PD-
1 antibody treatment. LOAd703 is a replication-restricted adenovirus
serotype 5/35. It is armed with two immunostimulatory transgenes,
4-1BB ligand (4-1BBL) and a trimerized human CD40 ligand (TMZ-
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CD40L). Both molecules are co-stimulatory molecules in the dendritic
cell (DC)/T-cell synapse. This study aims to evaluate if immunostimu-
latory gene therapy, such as LOAd703, is a good enhancer of check-
point blockade therapy.
Methods
The capacity of LOAd703 was tested using the lung cancer cell lines
A549 and H727. Tumor viability was evaluated in vitro using MTS via-
bility assay. Co-culture experiments were analyzed in real time using
Incucyte technology. Cells were phenotyped with multicolor flow cy-
tometry and cytokine patterns investigated by MesoScale. A20 cells
that can be infected with LOAd703 virus were used in a syngeneic
model in BalbC mice.
Results
Tumor cells were killed by oncolysis post infection with high dose
virus (100MOI) in vitro and in vivo in multiple xenograft mouse
models (lung, ovary, pancreas, colon, bladder). In tumor cell/PBMC
co-culture,addition of anti-PD-1 antibody did not increase tumor cell
apoptosis. If OKT3/IL2 was added apoptosis was confirmed in the cul-
tures peaking at day 5. Combination of OKT3/IL2 with anti-PD-1 anti-
body significantly enhanced the effect. LOAd703 was added to
tumor cell/PBMC co-cultures at a low MOI to delay oncolysis.
LOAd703 induced tumor cell death, starting already at day 2 and the
activity was continuously rising throughout the experiment. Combin-
ing LOAd703 with anti-PD-1 antibody significantly increased apop-
tosis induction of tumor cells while a control virus was less effective.
At endpoint, LOAd703 plus anti-PD-1 was twice as effective as OKT3/
IL2 plus anti-PD-1. The T cells were increased in the same groups as
tumor cell killing was previously noted. IFNg, TNF, IL2 were all en-
hanced by LOAd703 and OKT3/IL2. In line with in vitro data,
LOAd703 could enhance in vivo tumor control of anti-PD-1 therapy.
Conclusions
In conclusion, LOAd703 is a potent stimulator of T cell responses and
potentiates the effect of aPD-1 therapy.
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Background
Pfizer’s vaccine-based immunotherapy regimen (VBIR) is a cancer
treatment which combines a tumor-associated antigen (TAA)-specific
vaccine, delivered via an AdC68 adenovirus and DNA regimen, with
the immunomodulatory agent tremelimumab (anti-CTLA4 antibody)
for T cell expansion. Various tumor types that are targets for VBIR, in-
cluding non-small cell lung, triple negative breast, ovarian, and pan-
creatic cancer, are treated with chemotherapy as the standard of
care (SOC). Accordingly, VBIR clinical administration may take place
in patients who are currently undergoing chemotherapy. Synergistic
effect has been reported between immune therapies and chemother-
apy, either due to immunogenic cell death or a direct effect on im-
munosuppressive cells. However, limited information is known about
the impact of chemotherapy on a vaccine-induced de novo immune
response.
Methods
A nonhuman primate model was developed to most precisely
mimic clinical therapy conditions, including pharmacokinetics and
dynamics, dosing regimens, and supplemental treatments, allowing
evaluation of potential chemotherapy impact on the VBIR-induced
immune response. Macaques were dosed with a VBIR targeting a self-
version of a human TAA with or without the following SOC treatments:
paclitaxel/gemcitabine, paclitaxel/carboplatin, docetaxel/carboplatin, or
doxorubicin. Complete blood counts and immunophenotyping were
performed to track changes in immune cell profile as a biomarker of re-
sponse. TAA-specific IFN-γ+ CD8+ and CD4+ T cell responses and
humoral responses were measured throughout the study.
Results
In non-tumor bearing macaques, different chemotherapies impacted
VBIR-induced immune responses with varying degrees of severity. TAA-
specific IFN-γ+ CD8+ T cell responses ranged from unaffected with
doxorubicin, to moderately reduced with carboplatin-based doublet
chemotherapies, to almost entirely ablated with paclitaxel/gemcitabine.
TAA-specific IFN-γ+ CD4+ T cell responses, however, were generally un-
impaired by chemotherapy: indeed, in many instances chemotherapy
boosted CD4+ T cell responses. TAA-specific humoral responses were
superior in animals treated with carboplatin-based doublet chemother-
apies, while paclitaxel/gemcitabine continued to preclude an effective
immune response. Doxorubicin treated animals demonstrated a
strongly diminished humoral response, attributed to B cell depletion.
The impact of chemotherapy on the VBIR-induced immune response
was also dependent on antigenic strength, with responses to a weaker
antigen more dramatically reduced than were responses to a more im-
munogenic antigen.
Conclusions
Careful clinical trial planning is critical for vaccine-based immuno-
therapy regimen and chemotherapy combinations that will not only
permit robust immune response activation and maintenance but also
provide the adequate conditions for optimal synergistic anti-tumor
effect.
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Background
Toca 511 (vocimagene amiretrorepvec) is a gamma retroviral replicating
vector that selectively infects cancer cells in vivo and encodes cytosine
deaminase. In combination with the prodrug, 5-fluorocytosine (5-FC),
Toca 511 produces 5-fluorouracil (5-FU) locally in the tumor microenvir-
onment. Prior work has demonstrated a reduction in immunosuppressive
myeloid cells and an increase in CD4 and CD8 T cells in tumors
while T regulatory cells remain unchanged with treatment with
Toca 511 and 5-FC.
Methods
This work, in a mouse model of glioma, aimed to determine if the
addition of a checkpoint inhibitor, αCTLA-4, would provide thera-
peutic benefit to Toca 511 and 5-FC.
Results
Initially, we noted that Toca 511 and 5-FC was highly efficacious and
that it provided little room for further improvement and therefore
combination with αCTLA-4 did not show additive benefit against the
primary cancer. However tumor associated Regulatory T cells were
significantly reduced with αCTLA-4 treatment and long term memory
was significantly improved with the combination as shown in adop-
tive transfer studies. Adoptive transfer of immune cells from animals
that cleared their primary tumor through Toca 511, 5-FC, and αCTLA-
4 showed 100% survival benefit to animals bearing orthotopic gli-
omas, significantly greater than the ~50% survival seen with transfer
from animals that cleared primary tumor through Toca 511 and 5-FC
alone. Further, αCTLA-4 treatment during clearance of primary tu-
mors resulted in a marked reduction of memory T regulatory cells in
secondary tumors after adoptive transfer. To determine if αCTLA-4 in
combination with Toca 511 and 5-FC could reduce primary tumor
burden we developed a model using a submaximal infection level of
Toca 511. Specifically, restricting Toca 511 infection to only 2% of



Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):87 Page 147 of 244
tumor cells limited the tumor growth arrest activity of 5-FC and the
loss of efficacy with 2% infection was rescued when 5-FC treatment
was combined with αCTLA-4.
Conclusions
These data suggest that αCTLA-4, and other compounds that target
T regulatory T cells, should be evaluated in patients receiving Toca
511 and Toca FC to determine if the combination confers additional
clinical benefit.
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Background
Pancreatic ductal adenocarcinoma (PDA) is one of the most lethal
cancer, both for lack of effective screening method and for resistance
to chemotherapy (CTX) and radiotherapy. At present surgical resec-
tion is the only potentially curative option. Once diagnosed, CTX, ra-
diation or combination therapy regimens are used to treat patients,
but responses remain poor. However, some chemotherapeutic
agents have an immune modulating effect and a combination of
CTX and immunotherapy could increase therapeutic efficacy. Thus,
more immunogenic antigens can be induced by CTX and targeted
by passive or active immunotherapy. To discover TAAs that might be
selected for immunotherapy, antibody response in PDA patients’ sera
were analyzed before and after CTX. TAAs selected based on their in-
creased recognition after CTX were used to evaluate whether PDA
patient autologous T cells have an increased TAAs specific response
after CTX.
Methods
Antibody response in sera of 29 PDA patients, before and after CTX
treatments, has been analyzed by Serological Proteome Analysis
(SERPA). The production of IFN-g and IL-10 by PBMC stimulated
in vitro with recombinant TAAs was evaluated by ELISA.
Results
CTX increases the number of TAAs recognized by PDA patients.
Specifically, the set of TAAs we identified are proteins whose mRNA
expression have been found up-regulated in PDA patients. We
observed a positive correlation between patients survival and the
increased antibodies production against alpha-enolase (ENO1),
glyceraldehyde-3-phosphate dehydrogenase (G3P), tubulin (TUBB5),
and keratin, type II cytoskeletal 8 (K2C8). Of note, 48% of PDA pa-
tients sera after CTX treatment showed an increase of Complement
Dependent Cytotoxicity (CDC) against human cell lines. Moreover in
about 50% of the same PDA patient cohort the in vitro specific T
cell response to recombinant TAAs that were mostly recognized by
antibodies after CTX (ENO1, G3P, K2C8 and Far Upstream Binding
Protein 1 (FUBP1) switched from a pro-tumor regulatory (low IFN-g/
IL10 ratio) to anti-tumor effector (high IFN-g/IL10 ratio) phenotype
after one or two rounds of CTX.
Conclusions
Data indicated that in PDA patients CTX induces an increase of IgG
antibody to ENO1, G3P, TUBB5 and K2C8 whose expression is up-
regulated in PDA that may have a prognostic role. CTX also in-
creases the ability of IgG kill PDA cells by CDC. Finally , CTX
switches the T cell response to ENO1, G3P, K2C8 or FUBP1 from
regulatory to effector and thus renders these TAAs promising tar-
gets for the design of new immunotherapeutic approach to im-
prove the efficacy of CTX.
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Background
We have previously shown that a direct intratumoral (IT) injection
of immunocytokine (IC), an anti-GD2 antibody linked to interleu-
kin 2 (IL-2), can serve as an in situ vaccine and synergize with
anti-CTLA-4 antibody to induce T cell-mediated antitumor effects.
We have also shown a synergy of this approach with activation
of innate immunity with an agonistic anti-CD40 monoclonal anti-
body (anti-CD40) and CpG (Rakhmilevich et.al. Journal of Immun-
ology 2017). We used these two immunotherapeutic approaches
to test whether IT treatment with a mixture of IL-2 and anti-GD2
antibody, hu14.18K322A, will be effective against subcutaneous
melanoma. In addition, we hypothesized that IL-15, a cytokine
having several activities similar to those of IL-2 except induction
of T regulatory cells (Tregs), may be as or more effective than IL-
2 for in situ vaccination.
Methods
GD2+ B78 mouse melanoma cells were injected subcutaneously in
C57BL/6 mice. Anti-CD40 and anti-CTLA-4 were given intraperitone-
ally, and CpG, IL-2, IL-15 and K322A were given IT. IL-2 and IL-15
were given at the dose of 7.5x104 units per injection daily for 5 days.
Tumor growth and survival were followed. In some experiments,
tumors were analyzed by flow cytometry.
Results
Flow cytometric analyses showed that IL-2 treatment increased Tregs
within a tumor whereas IL-15 did not. When the treatments were
started on day 6 post tumor cell implantation, IL-2 and IL-15 com-
bined with K322A induced similar reductions of B78 tumor growth,
and complete tumor regression with the addition of anti-CTLA-4.
When the treatments were started on day 22 post tumor cell im-
plantation, IL-2 and IL-15, combined with K322A, anti-CTLA-4, anti-
CD40 and CpG, also induced comparable antitumor effects resulting
in survival of 40-60% of mice.
Conclusions
In two therapeutic approaches, IL-2 and IL-15, combined with other
immunotherapeutic agents, induced similar antitumor effects.
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Background
Immunosuppression of tumor-infiltrating lymphocytes (TIL) is a major
obstacle to creating effective therapies for patients with metastatic
cancer. Galectin-3 (Gal3), a lectin family member, is expressed by nu-
merous cancers and immune cell subsets. Serum Gal3 expression is
higher in patients with metastatic disease and is associated with re-
duced survival in patients with metastatic melanoma. Furthermore,
Gal3 has been implicated in disease progression via the promotion
of angiogenesis and metastasis. Interestingly, extracellular Gal3
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induces immune suppression via inhibiting TIL function, promoting
M2 macrophage polarization and mobilizing myeloid cells from the
bone marrow to promote a metastatic niche within the tumor. We
hypothesized that Gal3 inhibition in conjunction checkpoint block-
ade immunotherapy would improve TIL function while inhibiting
tumor growth and metastasis. Preclinical studies revealed that Gal3
blockade with GR-MD-02 and agonist anti-OX40, anti-CTLA-4 or anti-
PD-1 mAb therapy enhanced tumor-specific immunity and improved
survival in tumor-bearing mice.
Methods
We initiated 2 phase I clinical trials at our Institute to evaluate the
safety and immunological effects of GR-MD-02 plus checkpoint
blockade immunotherapy. These studies are investigating dose
escalations of GR-MD-02 with the standard therapeutic dose of anti-
CTLA-4 (ipilimumab/ipi) or anti-PD-1 (pembrolizumab/pembro) in pa-
tients (pts) with advanced melanoma (ipi; pembro), HNSCC (pembro),
or NSCLC (pembro) (NCT02117362, NCT02575404).
Results
The GR-MD-02 + ipi study has completed enrollment. Three patients
received GR-MD-02 at 1 mg/kg, 3 at 2 mg/kg and 2 at 4 mg/kg.
There were no DLTs for GR-MD-02; however there was 1 grade 3 AE
from ipilimumab (diarrhea) that occurred after dose 4 of ipi. The GR-
MD-02 + pembro study is ongoing. Six patients were enrolled at the
2 mg/kg dose level to gain more data from the immunological moni-
toring assays. Three patients were treated at 4 mg/kg. Eight of the 9
enrolled patients have melanoma and 1 has HNSCC. There have been
no DLTs related to GR-MD-02 or pembro, but there one patient expe-
rienced transient grade 3 tumor-related pain. Two pts in cohort 1 (2
mg/kg GR-MD-02) had objective responses (1 PR, 1 CR) and two pts
in cohort 2 (4 mg/kg) have PR at the first response assessment. All
responses have been observed in patients with melanoma.
Conclusions
These data demonstrate that the Gal3 inhibitor GR-MD-02 can be com-
bined safely with checkpoint blockade in patients with metastatic dis-
ease and that melanoma regression was observed in multiple patients
following combination therapy. Comprehensive immunological moni-
toring is being conducted to provide insight into potential mechanisms
of action.
Trial Registration
NCT02117362, NCT02575404
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Background
The inducible co-stimulator molecule (ICOS/CD278) is a member of
the CD28/CTLA-4 family that is up-regulated upon T cell activation. In
the tumour microenvironment, ICOS expression levels vary in differ-
ent immune cell subtypes, with expression on highly immunosup-
pressive regulatory T cells (Treg: CD4+/FOXP3+) significantly higher
than that on effector CD8+ T cells. The high expression levels on
Tregs highlights the potential of targeting ICOS to deplete these cells
and enhance the anti-tumour immune response when used in com-
bination with immune checkpoint blockers.
Methods
Using the Kymouse™ platform, we have identified a novel, fully hu-
man antibody called KY1044. KY1044 is an anti-ICOS subclass G1
kappa monoclonal antibody that selectively binds to dimeric ICOS
(Fc fusion) with an affinity of less than 2nM as measured by SPR
using Fabs of KY1044. This antibody, which binds ICOS from human,
cynomolgus monkey, rat and mouse with similar affinity, was used in
several in vitro and in vivo assays to refine its mechanism of action
and assess the anti-tumour efficacy in pre-clinical models.
Results
Using in vitro reporter and primary cell assays, we have demon-
strated that KY1044 can affect the immune context via a dual mech-
anism of action. On the one hand, KY1044 is extremely potent (low
pM EC50) at depleting ICOShigh Tregs and on the other hand
KY1044 was shown to stimulate ICOSInt effector T-cells by increasing
their IFNγ and TNFα production. Since KY1044 is cross reactive to the
rodent orthologue of ICOS, a mouse effector enabled version of
KY1044 (mIgG2a) was generated and tested in syngeneic tumour
models. Using this antibody, we have confirmed strong anti-tumour
efficacy as monotherapy or in combination with surrogates of
“approved” immune checkpoint blockers. Noteworthy, and confirm-
ing the in vitro data, pharmacodynamic studies demonstrated a
long-term depletion of Tregs and a significant increase in the effector
T cell to Treg ratio in response to KY1044.
Conclusions
Altogether, the in vitro and in vivo properties of this novel, fully
human anti-ICOS antibody support the continued development of
KY1044 as a treatment option to activate an anti-tumour immune
response.
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Background
Head and neck squamous cell carcinomas (HNSCCs) frequently har-
bor genomic mutations in cell death pathways. Nearly 30% of HNSCC
overexpress Fas-Associated Death Domain (FADD), with or without
BIRC2/3 genes encoding cellular Inhibitor of Apoptosis Proteins 1/2
(cIAP1/2), critical components of the Tumor Necrosis Factor (TNF) Re-
ceptor signaling pathways. ASTX660 is a novel dual cIAP1/XIAP an-
tagonist in clinical trials for advanced solid tumors and lymphomas.
Methods
Murine oral cancer 1 (MOC1) cells were used in vitro and in vivo to
investigate the anti-tumor activity of ASTX660 alone and in combin-
ation with tumor necrosis factor receptor (TNFR) superfamily
ligands, radiation, cisplatin chemotherapy, and anti-PD-1 check-
point blockade. OT-1 T cells were used to investigate the effects of
ASTX660 on antigen-specific T cell killing of ovalbumin-expressing
MOC1 (MOC1ova) cells.
Results
ASTX660, at nanomolar concentrations, sensitized MOC1 cells to
TNFα and stimulated cytotoxic T lymphocyte (CTL) killing of
MOC1ova. CTL killing was found to be predominantly mediated by
perforin/granzyme B during the earliest stages of killing and release
of death ligands TNFα, TRAIL, and FasL as a sustained mechanism of
killing. Using MOC1 cells in vivo, ASTX660 synergized with radiation
therapy (XRT), cisplatin chemotherapy, and PD-1 blockade to signifi-
cantly delay or eradicate MOC1 tumors. These combination therapies
significantly increased CD8+ T cells and dendritic cells, as well as T
cell activity. Depletion of CD8+ T cells and NK cells in vivo revealed
both to be important components of the anti-tumor response en-
hanced by ASTX660+XRT.
Conclusions
These findings serve to inform future studies of IAP inhibitors and
support the potential for future clinical trials investigating ASTX660
with XRT and immunotherapies such as PD-1/PD-L1 blockade in
HNSCC.
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Background
Current attempts at combination immunotherapy with bispecific
antibodies, linked scFv’s or T cell engagers have not demonstrated
that both checkpoint blockade and TNF receptor activation (agon-
ism) can be achieved with a single molecule. This is likely due to the
fact that these molecules lose target avidity when engineered to
bind multiple targets with monovalent antigen binding arms. Fusion
proteins incorporating the extracellular domain (ECD) of type I mem-
brane proteins (eg. Enbrel, Orencia) or type II membrane proteins
(eg. OX40L-Fc, GITRL-Fc), linked to the hinge-CH2-CH3 domain of
antibodies are both functional, despite the fact that the ECDs are in
opposite orientation. Here we report the generation of a two-sided
fusion protein incorporating the ECD of TIM3 and the ECD of OX40L,
adjoined by a central Fc domain.
Methods
Shattuck synthesizes both murine and human versions of ARC pro-
teins, and assesses them using a litany of biochemical assays to
determine molecular weight, subunit composition & binding affinity;
molecular assays to characterize in vitro/ex vivo binding, in vitro
functional activity; and anti-tumor efficacy in multiple syngeneic
tumor model systems. The human TIM3-Fc-OX40L has advanced into
cell line development and early manufacturing.
Results
The TIM3 end of the fusion protein binds GAL9 and phosphtidylser-
ine (PS) on the surface of human tumor cells. The OX40L end of the
fusion protein binds OX40 on the surface of primary T cells. TIM3-Fc-
OX40L activates NFkB signaling in cells engineered to overexpress
OX40 and an NFkB-luciferase reporter. Additionally, the TIM3-Fc-
OX40L ARC added to primary human PBMCs along with the super-
antigen Staphylococcal enterotoxin B, induced robust secretion of
the cytokines IL2 and TNFa. In vivo, TIM3-Fc-OX40L stimulates signifi-
cant expansion of antigen-specific CD4 and CD8 T cells in mice adop-
tively transferred with OT-I/OT-II cells and vaccinated with ova/alum.
Finally, the therapeutic activity of TIM3-Fc-OX40L in established mur-
ine MC38 and CT26 tumors was significantly superior to either TIM3
blocking antibody, OX40 agonist antibody or combination antibody
therapy. Importantly, a pharmacodynamic biomarker of tumor rejec-
tion was identified by coordinated elevations in serum IFNγ, IL-2, IL-
4, IL-5, IL-6 and IL-17A.
Conclusions
These data demonstrate feasibility and functional activity of a novel
chimeric fusion protein platform, providing checkpoint blockade and
TNF superfamily costimulation in a single molecule, which is uniquely
advantageous because the construct links those two signals in the
same microenvironmental context, at the time in which T cells are
engaging cognate tumor antigen.
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Background
Current attempts at combination immunotherapy with bispecific anti-
bodies, linked scFv’s or T cell engagers have not demonstrated that
both checkpoint blockade and TNF receptor activation (agonism) can
be achieved with a single molecule. This is likely because these
molecules lose target avidity when engineered to bind multiple targets
with monovalent antigen binding arms. Fusion proteins incorporating
the extracellular domain (ECD) of type I membrane proteins (eg. Enbrel,
Orencia) or type II membrane proteins (eg. SIRPα-Fc, GITRL-Fc), linked
to the hinge-CH2-CH3 domain of antibodies are both functional, des-
pite the ECDs being in opposite orientation. We report the generation
of a two-sided fusion protein incorporating the ECD of SIRPα (CD172a)
and the ECD of CD40L, adjoined by a central Fc domain.
Methods
Shattuck synthesizes both murine and human versions of ARC proteins,
and assesses them using a litany of biochemical assays to determine
MW, subunit composition & binding affinity; molecular assays to
characterize in vitro/ex vivo binding & functional activity; and anti-
tumor efficacy in syngeneic tumor models. The human SIRPa-Fc-CD40L
has completed cell line development and single cell cloning and is in
late-stage manufacturing.
Results
The SIRPα end of the ARC binds immobilized CD47 at 3.59 nM affinity
and binds CD47 on the surface of human tumor cells both in vitro and
in vivo, but does not bind human platelets or RBCs. Importantly, no
hemolytic activity has been observed with the human SIRPa-Fc-CD40L
ARC; where significant hemolysis has been reported with comparative
CD47 mAbs. The CD40L end of the ARC binds immobilized CD40 at
756 pM affinity and binds CD40 on primary macrophages. The SIRPa-
Fc-CD40L ARC stimulates functional activity in NFkB-luciferase reporter
cells (CD40 driven activation of NFkB) and when added ex vivo to
human PBMCs primed with the super-antigen SEB; increases secretion
of IL2 and TNFa. Furthermore, when activated human macrophages
were co-cultured with CD47 positive human tumor cells, SIRPα -Fc-
CD40L was shown to enhance phagocytosis of human tumor cells.
Finally, the therapeutic activity of SIRPα-Fc-CD40L in established
murine MC38 and CT26 tumors was superior to either CD47 block-
ing antibody, CD40 agonist antibody or combination antibody
therapy.
Conclusions
These data demonstrate feasibility and functional activity of a
novel chimeric fusion protein platform, providing checkpoint
blockade and TNF superfamily costimulation in a single molecule.
Signal replacement of CD47 by CD40L may uniquely poise macro-
phages in the tumor microenvironment for activation and cross-
presentation of tumor antigens following enhanced tumor cell
phagocytosis.
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Background
Coxsackievirus A21 (CAVATAKTM) is a bio-selected oncolytic immuno-
therapy virus. A Phase Ib trial of i.v. CAVATAK (NCT01227551) in ad-
vanced cancer patients has displayed viral tumor targeting and initial
indications of antitumor activity in some lesions. Intratumoral CAVA-
TAK injection of melanoma lesions can induce selective tumor-cell in-
fection, immune-cell infiltration, IFN-g response gene up-regulation,
increased PD-L1 and IDO (indoleamine-pyrrole 2,3-dioxygenase) ex-
pression, tumor cell lysis and systemic anti-tumor immune responses.
Blockade of programmed death protein-1 (PD1) and/or IDO inhibition
in many cancer patients has resulted in substantial tumor responses.
We investigated anti-tumor activity in a B16-ICAM-1 melanoma im-
mune competent mouse model of a novel combination of CAVATAK,
an anti-PD1 mAb and an IDO inhibitor.
Methods
Palpable flank tumor of murine melanoma B16-cells expressing human
ICAM-1 were propagated to assess the antitumor activity of CAVATAK,
an anti-mouse PD1 (mPD1) mAb and an murine IDO inhibitor in an
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immune competent mouse model. CAVATAK was administered i.v,
while anti mPD1 mAb was delivered via the i.p route and the IDO in-
hibitor in drinking water.
Results
Notable single agent antitumor activity against the B16-ICAM-1
tumors was only observed in mice treated with anti-PD1 blockade
relative to saline controls. Significant survival benefits were only ob-
served in mice treated with the CVA21-anti-mPD1 doublet or the
CVA21, anti-PD1 and IDO inhibitor triplet combinations. While not
significant, we observed a positive trend in both reduction of overall
tumor burden and survival in mice treated with the CVA21, anti-
mPD1 doublet and the CVA21, anti-mPD1 and IDO inhibitor triplet
compared with mice receiving anti-mPD1 blockade and IDO-
inhibition. All combinations of CVA21, anti-mPD1 and IDO blockade
appeared to be generally well tolerated.
Conclusions
The notable anti-tumor activity and survival benefit mediated by the
combination of CAVATAK, PD1 blockade and IDO inhibition observed in
the presented melanoma model supports potential clinical evaluation of
such a novel immunotherapeutic combination treatment regimen.
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Background
Checkpoint inhibitors have become standard of care for treating ad-
vanced melanoma. By blocking key inhibitory pathways, checkpoint in-
hibitors reinvigorate effector T cells to overcome an immunosuppressed
microenvironment. A key preceding step to effective tumor killing is the
release and presentation of tumor antigen. Talimogene Laherparepvec
(T-VEC) is an oncolytic virus recently approved as an intratumoral therapy
for treating unresectable stage IIIB-IV metastatic melanoma. As monother-
apy, it confers modest efficacy in controlling disease progression in pa-
tients with locoregional lesions. T-VEC is used to directly lyse tumor cells
and promote anti-tumor immunity via the release of tumor antigens and
virus-encoded GM-CSF. The mechanisms of action for T-VEC and check-
point inhibitors are highly complementary, raising the possibility of syner-
gistic benefit from combining these two therapies.
Methods
We reviewed 10 consecutive cases of stage IIIC to stage IVM1b mel-
anoma patients that received T-VEC plus either pembrolizumab or
ipilimumab/nivolumab, treated between January 2016 and July 2017
at the Cleveland Clinic with a median follow-up of 7 months (range:
4 to 13 months). Responses of injected (on-target) and uninjected
(off-target) lesions were evaluated according to RECIST 2.0.
Results
The overall response rate for on-target lesions was 90%, with 5 patients
experiencing a complete response of injected lesions. Two patients had
off-target lesions, both of whom experienced complete response of
their uninjected distant metastases. Overall survival of this cohort was
80%. Of the two patients who died, one died of causes unrelated to
melanoma. Checkpoint inhibitor therapy was interrupted for 2 patients
due to adverse events, with one patient experiencing Grade 3 nephritis
and the other patient experiencing Grade 3 diarrhea. There were 2 pa-
tients who experienced progression of disease. Taking this into account
with the 2 patients who died, overall progression-free survival for this
cohort was 60%.
Conclusions
There may be potential synergistic benefit in combining checkpoint in-
hibitors with T-VEC injection in patients with unresectable melanoma.
Although this study is limited by the lack of randomization and short
follow-up time, the data revealed positive signals in the responses of
both on-target and off-target lesions to the combination of T-VEC and
checkpoint inhibitor treatment. In addition, the results show a better re-
sponse rate than previous publications using T-VEC. Ongoing clinical tri-
als will elucidate the true clinical benefit of this combinational therapy.
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Background
The National Comprehensive Cancer Network guidelines recommend
the use of immunotherapy (IO) or targeted therapy (TT) (if BRAF-
mutated) for the first-line treatment of metastatic melanoma (MM).
Both IO and TT can lead to treatment-related adverse events (AEs).
The objective of the study is to estimate and compare the cost of
treatment-related AEs between elderly MM patients receiving IO
monotherapy and those receiving TT.
Methods
A retrospective cohort study was conducted using Medicare research
identifiable files from 2006 to 2014. Eligible patients had ≥1 MM
diagnosis and ≥1 prescription for an IO (ipilimumab or pembrolizumab)
or TT (dabrafenib, trametinib, vemurafenib, or dabrafenib+trametinib)
that was FDA-approved during the study period. Patients were
assigned to the IO or TT cohort based on the most recent therapy used,
and had a minimum of 3 months follow-up within the study period. 10
categories of AEs were identified based on a review of IO or TT package
inserts, as well as AEs that were common among MM patients. Cost per
AE was calculated as the average per-episode cost (inpatient + out-
patient) incurred in the 30 days after the first occurrence of the AE.
Costs were inflated to 2017 USD and compared between the cohorts
using the Wilcoxon rank-sum test, with a significance level of 0.05.
Results
The study included 266 IO patients and 159 TT patients. The TT co-
hort was younger (72.8±14.3 vs. 73.7±12.6 years; p=0.04) and less
likely to be male (57.2% vs. 63.2%; p=0.01) compared with the IO co-
hort. The 30-day AE costs for each cohort are summarized in Table 1.
The average costs associated with gastrointestinal, respiratory, and
pain-related AEs were significantly higher in the IO cohort than the
TT cohort (difference: $9270, $2654, and $2155, respectively; p<0.01).
In contrast, the average costs associated with pyrexia and/or chills,
and other AEs (including decreased appetite/anorexia, fatigue, or in-
fections) were significantly lower in the IO cohort (difference: -$5761,
-$598 respectively; p<0.05). There was no significant difference in the
costs associated with hematologic/lymphatic, central nervous sys-
tem/psychiatric, metabolic/nutritional, skin/subcutaneous tissue, or
cardiovascular AEs.
Conclusions
The costs associated with treatment-related AEs among elderly MM
patients were substantial. Patients treated with IO incurred higher
costs after gastrointestinal, respiratory, and pain-related AEs, while
patients treated with TT incurred higher costs after pyrexia/chills, de-
creased appetite/anorexia, fatigue, or infections.
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Background
The National Comprehensive Cancer Network guidelines for the first-
line treatment of metastatic melanoma (MM) recommend the use of
immunotherapy (IO) or targeted therapy (TT) (if BRAF-mutated), both
of which are associated with treatment-related adverse events (AEs).
The occurrence of AEs is associated with increased healthcare re-
source use and costs. The objective of this study is to estimate the
incremental costs of experiencing treatment-related AEs among eld-
erly MM patients receiving IO monotherapy or TT.
Methods
A retrospective cohort study was conducted using Medicare research
identifiable files from 2006 to 2014. Eligible patients had ≥1 MM
diagnosis, ≥1 prescription for an IO (ipilimumab or pembrolizumab)
or TT (dabrafenib, trametinib, vemurafenib, or dabrafenib+trametinib)
that was FDA-approved during the study period, and a minimum of
3 months of follow-up. 10 categories of AEs were identified based on
a review of IO or TT package inserts, as well as AEs that were com-
mon among MM. The incremental cost for each AE category was de-
termined by comparing the 30-day expenditures (inpatient +
outpatient) between patients with the AE versus patients without the
AE using a generalized linear model with a log-link function and
gamma distribution, adjusting for baseline covariates. All costs were
inflated to 2017 USD.
Results
A total of 425 patients were included. The mean age was 73.4 years
(SD±13.8), 61% were male, 94% were white, and the mean baseline
Charlson comorbidity index was 8.5 (SD±2.3). Table 1 summarizes
the adjusted 30-day incremental cost of each AE. The adjusted 30-
day incremental cost was highest for respiratory AEs ($24,150; 95%
confidence interval [CI] $17,630–30,671), followed by central nervous
system/psychiatric disorders ($21,932; 95% CI $16,011–27,854), meta-
bolic/nutritional disorders ($19,776; 95% CI $14,239–25,314), skin/
subcutaneous tissue AEs ($19,183; 95% CI $14,195–24,170), fever
(pyrexia) and/or chills ($18,976; 95% CI $13,663–24,289), pain
($18,406; 95% CI $13,805–23,008), cardiovascular AEs ($16,393; 95%
CI $12,131–20,655), hematologic/lymphatic AEs ($15,850; 95% CI
$11,888–19,813), gastrointestinal AEs ($13,699; 95% CI $10,138–
17,261), and other AEs (e.g. decreased appetite/anorexia fatigue, in-
fections (including folliculitis)) ($9,754; 95% CI $7,315–12,192).
Conclusions
Among elderly MM patients in the United States, the incremental
costs of treatment-related AEs are substantial. These findings may
help to inform comparisons between treatments, and thereby aid in
clinical and budgetary decision-making in this population.
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Background
Radiotherapy (RT) used at immunogenic doses leads to accumulation
of cytosolic dsDNA in the cancer cells, which activates interferon type
I (IFN-I) via the cGAS/STING pathway. Cancer cell-derived IFN-I is re-
quired to recruit BATF3-dependent dendritic cells (DCs) to poorly im-
munogenic tumors and trigger anti-tumor immune responses in
combination with immunotherapies. Importantly, we have recently
demonstrated that TREX1 regulates radiation immunogenicity by de-
grading cytosolic dsDNA (Vanpouille-Box et al., 2017 Nat Commun).
Tumor-derived dsDNA has also been shown to be critical for cGAS/
STING-mediated IFN-I by tumor-infiltrated DCs (Woo et al., 2014 Im-
munity). Here we hypothesized that activation of DCs by tumor-
derived dsDNA is modulated by RT and regulated by TREX1.
Exosomes are secreted by cancer cells and can carry dsDNA. Thus,
we also tested whether tumor-derived exosomes (TEX) can deliver
dsDNA to DCs.
Methods
TEX were purified from supernatants of mouse carcinoma TSA or TSA
knock-in for Trex1 (TSAKI Trex1) cells that were mock-treated (UT-TEX),
or irradiated with 3 doses of 8Gy (RT-TEX). Protein composition and
content of dsDNA was analyzed. TEX were incubated in vitro with
primary DCs, or used to vaccinate BALB/c mice (n=6) by 3 s.c. injec-
tions followed by challenge with TSA cells to evaluate the develop-
ment of protective anti-tumor immunity. Tumor-specific CD8+ T cells
were identified using H2-Ld/AH1 peptide pentamers.
Results
Double-stranded DNA content of RT-TEX was significantly higher
than that of UT-TEX. In vitro, RT-TEX but not UT-TEX induced the up-
regulation CD40, CD80 and CD86 on DCs, and the production of
IFNb, which was dependent on STING expression by DCs. When
TREX1 is upregulated in TSAKI Trex1 cells, dsDNA amount of RT-TEX
was markedly reduced, indicating that it is largely derived from cyto-
solic dsDNA present in the irradiated parent cells. Most importantly,
enforced TREX1 expression abrogated the ability to RT-TEX to induce
IFN-I in recipient DCs. In vivo, vaccination with UT-TEX led to 100%
tumor outgrowth, while 2/6 mice vaccinated with RT-TEX were pro-
tected from tumor development. Remaining tumors grew signifi-
cantly slower compared to UT-TEX treated animals. Tumor-specific
CD8+ T cells were significantly increased in the tumors and spleen of
RT-TEX vaccinated mice.
Conclusions
Overall these results identify RT-TEX as a mechanism whereby IFN-
stimulatory dsDNA is transferred from cancer cells to DCs. Import-
antly, they also demonstrate that TREX1 in the irradiated cancer cells
regulate the production of IFN-I by DCs. Findings further support the
use of RT doses that do not induce TREX1 to achieve in situ vaccin-
ation by RT.
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Background
Due to the complex nature of the tumor microenvironment, combi-
nations of immune modulating compounds are likely required for
maximal clinical benefit in advanced cancer patients. In our previous
work, we have demonstrated that a therapeutic cancer vaccine com-
bined with metronomic cyclophosphamide (mCPA) can enhance T
cell infiltration of the tumor. This treatment can be added to treat-
ments such as anti-PD-1 to provide enhanced immune infiltration
and better tumor control in murine models. A part of this increased
efficacy was due to the increased levels of these molecules in the
tumors of treated animals. In this study, we have conducted a system-
atic flow cytometry survey of checkpoint molecules expressed on T
cells within the tumor microenvironment after immune therapy, and
utilized this to predict the potential of combining vaccine therapy with
other clinical stage antibodies targeting the checkpoint system.
Methods
HPV16 E7-transformed C3 cells were implanted subcutaneously into
C57BL/6 mice, and then treated with mCPA (20mg/kg/day PO),
followed by vaccination with HPV16 E749-57 peptide in a DepoVaxTM

platform (DPX-R9F). Additional mice were also treated with anti-PD-1
(200 mg) or anti-OX40 (100 mg). Tumors were collected for analysis
10 days post-vaccine treatment, and digested for staining for flow cy-
tometry to observe differences in infiltrating immune cells and
markers on tumor infiltrating immune cells.
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Results
We found that expression of the inhibitory checkpoint markers such
as PD-1 and TIM-3 were increased, but activating checkpoint mole-
cules GITR and OX40 were not increased, on T cells after treatment
with DPX/mCPA, and no checkpoint molecules are altered further
with either anti-PD-1 or OX40 antibody. We performed a tumor chal-
lenge study with the C3 model and antibodies targeting either PD-1,
GITR or OX40 to determine whether targeting a molecule upregu-
lated by the vaccine would have greater effect than targeting a mol-
ecule that is not altered. Antibodies targeting PD-1, GITR or OX40
had significant synergistic activity with DPX-R9F and mCPA treat-
ment, but anti-PD-1 antibody was most potent in tumor growth in-
hibition. (Fig. 1)
Conclusions
In conclusion, we have found that an extensive tumor immune pro-
file of treatment regimes in animal models can accurately predict the
efficacy of combination immunotherapy, and activating checkpoint
molecules do not necessarily enhance the efficacy of treatment in
our tested models. Current studies are exploring additional check-
point molecules in this model that were shown to be elevated in
tumor infiltrating CD8+ T cells with vaccine treatment to maximize
combination immunotherapy potential.
Fig. 1 (abstract P297). See text for description
Emerging Models and Imaging
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Background
The field of immuno-oncology is persistently challenged by the need
for more syngeneic mouse models in any given tissue type. The most
prevalently used syngeneic model for breast cancer is the 4T1 mam-
mary cancer cell line. The 4T1 cell line has useful traits for immuno-
oncology research including a highly metastatic phenotype that
leads to extensive lymph node and lung metastasis. The tumors have
a highly immunosuppressed microenvironment with regulatory T
cells (Tregs) and large numbers of granulocytic myeloid derived sup-
pressor cells (G-MDSCs). Radiation can induce changes in an im-
munosuppressive microenvironment, and focal beam radiotherapy
remains an important therapeutic strategy for the treatment of
breast cancer. For this reason, we established a radiation dose re-
sponse on established 4T1 tumors for the purpose of guiding future
immunotherapy combinations.
Nonetheless, there are some important challenges with using the
4T1 model, in particular with studying the activity of T cell check-
point inhibitors and costimulatory antibodies. Mice bearing 4T1 tu-
mors develop a fatal pulmonary hypersensitivity upon repeated
treatment with rat antibodies to PD-1, PD-L1 or OX40. 4T1 tumors
are completely resistant to PD-1 pathway blockade and the hyper-
sensitivity reaction makes it challenging to perform combination
studies with novel test agents.
Methods
We have characterized two mammary cancer alternatives to 4T1,
EMT-6 and E0771. The in vivo growth characteristics and baseline im-
mune cell profiling have been completed for these models with
some notable immune profile differences. Further, we have com-
pleted an efficacy study of E0771 using an array of immunotherapies.
Results
All three models have a similar proportion of CD4+ T cells and Tregs.
In contrast, 4T1 has a much larger proportion of G-MDSCs while
E0771 is almost entirely lacking in G-MDSCs with EMT-6 in between
the two. The content of monocytic MDCSs (M-MDSCs) is nearly recip-
rocal with E0771 having a proportionately high population and 4T1
having a minimal number. These immune profile characteristics can
be factored into model selection decisions.
An efficacy study in the E0771 model showed that it is highly sensi-
tive to several checkpoint inhibitors, including anti-PD-1, anti-PD-L1,
and anti-CTLA-4. E0771 shows a more modest response to anti-LAG3.
Costimulatory agonist antibodies to OX40, CD137 (4-1BB) and gluco-
corticoid induced TNFR-related protein (GITR) were highly active. The
indoleamine 2,3-dioxygenase 1 (IDO1) inhibitor epacadostat had no
impact on the growth of E0771.
Conclusions
These data enable rational combination strategies and provide alter-
natives to breast cancer studies in 4T1.
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Background
Cell therapies show great therapeutic promise in the field of im-
munotherapy. To realize their full clinical potential there is a need for
greater understanding of their mode of action, migration after ad-
ministration, delivery, persistence at sites of action, and whether their
localization or distribution may cause safety issues. There are several
existing and emerging tools available to develop pharmacokinetics
data on cell-derived therapies to improve our understanding but
adoption by investigators has been limited. Furthermore, the regula-
tory landscape is not clearly defined for these emerging therapeutics.
Methods
The Health and Environmental Sciences Institute’s Emerging Issues
Committee recently launched a multi-sector collaborative sub-
committee to identify key needs for assessing the safety of cell ther-
apies and identify opportunities to meet these needs. This program,
the Cell Therapy - TRAcking, Circulation, & Safety (CT-TRACS) sub-
committee, provides a platform for developers, researchers, regula-
tors, imaging specialists and other stakeholders to interact, discuss
challenges and identify best practices to ensure that therapies are
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safe and effective. The sub-committee aims to bring awareness on
how existing cell tracking technologies, methods, and best practices
can benefit the clinical translation of these new therapies.
Results
Since its inception in December 2015, CT-TRACS gathered more than
60 members from 25 organizations across the United States, Europe
and Japan. The sub-committee has convened monthly and the focus
of the group has been narrowed to Cell Fate, i.e., distribution, sur-
vival/engraftment and phenotype, post-administration, in vivo, as
well as evaluating the tumorigenic potential of cell-based therapies.
Our initial goals have been to: 1. evaluate current cell-based therap-
ies safety assessment practice and tools; 2. develop best practices for
application of available tools for safety assessment of cell therapies
and/or identify gaps in safety assessment; 3. organize a workshop to
present findings of the sub-teams and develop recommendations for
next steps; and 4. initiate a manuscript describing the needs and
gaps identified, to build confidence in safety assessment approaches
for clinical applications. To date, we have held our first scientific ses-
sion at an international cell therapy meeting and are compiling the
results of a survey of therapeutic stakeholders’ needs and wishes in
the imaging of cellular therapeutics, survey shared herein.
Conclusions
The CT-TRACS project is open to all current HESI members as well as
new participants with relevant technical expertise. The program
encourages inquiries by those with interest in providing support for
these innovative efforts.
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Background
Chimeric antigen receptor (CAR) T cells have demonstrated clinical
benefit in numerous hematological malignancies and hold promise
for application in solid tumors. As a “living drug”, CAR T cells traffic
throughout the body with dynamic expansion and contraction kinet-
ics. This dynamic nature limits the utility of standard blood pharma-
cokinetic analyses where the temporal and spatial distribution of
CAR T cells is only partially captured. Therefore, a non-invasive im-
aging technique that allows tracking of CAR T cells may enhance the
understanding of in vivo CAR-T behavior and inform associations with
safety and efficacy. Previous attempts to track gene modified T cell
therapies with PET imaging have been limited by immunogenicity of
PET reporters, poor tissue penetration of large molecular weight PET
ligands and/or limited sensitivity.
Methods
To improve the ability to track CAR T cells, we engineered CD19-
directed CAR T cells to express a truncated form of human prostate-
specific membrane antigen (tPSMA) as a reporter. We then used the
PSMA-directed small molecule PET ligand [18F]DCFPyL for in vitro
and in vivo CAR T visualization.
Results
We demonstrate high level surface co-expression of tPSMA and the
CD19-directed CAR. The addition of tPSMA to the CAR T cells did
not impact in vitro or in vivo anti-tumor functionality. Phantom im-
aging studies demonstrated that PET with [18F]DCFPyL could reli-
ably detect as few as 4000 CD19-tPSMA CAR T cells in a 50uL
volume. We developed a spontaneous metastatic acute lympho-
blastic leukemia model by subcutaneously injecting CD19+ Nalm6-
ffLuc-eGFP tumor cells into immunodeficient NSG mice. Metastatic
lesions were observed in liver, spleen and bone marrow, providing
an opportunity to evaluate CAR T infiltration into primary
subcutaneous and secondary disseminated tumor sites. CD19-
tPSMA CAR T cell treatment eradicated Nalm6 tumors from mice up
to 90 days post-treatment. PET/CT with [18F]DCFPyL visualized infil-
tration of CAR T cells at primary and metastatic tumor sites, which
was confirmed by immunohistochemical analyses.
Conclusions
These preclinical results establish a new technology for whole body,
non-invasive tracking of CAR T cells and support translation into the
clinic.
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Background
Tertiary Lymphoid Structures (TLS) are highly organized foci of lym-
phocytes and antigen-presenting cells that predict increased survival
across multiple solid tumors, and are associated with a previously
identified gene expression signature composed of twelve chemo-
kines (12-CK-GES) [1]. These chemokines likely result from chronic
lymphotoxin-beta receptor activation on resident stromal cells or by
paracrine production involving subsequent infiltrates. The exact na-
ture and timing of this induction is unclear due in part to insufficient
models of TLS formation. Here, we build upon insights gained from
the 12-CK-GES using an implantable three-dimensional bioscaffold to
study the interaction of developing murine tumor, endogenous infil-
trate, and implanted stroma. Concurrently, we use this system to
parameterize an integrated mathematical model of the microenviron-
ment, which can then re-inform our three-dimensional bioscaffold
model.
Methods
Injectable bioscaffolds were prepared using primary lymph node
reticular fibroblast cells implanted in either Matrigel or chitosan
hydrogels loaded with recombinant Lymphotoxin-α1β2 (LT) or indi-
vidual chemokines from the 12-CK-GES, with or without murine MC-
38 colon carcinoma cells. In some experiments, recombinant factors
were loaded in lipid-coated silica microparticles to delay release.
Preparations were then injected subcutaneously in C57BL/6 mice. Im-
plants were resected at later time points and dissociated for flow cy-
tometry or cryosectioned for histology and immunofluorescent
staining. Resulting data, along with those from in vitro chemotaxis as-
says, were used to parameterize an in silico model of TLS formation
simulated in two dimensions using fixed stromal cells, three types of
immune cells, and discrete chemokine fields.
Results
LT, when implanted with stromal cells, can induce organized aggre-
gates of endogenous lymphocytes, significantly increase infiltration
of T cells, B cells, and dendritic cells (all p<0.05), and prevent the
growth of MC-38 tumors in resected implants (p<0.001). In silico
model runs predict polarized activation of stromal cells and subse-
quent production of CCL19, CCL21, and CXCL13 is sufficient to
compartmentalize lymphoid aggregates into discrete B and T cell
zones and promote anti-tumor activity.
Conclusions
This dual-model system has identified an important role for LT activa-
tion of stromal cells in the induction of TLSs and suggests components
of the 12-CK-GES are vital for TLS organization.
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Background
The presence and activity of lymphocytes within the tumor is critical
for clinical response to cancer immunotherapy, such as immune check-
point blockade. Poor lymphocyte infiltration into the tumor, known as
a ‘cold’ phenotype, is associated with modest clinical response. High
baseline infiltration of effector lymphocytes is considered ‘hot’, and pa-
tients are predicted to respond more favorably to treatment. Despite
these fundamental predictive biomarkers, patient-to-patient response
and durability remains highly variable. There is an urgent gap in avail-
able methods to study lymphocyte infiltration, trafficking and spatial
heterogeneity induced by different cancer immunotherapies in individ-
ual patients.
Methods
Here, we used CANscriptTM, an ex-vivo human tumor model that re-
capitulates and preserves the native, patient-autologous tumor
microenvironment, including peripheral blood mononucleated cells
(PBNC). Utilizing tissue from breast cancer patients classified as either
‘cold’ (N=5) or ‘hot’ (N=5), we studied lymphocyte infiltration under
pressure of immune checkpoint blockade for 72h using pembrolizu-
mab (a-PD-1) and avelumab (a-PDL-1). Using flow cytometric analysis,
we characterized infiltrating lymphocytes, and coupled these data
with multiplex immunohistochemistry (CD3+, CD4+, CD8+, CD56+,
CD25+) to map proximity of tumor cells to lymphocytes before and
after treatment, ex-vivo.
Results
We determined that immune checkpoint blockade induced
unique patterns of migration and infiltration of effector T-cells
(Teff), T-regulatory (Treg) cells and natural killer (NK)-cells in ‘hot’
vs ‘cold’ tumors. Furthermore, we determined that, in some in-
stances, ‘cold’ tumors can be driven towards a ‘hot’ phenotype
characterized by trafficking of active immune lymphocytes follow-
ing treatment, which corresponded to differential ratio of Teff to
Treg compared to baseline.
Conclusions
Taken together, these data demonstrate the utility of CANscriptTM as
a platform to characterize response to immunotherapy in a spatial
context. Such an advance in our preclinical methods to study
immuno-modulators at the individual patient level can help guide
treatment decisions for clinicians while simultaneously functioning as
a platform to study and discover mechanisms of clinical efficacy for
emerging drugs.
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Background
Melanoma patients develop resistance to both chemo- and
targeted-therapy drugs. Promising pre-clinical and clinical results
with immune checkpoint inhibitors using antibodies directed
against CTLA-4 and PD-1 have re-energized the field of immune-
based therapies in melanoma. However, only a third of melanoma
patients respond to immune checkpoint blockade. Currently avail-
able mouse xenograft and transgenic mouse melanoma models
have several short comings and are unable to address the basis of
drug resistance and immune non-responsiveness that are fre-
quently observed in melanoma patients. Thus, there is an urgent
need to establish an in vivo model with a human immune micro-
environment that can address issues of therapy resistance.
Methods
For this, our laboratory has developed a humanized mouse melan-
oma model using patient-derived xenografts (PDX). Immunodeficient
NSG mice are reconstituted with human CD34+ cells and after 7-9
weeks, mature human CD45+ cells are observed in circulating blood.
Humanized mice were then challenged with HLA-matched melan-
oma PDX and the functional ability of human immune cells to restrict
tumor growth is monitored.
Results
Delayed tumor growth was observed in humanized mice indicating
in-vivo sensitization of human immune cells to melanoma. This was
confirmed by in-vitro demonstration of human lymphocytes from
tumor-bearing mice showing enhanced cytokine expression after
stimulation with melanoma antigen peptides. Further, cytotoxic T-
cells derived from melanoma peptide stimulation could functionally
lyse tumor cells in vitro. In preliminary therapy studies, most tumor-
bearing humanized mice treated with anti-PD-1 antibody showed
restricted tumor growth. Anti-PD-1 antibody therapy resulted in
enhanced infiltration of CD4+ and CD8+ T-cells that correlated with
tumor response.
Conclusions
Our results suggest that humanized mouse melanoma model can be
explored further to understand the causes of therapy resistance and
immune non-responsiveness.
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Background
Majority of patients fail to respond to anti-programmed death-1
(anti-PD-1) immunotherapy and the reasons for this remain largely
unknown. The aim of this study was to develop a computational
model, able to predict antitumour response to anti-PD-1 on the basis
of key biological properties that might serve as predictive biomarkers
of response.
Methods
Interplay between tumour cells and tumour infiltrating lymphocytes
(TILs) is described with deterministic population model. It incorporates
intrinsic tumour parameters (growth rate (k)), as well as other biological
parameters, such as major histocompatibility complex (MHC) class I and
PD-1 ligand (PD-L1) appearance on tumour cells, PD-1 appearance on
TILs, anti-PD-1 pharmacodynamics, dosing and scheduling regimen, etc.
Most of the parameters were taken from literature. The remaining free
parameters (k, TILs infiltration rate, tumour cells-TILs interaction rate)
were fitted to experimental data, where B16-F10 melanoma was treated
with anti-PD-1 [1]. Predictive ability of the model was tested on
independent experiment from literature, namely B16-OVA treated with
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anti-PD-1 [2]. Simulated tumour growth curves were compared to
experimental data and sensitivity study of key parameters was
performed.
Results
Simulated tumour growth curves are in good agreement with ex-
perimental data. Maximum deviation of simulated control tumour
volume (solid line – blue) to experimental data (blue squares) is
−25% (day 13). On the other hand, the model slightly underesti-
mates the effect of treatment with anti-PD-1. Maximum deviation
of simulated anti-PD-1-treated tumour volume (solid line – red) to
experimental data (red squares) is +40% (day 17). Sensitivity study
reveals that dosing and scheduling regimen does not importantly
affect treatment outcome (data not shown). The most sensitive par-
ameter of the model is MHC class I appearance. By modulating
MHC class I appearance from 1% to 100%, while keeping other pa-
rameters fixed, we are able to simulate responders as well as non-
responders to anti-PD-1.
Conclusions
Model predictions of antitumour response to anti-PD-1 are within ex-
pectations. The predictions might be even more reliable if model pa-
rameters were, due to their inter-patient variability and presumably
dynamic nature, actually measured for every specific experiment/pa-
tient. The emphasis should be on MHC class I appearance as it might
be one of the predictive biomarkers of response to anti-PD-1.
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Background
Lung cancer is the leading cause of cancer deaths world- wide and
despite advances in therapy, the overall survival rate for lung cancer
patients remains only 15%.
As most of sporadic cancers, lung cancer emerges from pre-neoplastic
lesions characterized by morphological and molecular changes. If
morphological changes of pre-invasive bronchial lesions are well char-
acterized, the cause and effect relationship between those changes
and the immune response is still un- known. Though, we identified
gene expression alterations that suggest a role of the innate and adap-
tive immunity in the transformation towards carcinoma.
Methods
In order to characterize the evolution of the immune response in
pre-invasive bronchial lesions, we have optimized different multi-
spectral 7 colors immunofluorescence panels, by using the Tyramide
Signal Amplification (TSA) technology.
Results
We have performed multiplex staining on FFPE human bronchial bi-
opsies (N=114) at 8 successive morphological stages of lung squa-
mous carcinogenesis, from normal, to low grades dysplasia, high
grades, to carcinoma. Images of each biopsy have been acquired
multispectrally and digitally analyzed to identify and quantify the
density and the tissue distribution of different immune cell types. We
aimed to characterize the immune infiltrates at different stages of
carcinogenesis and elucidate the role of different cell subtypes in
tumor development and progression and the possible causal rela-
tionship between the immune phenotypes in pre-neoplastic lesions
and tumor progression and patient prognosis.
Conclusions
Evaluation of the immune contexture and prognostic assessment of
precancerous lesions of the lung may identify promising new bio-
markers for early detection and targets of novel therapeutic strat-
egies for lung cancer.
Immune Modulation, Cytokines, and Antibodies
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Background
Proteomic and genomic data has allowed for the development of
promising targeted agents for NHL [1]. Most have acute and chronic
toxicities that limit efficacy. The use of complementary and alterna-
tive medicines has increased during the last decade. However, scien-
tific evidence of their efficacy is scarce. Fermented wheat germ
extract (FWGE) has been claimed to have anti-cancer properties in
many tumor types. FWGE therapeutic activity has been attributed to
its content of benzoquinones [2].
Methods
A protein fraction (FWGP) was isolated by FPLC and proteins identi-
fied by mass spectrometry. Direct cytotoxic was studied in vitro using
NHL cell lines. Immunomodulatory properties were evaluated ex vivo
by measure immune cell activation in human PBMCs and isolated NK
cells. In vivo experiments used nu/nu NHL xenografts with or without
NK cell depletion; endpoints were tumor volume and toxicity. In vivo
immunomodulatory effects were evaluated by treating tumor-free
BALB/c mice with FWGP and measuring NK cell killing activity and
degranulation.
Results
FWGP was cytotoxic in 17 cancer cell lines (IC50 = 20-171 μg/ml in
NHL, 12-27 μg/ml in colon and 70-144 μg/ml in lung) and induced
apoptosis by increasing levels of caspase-3, PARP, BAK, BAD and p53,
while reducing levels of AKT. FWGP increased % NK cells, production
of IFg and GrB, and NK-mediated killing. In vivo efficacy was con-
firmed, with no toxicity, in pre-emptive and established models. In
vivo treatment with FWGP+rituximab was as effective as R-CHOP,
with 90% complete remission. NK depletion resulted in no response
to FWGP. These results support the hypotheses that FWGP augments
NK-mediated tumor killing. Proteomic profiling identified 844 pro-
teins. An active fraction consisted of 169 proteins.
Conclusions
FWGP represents a promising immunomodulatory agent with anti-
tumor activity, minimal toxicity and low cost. Our results suggest
FWGP has direct lymphomacidal activity by inducing apoptosis and
indirect anti-tumor efficacy by enhancing NK-mediated tumor eradi-
cation. Further experimental validation will allow translation of al
“alternative” product into mainstream medicine.
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Background
The use of anti-programmed cell death protein 1 (PD-1) and PD-Ligand
1 agents in the treatment of non-small cell lung cancer (NSCLC) has
been well established but many patients are either intrinsically resistant
or become refractory during therapy. One potential resistance mechan-
ism is the upregulated expression of additional checkpoint receptors
such as T cell immunoglobulin and mucin domain 3 (TIM-3), a trans-
membrane receptor that binds multiple putative ligands, and that has
been shown to negatively regulate the function of T cells that co-
express PD-1 [1].
Methods
We examined the immunophenotype and checkpoint receptor ex-
pression of over 100 NSCLC samples from primary surgical resections.
From a subset of these samples, we evaluated T cell functional status
by gene expression analysis on sorted PD-1+ and TIM-3+ CD8+ T
cells as well as ex vivo stimulation assays to evaluate cytokine pro-
duction. Furthermore, we used ex vivo and in vivo studies to assess
the effect of blockade of PD-1 and TIM-3 alone and in combination
on T cell activation and anti-tumor activity.
Results
We showed that primary NSCLC samples display heterogeneity in
both their baseline immune infiltrate and also PD-1 and TIM-3 check-
point receptor expression. We examined mRNA expression of mul-
tiple immune genes on sorted PD-1+ and TIM-3+ CD8+ T cells, and
found that PD-1/TIM-3 double positive cells express reduced
interleukin-2 (IL-2) and tumor necrosis factor alpha (TNFα), but similar
mRNA levels of interferon gamma (IFNγ) when compared to double
negative cells. This phenotype is recapitulated in CD8+ T cells de-
rived from patient samples stimulated with PMA and ionomycin,
where we found PD-1 and TIM-3 double positive cells to be signifi-
cantly deficient in IL-2, but not IFNγ production. Importantly, in
addition to their expression being associated with T-cell dysfunction,
we also found that blockade of PD-1 and TIM-3 was associated with
increased T cell activation and anti-tumor activity in ex vivo and
in vivo models, suggesting a potential functional role for the inhib-
ition of TIM-3, in addition to PD-1, in the enhancement of anti-tumor
immunity.
Conclusions
Taken together, these data provide further evidence that TIM-3 may
play a role in intrinsic resistance to single agent anti-PD1 therapy in
NSCLC and support evaluating the combination of anti-PD-1 and
anti-TIM-3 agents in the clinic.
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Background
Immunotherapy with the combination of monoclonal antibodies that
block PD-1 and CTLA-4 has shown clinical benefit beyond that ob-
served with either mAb alone. A PD-1xCTLA-4 bispecific DART protein
was designed to induce antitumor immunity through simultaneous
targeting of both checkpoint pathways via administration of a single
molecule. The DART protein increases checkpoint blocking activity on
PD-1/CTLA-4 dually expressing cells, while displaying distinct immuno-
logical effects of CTLA-4 blockade in vivo absent evidence of toxicity.
Methods
A PD-1xCTLA-4 DART protein was engineered as a tetravalent bispecific
molecule from humanized anti-PD-1 and anti-CTLA-4 mAb sequences
in a human hinge-stabilized IgG4 backbone. PK, PD and toxicology
studies were performed in cynomolgus monkeys.
Results
The PD-1xCTLA-4 DART molecule demonstrated binding to immobi-
lized PD-1 protein and PD-1-expressing cells lines, inhibition of PD-1
interaction with PD-L1 or PD-L2, as well as reversal of PD-1-mediated
T-cell signal inhibition in gene-reporter assays comparable to that
supported by a replica of nivolumab. Similarly, binding, ligand
blocking and rescue of CTLA-4-mediated T-cell suppression was
comparable to that supported by a replica of ipilimumab. The DART
molecule demonstrated activation properties comparable to the
combination of ipilimumab and nivolumab replicas in a variety of hu-
man primary T-cell assays and showed enhanced B7-ligand binding
blockade over that mediated by the ipilimumab replica on PD-1/CTLA-
4 double-positive cells. In the cynomolgus monkey, the PD-1xCTLA-4
DART molecule exhibited a PK profile consistent with that of an IgG4
and was well tolerated, with no mortality or significant adverse findings
up to 75 mg/kg QWx3, the highest dose tested. T-cell expansion in the
peripheral blood and lymphoid organs was observed, which was attrib-
utable to the CTLA-4 blocking arm, since no such finding was observed
with similar or higher doses of the anti-PD-1 constituent of the bispeci-
fic molecule.
Conclusions

� PD-1xCTLA-4 DART protein binds and blocks its targets, with
increased activity on dual PD-1/CTLA-4-expressing cells.

� The DART molecule enhances T-cell responses in vitro to the
level achieved by a combination of nivolumab and ipilimumab
replicas.

� PD-1xCTLA-4 DART protein was well tolerated in cynomolgus
monkeys, with a safety profile similar to that observed with
PD-1 blockade alone, while demonstrating biological effects of
CTLA-4 antagonism.

The favorable safety and tolerability profile of the PD-1xCTLA-4 DART
molecule combined with its enhanced activity on PD-1/CTLA-4 double-
positive cells suggest a potential for an improved therapeutic window
for PD-1/CTLA-4 co-blockade strategies, with the administration of a
single molecule providing dosing convenience and ease of incorpor-
ation into additional therapeutic regimens.

P309
Treatment with heterodimeric IL-15 promotes effector T cell
infiltration into tumors
Cristina Bergamaschi1, Konstantinos Dimas1, Dimitrios Stellas1, Bethany Nagy1,
Shawn Jensen2, Bernard Fox2, Barbara Felber1, George Pavlakis1
1National Cancer Institute at Frederick, Frederick, MD, USA; 2Earle A
Chiles Research Institute, Portland Providence Cancer Center, Portland,
OR, USA
Correspondence: Cristina Bergamaschi (cristina.bergamaschi@nih.gov)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P309

Background
The presence of tumor-infiltrating effector T cells is considered the
most predictive biomarker for clinical benefit in response to immuno-
therapies. IL-15 is a cytokine important for the proliferation, activa-
tion and mobilization of lymphocytes, including natural killer and
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CD8+T cells. We have previously shown that bioactive IL-15 in vivo
comprises a complex of the IL-15 chain with the IL-15 receptor alpha
chain that are together termed heterodimeric IL-15 (hetIL-15). Several
preclinical models have indicated the ability of IL-15 to enhance the
response of the immune system against cancer, and based on these
results hetIL-15 has advanced to clinical trials.
Methods
We have produced hetIL-15 and tested its anti-tumor activity in
several murine cancer models. Analysis of lymphocytes in lymphoid
organs and in tumors was performed by flow cytometry and multi-
color immunohistochemistry. Chemokine and cytokine levels were
determined using electrochemiluminescence (MSD) and ELISA assays.
Results
Repeated injections of hetIL-15 in mice were effective in delaying
tumor growth in the MC38 colon carcinoma, TC-1 cervical carcinoma
and B16 melanoma models. The combination of hetIL-15 and adop-
tive cell transfer of melanoma specific Pmel-1 cells showed anti-
tumor efficacy in B16-bearing mice in absence of lymphodepletion.
The E0771 orthotopic breast cancer model showed delay in tumor
progression and significantly reduced lung metastasis upon hetIL-15
treatment. A significantly reduced onset of lung metastasis was also
observed in 4T1 breast cancer-bearing mice. Flow cytometry and
multi-color immunohistochemistry assays showed increased traffick-
ing and persistence of CD8+ T cells, including tumor specific T cells,
into the tumors and an increased CD8+/Treg ratio, upon hetIL-15 ad-
ministration. Importantly, hetIL-15 treatment led to preferential en-
richment of adoptively transferred tumor-specific CD8+T cells in the
B16 tumor in an antigen-dependent manner. Tumor infiltration by
CD8+T cells was accompanied by increased plasma levels of CXCL10.
Tumor-resident CD8+ T cells showed features of activated effector
cells with enhanced proliferation (Ki67+) and high cytotoxic potential
(Granzyme B+). Upon ex-vivo stimulation, an increased frequency of
both CD8+ and CD4+ T cells producing IFNg was observed in the
tumors of mice treated with hetIL-15.
Conclusions
Our results show that hetIL-15 administration may be a general
method to enhance T cell entry in non-inflamed tumors, increasing
the success rate of immunotherapy interventions. Preclinical cancer
studies support the use of hetIL-15 in tumor immunotherapy
approaches to promote the development of anti-tumor responses by
favoring effector over regulatory cells. The effect of hetIL-15 on me-
tastasis establishment in orthotopic models may provide synergies
against metastatic disease.
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Background
The heterotypic interplay between cancer cells and their microenviron-
ment provides an opportunity for therapeutic targeting. The abundant
tumor-associated macrophage (TAM) infiltrate can be substantially
reduced in mouse tumor models and cancer patients by colony-
stimulating factor 1 receptor (CSF1R) signaling blockade [1]. Notably,
TAM depletion provides marked clinical benefits in diffuse-type tenosy-
novial giant cell tumors [2,3]. However, facial edema is reported as the
most common adverse event of TAM elimination in patients [2,4]. We
here sought to gain insight into the molecular mechanisms mediating
edema formation. To this aim, we characterized antibody exposure,
CSF1 levels and an array of extracellular matrix-degrading and restruc-
turing metalloproteinases (MMPs) in tumor-bearing and tumor-free
mice treated with an anti-CSF1R antibody.
Methods
Western Blotting and multiplex assays of tumors and sera of anti-mouse
CSF1R mAb (clone 2G2)-treated mice showed an association of TAM
elimination with an early intratumoral and systemic release of a specific
set of MMPs, including MMP-2, -3 and -8, in multiple transplant (MC38,
E0771, KPL-4 and PyMT) and de novo (MMTV-PyMT) tumor models.
Results
In addition, we found that the early increase of MMPs in the face of
CSF1/CSF1R pathway blockade was independent of tumor burden
and was accompanied by a significant increase of body weight in
tumor-free mice following long-term exposure to the antibody. The
body weight gain may therefore indicate the enhanced retention of
body fluids. Discontinuation of the CSF1R antibody reinstated un-
altered body weight and MMP levels. We excluded platelets and neu-
trophils as sources of MMP release, even if they accumulated in
tumor-bearing mice during CSF1R inhibition. We also examined the
effects of blocking the CSF1R ligand CSF1, which is one of the two
known ligands of the CSF1R [2,4]. CSF1 antibodies had no impact on
the binding of IL-34 (the second CSF1R ligand) to CSF1R. Similar to
CSF1R blockade, an anti-mouse CSF1 antibody (clone 5A1) provoked
an early systemic surge of a subset of MMPs.
Conclusions
Collectively, our data suggest that CSF1 and CSF1R blocking antibodies
induce the release of a distinct set of matrix-degrading proteases
(MMP-2,-3 and -8), but not metastasis-promoting proteases (MMP-9
and -12), which may be potentially causative of edema formation. Fur-
ther studies may inform optimized dosing schedules of CSF1/CSF1R tar-
geting regimens for cancer patients.
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Background
The utility of the PD-L1 biomarker in predicting response to anti-PD-
1 agents has been inconsistent across malignancies. In this study, we
describe outcomes of patients treated with anti-PD-1 agents by PD-
L1 expression level.
Methods
Molecular profiling of tumors in patients with advanced cancer was
performed at West Cancer Center using Caris Molecular Intelligence
Profile testing, which includes PD-L1 percentage assessed by immu-
nohistochemical staining. Patients were included in this retrospect-
ive analysis if they were treated with a PD-1 inhibitor and had
available PD-L1 results between November 2014 and May 2017. Pa-
tients were assessed by PD-L1 expression level, defined as negative
(0% expression) or positive (>1% expression), regardless of staining
intensity. PD-L1 positive samples were further subclassified into PD-
L1 low (1-4%), intermediate (5-49%) and high (≥50%). Best overall
response using RECIST 1.1 criteria was retrospectively assessed
using 2-physician review of radiologic data. Progression free sur-
vival (PFS) and overall survival (OS) were assessed using the
Kaplan-Meier method.
Results
204 patients with quantifiable PD-L1 expression were treated with
PD-1 inhibitors. Primary tumors included 125 non-small cell lung can-
cers, 31 melanomas, 12 renal cell carcinomas, and 36 others. 110
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(54%) tumors were PD-L1 negative and 94 (46%) were PD-L1 positive
(22 [11%] low, 37 [18%] intermediate, and 35 [17%] high). ORR was
39% for PD-L1 positive versus 17% for PD-L1 negative (p=<0.001).
Best response for each PD-L1 level is shown in Table 1. The esti-
mated median PFS was 6.4 months for PD-L1 positive versus 3.0
months for PD-L1 negative (HR 0.59; p=0.001; 95% CI, 0.43 to 0.81).
The estimated median OS was 17.3 months for PD-L1 positive versus
6.9 months for PD-L1 negative (Fig. 1; HR 0.64; p=0.021, 95% CI, 0.44
to 0.94). Increasing PD-L1 expression was associated with a statisti-
cally significant improvement in PFS and OS. There was a statistically
significant difference among PFS and OS with increasing PD-L1 levels
(PFS p = 0.002; OS p = 0.026). Multivariate analysis did not identify
tumor type as a predictor of response.
Conclusions
PD-L1 staining of any level predicted for improvements in ORR, PFS,
and OS with PD-1 inhibitors across multiple malignancies. The higher
the PD-L1 staining, the greater the likelihood of benefit. These data
provide important real world confirmation for the potential utility of
global PD-L1 testing in clinical practice, regardless of malignancy.
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Background
PD-1 (or CD279) is a co-inhibitory receptor that suppresses T cell
function upon binding to its ligands, PD-L1 or PD-L2. PD-1 signal-
ing functions cooperatively with CTLA-4 to limit T cell activation
during priming by antigen presenting cells, leading to reduced
proliferation, cytokine and chemokine production and cell sur-
vival. Anti-PD-1 antibody therapies that block the interaction be-
tween PD-1 and its ligands have shown durable clinical benefit
both as single agents, but particularly in combination with anti-
bodies that antagonize CTLA-4.
Methods
AGEN2034 (anti-PD-1; IgG4) was discovered using a proprietary mam-
malian display technology, Retrocyte Display™. Binding kinetics and
affinity to PD-1 were characterized by surface plasmon resonance.
Cell-based potency was determined in a Jurkat PD-1+ NFAT reporter-
based assay where luciferase activity was measured as an endpoint
of PD-1/PD-L1 antagonism. The pharmacological effects of AGEN2034
alone or in combination with CTLA-4 pathway blockade using a
novel high affinity anti-CTLA-4 IgG1 antibody, AGEN1884, was
assessed in vitro using peripheral blood mononuclear cells (PBMC)
from healthy donors. Prior to human clinical trials, pharmacokinetic
and pharmacodynamic profiling of AGEN2034 were performed in cy-
nomolgus monkeys both alone and in combination with CTLA-4
blockade.
Results
AGEN2034 selectively binds to human and cynomolgus PD-1 with
high affinity (Kd<1nM) and sub-nanomolar EC50. The Fc interactions
of AGEN2034 are minimized via selection of a human IgG4 Fc re-
gion. In primary human immune cell assays, AGEN2034 showed a
dose-dependent increase in T cell cytokine and proliferative re-
sponses. Notably, AGEN2034 combined effectively with AGEN1884
in a dose-dependent manner to further enhance T cell responsive-
ness. AGEN2034 was well tolerated, and no-observed-adverse-effect
level (NOAEL) could be established up to 40 mg/kg in non-human
primates. Furthermore, the combination of AGEN2034 and anti-
CTLA-4 blockade promoted a dynamic pharmacodynamic response
in cynomolgus monkeys, including a transient increase in prolifera-
tion and ICOS (inducible co-stimulator molecule) expression in a
subset of central memory and effector memory T cells.
Conclusions
The functional attributes of AGEN2034 combined with the favor-
able pharmacokinetic and pharmacodynamic profile in cynomol-
gus monkeys are ideally suited for clinical development.
Moreover, AGEN2034 combined effectively with CTLA-4 blockade
in a range of preclinical assays to enhance antigen-specific T cell
responsiveness and produced a dynamic pharmacodynamic re-
sponse in non-human primates. AGEN2034 is currently under
evaluation in a Phase 1/2 study in subjects with advanced tumors
and cervical cancer (NCT03104699) and clinical studies to evaluate
AGEN2034 in combination with AGEN1884 are planned.
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Background
Recombinant therapeutic proteins < 50Kd (eg., receptor ligands,
cytokines) exhibit short circulation half-lives (mins/hour vs. days for
IgGs) which limit their therapeutic utility. A specific way to increase
the pharmacokinetic half-life of these agents is via conjugation to
circulating albumin. Here we describe the creation of an albumin
binding single chain fragment antibody (ScFv-ABD) that binds albu-
min in circulation, is recycled by binding to the FcRn (similar to IgG’s)
and then recycled after cellular uptake resulting in increased half-life
of the appended therapeutic protein. A second advantage to linking
a therapeutic protein to an ScFv-ABD is improved tumor target deliv-
ery as numerous studies have shown that albumin accumulates in
tumors and inflamed tissues.
Methods
Sonnet BioTherapeutics, using a XOMA phage library, has developed
scFv ABD fusion constructs with several different small therapeutic pro-
teins (recombinant interleukin proteins and scFvs targeting relevant
immune-oncology receptors). These various ABD constructs have high
binding affinity to mouse, human & cyno circulating serum albumin
thereby preventing renal clearance and retaining benefits of FcRn
mediated recycling of albumin for extended PK. Early studies to investi-
gate improved tumor accumulation translates into anti-tumor efficacy
in vivo and have shown that ScFv-ABD enhances tumor targeting.
Results
Our characterized scFV-ABD constructs have demonstrated that;

1. biologic activity is retained when the therapeutic protein is
attached via the N- or C-terminus suggesting utility for
delivering more than one therapeutic protein/scFv;

2. half-life in mouse serum in vivo was extended from minutes to
hours/days for three different recombinant proteins and scFv
with MWs of 10-80Kd;

3. in an established B6F10 melanoma model these ABD constructs
have demonstrated markedly superior reductions in tumor
growth and improved overall survival compared to the same
constructs without the ABD. Superior efficacy was observed
with lower doses and with a single dose of the ScFv-ABD
constructs vs free recombinant protein

Conclusions
We will describe several examples of improved half-life, tumor accu-
mulation and efficacy using our albumin linkage approach that is
leading to the selection of drug candidates for clinical development.
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Background
BACKGROUND: Glioblastoma stem-like cells (GSCs) are hypothesized to
evade current therapies and cause tumor recurrence, contributing to
poor patient survival. Existing cell surface markers for GSCs are devel-
oped from embryonic or neural stem cell systems; however, currently
available GSC markers are suboptimal in sensitivity and specificity. We
hypothesized that the GSC surface proteome could be mined with a
yeast display antibody library to reveal novel immunophenotypes.
Methods
MATERIALS AND METHODS: A naïve yeast expression library of
single-chain human antibodies (scFv) was mined using biopanning
against patient-derived GSCs. Discovered unique clones were charac-
terized for qualitative binding affinity against 5 patient-derived GSC
lines, 5 matched non-GSC/GBM lines, and 2 normal cell lines. Pre-
sumptive GSC-specific antibodies were purified from yeast, and GSC
specificity and affinity determined by confocal microscopy and flow
cytometry. GSC targeting in vitro was evaluated using flow cytome-
try, and in vivo after intravenous administration of near infrared
fluorescent tagged scFv to immunodeficient mice harboring orthoto-
pic GBM xenografts.
Results
RESULTS: Nine rounds of positive selection against patient-derived
GSCs enriched for GSC-binding scFv, with selected pools also
negatively screened against normal human astrocytes, neural stem
cells, and serum-cultured GBM (i.e. non-GSC). We identified 62
unique scFv clones from ~600 candidates by differential PCR and
restriction analysis. Clone 9.7 (heavy chain only, termed VH-9.7)
demonstrated specificity against 5 patient-derived GSC lines, with
minimal binding to non-GSC and normal controls. Purified VH-9.7,
produced predominantly in a monomeric form, had a GSC binding
affinity (Kd) of 74.3 ± 9.85 nM. Flow cytometry using 5 GSC lines
verified VH-9.7 specific GSC labeling: 17-115-fold higher compared
to normal astrocytes and 10-65-fold higher compared to non-GSC/
GBM lines. After intravenous injection, VH-9.7 significantly localized
to GSC-derived GBM xenografts in mice [92 ± 11 relative fluores-
cent units (RFI), n=3, p<0.05], compared to control non-targeting
scFv (11 ± 7.8 RFI).
Conclusions
CONCLUSIONS: Rapid screening via yeast antibody library biopanning
identified human-specific antibodies that demonstrated GSC specifi-
city compared to both non-GSC (i.e. bulk of GBM) and normal neural
cells. Identified antibodies could potentially be developed into immu-
notargeted diagnostics and therapeutics in brain cancer.
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Background
Glioblastoma (GBM) is a highly invasive and fatal form of brain tumor
with a median survival of approximately 15 months. Treatment for
GBM is hampered by the blood-brain barrier (BBB) and small popula-
tions of cells that resist conventional therapies. There is an urgent
need for innovative new therapies to target all GBM cells within a
patient. Chlorotoxin is a small peptide derived from the venom of
the deathstalker scorpion that has been shown to be highly selective
for all GBM cells, does not bind healthy tissue, is non-toxic to
humans, and has been demonstrated to cross the BBB. To this end,
we have designed a T cell engaging molecule, anti-CD3/chlorotoxin
(ACDClx), composed of the variable heavy (VH) and light (VL) frag-
ments of an anti-CD3 antibody (2C11) tethered to chlorotoxin. Here,
we show that T cells can be selectively activated against GBM cells,
only in the presence of ACDClx.
Methods
The gene sequence encoding for His-tagged ACDClx was cloned into
a deconstructed and improved geminiviral vector and introduced
into agrobacteria for needleless infiltration into leaf tissue of Nicoti-
ana benthamiana. ACDClx was extracted from tissue 4 days post-
infiltration and purified via nickel affinity chromatography. T cell acti-
vation was evaluated via calcium flux assay (Fluo-4) using ionomycin
as a positive control and CD69 expression using full length anti-CD3
antibody as a positive control. Activity was measured using freshly
isolated mouse splenocytes and mouse GBM cells (GL261-LucNeo).
For flow cytometry, lymphocytes were gated from the splenocyte
population and further gated based on CD4 and CD8 markers.
Results
Expression and purification from N. benthamiana resulted in a yield
of 614ug ACDClx per gram of leaf tissue with greater than 99% purity
(Figure 1A). Expression of CD69 was observed when splenocytes and
GBM cells were incubated with ACDClx or anti-CD3 antibody, but not
with media alone (Figure 1B). T cell activation as measured by an in-
crease in calcium flux over baseline was observed when ACDClx was
added to a mixture of splenocytes and GBM cells (Figure 1C). Flux
was not observed when mock isolated protein from mock-infiltrated
plants was added to splenocytes and GBM, nor with splenocytes and
ACDClx alone.
Conclusions
Our results indicate that ACDClx can be expressed to high levels in
plant tissue and has the capacity to selectively activate T cells
in vitro. These results provide further motivation for our current stud-
ies of ACDClx in vitro and in an immunocompetent model of GBM
in vivo.
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Background
Therapeutic antibodies targeting PD-1 have demonstrated efficacy in
several solid tumor types with durable responses in a subset of pa-
tients. However most patients will either not respond to therapy or
progress after an initial response. It is not fully understood how this
treatment may alter the phenotype or function of Tumor-infiltrating
Lymphocytes (TIL). In this study, methods have been optimized to
derive TIL from a single core biopsy and applied to growing TIL from
pre-treatment and on-treatment biopsies in patients receiving anti-
PD-1 to investigate drug-induced changes in TIL phenotype and
function.
Methods
Tumor samples are obtained from an ongoing Phase II clinical trial of
anti-PD-1 in cohorts of patients with rare solid tumor types
(NCT02721732). Mandatory core biopsies are taken at baseline and on
day 15-21 after the first cycle of anti-PD1 (Pembrolizumab, 200 mg). TIL
are propagated ex vivo utilizing IL-2 and an agonistic anti-4-1BB anti-
body (Urelumab, BMS), with or without anti-CD3 (clone OKT3). TIL
phenotype and function are evaluated after 2 or 3 weeks of culture.



Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):87 Page 160 of 244
Results
TIL cultures were first initiated by mincing one core biopsy into 3-6
tumor fragments and cultured in media containing IL-2 and the anti-
4-1BB mAb. Observed TIL growth was poor with only 11% of all sam-
ples yielding over 2 million TIL per fragment after 3 weeks (2 /17
samples). The addition of anti-CD3 to the regimen dramatically im-
proved TIL outgrowth, with 78% and 80% of the baseline biopsy and
on-treatment biopsy samples, respectively, growing over 108 million
TIL (n=38/49 baseline; 24/30 treatment, range 10 million to 357.7 mil-
lion). Phenotypic analysis of the expanded TIL showed an effector
memory differentiation status at both time points. However TIL grown
from samples obtained after anti-PD-1 dosing showed enhanced pro-
portion of CD8+ TIL and enriched CTLA-4 expression in both CD4 and
CD8 TIL subsets. PD-1 expression on expanded CD8+ and CD4+ TIL was
maintained or elevated after therapy. Analysis of 4 patients’ paired
baseline and on-treatment TIL show that CD4+ and CD8+ TIL grown
post anti-PD-1 treatment secrete significantly more of the effector cyto-
kines IFN-γ, IL-13, and TNF-α following anti-CD3 re-stimulation.
Conclusions
Our study highlights phenotypical and functional differences of TIL
after a single dose of anti-PD-1. Additionally we demonstrate that it is
possible to grow TIL in numbers that would be sufficient to proceed
with rapid expansion and adoptive cell transfer from one core biopsy.
Trial Registration
NCT02721732
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Background
TIGIT is a coinhibitory immune checkpoint receptor expressed on
regulatory T cells (Tregs), cytotoxic T cells and NK cells. TIGIT ligands
include CD155 and CD112, which are expressed on antigen present-
ing cells and a variety of tumors. These ligands also bind the activat-
ing receptor CD226, often co-expressed with TIGIT, creating a
network that modulates adaptive and innate immune response in a
manner analogous to the CD28-CTLA4-CD80-CD86 network. We pre-
viously reported on the characterization of a panel of fully human
antagonistic monoclonal antibodies that bind with subnanomolar
affinity to mouse, NHP and human TIGIT and block ligand-receptor
interactions and signaling in T cells (AACR, 2017). Here we report on
the in vivo mechanism of action and efficacy of CASC-674 in a num-
ber of syngeneic tumor models.
Methods
A lead candidate antibody (CASC-674) was selected and produced as
mouse IgG2a and tested in syngeneic in vivo mouse tumor models.
To explore the mechanism of action in vivo, CT26 tumor bearing
mice were treated with CASC-674 alone or in combination with anti-
PD1/anti-PD-L1 and their tumors and spleens isolated and evaluated
by flow cytometry for various lymphoid and myeloid cell subsets.
Results
CASC-674 as single agent has significant anti-tumor activity in the
anti-PD1/anti-PD-L1 insensitive CT26 colorectal tumor model, result-
ing in 8/10 complete regressions (CR). Combination treatment with
anti-PD-1/PDL-1 did not enhance the anti-tumor effect compared to
CASC-674 alone. Tumor free mice from this study were re-challenged
8 weeks after the last treatment with CT26 cells in the opposite flank
of the original inoculum and no CT26 tumor growth was observed in
any of the mice after 30 days, demonstrating that previous treat-
ments resulted in an immune memory response. In addition to the
CT-26 model, CASC-674 demonstrated significant anti-tumor effects
in EMT6, H22 and MBT-2 syngeneic mouse tumor models.
In CT26 tumors, treatment with CASC-674 but not an IgG1 version
of the same variable domains, shifted the immunosuppressive
phenotype to an inflammatory anti-tumor phenotype. CASC-674
alone and in combination with anti-PD1 significantly reduced the %
of Tregs and exhausted (PD1+ Ki67+) CD8+ cells and increased the
% of cytotoxic CD8+ cells (PD-1- Ki67+) and anti-tumor (CD155+)
M1 macrophages.
Conclusions
These results combined with the antitumor effect observed suggest
Fc functionality is critical for the effect of CASC-674. The observed
single agent anti-tumor effect in several different tumor models of
CASC-674 and its unique human, non-human primate, and murine
cross-reactivity supports consideration of CASC-674 as a therapeutic
development candidate.
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Background
T cell Immunoreceptor with Ig and ITIM domains (TIGIT) is an ITIM
domain- containing co-inhibitory receptor preferentially expressed
by NK, CD8+ and CD4+ T cells as well as by regulatory T cells (Treg).
Several ligands are described to bind to TIGIT with PVR (CD155)
showing the highest affinity. CD226 (DNAM-1), a co-stimulatory re-
ceptor also expressed on NK and T cells compete with TIGIT for
PVR binding but with a lower affinity. Co-expression of TIGIT and
CD226 receptors on T and NK effector cells suggests a role in the
fine control of their activation
Methods
Antagonistic anti-TIGIT antibodies were selected by Adimab, LLC.
using a synthetic library of human antibodies presented on the
surface of yeast. Anti-TIGIT mAbs were characterized for affinity to re-
combinant human TIGIT (Biacore), for binding to human primary T
cells, for competition to CD155 binding as well as for functional activ-
ity on cells engineered to express TIGIT or on human primary T cells.
An anti-TIGIT mAb cross-reactive to mouse TIGIT was used to evaluate
the anti-tumor efficacy of anti-TIGIT in the CT26 syngeneic model.
Results
Anti-TIGIT mAb EOS084448 affinity for human TIGIT was 0.25nM,
translating into potent binding to human primary T cells with an
average EC50 of 0.09nM. EOS084448 inhibited CD155 binding to
TIGIT at the surface of TIGIT-expressing cells with an EC50 of
0.16nM. EOS084448 antagonistic activity was evaluated in a
TIGIT:CD155 reporter bioassay that resulted in activation of the
IL-2 promoter and by measuring IFNg secretion by minimally
stimulated human primary CD8+ T cells; EOS084448 potency in
these 2 assays was 8nM and 0.4nM. A surrogate anti-TIGIT mAb
with a 26,7nM Kd for mouse TIGIT was evaluated in established
CT26 mouse tumors. Anti-TIGIT monotherapy delayed CT26 tumor
growth and achieved complete response in few mice. Complete
tumor regression occurred in most of the animals receiving the
anti-TiGIT mAb combined with anti-PD-1 mAb. Anti-tumor efficacy
was associated with an increased CD8+ T cell : Treg ratio, an in-
crease TH1/TH2 cytokine ratio and a transcriptional signature indi-
cating an increased cytolytic T cell activity.
Conclusions
In vitro and in vivo data demonstrate the potential for EOS084448 to
promote antitumor immunity and efficacy and supports the rationale
for its clinical evaluation.
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Background
HD IL2 treatment produces durable complete responses (CRs) and surgi-
cal CRs. Patients achieving partial response (PR) and stable disease (SD)
demonstrate improved survival compared with patients who progress.
Methods
Eleven HD IL2 treatment centers identified patients with survival
> 5 years after HD IL2. DFS was from end of IL2 to June 2017.
Treatment courses generally consisted of 2 1-week cycles of HD
IL2, 600,000-720,000 U/kg IV every 8 hours. We collected data on
patients treated with HD IL2 alone, or HD IL2 plus local therapy
(surgery or radiation (SRS) leading to CR) with survival > 5 years
after HD IL2.
Results
Ninety-nine patients are reported: 46 mRCC (male 32, female 10,
unknown 4) and 53 mM (male 31, female 22). Median age at HD
IL2 treatment of mRCC patients is 54 years (range, 39-73 years)
and of mM patients is 53 years (range, 24-76 years). Sites of
metastatic disease for mM patients were lymph nodes (LN), lungs,
bone, liver, brain, and other organs, and for mRCC patients were
lung, LN, adrenal, bone, and other organs. The majority of pa-
tients received 2-3 courses of IL2 (63 of 99 patients) and 18 re-
ceived 1 course, with the overall number of IL2 courses ranging
from 0.5 to 4 courses. Among the 46 mRCC patients, there are
38 CRs, 5 surgical CRs and 3 PRs with no further treatment.
Among 53 mM patients, there are 42 CRs, 2 near CRs, and 9 Surgical/
SRS CRs without further treatment. DFS in these patients after HD IL2
ranges from 5+ years to 30+ years, median 10+ years. 27 mRCC and 31
mM are alive > 10 years after IL2. Long-term toxicity among these 99
patients includes hypothyroidism-5 patients, arthralgias/arthritis-6 pa-
tients, vitiligo-3 patients, and 1 patient each: neuropathy, PVCs, and
normal pressure hydrocephalus. Additional patients may be added as
records become available.
Conclusions
We document long-term DFS (>5 years) after CR or PR from HD IL2
alone. Surgical or SRS conversion of PR to CR can produce durable
CRs. Long-term DFS was observed in patients with visceral and bone
metastases, not only those with LN or lung sites of metastases. Nei-
ther age, sex, nor number of courses of IL2 predicted long-term DFS.
Chronic toxicity due to IL2 is uncommon in long-term survivors.
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Background
Because of its high level of expression on haematological cancers, deplet-
ing antibodies targeting CD38, an ectoenzyme with hydrolase and cy-
clase activity, have been generated and showed clinical benefits in
particular against multiple myeloma. Interestingly, CD38 is not restricted
to haematological cancer cells but also expressed on many different im-
mune subsets including NK and effector T cells, exhausted PD-1+ T cells,
suppressive myeloid cells, and regulatory T and B cells. Anti-CD38 anti-
bodies will therefore not only impact CD38-expressing tumour cells but
also both effector and suppressive immune cells, as illustrated by the in-
creased interest for CD38 as a target in Immuno-Oncology.
Methods
An antibody production and screening campaign has been initiated
resulting in a panel of fully human CD38-binding antibodies. All anti-
bodies have been screened for their potential to induce ADCC, apop-
tosis, ADCP, and CDC. The potential to deplete CD38-expressing cells
has been verified in vivo in lymphoma engrafted mice. Additionally,
all antibodies have been evaluated for their ability to influence ef-
fector T cell and NK cell activation.
Results
We have produced a portfolio of antibodies targeting distinct epi-
topes of CD38. These antibodies exert ADCC when directed against
CD38-overexpressing targets, while showing differential capacity to
induce ADCP and CDC. This translated into differential inhibition of
in vivo tumour growth of human lymphoma tumours in SCID mice.
Most interestingly, some of these antibodies augment TCR-induced
proliferation and activation of human T cells in vitro, with an activity
ranging from strong T cell activators that increase proinflammatory
cytokine release, to medium or weak activators resulting in low or no
cytokine release. In addition, in tumour coculture models, anti-CD38
antibodies increased NK cell activation and proliferation. Regarding
CD38 enzymatic function, i.e. hydrolase and cyclase activity, our anti-
bodies display differential profiles in terms of blockade or augmenta-
tion of both activities. Effects of anti-CD38 antibodies on immune
effector cells, suppressive immune cells as well as tumour cells will
be further explored in patient-derived ex vivo tumour models.
Conclusions
We present a portfolio of CD38-targeting antibodies with distinct activity
profile. The broad expression and multiple functions described for CD38
underline the importance of being able to choose from a range of anti-
bodies that can address the different functionalities depending on the
most prominent role of CD38 in each disease setting. The new class of
anti-CD38 antibodies presented here will be further explored for their po-
tential to improve response rates, especially in solid tumours.
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Background
Antagonist monoclonal antibodies (mAb) targeting T cell checkpoints
such as CTLA-4 or PD-1 have shown efficacy in treating a subset of
patients with metastatic disease. In preclinical models, CTLA-4 block-
ade synergized with an agonist anti-OX40 mAb to enhance the
expansion and effector function of tumor-specific T cells. Previous
studies demonstrated that combined aOX40/aCTLA-4 therapy also in-
duced the generation of CD8 T cells expressing high levels of Eome-
sodermin (Eomes), a transcription factor known to regulate CD8 T
cell differentiation and memory. Eomes expression is negatively regu-
lated in T cells by the T cell signaling kinase ITK (interleukin-2 indu-
cible T cell kinase). Importantly, the FDA-approved Bruton’s tyrosine
kinase inhibitor ibrutinib also blocks ITK, thus providing a potential
means of modulating Eomes expression. We sought to characterize
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these Eomeshi CD8 T cells and investigate the mechanisms regulating
the generation of this novel subset.
Methods
Wild-type C57BL/6 mice were challenged by 1x106 TRAMP-C1 tumor
cells in the right flank. Wild-type BALB/C mice were challenged by
5x104 4T1 tumor cells orthotopically in the mammary fat pad. Mice
were treated starting day 7 with 200ug aCTLA-4 (clone 9D9), 200ug
aOX40 (Clone OX86), or 150ug Ibrutinib. All treatments were injected
i.p. Tumor growth (area) was assessed with microcallipers every 2 to
3 days. Mice were killed when tumors exceeded 175mm2 for experi-
ments tracking tumor growth and survival. Lymph nodes and tumors
were harvested on day 14 to assess and characterize T cell responses
by flow cytometry.
Results
Our data revealed that these Eomeshi CD8 T cells expressed signifi-
cantly less PD-1 on their surface compared to Eomeslo CD8 T cells
(97% vs. 57%, respectively), while maintaining high levels of IFN-g
production within the tumor. Additionally, we confirmed that clinical
concentrations of ibrutinib do not inhibit T cell receptor signaling in
CD8 T cells. Next, demonstrated that the combination of ibrutinib/
aOX40/aCTLA-4 therapy enhanced the frequency of Eomeshi CD8 T
cells in 4T1 tumor-bearing mice, a model of triple negative breast
cancer. Additionally, this triple therapy significantly enhanced IFN-g
and TNF-a expression by CD4 and CD8 T cells in the tumor and
draining lymph nodes, which was associated with tumor regression
and enhanced survival in TRAMP-C1 and Myc-CaP models of prostate
adenocarcinoma.
Conclusions
Taken together, these data demonstrate that combined ibrutinib/
aOX40/aCTLA-4 therapy induced a robust population of Eomeshi CD8
T cells with enhanced effector function capable of mediating tumor
regression in multiple pre-clinical tumor models.
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Background
Tumor Endothelial Marker 8 (Tem8) is overexpressed on endothelial
cells that line the tumor vasculature. Chaudhary et al. [Cancer Cell,
2012] showed in several tumor models that the anti-Tem8 monoclonal
antibody, L2mAb, augmented the activity of anti-cancer agents leading
to slowed tumor growth. Tem8 is also overexpressed on tumor cells
themselves in several tumor types, including melanoma. We have re-
cently shown that radiation (RT) given in combination with intra-
tumoral injection (IT) of a tumor-specific antibody and interleukin-2
(IL2) can elicit an in situ vaccine effect for mice bearing a B78 syngeneic
melanoma. Here, we show that RT+L2mAb+IL2 treatment resulted in
improved outcome for mice bearing a Tem8+ B78 melanoma.
Methods
B78 melanoma cells were transduced to overexpress Tem8 and
injected into C57BL/6 mice. Mice bearing a ~200mm3 tumor received
external beam RT (12Gy), followed by IT injection of L2mAb (2mg/kg)
and/or IL2 (150,000U) on days 5-9 post-RT. Mice were monitored for
tumor growth and overall survival. Statistical differences in tumor vol-
ume were determined by Two-Way ANOVA followed by Tukey’s test for
multiple comparisons, and Log-rank/Mantel-Cox test was used for over-
all survival. Chi-Square test was used to compare response rates.
Results
Treatment with RT+L2mAb resulted in slower tumor growth as com-
pared to RT alone (p<0.001). By including IL2 to RT+L2 (i.e. RT
+L2mAb+IL2), tumor growth was significantly reduced as compared
to mice treated with either RT alone (p<0.001) or with RT+L2
(p<0.001). In our preliminary study, only the combination of RT
+L2mAb+IL2 yielded any mice that were tumor free (2 tumor-free
mice out of 5); treatment with RT+L2mAb, or RT+IL2 did not gener-
ate any tumor-free mice.
Conclusions
Tem8-targeted therapy given in conjunction with other anti-cancer
agents has shown promising effects. Prior to this study, anti-Tem8 anti-
body given in combination with RT or IL2 had not been investigated.
Here, we show that RT followed by Tem8-specific antibody significantly
improved outcome, and that addition of IL2 further improved outcome.
Inhibition of tumor-angiogenesis via anti-Tem8 antibodies may block
the function of the Tem8 that is expressed on tumor endothelial cells,
slowing tumor growth. However, since RT+L2mAb treatment resulted
in improved outcome when given in combination with IL2, antibody-
dependent-cell-mediated cytotoxicity may also contribute to the mech-
anism of action of this therapy.
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Background
Tumor necrosis factor receptor 2 (TNFR2) is a lymphoid marker of the
most potent regulatory T cell (Treg) subtype, which is enriched in the
tumor microenvironment, and a commonly expressed oncogene in
human tumors. Anti-TNFR2 antibodies can inhibit both Tregs and tu-
mors with specificity for the tumor microenvironment [1], and recent
data shows that TNFR2 is a candidate oncogene in cutaneous T cell
lymphoma (CTCL) with recurrent point mutations and gain of func-
tion alteration of TNFR2, resulting in abnormal expression of TNFR2
on CD4+CD26- tumor cells [2].
Methods
We screened novel TNFR2-directed antagonistic antibodies for their
ability to kill leukemic cells in Stage IV CTCL (Sézary syndrome) subjects
with failure on diverse drug regimens, as well as their ability to induce
killing of tumor-associated Tregs and unleash effector T cell (Teffector)
proliferation. Studies were performed in vitro on sorted CD4+CD26-
Sézary cells or V-beta specific populations when a tumor was typed.
Results
At baseline, CTCL blood samples showed significant burdens of
tumor cells within the CD26- subset of CD4 cells (averaging 45-95%
of this subfraction), vs control blood (18% CD26- cells on average). In
CTCL subjects, Treg numbers (CD4+CD25hiFoxp3) were elevated at
baseline (11% vs 7% control, p< 0.05), Teffectors were depressed (3%
vs 8% control, p< 0.05), and Treg/Teffector ratios were abnormally
elevated (8% vs 1% control, p< 0.05).
Regardless of underlying therapy used in vivo, TNFR2 antagonism
showed dose responsive killing of tumor cells within the CD26-
fraction of peripheral CD4 T cells. TNFR2 antagonism also had
specificity for tumor cells vs CD26- cells from paired controls. In
vivo treatment of CTCL subjects with anti-proliferative agents
such as methotrexate hindered TNFR2 antagonism driven killing,
demonstrating the specificity of TNFR2 antagonism for rapidly
proliferating cells.
Dose response experiments in vitro showed TNFR2 antagonism also
had the desired dual effect of Treg killing combined with unleashing
of Teffector proliferation at 48-72 hours.
Conclusions
TNFR2 is a recurrent genomic gain alteration in CTCL that can poten-
tially be targeted to directly stop tumor cell growth by antibody-
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induced cell death, eliminate Tregs of the tumor microenvironment
and unleash Teffector proliferation.
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Background
Mesothelin (MSLN) is a cell surface glycoprotein overexpressed in
several human cancers, including mesothelioma, pancreatic-, ovarian-
, lung- and gastric cancer. MSLN overexpression is associated with
poor prognosis, with serum levels of soluble MSLN a biomarker of
disease severity in mesothelioma patients. While a promising target
in cancer, monoclonal antibodies (mAbs) targeting MSLN have demon-
strated limited efficacy in clinical trials. Current MSLN-targeted ap-
proaches in development have thus incorporated novel modalities to
enhance tumor-killing potential (e.g., Antibody Drug Conjugates and
CAR-T cells). CD47, an immune check-point, interacts with SIRPα provid-
ing a ‘don’t eat me’ signal that allows healthy cells to limit elimination
by immune cells, in particular macrophages. CD47 upregulation in solid
cancers is correlated with poor clinical prognosis, almost certainly by
allowing tumor cells to escape immune surveillance by phagocytes.
Clinical development of mAbs to CD47 is hindered by the ubiquitous
expression of CD47 leading to rapid drug elimination and significant
hematological toxicity including anemia. To address these concerns, we
have employed a bispecific antibody (biAb) approach that pairs a high
affinity anti-MSLN targeting arm to an anti-CD47 arm of an optimized
affinity that drives the efficacious binding only on MSLN-positive cells.
This MSLN/CD47 biAb approach, therefore, is designed to target the
CD47-SIRPα pathway in the tumor microenvironment to more effi-
ciently harness the immune system for tumor eradication.
Methods
Fully human biAbs targeting both MSLN and CD47 were generated. An
array of biAbs coupling MSLN-targeting arms binding to different epi-
topes on MSLN with a common CD47-targeting arm have been tested
in antibody dependent cellular phagocytosis (ADCP) and antibody
dependent cellular cytotoxicity (ADCC) assays in vitro plus in mouse
xenograft experiments. The following human cell lines were used: NCI-
N87 (gastric), HPAC (pancreatic), OVCAR3 (ovarian), Caov-3 (ovarian),
NCI-H226 (mesothelioma) and MSLN-transfected HepG2 (hepatic).
Results
The MSLN/CD47 biAbs significantly enhanced macrophage-mediated
ADCP of NCI-N87, HPAC, OVCAR3 and Caov-3 as compared to the anti-
MSLN mAb, Amatuximab. In addition, the biAbs also demonstrated
superior ADCC of NCI-N87 cells and NCI-H226. When tested in a xeno-
graft tumor model using MSLN-transfected HepG2 cells, therapeutic
treatment with MSLN/CD47 biAbs significantly prevented tumor
development, while Amatuximab and B6H12, an anti-CD47 mAb, only
slightly delayed tumor growth.
Conclusions
Using a novel biAb approach that focuses the blockade of the innate
immune checkpoint receptor CD47 to MSLN-expressing tumors sub-
stantially enhances their elimination in vitro and in vivo. Thus, MSLN/
CD47 targeting biAbs are a potentially superior strategy in managing
MSLN-positive solid tumors.
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Background
Cytotoxic T lymphocyte antigen-4 (CTLA-4) is an important negative
regulator of T cell function. Together with CD28, these receptors exem-
plify a co-inhibitory and co-stimulatory signaling axis that dynamically
sculpts the interaction of antigen-specific T cells with antigen present-
ing cells (APCs). Preclinical studies have demonstrated that anti-CTLA-4
antibodies can enhance tumor-specific immunity through a variety of
mechanisms including: i) blockade of CD80 or CD86 binding to
CTLA-4; ii) preventing CTLA-4-expressing regulatory T cells from
physically removing CD80 and CD86 from the surface of APCs; and
iii) selective elimination of CTLA-4-expressing intratumoral regula-
tory T cells by an Fcg receptor-dependent mechanism.
Methods
Here we describe the pharmacological and toxicological
characterization of a novel human IgG1 anti-CTLA-4 antagonist anti-
body, AGEN1884. Binding, blocking, T cell activation as well as
Fcgamma receptor-mediated activity of AGEN1884 were evaluated
in vitro. The activity and tolerability of AGEN1884 was further
assessed in vivo using a non-human primate model. Our in vitro and
in vivo assessments extended to a direct comparison of AGEN1884
with an IgG2 Fc variant, AGEN2041.
Results
AGEN1884 potently enhanced T cell responsiveness in vitro, and com-
bined effectively with other immunomodulatory antibodies targeting
co-inhibitory and co-stimulatory receptors on T cells. AGEN1884 was
well-tolerated in non-human primates and was confirmed to modulate
cellular and humoral immune responses to co-administered reporter
vaccines. In addition to the activity of AGEN1884 as a monotherapy, a
memory T cell proliferative response was observed in peripheral blood
of animals when co-administered with an anti-PD-1 antibody. Finally,
we provide a comparison of the in vitro and in vivo functional proper-
ties of an IgG2 variant of AGEN1884, revealing important antibody iso-
type differences that may have an impact on the design of optimal
dosing regimens in patients.
Conclusions
Taken together, the pharmacologic properties of AGEN1884 support
its clinical investigation as both a single therapeutic agent and in
combination therapies.
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Background
TGF-β is a pleotropic cytokine, which has emerged as a potential
target in cancer treatment due to its dual role in tumorigenesis and
homeostasis. There are three isoforms of TGF-β (TGF-β1, TGF-β2 and
TGF-β3), which are secreted by immune and non-immune cells as a
latent complex. Depending on the local context, TGF-β adopts op-
posing roles in carcinogensis and in modulating the immune system.
These dueling roles of TGF-β are dependent on its secretion and acti-
vation. Local radiation therapy (RT) can activate TGF-β via reactive
oxygen species. Such TGF-β expression is linked to radioresistance
and dose-limiting toxicities, reducing the effectiveness of RT. In these
studies, we aim to characterize the effect of RT on the temporal and
cell-specific expression patterns of TGF-β isoforms in mouse tumor
models. This will inform treatment regimens combining isoform spe-
cific anti-TGF-β therapy with RT.
Methods
Fluorescence-activated cell sorting (FACS): C57BL/6 mice were im-
planted on the hind limb with B16-F10 melanoma cells. On day 10,
tumors were irradiated locally with 15 Gy. Expression of TGF-β iso-
forms was measured at 1, 3 and 5 days post-RT by FACS.
In-vivo: C57BL/6 mice were implanted with tumors and irradiated as
described. Mice were treated (10/group) with anti-TGF-β1, anti-TGF-
β3 or a pan-TGF-β antibody beginning 1 day after RT given intraperi-
toneally (200 ug/mouse) every other day for 8 doses. Tumor growth
and overall survival were monitored. A similar experiment was con-
ducted in the 4T1 breast cancer model, in which mice were treated 1
day prior to radiation.
Results
FACS data indicated that TGF-β1 and TGF-β3 expression increases on
most immune cells in the tumor 1 day after RT, decreases 3 days
after RT and reaches a peak 5 days after RT. Preliminary in-vivo stud-
ies demonstrate that both αTGF-β1 and αTGF-β3 as monotherapies
have activity against B16 melanoma. In combination with RT, αTGF-
β3 trends towards inhibiting tumor growth. Similar observations
were obtained in a 4T1 breast model; however, αTGF-β3 alone and in
combination with RT as well as αTGF-β1 + RT showed a significant
delay against tumor growth. No significant differences in survival
were seen in either tumor model.
Conclusions
TGF-β1 and TGF-β3 are expressed on numerous lymphoid and myeloid
cells in B16 tumors and spleens. TGF-β isoform expression peaks 5 days
post-RT. Anti-TGF-β therapy is effective in delaying tumor growth and
may synergize with RT in certain cancers. This demonstrates rationale
for the use of anti-TGF-β therapy to enhance the effectiveness of RT in
cancer.
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Background
In murine models of GD2+ melanoma, GD2+ neuroblastoma, and
EGFR+ head and neck cancer, we have reported a cooperative inter-
action between radiation and intratumor (IT) injection of tumor-
specific antibody (anti-GD2 hu14.18K322A or anti-EGFR cetuximab).
Consistent with a process mediated by antibody-dependent cell-
mediated cytotoxicity, this interaction required the Fc portion of the
antibody, host Fcʏ receptor, NK cells, and tumor expression of the
antibody-targeted antigen. In this GD2+ melanoma model, combined
treatment with RT + IT-hu14.18-IL2 immunocytokine (a fusion protein
of hu14.18 antibody and IL2) markedly enhanced response compared
to radiation or IT-IC alone, radiation + IT-hu14.18 antibody, or radi-
ation + intravenous-IC. In those studies, radiation + IT-IC induced an
in situ vaccine effect, resulting in a tumor-specific memory T cell re-
sponse. Here we test whether IT administration of non-fused tumor-
specific antibody and IL2 may elicit an in situ vaccination response
following local radiation.
Methods
C57BL/6 mice were flank engrafted with syngeneic GD2+ B78 mel-
anoma and 5-week tumors (~200 mm3) were treated with single
fraction 12 Gy radiation, IT-IL2 (150,000U), and/or IT-hu14.18K322A
(50μg). IT injections were given daily on days 6-10 after radiation.
Outcomes included tumor response and rates of complete regres-
sion, overall survival, tumor-specific memory (tested in disease-free
mice by contralateral flank injection with B78 melanoma >90 days
after radiation), and immunohistochemistry on tumors resected at
day 12 after radiation.
Results
The combination of local radiation + IT-hu14.18K322A + IT-IL2 resulted
in greater tumor regression compared to radiation + IT-hu14.18K322A
or radiation + IT-IL2 [50% (19/38) aggregate complete tumor regression
vs 0% (0/11) and 25% (3/12), respectively, p<0.001]. No mice were ren-
dered disease-free with these IT-treatments in the absence of radiation.
Kaplan-Meier analysis demonstrated improved survival with radiation +
IT-hu14.18K322A + IT-IL2 compared to radiation + IT-hu14.18K322A
and radiation + IT-IL2 (log-rank p<0.0001; 80% alive at day 65 vs 0%
and 50%, respectively). Thus far,100% (6/6) of mice rendered disease-
free by combined radiation + IT-hu14.18K322A + IT-IL2 have rejected
subcutaneous B78 re-implantation at >90 days after radiation, com-
pared to 0/10 naïve control mice. Preliminary immunohistochemistry
analyses suggest that IT-IL2 may increase tumor infiltrating CD8+ T cells
in this preclinical model.
Conclusions
We present evidence of a cooperative anti-tumor effect with the com-
bination of local radiation and IT injection of both tumor-specific anti-
body and IL2. Given the widespread availability of tumor-specific
antibodies, this may offer a viable approach to pursuing in situ tumor
vaccination in many diverse types of cancer using off-the-shelf reagents.
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Background
Radiation therapy (RT) has significant immune modulatory properties
that, when strategically integrated with immunotherapy, may improve
cancer treatment outcomes. It has been previously reported that RT in-
duces tumor-specific antibodies [1]; however, this response needs to be
better characterized and its therapeutic potential evaluated. Antibodies
binding to the Fc receptor of dendritic cells (DC) have been shown to
direct DC to the tumor site [2]. We hypothesize that radiation-induced
anti-tumor antibodies (RT-Ab) increase dendritic cell (DC) trafficking to
the irradiated tumor to increase tumor antigen presentation. Here, we
explore the therapeutic application of RT-Ab.
Methods
Multiple syngeneic murine cell lines were used (EG7, B16, LLC, 4T1),
along with their respective murine strains. Fluorescence tagged anti-
mouse antibodies (eBiosciences) and anti-CD11c antibodies (eBios-
ciences) were used for flow cytometry.
Results
Multiple syngeneic murine tumor grafts (B16, LLC, 4T1) were grown
in the hind legs of respective murine strains and focally irradiated
with a single 15Gy RT dose, with post-RT sera (pRTs) obtained at
different time intervals. Flow cytometric analysis using anti-mouse
antibodies of the pRTs incubated with the respective tumor cell
showed a significant increase in RT-Ab that peaked between days 7-
13. This increase was more pronounced for a single fraction of 15Gy



Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):87 Page 165 of 244
when compared to 4.5Gy on 5 consecutive days while the tumor
growth delay was equal between the two groups. Next, flow cytome-
try was performed on bone marrow-derived dendritic cells (BMDC)
from the respective murine strains co-cultured with pRTs, which
showed an increase in the binding of RT-Ab to DCs when compared
to normal or non-irradiated tumor bearing mice sera. When an Fc re-
ceptor blocking agent was used, this binding was significantly inhib-
ited, which suggested Fc receptor-mediated binding of RT-Ab to the
BMDC. Lastly, we demonstrated that RT-Ab-bound-BMDC (RT-DC),
when administered as an autologous DC therapy in conjunction with
focal RT, increased the therapeutic effect of focal tumor RT signifi-
cantly compared to multiple control conditions.
Conclusions
RT induces a tumor-specific antibody response that increases DC traf-
ficking to the tumor via Fc receptor-mediated targeting. This likely
contributes to RT-mediated tumor antigen presentation and adaptive
anti-tumor immunity. Amplification of the RT-Ab response may have
therapeutic applications.
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Background
Treatment of melanoma patients with nivolumab plus ipilimumab
increases progression-free-survival compared to each monotherapy.
The increase in efficacy of the combination regimen is accompanied
by an increase in adverse events. Since PD1+CTLA4+ tumor-
infiltrating-lymphocytes are dysfunctional in the tumor microenviron-
ment, we developed XmAb20717 to selectively target PD1+CTLA4+

double-positive T cells in an effort to recapitulate efficacy of the
combination regimen while reducing toxicity.
Methods
XmAb20717 component antibodies binding to PD1 and CTLA4 with
favorable stability and functionality were assembled in a bispecific
antibody platform with substitutions in the Fc domain to suppress ef-
fector function. XmAb20717 was evaluated in vitro by measuring
antibody binding and de-repression of super-antigen stimulated per-
ipheral blood lymphocytes (PBMCs) and in vivo by monitoring the
engraftment of human PBMCs in NSG mice (huPBMC-NSG) by flow
cytometry. To evaluate anti-tumor efficacy we monitored the growth
of established cancer cells in huPBMC-NSG following treatment.
Results
Optimized candidate single-chain Fvs were confirmed to bind PD1 and
functionally block PDL1 and PDL2 binding to PD1. We also generated
optimized anti-CTLA4 Fabs. Anti-PD1 and anti-CTLA4 targeting compo-
nent antibodies were assembled into XmAb20717, which displayed
favorable biophysical and manufacturing properties. XmAb20717 en-
hanced IL2 secretion in vitro 4.1-fold relative to a negative control anti-
body (p < 0.01, n = 15 donors) in response to antigenic challenge of
previously stimulated T cells, with 1.6-fold superior activity compared
to an anti-PD1 bivalent antibody (p < 0.01, n = 15 donors). XmAb20717
enhanced T cell engraftment (9.6-fold) and IFNγ secretion (2.9-fold)
compared to vehicle controls in huPBMC-NSG mice (p < 0.001, n = 10/
group), with equivalent activity to a combination regimen of anti-PD1
and anti-CTLA4 bivalent antibodies. Blockade of PD1 and CTLA4 with
an equimolar mixture of monovalent component antibodies that com-
pose XmAb20717 lead to inferior activity compared to XmAb20717,
suggesting that binding selectivity of the bispecific antibody contrib-
utes to function. XmAb20717 also exhibited anti-tumor activity in pre-
liminary anti-tumor studies in mice.
Conclusions
Dual blockade of PD1 and CTLA4 with XmAb20717 resulted in T cell
activation that is comparable to a combination of bivalent antibodies
targeting PD1 and CTLA4. Specific targeting of human lymphocytes
positive for both PD1 and CTLA4 with XmAb20717 may promote simi-
lar efficacy compared to a combination of bivalent antibodies while re-
ducing adverse events. These data suggest that clinical development of
XmAb20717 is warranted for the treatment of human malignancies.
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Background
Mobilizing the immune system to treat advanced cancers is now a clin-
ical reality. Successful immune-based therapies that treat tumors are
often accompanied by immune-related adverse events (irAE) including
toxicities that can occasionally present with severe and lethal symp-
toms. The primary immunotherapies currently in clinic include agents
that activate T cell responses such as checkpoint blockade of inhibitory
pathways and infusion of ex-vivo tumor-derived or T cell receptor
(TCR)-transgenic or chimeric antigen receptor (CAR)-modified T cells.
While the beneficial and toxic effects of T cell-based immunotherapies
in the clinic are being extensively explored, the precise mechanisms of
tumor elimination and irAE remain the subject of intense investigation.
Methods
In the present study, we treated established tumors with melanoma-
specific adoptive CD4+ T cell transfer and costimulation via OX40 or
checkpoint blockade with anti-CTLA-4.
Results
We found that, in spite of co-opting the adaptive immune response
to treat cancer, acute local inflammation, resembling delayed-type
hypersensitivity, plays a fundamental role in tumor elimination and
related toxicities in a model of irAE. While OX40 or CTLA-4 antibodies
stimulated T cells are necessary for initiating a therapeutic response,
activation of endogenous neutrophils constitutes an important and
necessary effector mechanism of tumor destruction and irAE. Upon
closer examination, we found extensive neutrophil extracellular traps
(NETs) in ear pinnae of treated mice and in melanoma patients suf-
fering from immunotherapy-induced irAE.
Conclusions
Our results illustrate the involvement of innate immunity in promot-
ing tumor elimination and subsequent side effects with immunother-
apies that engage T cells.
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Background
Indoleamine 2,3 dioxygenase - IDO is an enzyme that prevents the
establishment of an immune response in the microenvironment in
which it is expressed by catabolizing the amino acid tryptophan. The
deprivation of tryptophan and the generation of its metabolites,
mainly kynurenine, impairs effector T- cells proliferation leading them
to apoptosis [1] and, by its interaction with the aryl-hydrocarbon re-
ceptor (AhR) in CD4+ T-cells, favors the expansion of T-regulatory
cells [2]. It is known that several cancer cells and leucocytes in the
tumor microenvironment express IDO and are sensitive to hormones.
Steroidal hormones, such as estrogen and progesterone, are capable
of altering immune functions in cells and may influence IDO expres-
sion; nonetheless, the mechanisms involved are still poorly under-
stood. Our group previous data have shown that the progesterone
was directly involved in IDO expression modulation via its receptor in
dendritic and CD4+ T cells from the maternal-fetal interface of Wistar
rats [3]. Therefore, this study aims to investigate whether this mech-
anism is present in the female dog mammary carcinoma microenvir-
onment and if it occurs in a similar way with estrogen.
Methods
Cells of mammary carcinoma from bitches were treated with exogen-
ous progesterone and estrogen and their respective receptor antago-
nists tamoxifen and mifepristone. IDO expression was analyzed by
immunohistochemistry, flow cytometry and the mRNA by real-time
PCR. IDO quantification was obtained by western blot technique.
Results
IDO quantification exhibited the same pattern as mRNA expression.
There was an increase of the enzyme expression and mRNA in the es-
trogen treated group, in contrast to the decrease observed in the pro-
gesterone group. When the cells were subjected to the hormonal
inhibitors, an evident decrease of IDO expression percentage and the
respective mRNA was verified following the supplementation of tam-
oxifen and a restoration of IDO expression values and the mRNA after
the addition of the progesterone inhibitor, mifepristone.
Conclusions
These findings strongly suggest that progesterone and estrogen par-
ticipate indirectly in the modulation of IDO through their membrane
receptors.
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Background
IL-15 is a cytokine that activates T-cells and NK cells and has long
been recognized for its potential as an immunotherapeutic agent for
the treatment of cancer. Exploiting this potential has been challen-
ging due to unfavorable pharmacokinetic properties. NKTR-255 is a
polymer-conjugated IL-15 that shows improved plasma exposure
while retaining potency and high affinity for IL-15Rα. Here we investi-
gate the pharmacodynamics, pre-clinical efficacy and tolerability of
NKTR-255.
Methods
To assess the pharmacodynamic effects of NKTR-255 in mice and
non-human primates NKTR-255 was delivered intravenously and
whole blood was collected at the indicated timepoints; flow cytom-
etry was used to measure signaling activity (STAT5 phosphoryl-
ation), proliferative status (Ki-67 expression) and absolute frequency
of various lymphocyte subpopulations. Cytotoxicity assays were
performed by incubating NK cells purified from spleens of NKTR-
255-treated mice with dye-labelled YAC-1 target cells and assessing
extent of cell-killing by flow cytometry. Efficacy was studied using
the CT-26 lung metastasis model; briefly, 105 CT-26 cells were
injected into the tail-vein of mice, NKTR-255 treatment was initiated
the following day, lungs were harvested on day 13 and metastases
were counted.
Results
NKTR-255 induces rapid and sustained signaling in lymphocytes fol-
lowing intravenous administration in mice and non-human primates.
This sustained signal results in proliferation of CD8 T-cells and a pref-
erential expansion of the CD8 central memory population. NK cells
increase in number and in Granzyme B expression, concomitant with
an increase in cytotoxic potential. The robust induction of CD8 and
NK cell proliferation is maintained upon repeat dosing. In a mouse
model of tumor metastasis to the lungs, NKTR-255 treatment results
in an 85% reduction in the number of metastases. This efficacy is
dependent on NK cells but not CD8 T-cells, as demonstrated in cell-
depletion studies. Toxicology assessments demonstrate that NKTR-
255 is well tolerated at efficacious dose levels.
Conclusions
NKTR-255 provides a sustained IL-15 signal, resulting in profound
and sustained immune activation and anti-tumor activity. NKTR-255
is well tolerated and its pharmacokinetic properties and pharmacody-
namic effects translate well from rodents to non-human primates,
supporting further development.
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Background
Lung cancer is one of the most common causes of death worldwide.
Immunotherapy has demonstrated durable responses and tolerability
in subsets of lung cancer patients. Macrophages are a significant
component of the tumor microenvironment and the predominant
phenotype (M2-like) is frequently associated with one supportive of
tumor immune evasion. However, the plasticity of macrophages of-
fers the opportunity for therapeutic intervention to repolarize the
phenotype to one that is non-immunosuppressive and supportive of
an anti-tumor immune response (M1-like). MPL-5821 is a p38 MAPK
inhibitor employing Esterase Sensitive Motif (ESM™) technology [1] to
principally target myelomonocytic cells. This study evaluates the immu-
nomodulatory effect of MPL-5821 in a 3D ex vivo assay of lung cancer.
Methods
Fresh tumor tissues obtained from consented patients with non-
small cell lung cancer at the time of surgical resection were utilized
in a proprietary 3D ex vivo tumor microsphere assay with intact
tumor immune microenvironment. Tumor microspheres were treated
with MPL-5821 for 36 hours. At the end of the treatment, flow cy-
tometry analysis was performed to assess M1/M2 plasticity and TIL
proliferation (CD3+/Ki-67+). Additionally, multiplex human cytokine
assay was used to simultaneously analyze the differential release of
cytokines in culture media and gene expression analysis was per-
formed using the NanoString PanCancer Immune Profiling panel
which contains probes to quantitate 770 immune function genes.



Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):87 Page 167 of 244
Results
MPL-5821 at 10nM and 50nM effectively inhibited the p38 signaling
pathway in the tumor samples and led to profound inhibition of the
immunosuppressive cytokine IL-10 and pro-inflammatory cytokines
TNFα and IL-6. Evidence of enhanced T-cell proliferation and activa-
tion was observed in several of the tumor samples. The most statis-
tical significant up-regulated genes were associated with antigen
processing/presentation and MHC class II protein binding and
included CD4, CR1, CD74 and multiple HLA genes. CD40 and ICOSLG
genes were up-regulated in several tumors as were CXCL9 and 10.
Chemokine genes CXCL3, 5, 7 and 8, associated with a pro-
angiogenic macrophage phenotype, were the most statistically down
regulated genes along with the M2 phenotype associated genes
CCL13, 23 and 24. Down-regulation of PD-L1 and IDO gene expres-
sion was also seen in several tumors.
Conclusions
This lung patient derived ex vivo approach indicates that MPL-5821
may alleviate myelomonocytic cell induced immunosuppression and
enhance antigen responsiveness suggesting potential clinical implica-
tions in the treatment of lung cancer.
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P334
Inhibition of IDO activity by epacadostat (INCB024360) activates
tumor infiltrating lymphocytes in a patient-derived 3D ex vivo
system of lung cancer and alleviates stromal immunosuppression
Melanie Mediavilla-Varela1, Melba Marie Page1, Jenny Kreahling1,
Peggy Scherle2, Scott Antonia1, Soner Altiok1
1Nilogen Oncosystems, Tampa, FL, USA; 2Incyte Corporation,
Wilmington, DE, USA
Correspondence: Soner Altiok (jenny@nilogen.com)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P334

Background
Immune evasion is one of the major hallmarks of cancer and identify-
ing mechanisms by which cancer cells evade the immune system have
become a major strategy against cancer. IDO (indoleamine 2,3-dioxy-
genase) is a tryptophan catabolizing enzyme expressed constitutively
by tumor cells and different components of immune cells present
within the tumor microenvironment. It has been shown that high ex-
pression of IDO increases the number of Tregs and blocks the prolifera-
tion of effector T cells. Thus, inhibiting the IDO pathway is a promising
strategy to restore immune system responses to more easily identify
and destroy cancer cells. This study evaluates the immunomodulatory
effect of an IDO inhibitor epacadostat (INCB024360) on the immuno-
suppressive effect of cancer-associated fibroblasts and activation of
tumor infiltrating lymphocytes in a 3D ex vivo assay utilizing fresh pa-
tient tumor samples
Methods
3D ex vivo studies were performed with fresh tumor tissue obtained
from consented NSCLC patients. Tumor samples were treated with
IDO inhibitor at 1μM for 48 hours. HPLC analysis on kynurenine and
tryptophan was performed to verify target inhibition in the ex vivo
model. A multiplex human cytokine assay was used to simultan-
eously analyze the differential release of cytokines in culture media.
Additionally, NanoString PanCancer Immune Profiling platform con-
taining probes to quantitate 770 immune function genes was used
to determine positive and negative associations between expression
of immune function genes and TIL activation by ex vivo treatment.
Furthermore, autologous patient-derived cell lines (CAF and TILs)
were utilized in an in vitro assay to determine the role of IDO inhib-
ition on CAF-mediated immunosuppression.
Results
3D ex vivo studies showed a significant decrease in kynurenine dem-
onstrating that epacadostat effectively inhibited the enzymatic activ-
ity of IDO in the tumor microenvironment accompanied by increased
release of pro-inflammatory cytokines such as IFNγ. Treatment with
epacadostat demonstrated decreased expression of genes involved
in tumor growth (CCL25) and increased expression of antitumor im-
mune response genes (CXCL14, CCL19 and CCL21). These studies
showed epacadostat at an effective concentration of 1μM induced
specific changes in the microenvironment and increased immune re-
sponse. Furthermore, the autologous patient derived cell line in vitro
assay determined that epacadostat overcame CAF induced inhibition
of TIL activity.
Conclusions
This patient-derived 3D ex vivo approach demonstrated the immu-
nomodulatory activity of epacadostat in NSCLC and indicates that
inhibition of IDO activity may overcome stroma-induced immuno-
suppression in lung cancer. Studies on the effects of epacadostat in
combination with anti-PD1 in the same culture systems are cur-
rently ongoing.
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Background
Targeting the CTLA-4 immune checkpoint with antibodies, either
alone or in combination with PD-1/PD-L1 inhibitors shows clinical activ-
ity and durable responses in advanced cancer. The use of anti-CTLA-4
may augment other immunotherapies. Indeed, in syngeneic mouse
tumor models anti-CTLA-4 strongly enhanced anti-tumor efficacy of live
attenuated double-deleted Listeria monocytogenes (LADD) immuno-
therapy and of the stimulator of interferon genes (STING) pathway acti-
vator ADU-S100, indicating combination potential. Activity of anti-
CTLA-4 is enhanced by Fc receptor engagement and tumor-selective
depletion of regulatory T cells in mice, but this is unproven as of yet for
cancer patients. Here we present a novel, humanized anti-CTLA-4 anti-
body originating from Aduro’s proprietary B-Select platform.
Methods
Among a panel of mouse anti-human CTLA-4 antibodies, 27A was
humanized and functionally characterized on an IgG1 and IgG4 back-
bone. Both variants, named hCTLA4.27H6L1.i1 and .i4 were character-
ized in vitro for binding to human and cynomolgus CTLA-4, blocking
of CD80/CD86 and functional activity. Both antibodies are compared
for their capacity to induce tumor rejection in patient-derived tumor
graft models in humanized mice.
Results
The IgG1 and IgG4 variants bound recombinant human CTLA-4 with
a Kd of 2.7 ± 2.9 nM and 1.3 ± 0.5 nM as measured by Bio-Layer
Interferometry, and cell-expressed CTLA-4 with an EC50 of 0.042 ±
0.000 nM and 0.048 ± 0.002 nM, respectively. Binding to endogenous
CTLA-4 was demonstrated by flow cytometry using primary activated
human and non-human primate lymphocytes. Both IgG1 and IgG4
variants potently blocked the interaction of CD80 and CD86 with hu-
man CTLA-4 (IC50 ranged from 1-2 nM). Using swap mutants of
mouse and human CTLA-4 and cross-competition assays by Bio-Layer
Interferometry, these antibodies showed a unique binding profile in-
dicating a previously undiscovered epitope on CTLA-4. Functional
characterization demonstrated that both antibodies enhanced activa-
tion and IL-2 production by human primary T cells or peripheral
blood mononuclear cells (PBMCs) co-stimulated by Raji cells or
Staphylococcal enterotoxin B, in a dose-dependent manner. The IgG1
variant (in contrast to IgG4) bound to low and high-affinity Fcγ re-
ceptors inducing antibody-dependent cell-mediated cytotoxicity
(ADCC) mediated by natural killer (NK) cells and CD16+ monocytes
towards CTLA-4+ cells. Similarly, complement-dependent cytotoxicity
was differentially induced in vitro.
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Conclusions
Overall, both hCTLA4.27 derivatives compared favorably to bench-
marks in their biophysical and functional characteristics. The IgG1
variant, designated ADU-1604, is progressing through preclinical
development.
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Background
Monoclonal antibodies (mAbs) that target immune checkpoint path-
ways, such as the cytotoxic T lymphocyte-associated antigen-4 and
the programmed cell death protein 1 (PD-1) pathways, have demon-
strated broad clinical efficacy against a variety of malignancies as
monotherapy or in a combination. MGA012 is a novel anti-PD-1 mAb
developed to disrupt the PD-1 interaction with PD-L1/PD-L2 to re-
store or improve T-cell function as stand-alone therapy or in combin-
ation with other immune approaches.
Methods
Murine PD-1 mAbs were generated and benchmarked against replicas
of the approved mAbs, nivolumab and pembrolizumab. Several mAbs
with favorable characteristics were further chimerized or humanized.
MGA012, a humanized, hinge-stabilized IgG4κ mAb, was selected
based on binding and biophysical properties as well as a functional
characterization inclusive of enhanced T-cell activation following super-
antigen re-stimulation.
Results
MGA012 bound human PD-1 with an affinity equal to or exceeding
those of replicas of nivolumab or pembrolizumab. MGA012 bound
PD-1-expressing cell lines and chronically-activated T cells, blocked
PD-1 interactions with PD-L1/PD-L2, resulting in inhibition of PD-1
signaling and enhanced antigen-driven cytokine secretion to levels
comparable to those observed with nivolumab or pembrolizumab
replicas. Furthermore, characterization of MGA012 in ex-vivo tumor
microenvironment immune models showed activation profiles recap-
itulating the benchmark PD-1 mAbs. MGA012 showed combinatorial
activity in vitro when added to anti-CTLA-4 or anti-LAG-3 mAbs and
enhanced the activity of a T-cell redirecting molecule in a mouse
tumor model. MGA012 showed no unexpected cross-reactivity in
human tissues, with staining observed primarily in lymphocytes and
lymphoid organs. In a repeat-dose (10-150 mg/kg QWx4) study in cy-
nomolgus monkeys, PK was linear with a beta half-life of 11.2 days
(±4.6 SD) and full PD-1 occupancy on circulating T cells at all doses
tested. Occupancy of ≥80%, persisting for 4-7 weeks, was also ob-
served in monkeys receiving a single 10 mg/kg dose. MGA012 was
well tolerated in cynomolgus monkeys and demonstrated a favorable
safety profile with a no-adverse effect level (NOAEL) of 150 mg/kg.
Conclusions
MGA012 is a novel anti-PD-1 mAb with favorable preclinical charac-
teristics, including PD-1 binding and biophysical properties, PD-1
pathway blockade, the ability to enhance T-cell responses in vitro
and in vivo, and a favorable PK and safety profile in cynomolgus
monkeys. Clinical trials are ongoing [NCT03059823] or in planning
stage to ascertain the safety and preliminary activity of MGA012
alone or in combination with other immune oncology agents, includ-
ing T-cell redirecting bispecific DART® molecules.
Trial Registration
ClinicalTrials.gov NCT03059823.
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Background
Monoclonal antibodies (mAbs) that target the immune checkpoints,
cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) and pro-
grammed cell death protein-1 (PD-1), have shown enhanced clinical
anti-tumor activity when given in combination, triggering interest in
determining whether additional checkpoint inhibitor combinations
may afford enhanced clinical benefit. Lymphocyte activation
gene-3 (LAG-3) is another immune checkpoint expressed on acti-
vated T cells and tumor infiltrating lymphocytes. Recognizing the
therapeutic potential of dual checkpoint blockade, we have engi-
neered MGD013, a IgG4κ bispecific DART molecule to bind PD-1
and LAG-3 concomitantly or independently and disrupt these
non-redundant inhibitory pathways to further restore exhausted
T-cell function.
Methods
Proprietary PD-1 and LAG-3 mAbs were generated and selected
based on binding characteristics, biophysical properties, the ability to
block their respective receptor/ligand axes and to synergize in T-cell
stimulation assays. Humanized sequences were incorporated into a
tetravalent bispecific DART format and benchmarked against
combinations of replicas of the approved PD-1 mAb, nivolumab,
and BMS-986016 anti-LAG-3 mAb, which is currently under clinical
evaluation. MGD013 biological activity was evaluated in various
primary cell-based immune assays. Safety was assessed in cyno-
molgus monkey toxicology studies performed at MPI (Mattawan,
MI) under Institutional Animal Care and Use Committee-approved
protocols.
Results
MGD013 bound with high affinity to human and cynomolgus mon-
key PD-1- and LAG-3-expressing cells and blocked PD-1/PD-L1, PD-1/
PD-L2 and LAG-3/HLA (MHC-II) interactions, with resultant signaling
blockade. Functional characterization revealed enhanced cytokine
secretion in response to antigen stimulation that was greater than
that of the combination of individual equimolar amounts of PD-1
and LAG-3 mAbs. MGD013 was well-tolerated in a repeated-dose
(Q1Wx4) cynomolgus monkey toxicology study. Except for the occur-
rence of watery feces in a few animals, no MGD013-related adverse
findings were noted, including hematological or clinical chemistry
changes, serum cytokine levels or gross and microscopic histological
findings, establishing a no-observed adverse-effect level (NOAEL) of
100 mg/kg.
Conclusions
MGD013 is a bispecific DART molecule capable of simultaneously
blocking the PD-1 and LAG-3 pathways, resulting in enhanced T-
cell activation compared to single or combination mAb blockade.
MGD013 has demonstrated a favorable pre-clinical safety and
toxicological profile and is currently initiating clinical testing
[NCT03219268].
Trial Registration
ClinicalTrials.gov NCT03219268
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Background
Immune checkpoint blockade has not shown efficacy in pancreatic
cancer. We hypothesized the cytokine interleukin-6 (IL-6) enhances
immune suppression in this disease, and represents a logical target
to augment immunotherapy. Prior publications from our group and
others demonstrate IL-6 is derived from pancreatic stroma, is in-
versely associated with overall survival in metastatic patients and
enhances efficacy of anti-PD-L1 antibodies in pre-clinical models. This
report addresses the efficacy of combined IL-6 and CTLA4 blockade,
and identifies a mechanism by which this combination enhances
effector T cell infiltration into tumors.
Methods
In vivo efficacy of Ab targeting IL-6 and CTLA4 was tested in mice
bearing subcutaneous MT-5 murine pancreatic tumor cells with
KrasG12D and TP53R172H mutations. CXCR3 blocking antibodies were
used for in vivo mechanistic studies, while immune biomarkers were
analyzed using flow cytometry or immunohistochemistry.
Results
Combined blockade of IL-6 and CTLA4 inhibited tumor growth rate
as compared to controls (p’s <0.05). IHC analysis revealed increased T
cells in tumors from combination treated mice (p=0.035 vs. anti-IL-6;
p=0.038 vs. anti-CTLA4; p<0.0001 vs. iso control). Analysis of systemic
immune biomarkers was conducted via flow cytometric analysis of
splenocytes. Despite the role for IL-6 in expanding MDSC, no change
in monocytic (CD11b+Ly6G-Ly6C+) or granulocytic (CD11b+Ly6G
+Ly6Clow) cells were observed. However, analysis of T cell subsets re-
vealed both anti-CTLA4 alone or the combination increased cells with
Th1 or Th17, but not Th2 phenotypes (p<0.05). Cells with a CD4
+CD25+FoxP3+ phenotype were increased in combination treated
mice (p<0.05). We are studying if these cells are suppressive or a
byproduct of enhanced activation marker expression. Blockade of IL-6,
CTLA4 or the combination altered circulating cells with phenotypic
properties of naïve, effector and central memory T cells (based on
CD44/CD62L). Notably, circulating CD4+CD44+CD62L+ T cells were sig-
nificantly higher in the combination (p<0.05). Consistent with T cell in-
filtration data, sequencing of TCRβ within n=3 representative tumors
from each group of mice revealed a trend toward increased number of
both productive templates and rearrangements. Finally, in vivo adminis-
tration of Ab targeting CXCR3 limited the efficacy of the treatment
combination, and reduced CD8+ T cell infiltration into tumors.
Conclusions
IL-6 blockade enhances efficacy of antibodies targeting CTLA4 in pre-
clinical models of pancreatic cancer. Mechanistically, this involves CXCR3-
mediated intratumoral infiltration of CD8+ T cells. These data suggest that
clinically-available IL-6/IL-6R targeted agents could be repurposed to en-
hance immune checkpoint blockade as a novel combination therapy.
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Background
Hematopoietic progenitor kinase 1 (HPK1) was previously reported as
a negative regulator of T cell responses due to its ability to attenuate
T cell receptor (TCR) signaling. T cells from HPK1 knockout (HPK1-/-)
mice demonstrated elevated proliferation and cytokine production in
response to TCR engagement and are resistant to prostaglandin E2
(PGE2)-mediated suppression. Additionally, HPK1-/- bone marrow
derived dendritic cells (BMDCs) eliminate established Lewis Lung
Carcinoma more effectively compared with HPK1 +/+ BMDCs, sug-
gesting HPK1 is a critical negative regulatory component in key im-
mune cell types involved in anti-tumor immunity. To further
investigate the potential value of targeting HPK1 pharmacologically
in cancer immunotherapy, we generated HPK1 kinase dead mice
(HPK1 KD). Extensive characterization of these mice was conducted
via employing syngeneic tumor models and ex vivo studies. We re-
port here our findings on the blockade of HPK1 kinase activity in
modulating anti-tumor immune responses.
Methods
HPK1 KD mice were generated and characterized, including immune
cell phenotyping in peripheral blood and secondary lymphoid organs.
These mice were then subjected to in vivo stimulation with agonistic
anti-CD3 followed by measurement of plasma cytokines. HPK1 WT and
KD mice were further interrogated in syngeneic tumor models in com-
bination with a cyclooxygenase inhibitor (celecoxib) or anti-PD1. Anti-
tumor efficacy was monitored, immune phenotyping was conducted
for draining lymph nodes and tumor tissues, and ex vivo studies were
performed to evaluate the enhancement of immune responses.
Results
HPK1 KD mice were grossly normal and immune phenotyping re-
vealed no difference compared with WT mice. HPK1 KD mice demon-
strated superior anti-tumor efficacy in a sarcoma model. Significantly
better anti-tumor efficacy with 50-70% tumor free was observed in
HPK1 KD mice compared to WT mice treated with either celecoxib or
anti-PD1, in sarcoma and colorectal tumor models, respectively. Fur-
ther immune phenotyping and ex vivo studies indicated enhanced
CD4+ and CD8+ T cell populations as well as IFNγ and TNFα secretion
along with reduced ratios of CD8/Tregs. Cytolytic activities against
syngeneic tumor cells were also augmented with HPK1 KD CD8+ T
cells compared with WT CD8+ cells.
Conclusions
Genetic blockade of HPK1 kinase activity revealed a significant en-
hancement of immune responses and resulted in improved anti-tumor
efficacy in combination with inhibition of PGE2 or PD-1 pathways.
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Background
Passive immunotherapy with anti-GD2 antibody (Ab) ch14.18/CHO
(dinutuximab beta) showed activity for the treatment high-risk
neuroblastoma (NB) patients and received recently marketing ap-
proval in the EU. Immunocytokines are antibody-cytokine fusion
proteins that combine the targeting properties of monoclonal
antibodies with the immune stimulatory function of cytokines.
Here we demonstrate activity and mechanism of hu14.18-IL2
against a variety of GD2 positive pediatric tumor cell lines (neuro-
blastoma, osteosarcoma, Ewing’s sarcoma, retinoblastoma) in pre-
clinical models.
Methods
Expression of the target antigen GD2 on LAN-1 (neuroblastoma), MG63
(osteosarcoma), TC-71 (Ewing’s sarcoma) and Y79 (retinoblastoma), and
PD-1/PD-L1 checkpoint on LAN-1 was analyzed by flow cytometry.
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Hu14.18-IL2 mediated ADCC, CDC and whole blood cytotoxicity (WBT)
was determined by 51Cr release assays.
Results
We found expression of antigen GD2 on all cell lines derived of major
neuro-ectodermal malignancies in childhood. The highest level was
found in neuroblastoma but all other cell lines were clearly GD2 anti-
gen positive. Importantly, hu14.18-IL2 was effective in mediating
ADCC, CDC and WBT against all cell lines in vitro, and potency was
found higher than that of ch14.18/CHO in the osteosarcoma and ret-
inoblastoma models. The effects were antigen specific as addition of
an anti-idiotypic antibody abrogated the cytolytic activity.
Interestingly, tumor specific ADCC in the presence of LA-N-1 neuro-
blastoma cells, leukocytes and sub-therapeutic hu14.18-IL2 concentra-
tions (10-100 ng/ml) resulted in a strong increase of PD-L1 expression
both on effector and target cells. This effect required cell-cell contact,
since separation of effector cells from target cells using a membrane
abrogated the activity. This provides a rationale to explore combinator-
ial approaches with agents that inhibit the PD-1/PD-L1 checkpoint.
Conclusions
Immunocytokine hu14.18-IL2 is effective against GD2 positive pediatric
malignancies derived of neuroectodermal origin. Engaged immune ef-
fector functions by hu14.18-IL2 result in a concomitant upregulation of
immune checkpoints that suggests a combinatorial approach with
checkpoint inhibitors early during clinical development.
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Background
CheckMate-009 was a biomarker-based study in which serial biopsies
were conducted for patients receiving nivolumab [1]. Lesser data is
available for fluxes in circulating biomarkers during the course of
treatment. We hypothesized that immunomodulatory changes in
blood would mirror previous observations in tissue.
Methods
Patients with mRCC receiving nivolumab as standard of care were
prospectively enrolled. Blood samples were drawn at baseline, week
4 and week 12 during treatment. Analysis of samples for relevant
white blood subsets was conducted by immersing peripheral blood
mononuclear cells in a mixture of PBS, 2% FCS and 0.1% sodium
azide with FcIII/IIR-specific antibody to block nonspecific binding and
stain the cells with different combinations of fluorochrome-coupled
antibodies. We further collected fluorescence data on Fortessa (Beckton
Dickinson) and analyzed them using FlowJo software (Tree Star) [2].
Plasmas were analyzed for human cytokines using Luminex. Changes
in cells and cytokines overtime in the overall population were inter-
rogated. We also compared baseline levels of cytokines in responders
(R; including partial/complete response and stable disease) and non-
responders (P; primary progression).
Results
A total of 10 patients were included, with a total of 29 samples col-
lected. During treatment, we observed a significant decrease in the pro-
portion of CD3+CD4+ T cells and an increase in the CD3+CD8+ T cells
in the overall population (p<0.05). In addition, the expression of PD-1
was significantly decreased in both CD4+ and CD8+ T cells overtime,
while serum level of IL2R and CXCL9 significantly increased (p<0.05).
Compared to P, R group showed a trend towards higher baseline levels
of IFN-alpha and IFN-gamma (p=0.05 and 0.11, respectively) as well as
VISTA expression on CD4+ T cells (p=0.15)
Conclusions
Our results emphasize the immunomodulatory changes in the per-
ipheral blood occurring during treatment with nivolumab in mRCC
pts. Some dynamics contrast with previous observations in tissue [3],
reflecting temporal and spatial heterogeneity during immune system
modulation by immunotherapies. Differential baseline levels of cyto-
kines and immune checkpoint expression in the R group may be
used as a predictive biomarker for nivolumab response if confirmed
in larger series.
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Background
Since the TGN1412 disaster in London, where an anti-CD28 supera-
gonistic antibody induced a life-threatening cytokine storm in six
healthy men during a clinical trial [1], risks of first-infusion reactions
are important to study prior clinical trial initiation. These assays can
constructed in different ways and depending on the setup, the sensi-
tivity of the assay depends on the antibody tested. It is therefore of
great need to validate a cytokine release assay with the potential to
detect first-infusion reactions regardless of the nature of the anti-
body tested.
Methods
As the assays used today to predict cytokine release syndrome (CRS)
are devoid of one or several blood components we setout to investi-
gate if a modified chandler loop model could be used to predict
CRS. The assay makes use of extracorporeal fresh whole blood in cir-
culation, thus it contains blood immune cells, immunoglobulins
along with intact cascade systems [2]. The challenge with such sys-
tems is to avoid clotting during assay performance, but correctly per-
formed, will allow for both monitoring of cytokine release along with
studies of ADCC and CDC.
Results
Uniquely the assessed agonistic antibodies were scored to induce
CRS in blood from all tested donors (n=22) after only 4 hours of incu-
bation in the loop assay, whereas non-agonistic antibodies associ-
ated with no or low infusion reactions in the clinic neither induce
cytokine release nor cause false positive responses. Additionally, the
value of an intact complement system in the assay was highlighted
by the possibility to dissect out the mechanism-of-action of alemtu-
zumab and rituximab.
Conclusions
A modified chandler loop system can complement lymph node-like
assays or be used as an excellent stand-alone test to investigate
drug/blood interactions during preclinical development, or for indi-
vidual safety screening prior a first-in-man clinical trial.
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Background
Our variant Ig domain (vIgD™) platform creates novel, therapeutically-
applicable protein domains with tailored specificity and affinity. These
vIgDs are created through directed evolution of immunoglobulin super-
family (IgSF) proteins and have unique biochemical properties includ-
ing small size, single domain structure, and the capacity to interact
with multiple counter-structures. Because many IgSF family members
and their counter-structures are widely expressed on immune cells and
tumors, the vIgD platform is well positioned for the development of
immuno-oncology biologics with potential first-in-class mechanisms of
action. Here, multiple therapeutic formats for vIgDs were developed
and characterized.
Methods
Novel vIgDs were created with tailored affinities and modulatory
activities against PD-1, TIGIT, PD-L1, CTLA-4, CD28, and/or ICOS.
These domains were successfully developed into multiple therapeutic
formats, including single and multiple domain Fc fusion proteins and
vIgD-monoclonal antibody (V-mAb) fusion proteins. In addition to
ligand binding and specificity assays, in vitro functional activity was
characterized in several T cell-based assays including cell-based re-
porter systems for pathway agonism or antagonism, primary human
mixed lymphocyte reactions (MLRs), and costimulation assays utiliz-
ing artificial APCs (assessed by proliferation and IFNg production).
Results
Several functionally active therapeutic vIgD-based molecules were
created successfully. (1) Single-domain vIgD-Fc fusion proteins with
tailored binding to CD28, CTLA-4, and PD-L1 demonstrated differen-
tial activity in T cell activation assays and, depending on their ligand
binding profile, resulted in greater or reduced IFNγ production and T
cell proliferation in human T cell activation assays. (2) Multi-domain
vIgD-Fc fusion proteins demonstrated promising targeting of immuno-
modulatory pathways in cell-based reporter assays and MLRs as
assessed by IL-2 signaling and IFNγ production. Efficacy was compar-
able to monoclonal antibodies against the individual vIgD targets. (3)
V-mAbs demonstrated target-specific T cell proliferation and IFNγ pro-
duction in vitro, using both recombinant target proteins or target-
specific cell lines.
Conclusions
The vIgD platform has successfully generated multiple immuno-oncology
therapeutic candidates, in various formats including single- and multiple-
domain Fc fusion proteins as well as V-mAbs. These varied formats con-
fer, from a single molecule, multiple advantages including the multi-
target modulation capability of evolved IgSFs, and, where applicable,
tumor localizing capability of partner molecules or domains. This platform
may contribute to the next generation of immunotherapeutic proteins in
an oncology setting and efforts are ongoing to develop these candidates
for human therapeutic use.
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Background
TIGIT is a coinhibitory receptor that is expressed on lymphocytes,
including effector and regulatory CD4+ T cells (Tregs), effector CD8+

T cells, and NK cells, that infiltrate different types of tumors. Engage-
ment of TIGIT with its reported ligands, poliovirus receptor (PVR) and
PVR-like proteins (PVRL2 and PVRL3) directly suppresses lymphocyte
activation. PVR is also broadly expressed in tumors, suggesting that
the TIGIT-PVR signaling axis may be a dominant immune escape
mechanism for cancer. We report here the biophysical and functional
characterization of COM902, a therapeutic antibody targeting TIGIT.
We demonstrate that co-blockade of TIGIT and a new checkpoint in-
hibitor, PVRIG, augments T cell responses.
Methods
Human phage display and mouse hybridoma antibody discovery cam-
paigns were conducted to generate therapeutic anti-TIGIT antibodies.
The resulting antibodies were evaluated for their ability to bind to re-
combinant and cell surface-expressed human TIGIT with high affinity.
Cross-reactivity of the antibodies to cynomolgus and mouse TIGIT was
also examined. A subset of antibodies that bound with high affinity to
human TIGIT, and cross-reactive to cynomolgus TIGIT were further char-
acterized for their ability to block the interaction between TIGIT and
PVR. Blocking antibodies were screened for their ability to enhance
antigen-specific T cell activation in vitro either alone, or in combination
with an anti-PVRIG antibody, COM701.
Results
We identified a lead antibody, COM902, that binds to human
TIGIT with high femtomolar affinity. This antibody bound to TIGIT
endogenously expressed on human CD8+ T cells with higher af-
finity than tested benchmark antibodies, and was also cross-
reactive to both cynomolgus and mouse TIGIT. When tested for
in vitro activity, COM902 augmented cytokine secretion and
tumor cell killing by CMV-specific CD8+ T cells with superior or
equivalent potency to the tested benchmark antibodies. Combin-
ation of COM902 with an anti-PD1 antibody or COM701 resulted
in enhanced CMV-specific CD8+ T cell activity. Furthermore, we
demonstrated that TIGIT is predominantly expressed on Tregs
and effector CD8+ T cells from solid tumors compared to periph-
eral blood, suggesting that these populations will likely be prefer-
entially targeted by COM902.
Conclusions
We describe the development of a high affinity antagonistic TIGIT anti-
body, COM902, that is currently in preclinical development. We postu-
late that the femtomolar affinity of COM902 could result in lower and
less frequent dosing in patients. COM902 can enhance human T cell
activation either alone or in combination with other checkpoint anti-
bodies. Thus, our data demonstrates the utility of targeting TIGIT, PD1,
and PVRIG for the treatment of cancer.
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Background
Pancreatic adenocarcinoma remains a highly lethal disease, that has
thus far proven to be highly refractory to immunotherapeutic strat-
egies. Hence, new approaches are needed. There is epidemiological
evidence that individuals with allergies have a lower incidence of
pancreatic cancer [1]. This suggests that distinct immune surveillance
(Th2 based) might underlie protection against pancreatic cancer ob-
served in allergic individuals. We hypothesized that therapeutic tar-
geting with IgE to enhance FcεRI signaling would trigger an effective
anti-tumor immune response against pancreatic cancer. We posited
that tumor antigen directed IgE/FcεRI cross-linking on mast cell and
controlled release of histamine near intra-tumor blood vessels could
be exploited to improve drug delivery in pancreatic cancer.
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Methods
We therefore explored the efficacy of human tumor antigen targeted
IgE antibody (humanized anti-MUC1.IgE) in combination of anti-PD-L1
(for relieving T cell exhaustion [2]) and PolyICLC (for effective dendritic
cell maturation [2]) in a pre-clinical model of pancreatic cancer using
mice transgenic for human MUC1 and FcεRI (hMUC1/hFcεRI).
Results
We observed that a combination of anti-MUC1.IgE+anti-PD-L1
+PolyICLC induced antigen specific rejection of two different MUC1
expressing pancreatic tumors cell lines (Panc02.MUC1, KPC.MUC1)
and prolonged the overall survival of mice challenged with sub-
cutaneous and orthotopic tumors as compared to mice treated with
an isotype control antibody (anti-PSA.IgE). Furthermore, anti-MUC1.IgE
+anti-PD-L1+PolyICLC combination induced MUC1 specific memory re-
sponses as evidenced by antigen specific rejection/delays of tumors in
mice re-challenged with Panc02.MUC1 tumors. Importantly, we observed
that NK and CD8 T cells were required for the cell mediated anti-tumor
responses, as in vivo depletion of these subtypes but not CD4 abrogated
the tumor protective in mice bearing orthotopic tumors. Additionally, our
study demonstrated a time dependent increase in intra-tumor vascular
permeability (increased dextran-647 influx) post anti-MUC1.IgE treatment
(iv) in subcutaneous tumor (Panc02.MUC1) bearing dTg mice.
Conclusions
Taken together, this is the first study to show that cellular immune re-
sponses induced by antigen specific stimulation of the IgE/FcεRI axis in
combination with PolyICLC and anti-PD-L1provided tumor protective
benefits against pancreatic cancer. Our study provides evidence for the
clinical applicability and rapid translation of anti-MUC1.IgE based com-
bination therapy against pancreatic tumors.
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Background
Matrix metalloproteinase 9 (MMP9) acts via diverse mechanisms to
promote tumor growth and metastasis, and is a key component of
the immune-suppressive myeloid inflammatory milieu. We developed
a monoclonal antibody (AB0046) that inhibits murine MMP9 and
assessed its mechanism of action in immunocompetent mice as a
single agent or in combination with a murine anti-PDL1 antibody.
Methods
An orthotopic, syngeneic tumor model of Her2-driven breast cancer
was utilized for both efficacy and pharmacodynamic studies involv-
ing RNA and T cell receptor (TCR) sequencing, flow cytometry, and
protein analysis. Enzymatic analyses were performed on T cell
chemoattractant CXCR3 ligands (CXCL9, CXCL10, and CXCL11) which
were subsequently evaluated in chemotaxis assays.
Results
Anti-MMP9 treatment alone or in combination with an anti-PDL1 anti-
body decreased primary tumor growth as compared to IgG control-
treated animals (56% vs 335% tumor growth increase, p=0.0005) or
anti-PDL1 alone. Profiling of tumors by RNA sequencing revealed that
inhibition of MMP9 resulted in elevated expression of genes associated
with immune cell activation pathways (Hallmark Interferon Gamma
Response, FDR p<0.001). Treatment with anti-MMP9 and anti-PDL1 anti-
bodies decreased TCR clonality, with evidence of a more diverse TCR
repertoire (p=0.005). Immunophenotyping of tumor-associated T cells
by flow cytometry showed that anti-MMP9 and anti-PDL1 co-treatment
promoted a 2.8-fold increase in CD3+ cells in tumors (p=0.01), which
was associated with an increase in CD4+ T cells (3.2-fold increase;
p=0.006) and CD8+ T cells (2.8-fold increase; p=0.013). In contrast, anti-
MMP9 and combination treatment resulted in a decrease in tumor-
associated regulatory T cells (CD25+ FoxP3+ cells, p = 0.04). MMP9
cleavage of T cell chemoattractant ligands in vitro rendered them func-
tionally inactive for recruitment of activated primary human effector T
cells. Luminex analysis of tumor protein lysates showed elevated levels
of key immune cytokines IL-12p70, IL-18, and CXCL10.
Conclusions
Inhibition of MMP9 reduces tumor burden and promotes cytotoxic T
cell infiltration in a PD1-axis refractory mouse model. The combin-
ation of nivolumab and GS-5745, a humanized anti-MMP9 inhibitory
antibody, is being evaluated in gastric cancer (NCT02864381).
Trial Registration
ClinicalTrials.gov: NCT02864381.
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Background
Tumor infiltrating lymphocytes (TILs) often express multiple immune
checkpoints and costimulatory receptors. Checkpoint blockade has
demonstrated increased clinical response rates relative to other treat-
ment options; however, many patients fail to achieve a response to
checkpoint blockade. We sought to identify an additional therapeutic
modality to stack with checkpoint blockade that could increase patient
response rate. We hypothesized that engagement of T cell costimula-
tory receptors in concert with checkpoint blockade could further
increase T cell activation and proliferation. The combination of check-
point blockade with costimulation could be accomplished using a bis-
pecific antibody format, with the potential benefits of reduced cost and
more selective targeting of TILs to improve safety.
Methods
XmAb23104, which binds to immune checkpoint PD1 and T cell cost-
imulatory receptor ICOS, was assembled in a bispecific antibody plat-
form with substitutions in the Fc domain to suppress effector
function. XmAb23104 was evaluated in vitro by measuring antibody
binding to and cytokine release from Staphylococcal enterotoxin B
(SEB) stimulated PBMCs. In vivo activity was evaluated using a mouse
model in which human PBMCs are engrafted into NSG mice
(huPBMC-NSG) and the extent of T cell engraftment monitored by
flow cytometry.
Results
We produced XmAb23104, a PD1 x ICOS bispecific antibody that binds
both PD1 and ICOS monovalently. XmAb23104 selectively targeted
PD1+ICOS+ T cells more than monovalent controls, indicating that a sin-
gle bispecific molecule was capable of avid co-engagement of both
PD1 and ICOS. Surprisingly, despite monovalent engagement of ICOS,
XmAb23104 promoted strong T cell activation above that expected of
PD1 blockade alone, both in vitro and in vivo. In vitro, XmAb23104 en-
hanced IL2 production in an SEB stimulation assay (n = 16 donors) rela-
tive to control, anti-PD1 alone, and anti-ICOS alone (p < 0.001 for all
comparisons), indicating productive combination of PD1 blockade plus
ICOS costimulation. Analysis of XmAb23104-treated cells revealed hall-
marks of ICOS signaling, including AKT phosphorylation and a multi-
gene expression signature consistent with ICOS costimulation. In vivo,
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treatment of huPBMC-NSG mice with XmAb23104 promoted superior T
cell engraftment to that found for anti-PD1 treatment alone. In a repre-
sentative study, XmAb23104 induced a 14-fold increase in human CD45
+ cells, while anti-PD1 treatment alone only promoted a 2-fold increase.
Conclusions
XmAb23104, a PD1 x ICOS bispecific antibody, brings together PD1
blockade and ICOS costimulation and promotes strong T cell activa-
tion in vitro and in vivo. Compelling activity suggests clinical develop-
ment is warranted for the treatment of human malignancies.
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Background
Despite advances with therapies targeting the PD-1/PD-L1 pathway,
many patients are refractory or relapse following treatment. LAG-3
expression on exhausted T cells and T-regulatory cells (Tregs) in the
tumour may be responsible for this resistance and provides a ration-
ale for co-treatment with antibodies targeting LAG-3 and PD-L1. An
alternative approach is the development of a bispecific antibody
encompassing binding sites for two antigens. FS118 is a bispecific
antibody targeting LAG-3 and PD-L1 that provides dual pathway
blockade with the potential to drive unique biology via co-binding of
PD-L1 and LAG-3.
Methods
A LAG-3/PD-L1 mAb2 bispecific antibody, termed FS118, was engi-
neered by introducing a distinct LAG-3 binding capability into the
constant region of a human IgG1 molecule and assembled into a bis-
pecific format with anti-PD-L1 Fabs. Additional mutations introduced
into the Fc region suppress effector function. FS118 was evaluated
in vitro for antigen binding and de-repression of LAG-3 and PD-L1
function in both a D011.10 T-cell activation system and a super-
antigen stimulated peripheral blood mononuclear cells (PBMC) assay.
Anti-tumour activity of a murine-specific molecule, mLAG-3/PD-L1
mAb2, was assessed in vivo in the MC38 mouse tumour model and
associated immunophenotypic changes were evaluated using flow
cytometry.
Results
FS118 is bivalent for both LAG-3 and PD-L1. It is capable of binding
to both targets simultaneously and can de-repress the inhibitory
function of human PD-L1 and human LAG-3 in an engineered murine
T-cell system. FS118 is a potent activator of immune cell function
generating sub-nanomolar EC50 values in a human PBMC assay as
measured by cytokine with at least equivalent activity to a combin-
ation of anti-LAG-3 and anti-PD-L1.
In murine in vitro assay systems, mLAG3/PD-L1 mAb2 recapitulates
the function of FS118 in human systems. MC38 tumour growth stud-
ies indicated that mLAG-3/PD-L1 could result in significant anti-
tumour activity equivalent to a combination of antibodies targeting
LAG-3 and PD-L1. Pharmacodynamic assessment demonstrated
changes in the immunophenotype of tumour-infiltrating lymphocytes
in the tumour of mLAG3/PD-L1 mAb2 treated mice.
Conclusions
Dual blockade of LAG-3 and PD-L1 with a bispecific antibody results
in T-cell activation at least comparable to a combination of anti-
bodies targeting LAG-3 and PD-L1 in primary T-cell assays and mur-
ine tumour models. These data provide evidence to support the
rationale for clinical development of FS118, a LAG-3/PD-L1 mAb2, for
the treatment of human cancer.
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Background
Ionizing radiation can influence the immune response to tumors, and
the combination of external beam radiotherapy with immunotherapy
has increasingly garnered attention in clinical trials. Little is known
about the immunomodulatory effects of molecular-targeted radiophar-
maceuticals. 18-(p-iodophenyl) octadecyl phosphocholine (NM404) is a
phospholipid ether analog with selective sequestration in cancer cells
[1]. Here, we report on the immunomodulatory properties of the radio-
active isostere, 131I-NM404 in a syngeneic murine melanoma model.
Methods
In vitro cell uptake of NM404 was evaluated by flow cytometry using
a fluorescent-labeled NM404 analog. Mice, bearing syngeneic B78
melanoma tumors, were injected with a subtherapeutic dose of 2.2
MBq 131I-NM404 via lateral tail vein. Mice were euthanized and tumor
tissue was harvested at 4 consecutive 1-week intervals post injection;
the half-life of iodine-131 is ~1 week. To evaluate markers of immu-
nomodulation over time, quantitative PCR and immunohistochemis-
try (IHC) were performed on the serially collected tumor tissue
samples.
Results
In vitro, murine B78 melanoma cells sequestered 3-4 times more
NM404 than normal murine splenocytes, and 6-10 times more than pri-
mary human fibroblasts over an 18 hour incubation period. The single,
sub-therapeutic dose of 131I-NM404 did not significantly reduce the
growth rate of B78 tumors in the treated mice compared to a control
cohort injected with equivalent mass dose of nonradioactive NM404
(excipient). Gene expression analysis revealed a marked modulation of
various immune and tumor-associated markers during the course of
radiotherapy, such as IL-1β, IFNγ, CXCL1, IL-18, TGF-β2, B7-H3, PD-L1
and PD-L2. Our preliminary data suggest time-dependent patterns. IHC
demonstrated that the number of tumor-infiltrating CD4 and CD8 T
cells did not change significantly over time.
Conclusions
Our preliminary results suggest time-dependent immunomodulation
induced by 131I-NM404 in B78 flank tumors. Further research should
address the influence of variables such as radioactive dose, choice of
radionuclide, tumor type and location on immunomodulation. This
information has the potential to provide guidance in the design of
more effective therapeutic strategies combining molecular-targeted
radiotherapy and immunotherapy for cancer patients.
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Background
The infiltration of immune cells into the tumor microenvironment
can regulate growth and survival of neoplastic cells. Several studies
have shown a correlation between increases in the number of ef-
fector immune cells present in a tumor and clinical outcomes in
many human tumors, including breast. Current strategies employing
checkpoint inhibitors aim to stimulate effector immune cells, how-
ever lack of adequate effector cell numbers within the tumor micro-
environment can result in suboptimal responses to these agents.
Here, we describe a novel strategy employing therapeutic overex-
pression of chemerin to recruit immune cells into the tumor micro-
environment (TME) and suppress tumor growth.
Methods
Publically available whole genome expression datasets were analyzed
for RARRES2 expression, comparing normal breast tissue to invasive
breast cancers. Both the JC and EMT6 tumor lines were used in fully im-
mune competent BALB/c mice. Mammary fat pads were used for inocu-
lation, and chemerin-expressing tumors were compared to control
tumors. Tumors were measured using standard caliper measurements,
and infiltrating leukocytes measured by flow cytometry. Leukocyte de-
pletion studies were performed using specific depleting antibodies.
Results
Our analyses of both TCGA and other public whole genome expres-
sion datasets show that RARRES2 (the gene for chemerin), a widely
expressed endogenous chemoattractant protein for innate immune
cells, is downregulated in several studies of human breast cancer.
Significant downregulation of RARRES2 is seen in both invasive ductal
and lobular breast cancers, compared to normal breast tissue. In
mouse models using both the JC and EMT6 tumor lines, we have
found that forced overexpression of chemerin within the TME signifi-
cantly suppressed tumor growth with increased numbers of infiltrat-
ing leukocytes compared to controls. Systemic depletion of NK cells
using anti-GM1 antibody treatment resulted in significant abrogation
of chemerin’s anti-tumor effect, suggesting – at least in part – a
reliance on the innate response.
Conclusions
We have shown, for the first time, the use of therapeutic overexpres-
sion of chemerin is effective at suppressing breast tumor growth in
in vivo mouse models. This approach has been used successfully in
our melanoma models, and may be a broadly applicable approach to
increase the number of immune effector cells within the TME.
Ongoing studies are looking at the combination of therapeutic che-
merin modulation in combination with available checkpoint inhibi-
tors for determination of additive or synergistic effects.
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Background
Recent successes in tumor immunotherapy highlight the curative po-
tential of modulating patient anti-tumor immune responses. How-
ever, preclinical in vivo modeling of immune/tumor interactions often
depend on a limited number of well-established cell lines. Of avail-
able treatment strategies, the use of cytokine therapy offers the ad-
vantage of using the patient’s own immune cells as anti-tumor
effectors. ALKS 4230 is a fusion protein of circularly permuted IL-2
and IL-2 receptor α that is selective for the intermediate-affinity IL-2
receptor expressed on NK cells and subsets of memory and effector
T cells. ALKS 4230 is currently in a phase 1 trial to evaluate safety
and tolerability in the treatment of patients with refractory solid
tumors.
Methods
In order to evaluate the ability of ALKS 4230 to promote and en-
hance anti-human tumor immune responses preclinically, individual
xenograft tumor models were established in NOD-scid IL2Rgammanull

mice (NSG) using tumor cells derived from metastatic melanoma pa-
tients following surgical resection. Upon tumor implantation and
palpable growth, mice received an adoptive transfer of autologous,
unexpanded PBMC from the same patient and treatment with ALKS
4230.
Results
We found that autologous T cells successfully engrafted NSG recipi-
ent mice after ALKS 4230 treatment similar to IL-2 and that both
treatments induced cellular expansion over vehicle controls. Follow-
ing treatment with ALKS 4230 and adoptive transfer of autologous
PBMCs, PDX tumor-bearing mice consistently displayed increased
numbers of both CD8 and CD4 T cells migrating into tumor tissue,
preferential expansion of non-regulatory T cell subsets, and signifi-
cant delays in tumor growth as compared to vehicle-treated controls.
Conclusions
Together these data support the rationale for ALKS 4230 as a novel
immunotherapeutic for the treatment of melanoma and potentially
other solid cancers, as well as the strategy of screening individual,
patient-specific xenograft models to assess potential treatment
efficacy.
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Background
Adenosine accumulates in the tumor microenvironment (TME)
through degradation of extracellular ATP by ectonucleotidases CD39
and CD73 and suppresses T cell activity through activation of A2AR.
CD73 levels are elevated and are prognostic in certain tumors sug-
gesting CD73 is an important immune-suppressive mechanism. Mul-
tiple CD73 antibodies are in clinical development that are allosteric
CD73 inhibitors that stimulate internalization (type 2 mechanism),
leading to incomplete inhibition of cell surface CD73 activity. We de-
scribe CPI-006, a novel CD73 antibody that directly inhibits CD73 en-
zymatic activity (type 1 mechanism).
Methods
CD73 activity was assayed by Malachite Green. Internalization was
measured by flow cytometry. T cell proliferation was assayed by flow
cytometry and cytokine levels by ELISA. Tumor CD73 was assessed
by immunohistochemistry. Gene expression was determined by
Nanostring.
Results
CPI-006 (nM affinity) was compared to CPX-016 (pM affinity), a potent
type 2 CD73 antibody. CPI-006 completely inhibited CD73 catalytic
activity across a broad range of CD73 expression. In contrast, CPX-
016 incompletely inhibited CD73 activity (~60%) and was not effect-
ive towards cell lines with high CD73 expression.
CPI-006 was significantly more effective than CPX-016 at blocking
suppression of T cell proliferation and cytokine secretion by adeno-
sine (80% restoration compared to 45%). CPI-006 was effective across
a broad range of CD73 expression while CPX-016 efficacy was re-
stricted to samples with lower CD73 levels.
CD73 expression was evaluated by IHC in renal cell, melanoma, non-
small cell lung and breast cancers (N=70 each). CD73 expression was
heterogeneous in the tumor and stromal compartments; however,
when expressed, CD73 levels were high, exceeding expression in the
high expressing CD73 cell lines that were incompletely inhibited by
CPX-016. These data suggest that type 2 antibodies will have limited
efficacy in CD73 high expressing tumors.
Tumors with high CD73 expression are more responsive to A2AR in-
hibition [1] therefore we investigated the combined effect of CPI-006
with A2AR inhibitor, CPI-444. The combination significantly restored
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T cell proliferation and interferon-gamma production and suppressed
adenosine responsive gene expression to levels greater than either
agent alone.
Conclusions
CPI-006 is a novel CD73 blocking antibody that directly and completely
inhibits CD73 activity, in contrast to type 2 antibodies in development.
CPI-006 blocks CD73 activity and improves T cell function independent
of CD73 expression levels and augments the effect of CPI-444.
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Background
The CD47/signal regulatory protein alpha (SIRPα) axis is a critical
regulator of myeloid cell activation and serves as an immune check-
point for macrophage mediated phagocytosis. Because of its fre-
quent upregualtion in several cancers, CD47 contributes to immune
evasion and cancer progression. Most of the current approaches in
the immunotherapy focus on T-cell axis. Macrophages and other
myeloid immune cells offer much promise as effectors of cancer im-
munotherapy, hence efforts to modulate them for therapeutic bene-
fit are gaining momentum. In this regard disruption of CD47-SIRPα
interaction is now being evaluated as a therapeutic strategy for can-
cer to stimulating macrophage mediated anti-tumor immune re-
sponse. In view of the requirement for the intravenous dosing for all
reported CD47 targeting agents, we sought to discover and develop
an orally available small molecule CD47 antagonist. An oral CD47
agent potentially offers the convenience, flexibility to adjust the dose
and schedule to address any emergent adverse events and ease of
combination therapy.
Methods
Series of peptide disrupting CD47-SIRPα interactions were identified by
rational design strategy based on CD47/SIRPα interacting interface. An
FITC probe based cellular binding assay was established to identify high
peptide fragments. The elements of this pharmacophore were incorpo-
rated into non-peptidic small molecule scaffolds resulting in lead com-
pounds disrupting CD47/SIRPα interaction. The shortlisted compounds
were further screened in a phagocytosis assay. In vivo efficacy was eval-
uated in A20 B Cell lymphoma syngeneic tumor model.
Results
Initial hits identified in FITC probe based cellular binding assay was
further optimised for their activity in binding assay. Lead CD47 an-
tagonists induced phagocytototic activity of human macrophages to
a similar extent as commercially available anti-CD47 antibodies. Fur-
ther optimization of these leads resulted in compounds with desir-
able physico-chemical properties and good oral bioavailability. An
advanced lead CD47 antagonist inhibited primary tumor growth
(~90%TGI) in a mouse syngeneic model of B-cell lymphoma upon
twice a day oral dosing. Biomarker characterization and efficacy stud-
ies in additional tumor models are ongoing.
Conclusions
Rational design based on CD47/SIRPα interacting interface led to the
identification of a novel and selective CD-47 antagonist with potent
activity in cellular binding assay and phagocytosis assay. The lead
compound exhibited desirable metabolic stability, solubility and oral
bioavailability. In in-vivo studies, lead compound demonstrated sig-
nificant anti-tumor efficacy in A20 B-cell lymphoma tumor model
upon oral dosing. The above findings support further development
of these orally bioavailable agents for use in the clinic.
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Background
Antibody-mediated blockade of immune checkpoint pathways have
transformed the outlook for cancer therapy. While PD-1/PD-L1 anti-
bodies primarily focus on T-cells to achieve anti-tumor efficacy, other
cells in the tumor microenvironment such as myeloid cells including
MDSCs also play a role in immune evasion. To overcome the immune
resistance induced by MDSCs, V-domain Ig suppressor of T-cell activa-
tion (VISTA) expressed predominantly on myeloid cells and tumor-
infiltrating lymphocytes is considered as an ideal target. Recent findings
also support the role of VISTA pathway in clearance of apoptotic bodies
and prevention of autoimmunity. VISTA is reported to mediate immune
suppression through homophilic interaction as well as interaction with
V-Set and immunoglobulin domain containing 8 (VSIG8). We sought to
discover and develop an orally available small molecule VISTA antagon-
ist targeting both VISTA and VSIG8 pathways. Unlike antibodies an oral
gent potentially offers the convenience, flexibility to adjust dose and
schedule to address any emergent adverse events and ease of combin-
ation therapy.
Methods
VISTA belongs to B7 family and shares sequence homology with the B7
family ligands PD-L1, a focused library of compounds mimicking the
interaction of checkpoint proteins of B7 family was designed and syn-
thesized. These compounds were tested in VISTA and VSIG8 specific
functional assays. In-vivo efficacy was evaluated in mouse syngeneic
B16F10 melanoma and CT26 colon carcinoma models. Impact of test
agents on various immune populations was measured by flow cytomet-
ric analysis in tumor–bearing animals upon repeated dosing.
Results
Screening and analysis of the focused library of compounds led to
the identification of hits capable of functional disruption of the
checkpoint protein(s) signaling. Further optimization resulted in lead
compounds targeting both VISTA and VSIG8 signaling pathways with
desirable drug-like properties. Potent functional activity comparable
to that obtained with an anti-VISTA or anti-VSIG8 antibody in rescu-
ing effector functions was observed with the lead compound along
with selectivity against other immune checkpoint proteins. An ad-
vanced lead compound exhibited sustained immune PD in tumor-
bearing animals including desirable impact on myeloid and T-cells in
both circulation and tumor. The advanced lead compound also
exhibited significant efficacy in syngeneic pre-clinical tumor models
of melanoma and colon cancers upon once a day oral dosing with
excellent tolerability.
Conclusions
Our efforts have resulted in the identification of novel oral antago-
nists of VISTA and VSIG8 signaling. Desirable drug-like properties and
anti-tumor efficacy at well-tolerated doses by the advanced lead
compound in pre-clinical models supports its further development
towards advancing to the clinic.
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Background
Checkpoint inhibition is a very successful treatment strategy in can-
cers that are naturally immunogenic by attracting T cells into the
tumor microenvironment (TME) and promoting cytotoxic signaling
pathways. Most breast cancers are not highly immunogenic likely
due to an immunosuppressive microenvironment. One strategy to
transform this TME is to use epigenetic modulation to affect activa-
tion and trafficking of myeloid derived suppressor cells (MDSCs),
known to alter the immunogenicity of the TME and sensitize tumors
to checkpoint modulation. We hypothesize that combinatorial ther-
apy primes the TME by altering infiltration and function of MDSCs
leading to a more robust T cell response.
Methods
We use the HER-2/neu transgenic mouse model with challenge of syn-
geneic cell lines. This model enables us to study the efficacy of different
combinations of an anti-HER2 antibody (a-Her2), an epigenetic agent,
the histone deacetylase inhibitor entinostat, and checkpoint inhibitors,
anti -programmed cell death protein (PD-1) and anti-cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4) antibodies, on tumor growth
and to help identify co-stimulatory and inhibitory factors regulating T
cell and MDSC responses. Characterization of tumor infiltrating lympho-
cytes (TIL) and their functional capabilities are being investigated in pri-
mary tumors using fluorescence-activated cell sorting, nanostring gene
expression profiling, and immunohistochemistry.
Results
We found significant improvement in survival and delay in tumor
growth in tumor bearing mice- treated with entinostat, anti-PD1, and
anti-CTLA-4 and with a-Her2, entinostat and anti-PD1 or anti-CTLA4.
We show that addition of entinostat to checkpoint inhibition leads to
significantly increased infiltration of granulocytic-MDSCs and CD8+ T
effector cells into the TME. Flow cytometric evaluation suggests in-
creased T cell activation, exhaustion, and altered MDSC function.
Functional assays of isolated MDSCs from mice treated with combin-
ation therapy demonstrates reduced suppressive ability of these cells.
Gene expression profiling of isolated MDSCs and TIL is underway to
help determine significant changes in immune related pathways that
have lead to our observed outcomes.
Conclusions
Addition of entinostat and checkpoint inhibition to a-Her2 therapy
significantly increases infiltration of innate and adaptive immune
cells into the highly tolerant breast tumors and leads to improved
survival and decreased tumor burden. Results suggest that this com-
binatorial treatment alters the function of the infiltrating cell types
that lead to the observed phenotype. We aim to delineate genetic al-
terations responsible for these observations. It is our hope that our
novel findings will provide further rationale for combination therapy
and improve the response rate to immunotherapy in patients with
breast cancer.
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Background
In our previous studies, we demonstrated that combination of a CXCR4
antagonist with an anti-angiogenesis agent axitinib relieved myeloid-
derived suppressor cells (MDSCs) mediated immunosuppression and
suppressed HIF-2a expression, which resulted in synergistic antitumor
effects in 786-0 and A498 RCC xenografts. To further study the CXCR4
mechanism of action in an immune-proficient background, we investi-
gated the activity of a CXCR4 antagonist in a syngeneic mouse tumor
model. As the current murine models for RCC do not share the same
genetic alterations with the human disease, the B16-OVA model was
selected for this study. The CXCR4 antagonist was tested in combin-
ation with axitinib or with checkpoint inhibitors which are part of the
SOC in managing melanoma in clinic.
Methods
B16-OVA cells were implanted into C57BL/6 mice. Seven-days post
implantation, mice were treated with axitinib, X4-136 (CXCR4 inhibi-
tor) or anti-PD-L1/anti-CTLA4, or the combinations for 16 days. At
sacrifice, tumors were excised and flash frozen in liquid nitrogen for
Western Blot analysis or treated with collagenase for the analysis of
subsets of T-cells by FACS.
Results
Axitinib alone modestly inhibited growth of B16-OVA tumors. X4-136,
the CXCR4 inhibitor, alone demonstrated more robust activity than
the combination treatment of anti-PD-L1 and anti-CTLA4. The anti-
tumor activity of the anti-PD-L1 and anti-CTLA4 regimen was further
enhanced in combination with X4-136.
Preliminary analysis of infiltrating immune cells by flow cytometry
showed that axitinib treatment led to an increase in immunosuppres-
sive Treg cell population in tumors, while treatment with X4-136
alone or the anti-PD-L1/anti-CTLA4 combination led to a decrease in
Tregs. The decrease was more pronounced when X4-136 was used in
combination with axitinib. Additional analysis of other immune cell
subsets will also be presented.
This combination also led to a decrease in the expression of HIF-2α
and cyclin D1 in comparison to vehicle treated mice as demonstrated
by western blot analysis of tumors, suggesting an anti-proliferative
effect. PARP cleavage was apparent when X4-136 was used in com-
bination with axitinib indicating the role of apoptosis in anti-tumor
effect. Additional analysis of tumors after treatment in earlier time
points will also be presented.
Conclusions
X4-136 alone exhibited potent anti-tumor activity in the B16-OVA
murine melanoma model. Added benefit was observed when X4-136
was added to either axitinib or to anti-PD-L1/anti-CTLA-4 treatments.
Treatment benefits were associated with the reduction of Treg popu-
lation in the tumor microenvironment. Induction of apoptosis was
observed in combination treatment of axitinib and X4-136.
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Background
Adoptive T cell therapy with autologous tumor infiltrating lymphocytes
(TIL) has demonstrated clinical efficacy in patients with metastatic mel-
anoma and cervical carcinoma. In some studies, clinical outcomes have
positively correlated with the total number of cells infused and/or per-
centage of CD8+ T cells. Most current production regimens solely utilize
IL-2 to promote TIL growth, although enhanced lymphocyte expansion
has been reported using IL-15 and IL-21-containing regimens. This
study describes the positive effects of adding IL-15 and IL-21 to the
standard IL-2-alone TIL generation protocol.
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Methods
The process for generating TIL includes a pre-Rapid Expansion Proto-
col (pre-REP), in which TIL emigrate out of tumor fragments of 1-3
mm3 in media containing IL-2. To further stimulate TIL growth, TIL
are expanded using a secondary culture period termed the Rapid Ex-
pansion Protocol (REP) that includes irradiated PBMC feeders, IL-2
and anti-CD3. In this study, a shortened pre-REP and REP expansion
protocol was developed to expand TIL while maintaining the pheno-
typic and functional attributes of the final TIL product. This shortened
TIL-generation protocol was used to assess the impact of IL-2 alone
versus a combination of IL-2/IL-15/IL-21. These two culture regimens
were compared for the generation of TIL grown from colorectal, mel-
anoma, cervical, triple negative breast, lung and renal tumors. At the
completion of the pre-REP, cultured TIL were assessed for expansion,
phenotype, function (CD107a+ expression and IFNg release) and TCR
Vβ repertoire.
Results
Enhanced TIL expansion (>20%), in both CD4+ and CD8+ cells in the
IL-2/IL-15/IL-21 culture cocktail was observed across multiple tumor
histologies. Preliminary analysis demonstrated a shift towards a pre-
dominantly CD8+ TIL population with a skewed TCR Vβ repertoire in
TIL cultured with the IL-2/IL-15/IL-21, versus IL-2 alone. IFNg release
and CD107a expression were also elevated in TIL cultured in the
presence of IL-2/IL-15/IL-21 versus those cultured using IL-2 alone.
Conclusions
Rapidly expanding TIL ex vivo for adoptive cell therapy is essential in
treating patients with cancer. We report an increased TIL-product
yield, in addition to potentially beneficial phenotypic and functional
differences, when TIL are cultured with IL-2/IL15/IL-21 as compared
to IL-2 alone. We suggest a more robust process encompassing the
use of IL-2/IL-15/IL-21 in TIL culture may provide a means to promote
TIL expansion particularly in tumors with poor T cell infiltration.
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Background
Current limitations for immunotherapy approaches include poorly func-
tioning events early in the immune response cycle, such as efficient
antigen presentation and T cell priming. CD40 signaling in dendritic
cells (DCs) leads to upregulation of cell surface costimulatory and MHC
molecules and the generation of cytokines, which promotes effective
priming of CD8+ effector T cells while minimizing T cell anergy and the
generation of regulatory T cells. This naturally occurs through inter-
action with CD40 ligand (CD40L) expressed on CD4+ T-helper cells.
CD40 signaling can also be achieved using specific monoclonal anti-
bodies (mAbs), leading to the development of several agonist CD40
antibodies that have initiated clinical development.
Methods
Our approach for the development of a CD40 agonist antibody was
to define a balanced profile between sufficiently strong immune
stimulation and the untoward effects of systemic immune activation.
Results
CDX-1140 is a human IgG2 antibody derived from human Ig transgenic
mice, that activates DCs as demonstrated by upregulation of costimula-
tory molecules and increased production of cytokines. This activity is Fc
independent as it is maintained using an F(ab’)2 fragment of the anti-
body. CDX-1140 does not block the binding of CD40L and the addition
of soluble CD40L greatly enhances DC activation by CDX-1140, suggest-
ing that CDX-1140 may act synergistically with naturally expressed
CD40L. CDX-1140 also activates B cells, and has direct anti-lymphoma
activity in xenograft models. However, the antibody does not promote
cytokine production in whole blood assays. Importantly, CDX-1140 has
shown good pharmacodynamic and safety profiles in a cynomolgus
macaque study investigating doses from 0.01 to 10 mg/kg. This study
showed a clear dose response with respect to changes in hematologic
and circulating cytokine values (IL-12p40) that were expected to result
from CD40 activation.
Conclusions
These data support the potential of CDX-1140 as part of a cancer
therapy regimen, and the phase 1 dose-escalation clinical study is an-
ticipated to begin this year.
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Background
GD2 is a surface disialoganglioside that is a well-characterized immu-
notherapeutic target in NB and Sarcomas [1]. The efficacy of anti-
GD2 antibodies depends on engaging functional NK cells to kill GD2-
positive targets through antibody dependent cellular cytotoxicity
(ADCC). However, NK cell number and function are decreased in
most cancer patients at diagnosis, are further reduced by radiation
chemotherapy, antigen loss and immunosuppressive tumor micro-
environment (TME) which contribute to treatment failure. One of the
new approaches to overcome TME resistance and improve NK cell
mediated ADCC against tumor cells is using a BiKE [2]. ALT-803 is a
superagonist of an IL-15 variant bound to an IL-15RaSu-Fc fusion
with enhanced IL-15 biological activity.
To investigate the in-vitro activity of hu-anti-GD2/-CD16 BiKE with or
without ALT803 against GD2 expressing NB/ES
Methods
Anti-GD2/-CD16 BiKE was constructed in pBudCE4.1 mammalian ex-
pression vector and transfected in to HEK293-EBNA Cells. Stable
clone were selected by Zeocin for the secretion and purification of
anti-GD2/-CD16 plasmid by ProBond™ Ni column and validated by
Western blot. Cytotoxicity was examined against NB/ES cells with or
without ALT803 (generously supplied by Altor Biosciences) with
K562-mbIL21-41BBL expanded NK cells by DELFIA cytotoxicity assay
at 10:1 E:T ratio.
Results
GD2 expressing NB (54.4± 10.61%) and ES (71.93±8.33%) cells were
used for functional assays. Anti-GD2/-CD16 BiKE was purified from the
transfected culture supernatant and validated by western blot (Fig. 1A).
BiKE+NK compared to Medium+NK significantly increased NK mediated
cytotoxicity against NB: SKNF1 (64.5±5.9% vs. 20.1±1.3%, p=0.002),
SKNBE2 (67.4±4.02% vs. 15.1±0.9%, p=0.004), SHS5Y5 (68.9±0.9% vs.
30.2±0.85%, p=0.005) and ES: EWS502 (68.05±3.06% vs. 28.1±4.05%,
p=0.004), A673 (66.02±4.05% vs. 20.3±0.8%, p=0.005) respectively.
Further, BiKE+NK+ALT803 compared to BiKE+NK+rhuIL15 improved NK
mediated cytotoxicity against NB: SKNF1 (73.9±9.3% vs. 56.5±8.5%,
p=0.007) and SKNBE2 (63.9±0.6% vs. 40.5±0.49%, p=0.002) respectively,
against NB/ES cell lines (Fig. 1B).
Conclusions
Our preliminary results demonstrated that the BiKE with ALT803 sig-
nificantly enhanced NK cytotoxicity against NB and ES. Future studies
will investigate the efficacy of this BiKE with ALT803 against GD2 ex-
pressing solid tumor in humanized NSG xenografted mouse model.
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Background
CD40 plays an important role in activation and regulation of both in-
nate and adaptive immunity. Using the proprietary APXiMAB™ dis-
covery platform, Apexigen discovered APX005M, a potent immune
stimulatory CD40 agonistic antibody currently being developed for
cancer immunotherapy. APX005M is a high-affinity humanized IgG1
antibody targeting human CD40. APX005M was engineered to carry
an S267E mutation in its Fc region to enhance CD40 agonistic activity
via cross-linking to the FcRγIIb.
Methods
PBMCs were obtained from healthy human subjects. Isolated cell
subsets were cultured in various conditions with APX005M. The po-
tential synergistic effect of APX005M with immune checkpoint inhibi-
tors (ICI) was assessed by in vitro culture of human dendritic cells
(DC) and allogeneic T cells with APX005M and anti-PD-1 or anti-PD-
L1 antibodies. The duration of APC activation following exposure to
APX005M was determined by culturing PBMCs with APX005M for 24
hours. Cell activation was measured at various times post washout.
Results
APX005M binds with high-affinity to human CD40 (Kd=0.12 nM) and
recognizes a unique epitope that overlaps with the CD40 ligand (CD40L)
binding domain thus mimicking CD40L-induced activation. APX005M is
capable of activating human B cells (EC50=12 pM) and DC (EC50=0.49
nM) and also promotes proliferative responses of tumor-infiltrating T
cells. APX005M’s CD40 agonistic activity depends on cross-linking of Fc-
gamma receptors. Receptor occupancy studies revealed that 10% of
CD40 receptor occupancy is sufficient to produce maximum APC and T
cell activation. Short-term exposure (24 hours) of PBMC to APX005M in-
duced long-lasting activation of B cells, monocytes and T cells that
remained activated 2 weeks after removal of APX005M. In vitro co-
culture of human DC and allogeneic T cells showed that APX005M in-
duces a dose-dependent increase of CD4 and CD8 T cell proliferation
and IFN-γ secretion, and the T-cell responses were further enhanced by
anti-PD-1 or anti-PD-L1 antibodies suggesting that APX005M combined
with ICI can synergistically stimulate T-cell responses.
Conclusions
The immune stimulatory activity of APX005M results from its unique
epitope and is dependent on cross-linking by Fc-gamma receptors.
The properties of APX005M make it an optimal CD40 agonist for
stimulating anti-tumor immune responses while maintaining a good
safety profile. Combination of APX005M with ICI enhances T-cell re-
sponses providing a rationale for the ongoing clinical studies com-
bining APX005M with anti-PD-1 antibodies in NSCLC and melanoma
patients (trials NCT03123783 and NCT02706353).
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Background
Using transgenic rats and a unique sequence-based discovery ap-
proach, we have created a large collection of fully human anti-CD3
antibodies with diverse T-cell agonist activities. We have used these
anti-CD3 antibodies to create a unique multi-specific platform for T-
cell redirected tumor cell killing.
Methods
Our novel discovery platform combines antibody repertoire deep se-
quencing, high-throughput gene assembly, and recombinant expres-
sion and generates a much larger diversity of antibodies than
traditional approaches. The CD3 antibodies identified by our platform
show diverse in vitro T-cell activation profiles measured by CD69 up-
regulation, IL2, and IFNg production. Using our discovery platform,
we have also generated human domain antibodies targeting tumor
antigens that may be combined with our unique CD3 antibodies to
create multi-specific antibodies.
Results
As one example, we have created a CD3xBCMA bispecific antibody
(TNB-383B) for the treatment of multiple myeloma. TNB-383B kills mul-
tiple myeloma cells in vitro and in vivo in a BCMA-dependent manner,
and kills primary patient myeloma cells ex vivo. The EC50 for cytotox-
icity was in the single-digit nanomolar range for TNB-383B against MM
cell lines in vitro. TNB-383B showed much reduced (ie IFN-ɣ) or absent
(ie IL-2) cytokine release compared to other anti-CD3 antibodies. In vitro
results were consistent across 10 healthy huPBMC donors. Ex vivo, TNB-
383B efficiently lysed primary MM cells in the presence and absence of
supplementary T-cells. In vivo, TNB-383B mediated clearance of MM tu-
mors from NSG mice at doses as low as 10ng of bispecific antibody.
Conclusions
In summary, we have created a T-cell engaging bispecific antibody
platform with tunable T-cell agonism that can be used to optimize
the therapeutic index for a variety of tumor antigens.
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Background
RNA aptamers bind to antigens in a manner analogous to antibodies
and their binding can be quantitated using simple RT-PCR. Using IL2-
IL2Ra as a model, we report a novel assay using IL2-IL2Ra-binding
RNA aptamers that allows for quantitation of receptor occupancy by
its ligand.
Methods
A modification of whole cell Systematic Evolution of Ligands by EX-
ponential enrichment (SELEX) was used to select T regulatory (Treg)
cell-specific RNA aptamers. Aptamers specific for common T cell
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antigens were precleared using normal donor CD4+IL2Ra- T cells,
followed by enrichment for aptamers specific for CD4+IL2Ra+ Tregs
obtained from the same donor. The process was repeated for eight
rounds with each round using T cells from a different normal donor.
High-throughput sequencing and bioinformatics analysis was used to
select top Treg-binding aptamers. Binding of aptamers to unoccu-
pied IL2Ra and IL2Ra occupied by IL2 was determined by RT-qPCR.
Some aptamers bound preferentially to unoccupied IL2Ra while
others bound preferentially to IL2Ra occupied by IL2. To determine
the fraction of IL2Ra occupied by IL2, aptamers that bound preferen-
tially to unoccupied receptor or to IL2-occupied receptor were mixed
in equimolar quantities. Aptamer mix was added to IL2Ra-coated
Dynabeads that were pre-incubated with various concentrations of
IL2 to create various IL2-occupied receptor fractions. Aptamer bind-
ing was quantified by RT-qPCR using a set of primers specific for
both aptamers. Fluorescent probes specific for the variable region for
each aptamer were used to quantify each of the aptamers.
Results
Five of the top 12 Treg-binding aptamers recognized IL2Ra. Some
IL2Ra-specific aptamers (e.g. Tr-8) bound preferentially to unoccupied
IL2Ra and others (e.g. Tr-7) to the IL2-IL2Ra complex (Fig. 1). Standard
curves were developed which allowed for determination of the frac-
tion of IL2Ra occupied by IL2 (Fig. 2).
Conclusions
A Treg cell-based SELEX was used to select Treg-binding aptamers
specific for IL2Ra. Aptamer pairs showing differential binding prefer-
ences towards unoccupied IL2Ra versus the IL2-IL2Ra complex were
identified. Because the selected aptamer pairs share the same
primers, RT-qPCR amplification using a single set of primers allowed
for quantitation of the ratio of bound aptamers. The resulting ratio
reflects the occupancy of the IL2Ra receptor by its ligand IL2. This
technique could be valuable for studying the role of IL2-IL2Ra ligand-
receptor complex in anti-tumor immunity. Importantly, modifications
of this assay could be used to quantitate other receptor-ligand com-
plexes relevant in the field of cancer immunotherapy.
Fig. 2 (abstract P362) See text for description

Fig. 1 (abstract P362) See text for description
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Background
ATOR-1015 is an OX40-CTLA-4 bispecific immune activating antibody
developed for tumor-directed immunotherapy. The compound was
generated by fusing a high affinity CTLA-4 binder, derived by FIND®
optimization of CD86, to an agonistic OX40 antibody derived from
the human antibody library ALLIGATOR-GOLD®.
ATOR-1015 binds both targets simultaneously resulting in cell-cell in-
teractions expected to enhance the immuno-stimulating effect of the
compound. The mode of action of ATOR-1015 is thought to be a
combination of effector T cell activation and regulatory T cell (Treg)
depletion.
Methods
Human primary cells used in in vitro assays were isolated from
leukocyte concentrates from healthy donors. The in vitro effects were
measured by using either standard cytokine release assays or Pro-
mega reporter assays.
Human OX40 transgenic (knock-in) mice were generated by genO-
way SA and female mice were used for the anti-tumor effect studies
using syngeneic mouse models. Tumors and spleens from treated
mice were analyzed for Treg and T cell populations by flow
cytometry.
Results
ATOR-1015 dependent T cell activation and Treg depletion is supported
by cell-based in vitro studies and in vivo syngeneic tumor models.
The ability to induce ADCC of human Treg was investigated using a
FcγR expressing reporter assay demonstrating superior effect of
ATOR-1015 compared to the monospecific antibodies. Further, ATOR-
1015 has been shown to induce activation of T cells in the presence
of CTLA-4 expressing cells.
Treatment with ATOR-1015 reduces tumor growth and prolongs
survival in syngeneic tumor models in vivo using human OX40
transgenic mice. Further, ATOR-1015 treatment demonstrates an
increase in the intratumoral CD8+ T cell/Treg ratio which is super-
ior compared to the monospecific counterparts, without affecting
systemic T cells.
Conclusions
ATOR-1015 suppresses/depletes Tregs and activates CD8+ T cells
in vivo and is currently in the second phase of production, and
process development. ATOR-1015 is planned to enter clinical trials
in 2018.
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Background
Programmed cell death protein-1 (PD-1), a negative immune check-
point receptor, suppresses T cell function when bound to its ligands
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PD-L1 and PD-L2. Tumor cells exploit this pathway to evade immune
surveillance; therefore, inhibiting the PD-1 pathway can restore T cell
function, stimulating their anti-tumor response. Here we report the
characterization of JNJ-63723283 (JNJ-283) to support new combin-
ation approaches in the future.
Methods
JNJ-283 was generated by phage panning against human and cy-
nomolgus monkey (cyno) PD-1 extracellular domain followed by
affinity maturation. In vitro activity was evaluated using cyto-
megalovirus (CMV) recall, mixed lymphocyte reaction (MLR), and
Jurkat-PD-1 nuclear factor of activated T cells (NFAT) reporter as-
says. In vivo activity was assessed using human PD-1 knock-in
mice implanted with MC38 tumors and a lung patient-derived
xenograft (PDX) model (LG1306) using CD34+ cord blood human-
ized NSG mice. Pharmacodynamic, toxicokinetic, and safety as-
sessments were performed in cyno following single (0.1, 1, 10
mg/kg) and/or repeat (10, 30, 100 mg/kg/wk up to 5 weeks)
intravenous (IV) dosing.
Results
JNJ-283 displayed high affinity for human (1.72 ± 0.99 nM) and cyno
(0.90 ± 0.08 nM) PD-1, blocked PD-1 binding to PD-L1 (IC50=111.7 ±
22.0 ng/mL) and PD-L2 (IC50=138.6 ± 12.4 ng/mL), and cross-
competed with nivolumab and pembrolizumab analogs.
JNJ-283 dose-dependently increased T cell-mediated cytokine pro-
duction in CMV recall and MLR assays and enhanced NFAT activity in
a Jurkat-PD-1 reporter assay, indicating functional disruption of the
PD-1/PD-L1 interaction. JNJ-283 in vitro activity was comparable to
that of competitor molecule analogs.
Following intraperitoneal injection with 10 mg/kg JNJ-283 or nivolu-
mab analog (2x weekly; day 7 after tumor implantation), mean MC38
tumor volume in PD-1 knock-in mice was significantly lower at days
17 (p<0.001) and 21 (p<0.0001) compared to control (Fig. 1). In the lung
PDX model, 10 mg/kg JNJ-283 or pembrolizumab (q5d x 6) reduced
(p<0.01) mean tumor volume compared to control.
JNJ-283 was tolerated in cyno following single and/or repeat dosing;
mean drug exposures increased in a dose dependent manner. Primary
findings attributed to JNJ-283 included proliferation of T-lymphocyte
subsets, stimulation-related cytokine expression (in vitro), increased IgM
and IgG titer secondary to antigen challenge, and decreased cellularity
(lymphocytes) in the thymus.
Conclusions
JNJ-283, a high affinity anti-PD-1 antibody, was well-tolerated in toxi-
cology studies and demonstrated robust activity in vitro as well as
displayed anti-tumor efficacy in vivo comparable to that observed
with other agents targeting PD-1. These data support the ongoing
clinical study of JNJ-283 and combination potential with other
modalities.
Fig. 1 (abstract P364). In vivo anti-tumor activity of JNJ-283 in hu-
man PD-1 knock-in mice implanted with MC38 tumors
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Background
Programmed cell death protein-1 (PD-1) pathway blockade has revolu-
tionized the treatment of a variety of malignancies but has only dem-
onstrated clinical benefit in a subset of patients. Emerging preclinical
and clinical data have proposed T cell immunoglobulin and mucin
domain-3 (TIM-3) as an inhibitory mechanism that is co-regulated with
PD-1 to restrict T cell-mediated immune responses. Dynamic upregula-
tion of TIM-3 has been observed in patients in response to anti-PD-1/
PD-L1 therapy, implicating TIM-3 as a potential mechanism of immune
resistance. These observations suggest that dual blockade of the TIM-3
and PD-1 pathways can broaden the effectiveness of anti-PD-1/PD-L1
therapy as a new immunotherapy for PD-1 responsive malignancies.
Here we describe the characterization and functional activity of JNJ-
64158120 (JNJ-120), an antibody targeting human TIM-3.
Methods
JNJ-120 in vitro activity was assessed by CMV, MART-1, and NK cell
activation assays; in vivo activity was evaluated using a NY-ESO TCR
transgenic model of T cell exhaustion and a human TIM-3 knock-in
mouse model bearing MB49 murine bladder carcinoma tumors.
Results
JNJ-120 is a fully human, phage-derived, IgG2σ monoclonal antibody
that binds to human (Kd=2.5 nM) and cynomolgus monkey (Kd=0.75
nM) TIM-3. JNJ-120 inhibited the binding of TIM-3 to two putative TIM-
3 ligands, phosphatidyl serine and galectin-9 and enhanced T cell func-
tion in primary antigen-specific T cell assays (CMV and MART-1). In CMV
stimulated PBMCs, JNJ-120 triggered expression of IFN-γ and TNF-α
and enhanced CD137 expression on CD8+ and CD4+ T cells. Further-
more, in MART-1 assays, JNJ-120 enhanced IFN-γ, TNF-α, IL-2, and IL-8
production by CD8+ T cells. JNJ-120 also enhanced T cell function in
combination with anti-PD-1 antibodies in peripheral blood samples de-
rived from melanoma patients. JNJ-120 led to higher NK cell activation,
as measured by CD69 expression and cytokine secretion, in IL-2-
stimulated PBMCs derived from normal donors and cancer patients.
In vivo, JNJ-120 treatment enhanced the anti-tumor activity of PD-1
blockade in tumor-bearing TIM-3 knock-in mice and in a NY-ESO TCR
transgenic model of T cell exhaustion. In the NY-ESO TCR model, JNJ-
120 increased T cell infiltration in NY-ESO-expressing A549 tumors
and, in combination with anti-PD-1 antibodies, enhanced the ability
of infiltrating T cells to kill tumor cells ex-vivo.
Conclusions
These data demonstrated that targeting TIM-3 in combination with
PD-1 leads to increased tumor T cell infiltration and superior anti-
tumor efficacy compared to PD-1 blockade alone. These data support
the clinical testing of PD-1 and TIM-3 in tumor types not broadly re-
sponsive to current immunotherapy regimens.
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Background
Immune checkpoint inhibitors such as anti–PD-L1/PD-1 agents have
shown marked antitumor effect in a range of cancer types, and to fur-
ther expand their effects, combination treatments with chemotherapeu-
tic drugs have been actively investigated. Although cisplatin is widely
used as a standard chemotherapy, the antitumor activity of cisplatin
combined with immune checkpoint inhibitors remains largely unknown.
Here, we investigated if anti–PD-L1 plus cisplatin combination can aug-
ment antitumor immunity in a syngeneic mouse tumor model.
Methods
E.G7-OVA cells, expressing ovalbumin (OVA) gene as a model tumor
antigen, were subcutaneously inoculated into syngeneic C57BL/6
mouse. After tumor mass was established, anti-mouse PD-L1 mAb
(anti–PD-L1; 10 mg/kg, three times a week) and cisplatin (1 mg/kg,
once) were administered intraperitoneally on the day of treatment
initiation (Day1). The frequency and activation status of immune cells
in tumor tissues were evaluated by flow cytometry. For detection of
IFNg-producing cells, the immune cells were stimulated with anti-
CD3/anti-CD28 mAbs in vitro before staining.
Results
We found that anti–PD-L1 plus cisplatin combination resulted in pro-
found effect leading to tumor shrinkage vs anti–PD-L1 alone or cis-
platin alone even though each monotherapy showed significant
inhibition of the tumor growth than the control group at Day17. In
parallel with the clinical effect, the combination therapy significantly
increased tumor-infiltrating CD8+ T cells vs each monotherapy at
Day7 even though more tumor-infiltrating CD8+ T cells were ob-
served in mice treated with anti–PD-L1 or cisplatin alone than
control. Further, anti–PD-L1 plus cisplatin combination activated
tumor-infiltrating CD8+ T cells, characterized by higher frequency of
granzyme B-expressing cells than each monotherapy. We also ob-
served increased OVA-specific CD8+ T cells with combination vs
monotherapies. Additional analysis of CD4+ T cells showed that anti–
PD-L1 plus cisplatin combination or anti–PD-L1 alone, but not cis-
platin alone, induced IFNg-producing CD4+ T cells in the tumor
tissues.
Conclusions
Anti–PD-L1 plus cisplatin combination therapy demonstrated marked
antitumor effect in this mouse tumor model. This robust therapeutic
effects may at least partly be due to the increased tumor-specific CD8+
T cells in tumor tissues. Cisplatin or anti–PD-L1 alone increased tumor-
infiltrating CD8+ T cells, however anti–PD-L1 but not cisplatin induced
IFNg+ CD4+ T cells at tumor sites. These differences in immune status
in response to anti–PD-L1 or cisplatin may lead to the combined thera-
peutic effect and provide a rationale for the combination.
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Background
The CXCR4/CXCL12 axis plays a central role in the trafficking of key im-
mune cells in the tumor microenvironment. Enhanced survival is re-
ported in multiple syngeneic mouse models when a CXCR4 antagonist
is combined with a check-point inhibitor. X4P-001 is an oral, selective,
allosteric inhibitor of CXCR4, and X4P-001 alone demonstrated robust
inhibition of murine B16-OVA melanoma growth. We hypothesize that
disruption of CXCR4/CXCL12 signaling will result in modulation of the
immune cell profile within the tumor microenvironment and ultimately
lead to increased CD8+ T-cell infiltration, favoring an improved re-
sponse to checkpoint inhibitors in metastatic melanoma.
Methods
The primary objectives for this ongoing biomarker-driven Phase Ib trial
of X4P-001 alone and with pembrolizumab are to evaluate the safety
and tolerability in patients (pts) with metastatic melanoma, and to
characterize the effects of X4P-001 alone and with pembrolizumab on
tumor immune cell infiltrates. Serial biopsies of cutaneous or subcuta-
neous metastatic melanoma lesions and peripheral blood mononuclear
cells (PBMCs) are collected at pre-dose, after 3 weeks of X4P-001 treat-
ment and after 6 weeks of combination treatment. Biopsies are
assessed by immunohistochemistry (IHC) for multiple markers including
CD3, CD8, FoxP3 and CXCL12, and PBMCs are analyzed by flow cytome-
try for both lymphoid and myeloid-cells.
Results
As of June 30, 2017, 13 pts have been enrolled and 4 of the 13 pts have
completed the study. The median age was 74 years (range 53-91). Most
pts (12/13) had not received prior systemic therapy. X4P-001 was well
tolerated. Treatment related AEs (related to either X4P-001 or pembroli-
zumab; >5%) of any grade were: diarrhea (15%), chill, fatigue, head-
ache, ocular hyperemia, photophobia, pruritus, rash, and vomiting
(7.7%). Two treatment related G3 SAEs were reported: acute diarrhea
and immune-mediated drug-reaction. Three of the 4 pts who com-
pleted the study had IHC evaluable tumor samples. All showed an
increase in T-cell infiltration in the central region of the tumors follow-
ing both single agent and combination treatment. The percentage of
Ki67 positive CD8+ T cells in PBMC were increased post treatment in all
4 pts. These data along with additional biomarker readouts in all en-
rolled patients will be presented.
Conclusions
Treatment with X4P-001 as a single agent, and in combination
with pembrolizumab, is well tolerated with preliminary evidence
of enhanced immune cell infiltration and activation. The enroll-
ment of the study is near completion and further biomarker ana-
lysis is on-going.
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Background
eFT508 is a potent and highly selective inhibitor of MNK1 and
MNK2, kinases that function to mediate tumor immune evasion
downstream of MEK and MAPK signaling. eFT508 treatment es-
tablishes a regulatory program that promotes multiple steps in
the cancer immunity cycle including antigen presentation and T
cell priming, expansion of memory T cells, and prevention of T
cell exhaustion.
Methods
The immunological effects of eFT508 have been evaluated in the
context of normal human immune cells in vitro and in immuno-
competent syngeneic and genetically engineered mouse models
in vivo.
Results
eFT508 treatment of normal donor T cells has no deleterious effect
on αCD3/αCD28 stimulated T cell proliferation or T cell viability in
contrast to inhibitors acting upstream of MAPK signaling. eFT508
selectively down regulates key immune checkpoint proteins and
the production of a subset of proinflammatory and immunosup-
pressive cytokines. In vitro mechanism of action studies have dem-
onstrated that MNK selectively regulates gene expression at the
level of mRNA translation via specific sequence elements in the 5’-
and 3’-untranslated regions. In addition, eFT508 activated antigen
presenting cells leading to more effective T cell priming. eFT508
also affected T cell memory formation, both in the context of
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specific peptide antigen stimulation and in a mixed lymphocyte re-
action, shifting the distribution of T cells towards a CD62L+CD44+

central memory T cell population. eFT508 also enhanced the cyto-
toxic function of T cells from OT-I mice stimulated with SIINFEKL
peptide demonstrating a dose-dependent increase of cell killing.
Consistent with the mechanisms elaborated upon in vitro, eFT508
showed significant anti-tumor activity mediated through tumor in-
filtrating lymphocytes in the CT26 syngeneic tumor model as well
as genetically engineered mouse models of NSCLC and HCC.
Conclusions
eFT508 treatment establishes a regulatory program that promotes
anti-tumor immunity. eFT508 is currently under evaluation as a single
agent in two phase 1/2 clinical trials for patients with advanced solid
tumors and patients with advanced lymphoma. A biomarker driven
proof of concept study, including mandatory pre- and on-treatment
biopsies, to evaluate the immunological mechanism of action of the
drug is planned to be initiated later this year. In addition, a phase 2
study evaluating eFT508, alone or in combination with avelumab, a
PD-L1 immune checkpoint inhibitor, in microsatellite stable relapsed
or refractory CRC patients is planned.
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Background
PVRIG and TIGIT were identified by Compugen’s Predictive Discov-
ery Platform as immune inhibitory receptors and have been re-
ported to inhibit anti-tumor activity. We are pursuing clinical
development of antagonistic antibodies to PVRIG (COM701) and to
TIGIT (COM902). Here, we analyzed primary human cancer tissues
and immune cells to characterize expression in the TIGIT/PVRIG axis
to support indication selection and combination strategies for
COM701 and COM902.
Methods
COM701 and COM902 were identified based on ability to block the
interaction of PVRIG and TIGIT with their cognate ligands (PVRL2
and PVR respectively) and were screened for their ability to en-
hance antigen-specific CD8 T cell activation in a co-culture with
tumor cell lines. Immunohistochemistry and Flow cytometry were
performed to assess receptor/ligand expression in dissociated blad-
der, breast, colorectal, head and neck, lung, kidney, ovarian, pros-
tate, and stomach tumors.
Results
Among the cancers examined, PVRIG and PVRL2 expression was high-
est in endometrial, lung, kidney, ovarian, and head and neck cancers
compared to normal adjacent tissue. From dissociated tumors, PVRIG
expression was detected on T and NK TILs whereas PVRL2 expression
was detected on CD45- cells and myeloid cells. A co-expression analysis
of PVRIG, TIGIT, and PD1 demonstrated that PVRIG was co-expressed
with both TIGIT and PD1 and that PVRIG+TIGIT+PD1+ cells comprised a
major proportion of CD8 TILs. In comparison to PD-L1, PVRL2 expres-
sion was more prevalent across several cancer types and expression of
PVRL2 was detected in PD-L1 negative samples. In vitro, combination
of COM701 with PD1 inhibitors or COM902 enhanced CD8 cytokine
production and cytotoxic activity, with the triple combination of
COM701, COM902, and PD-1 antibody yielding the greatest increase in
functional activity. Several immune receptors were induced in response
of PVRIG blockade by COM701 on CD8 T cells. Taken together, these
data support indication selection and combination strategies for
COM701 and COM902 and potential biomarkers that could be indica-
tors of response.
Conclusions
In summary, we demonstrate that PVRIG and PVRL2 are induced in
the tumor microenvironment of human cancers, and the potential of
COM701 as a cancer therapeutic, either as a monotherapy or as a
dual- or triple-combination therapy with antibodies targeting TIGIT,
and PD-1. These data highlight the potential of this combination ap-
proach to expand the immune checkpoint inhibitor responsive can-
cer patient population, including those who are non-responsive to
PD-1 inhibitors.
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Background
CD40 activation can bridge the innate and adaptive immune sys-
tems during immune activation. Agonistic anti-CD40 monoclonal
antibodies (mAbs) have demonstrated anti-tumor activity in clin-
ical studies. Due to the dose-limiting toxicity observed, an alter-
native approach to developing an anti-CD40 therapy, and
potentially reducing systemic toxicity, is to achieve immune acti-
vation via a bispecific molecule that is maximally active in the
presence of a tumor antigen (TA), but with limited activity in its
absence.
Methods
Different bispecific formats targeting both CD40 and a TA were
designed and constructed. Bispecific molecules with desired
properties were screened and assayed for activation of primary
B cells or monocyte-derived dendritic cells (moDC) co-cultured
with TA positive or negative cells. Selected bispecific molecules
were tested for anti-tumor activity using PC3 tumor cells with
or without TA expression mixed with autologous moDC and T
cells, cultured in vitro or inoculated in NSG mice. Syngeneic
mouse models of TA positive tumors were used to test bispeci-
fic molecules for immune activation, anti-tumor potency, and
tolerability.
Results
ABBV-428 is a bispecific molecule with single chain Fv (scFv) do-
mains targeting human CD40 and a TA. ABBV-428 was less potent
than a CD40 mAb in stimulating B cells and moDCs when cultured
alone or in the presence of cells that do not express TA. However,
ABBV-428 exhibited enhanced B cell and moDC activation when
cultured with cells expressing TA. T cells were also activated by
ABBV-428 when mixed with moDC in the presence of cell-surface
TA, as evidenced by a reduction in growth of PC3 cells, both
in vitro and in NSG mice. Although expression of the cell surface TA
is necessary for immune-mediated anti-tumor activity, ABBV-428
inhibited the growth of both TA-positive and TA-negative PC3 cells
as long as the TA was expressed within the tumor environment.
This phenomenon was confirmed in a mouse model carrying
syngeneic 4T1 tumors expressing the cell surface TA. A surrogate
molecule of ABBV-428 elicited T cell responses against both TA-
expressing and non-expressing 4T1 cells, where the anti-tumor
activity was similar to anti-CD40 mAb, but did not elicit increases in
serum cytokines and liver enzyme levels observed in anti-CD40
mAb treated mice.
Conclusions
ABBV-428 exhibits enhanced CD40 activation upon binding to TA-
expressing cells, and provides tumor-specific immune stimulation
with systemic administration. The enhanced tumor-specific immune
activation is hypothesized to maximize anti-tumor potency while lim-
iting systemic toxicity in clinical studies.
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Impact of Diet, Exercise, and/or Stress on
Antitumor Immunity
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Background
Obesity and adipose tissue have been shown to be associated with
low grade inflammation resulting in cellular and humoral inflamma-
tory factors that contribute to carcinogenesis1. It has been known
that inflammation exerts an important role in carcinogenesis and
tumor progression. Inflammatory molecules can potentially be used
as adjuvant in immunotherapy against cancer. However, little is
known about the differential role of brown and white adipocytes
against breast cancer. In the present work, we aimed to
characterize the differential function of brown and white adipo-
cytes in breast cancer cell death in vitro and investigate the role of
NLRP3 and caspase-1/11 in this process.
Methods
Brown and white adipose tissue were isolated from wild type and
caspase-1/11 and NLRP3 knockout mice. Conditioned medium from
these brown and white adipocytes were used to stimulate breast
cancer cells 4T1. Breast cancer cells (I) viability was analyzed by
MTT assay; (II) cell death was investigated by annexin V/PI staining
and flow cytometry analysis (III) membrane pore formation was ob-
served by PI staining and spectrophotometry analysis and (IV) lipid
droplet biogenesis was analyzed by Bodipy staining and flow cy-
tometry analysis.
Results
Our data showed that brown adipocytes conditioned medium trig-
gered significant higher levels of breast cancer cell death and pore
membrane formation and lower levels of lipid droplet biogenesis
and cell viability compared to white adipocytes conditioned medium.
Conclusions
The absence of caspase-1/11 in brown adipocytes, but not NLRP3,
enhanced these cell death and carcinogenic parameters in breast
cancer cells. Identification of molecules from these adipocytes secre-
tion is ongoing and can be potentially used as adjuvant immunother-
apy agains breast cancer.
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Background
Interrogating the spectrum of systemic effects of CAR-T cell ther-
apy, especially in the context of adverse events (i.e. systemic
cytokine release syndrome (sCRS) and neurotoxicity) that have oc-
curred in clinical trials, may provide important insights into fac-
tors contributing to the cause and/or progression of such events
and potential interventions. Preclinical CAR-T cell efficacy models
in immune-compromised mice do not capture the potential role
of the host immune system in sCRS and central nervous system
(CNS) pathologies that, in combination with other patient factors,
may lead to severe neurotoxicity. We have developed a novel
model system where conditioning immune-competent mice with
cyclophosphamide (CPA) followed by transfer of murine CD19-
directed CAR-T cells induces acute symptoms including systemic
cytokine release in concordance with what is observed in patients
that develop CRS and/or neurotoxicity. This systemic toxicity is
accompanied by the alteration of gene expression levels in the
mouse brain indicating a possible neuro-inflammatory response.
Methods
We examined the effects of murine CD19-directed CAR-T cell therapy
in a syngeneic BALB/c model. Following dose optimization for both
CPA conditioning and the intravenous transfer of CAR-T cells, mice
were evaluated for acute toxicity and systemic and brain-related
pathologies including serum cytokine levels, brain and peripheral
organ histopathology by microscopy of hematoxylin and eosin-
stained sections, evaluation of blood brain barrier (BBB) integrity by
extravasation of fluorescently-labeled low-molecular weight dextrans,
wet-dry brain weights indicative of cerebral edema, and flow cytom-
etry and gene expression analysis of transcardially-perfused brain
tissues.
Results
Conditioning with CPA, followed by administration of murine
CD19-directed CAR T cells, but not control CAR-T cells, induced
rapid weight loss, peripheral organ pathologies and elevated
serum cytokine levels (including a spectrum of cytokines similar
to those observed in clinical CRS). In the brain, we observed sig-
nificant changes in gene expression indicative of neuro-
inflammation including genes associated with interferon response
pathways, vascular endothelial activation and oxidative stress, ac-
companied by CAR-T cell infiltrate into the brain. No evidence for
overt brain histopathology was observed, nor increased BBB per-
meability or cerebral edema.
Conclusions
These findings describe a new animal model and highlight its poten-
tial use to elucidate the mechanisms underlying CAR-T-cell mediated
toxicities and test proposed interventions to reduce neuro-
inflammation that may arise from CD19-directed CAR-T cell therapies.
Ongoing work seeks to identify and evaluate various pharmaco-
logical interventions with the potential to ameliorate systemic and
neuro-inflammation in this model, with the goal to translate these
learnings to the clinic.
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Background
Following the clinical success of checkpoint blockade, the field of
cancer immunotherapy is rapidly expanding. Extensive preclinical
data have demonstrated that treatment with an agonist OX40 anti-
body can result in anti-tumor immune responses both alone and in
combination with other immune-targeting agents including CTLA-4
and PD-1 blockers. The reported mechanism of action for OX40 in-
cludes costimulation of effector T cells as well as reduction in regula-
tory T cell (Treg) suppression either through depletion or receptor
engagement. However, the vast majority of published work utilizes a
single, ligand non-blocking antibody to define the role of anti-OX40
in enhancing tumor immunity in vivo. We generated an alternative
agonistic, ligand-blocking mouse OX40 antibody as well as series of
isotype variants in order to better define the role of isotype, ligand
blocking vs non-blocking epitopes, dose and schedule on the anti-
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tumor activity of anti-OX40 alone and in combination with PD-1
blockade in vivo.
Methods
The activity of OX40 agonist antibodies, OX86 (ligand non-blocker) and
OX40.23 (ligand blocker), were tested across a dose range from 0.03
mg/kg to 10mg/kg in the CT26 tumor model. Anti-PD-1 (10 mg/kg) was
dosed either concurrently or 5 days after initial OX40 treatment. On-
treatment immune monitoring of peripheral and tumor-infiltrating lym-
phocytes was analyzed by flow cytometry.
Results
Fc-competent agonist OX86 antibodies display potent in vivo anti-
tumor activity at 10 mg/kg, whereas an Fc inert antibody at the same
dose had no effect on CT26 tumor growth. Relative anti-tumor activ-
ity was related to their ability to preferentially bind activating FcγR
and deplete intratumoral Tregs. Maximal activity of OX40.23 was
achieved at 3 mg/kg and 0.3 mg/kg as monotherapy and in combin-
ation with anti-PD-1, respectively. Interestingly, administration of
OX40.23 at 10 mg/kg in both monotherapy and combination dis-
played diminished activity, accompanied by a reduction in peripheral
T cell activation. Evaluation of OX40 RO demonstrated that peripheral
and intratumoral RO was similar as was RO between monotherapy
and combination treatment. Maximal anti-tumor activity of the com-
bination was achieved well below 100% OX40 RO. Furthermore, for
combination treatment, concurrent dosing resulted in greater anti-
tumor activity than a staggered regimen.
Conclusions
Our results demonstrate the importance of isotype choice, lig-
and blockade capacity, dose and schedule on the in vivo anti-
tumor activity of mouse OX40 agonist antibodies alone and in
combination with PD-1 blockade. These data provide valuable
insight relevant in biomarker, dose and schedule selection for
agonist OX40 antibody-containing regimens currently in clinical
development.
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Background
Agonist antibodies targeting the T cell co-stimulatory receptor 4-1BB
(CD137) are among the most effective immunotherapeutic agents
across multiple pre-clinical models of cancer. In the clinic, however, de-
velopment of these agents has been stymied by dose-limiting liver tox-
icity. Lack of knowledge of the mechanisms underlying this toxicity has
limited the potential to separate 4-1BB agonist driven anti-tumor im-
munity from hepatotoxicity.
Methods
The capacity of 4-1BB agonist antibodies to induce liver toxicity
was investigated in immune competent mice, with or without co-
administration of checkpoint blockade, via measurement of serum
transaminase levels, through imaging of liver immune infiltrates,
and via qualitative and quantitative assessment of liver myeloid
and T cells via flow cytometry. Knockout mice were used to clar-
ify the contribution of specific cell subsets, cytokines and
chemokines.
Results
We find that activation of 4-1BB on liver myeloid cells is essential
to initiate hepatitis. Once activated, these cells produce
interleukin-27 which is required for liver toxicity. CD8 T cells infil-
trate the liver in response to this myeloid activation and mediate
tissue damage triggering transaminase elevation. FoxP3+ regula-
tory T cells limit liver damage and their removal dramatically
exacerbates 4-1BB agonist hepatitis. Co-administration of CTLA-4
blockade ameliorates transaminase elevation, whereas PD-1 block-
ade exacerbates it. Loss of the chemokine receptor CCR2 blocks
4-1BB agonist hepatitis without diminishing tumor-specific im-
munity against B16 melanoma.
Conclusions
4-1BB agonist antibodies trigger hepatitis via activation of myeloid
cells to produce Interleukin-27. Co-administration of CTLA-4 and/or
CCR2 blockade may minimizing hepatitis but yield equal or greater
antitumor immunity.
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Background
Surrogate endpoints have not been clearly determined in oncology
immunotherapy (IT). Using both arm- and comparison-level data, this
study explored the relationship between overall survival (OS) and
clinical endpoints (objective response rate [ORR], disease control rate
[DCR], and progression-free survival [PFS]) in patients treated with IT.
The aim was to assess whether any of these endpoints could func-
tion as surrogates for OS.
Methods
A systematic review was conducted in MEDLINE™ and Embase
(January 2005–March 2017), and supplemented with conference
proceedings (2014–2017). Eligible studies were randomized con-
trolled trials (RCTs) that investigated blocking antibodies target-
ing programmed cell death-1 (PD-1)/programmed cell death
ligand-1 (PD-L1) or cytotoxic T-lymphocyte-associated antigen-4
(CTLA-4). Studies were included in the arm-level analyses if the
treatment arm’s absolute effects could be obtained for ORR,
DCR, 6- and 9-month PFS, median PFS, median OS, or OS at 12
or 18 months. They were included in comparison-level analyses
if the treatment’s relative effects (odds ratios [ORs] on ORR and
DCR or hazard ratios [HR] on PFS and OS) were reported/could
be derived.
Weighted linear regression models were fitted and adjusted R2 values
estimated, with analyses stratified by treatment regimen (IT mono or IT
plus chemotherapy), by type of IT (PD-1/PD-L1 or CTLA-4), and by indi-
cation, as data permitted.
Results
Twenty-nine RCTs involving 66 treatment arms (11,797 patients) were
included. In the arm-level analyses, higher PFS rates at 6 months pre-
dicted better OS rates at 12 and 18 months, with similar trends
across subgroups (Fig. 1A–D); results by type of IT revealed stronger
correlations for PD-1/PD-L1 than CTLA-4 as potential surrogates for
OS (Fig. 1A, Fig. 1B). Similarly, the comparison-level analyses only
found the PFS HR to be moderately correlated with the OS HR
(R2=0.372; P=0.002; Fig. 1e); this finding remained consistent when
restricted to studies assessing IT monotherapy only (R2=0.460;
P=0.002; Fig. 1F) and in subgroups stratified by treatment type or
indication.
Conclusions
Among anti–PD-1/PD-L1 studies, PFS was an imperfect surrogate
(low to moderate correlation) for OS, whereas other surrogate
clinical endpoints were not correlated with OS. Thus, a new sur-
rogate, such as a biomarker, is needed to better predict the OS
benefit for IT.
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Background
Daratumumab (DARA), a human CD38-targeted monoclonal antibody,
is approved as monotherapy and in combination with standard of care
regimens for patients with relapsed or refractory multiple myeloma.
DARA demonstrates direct on-tumor and immunomodulatory mecha-
nisms of action. In multiple myeloma patients treated with DARA, CD38
+ immunosuppressive cells including regulatory T-cells (Treg), myeloid
derived suppressor cells (MDSC) and regulatory B-cells (Breg) are de-
pleted. DARA also results in increased CD8+ T-cells and T-cell clonality.
We hypothesized that DARA could be effective in solid tumors that
have elevated levels of CD38 expression on the surface of tumor and/
or immunosuppressive cells. Here, we investigated CD38 expression on
lung cancer and intra-tumoral immune cells to determine whether
NSCLC may be susceptible to the immunomodulatory effects of DARA.
Methods
CD38 RNA expression in lung cancer cell lines and tumor sections from
The Cancer Genome Atlas (TCGA) database was investigated using
RNA-sequencing. Protein expression on lung cancer cell lines, tumor-
infiltrating immune cells, and peripheral blood (PB) immune cells was
analyzed by flow cytometry. Primary tumor samples were evaluated by
immunohistochemistry. The effect of DARA on lung cancer cell viability
was measured in an in vitro assay. DARA-mediated depletion of im-
mune cells in the PB of lung cancer patients was assessed ex vivo.
Results
CD38 RNA was highly expressed in lung tumor specimens from the
TCGA database. Of the lung cancer cell lines investigated, 3/12 (A549,
NCI-H2023, and NCI-H2073) showed detectable CD38 receptor. These
cell lines demonstrated moderate receptor density (8,830, 20,900, and
58,100 average receptors/cell, respectively) compared to a multiple
myeloma cell line (MM.1R; 75,590 average receptors/cell). Detectable
CD38 receptor expression was observed on tumor cells from 5/21 pri-
mary NSCLC tumor samples and was highly expressed on intratumoral
immunosuppressive cells including: monocytic MDSC, tumor-associated
macrophages and Treg. In the PB of lung cancer patients, CD38 receptor
was expressed on >50% of NK cells, B-cells, monocytic MDSC, immature
MDSC, and monocytes. Significantly, DARA induced cell-mediated kill-
ing of CD38+ lung cancer cell lines in vitro, and depleted monocytic
MDSC from the PB of lung cancer patients ex vivo.
Conclusions
Tumor cell CD38 expression is observed in a subset of lung cancers
and is highly expressed on patient tumor-infiltrating immune cells
and immunosuppressive cells in PB samples. Because DARA has
demonstrated in vitro activity in depleting these cells, DARA may
represent a novel therapeutic approach to targeting the immune
microenvironment in solid tumors. Clinical trials in NSCLC are un-
derway (NCT03023423) and/or planned.
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Background
Immunogenic cell death (ICD) is the process by which stressed cells
exhibit translocation of markers including calreticulin and heat shock
proteins (HSPs) to the cell surface along with release of HMGB1 and
ATP. This activates toll-like receptors and adaptive immunity. Studies
in several cancer types suggest that oxaliplatin induces superior ICD
compared to cisplatin. This has never been studied in head and neck
squamous cell carcinoma (HNSCC).
Methods
Three HNSCC cell lines were treated with sublethal doses of the platinum
chemotherapy drugs cisplatin, oxaliplatin, and carboplatin for 48 hours.
Cell surface levels of HSP70 and calreticulin were then assayed by flow-
cytometry. Intracellular HMGB1, an indirect measurement of HMGB1 re-
lease, was also quantified. Release of HMGB1 was measured in the cell
culture supernatants. A syngeneic mouse model was then used to com-
pare the effects of cisplatin vs. oxaliplatin, alone or in combination with
anti-PD-1 immunotherapy, on tumor growth and survival. A subset of tu-
mors were analyzed for immune cell infiltrates by flow cytometry.
Results
All three platinum drugs induced translocation of HSP70 and calreticu-
lin to the cell surface, as well as release of HMGB1 in multiple cell lines.
Cisplatin was the superior ICD inducer in these cell lines. Cisplatin and
oxaliplatin induced similar tumor growth delay when combined with
anti-PD-1 immunotherapy in tumor-bearing, immunocompetent mice.
Conclusions
Treatment of HNSCC cells with platinum chemotherapy drugs appears
to induce ICD, which may enhance anti-tumor immunity. Cisplatin,
which is the standard chemotherapy drug for treatment of HNSCC, ap-
pears to be at least as effective as oxaliplatin as an ICD inducer in these
preclinical models.
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Background
The interaction between the innate and adaptive immune compo-
nents is fundamental for an effective antitumor immunity. Our stud-
ies in murine models of mastocytoma, kidney, breast and lung solid
tumors showed that productive antitumor effector response relies on
functional crosstalk between innate immune effectors—natural killer
(NK) cells, and adaptive immune effectors—cytolytic CD8+T lympho-
cytes. We found that this lymphocyte cooperativity between CD8+T
and NK cells can prevent the development of antigen-escape tumor
variants.
Methods
Using a nanofiber matrix engineered to provide lymphocytes a controlled
3D interaction, we found that activated CD8+T cells (CD69highCD25high)
formed multiple intercellular contacts with several naïve NK cells, while
naïve CD8+T cells made single or no contact with NK cells.
Results
In lymphocyte coculture (physical contact possible), activated CD8+T
and NK cells cross-regulated each other’s phenotype wherein NK cells
polarized activated CD8+T cells towards T central memory phenotype
and activated CD8+T lymphocytes induced acquisition of effector/
regulatory phenotype by naïve NK cells. This cross-regulation of lym-
phocytes disappeared in a trans-well system (no physical contact) in-
dicating the necessity of cell-to-cell physical interaction during CD8
+T—NK crosstalk. Notably, intercellular physical interaction led to
cross-regulation of mitoCa2+ oscillations in both activated CD8+T and
NK cells. Inhibition of mitochondrial Ca2+ uptake or Na+/Ca2+ exchan-
ger with Ru360 and CGP37157, respectively, mimicked observed
alterations in both lymphocytes. Further, NK cells displayed increased
oxidative signaling, Tyk2, Jak 1 and 3, Stat2 and Stat6 phosphoryl-
ation while inhibiting TCR- and various cytokine receptor-mediated
signaling. In turn, NK cells selectively restrained IL-2 signaling in CD8
+T cells by dampening activation-induced up-regulation of CD25,
Stat5 phosphorylation, IL-2 synthesis and elevation in IL-2 uptake.
Conclusions
These data suggest a model, where mitochondrial Ca2+ flux acts as a
key biological controller to guide cellular crosstalk allowing acquisition
of NK cell effector/regulatory and T cell central-memory phenotypes
upon their interaction. Further understanding of the characteristics and
regulatory factors involved in this NK—CD8+T cell physical play in the
tumor microenvironment will provide new insights on controlling im-
mune escape variants of tumor. This could lead to novel strategies for
effective cancer immunotherapies, with a potential of relapse-free sur-
vival in cancer patients.
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Background
Immune checkpoint blockade is able to achieve durable responses in a
subset of patients, however despite such significant clinical progress
we still lack a fundamental understanding of the mechanisms of anti-
CTLA-4 and anti-PD-1 induced tumor immune rejection. CTLA-4 and
PD-1 regulate T cell activation through different molecular and cellular
mechanisms and act at different stages of T cell activation. As such, we
hypothesized that anti-CTLA-4 and anti-PD-1 checkpoint blockade in-
duce tumor rejection through distinct cellular mechanisms.
Methods
To address this hypothesis, we utilized mass cytometry which enables
characterization of more than 40 parameters at single cell resolution and
unsupervised cellular classification. Using this approach, we comprehen-
sively profiled the immune infiltrates of MC38 and B16BL6 murine tumors
from mice treated with anti-CTLA-4, anti-PD-1, or control antibodies. We
also performed similar analyses of surgically resected melanomas from
patients being treated with checkpoint blockade therapy.
Results
In both tumor models, more than 13 distinct tumor infiltrating T cell
populations were identified. Both anti-CTLA-4 and anti-PD-1 checkpoint
blockade modulated the frequencies of only a subset of these tumor
infiltrating T cell populations. Furthermore, of multiple exhausted-like
CD8 T cell populations identified, the frequencies of only two subsets
correlate with outcome, suggestive of functional heterogeneity within
phenotypically exhausted T cells. Most notably, we find that anti-CTLA-
4, but not anti-PD-1, modulates the CD4 effector compartment by
inducing the expansion of Th1-like CD4 effector T cells. Observations
from mass cytometry analyses of surgically resected melanoma tumors
from patients being treated with anti-CTLA-4 or anti-PD-1 therapy were
consistent with these preclinical findings.
Next we utilized similar methodologies to investigate the cellular
mechanism of combination anti-CTLA-4 and anti-PD-1 therapy. Al-
though combination therapy largely enhanced effects observed in
monotherapies, combination therapy differentially modulated spe-
cific exhausted-like CD8 T cell populations. These data suggest that
combination therapy modulates T cell function and mediates tumor
rejection through mechanisms that are in part distinct from either
monotherapy.
Conclusions
Our findings indicate that anti-CTLA-4 and anti-PD-1 modulate spe-
cific tumor infiltrating T cell populations and utilize distinct cellular
mechanisms to induce tumor rejection. Anti-CTLA-4, but not anti-PD-
1, induces expansion of CD4 effector T cells. Furthermore, these data
suggest that combination therapy modulates T cell function differ-
ently than monotherapies. These findings have implications for the
rational design of combinatorial therapeutic approaches and expand
our understanding of the mechanisms that regulate T cell activity.
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Background
Radiotherapy (RT) is one of the three main arms of traditional cancer
therapy, and has been show to synergize well with immunotherapies in
preclinical models. Consistent with the findings of other investigators, in
immunogenic murine models of radiation therapy and immunotherapy
we have observed CD8+ T cell-dependent clearance of tumors given sin-
gle, high-dose radiation (20Gy) and anti-PD1 checkpoint blockade. In this
setting, RT has been proposed to generate tumor antigen-specific T cells
following the release of antigens by dying cancer cells, and PD1 block-
ade allows T cell control of residual cancer cells in the suppressive tumor
environment. We hypothesized that the role of radiation is to boost the
number of existing tumor antigen-specific CD8 T cells and drive an influx
of tumor-antigen reactive cytotoxic T cells into the tumor. If this hypoth-
esis is true, then providing T cells through other means should be suffi-
cient to replace radiation therapy in this therapeutic combination.
Methods
In order to deliver targeted beams of radiation, we use the Xstrahl
Small Animal Radiation Research Platform (SARRP). Tumor-reactive
CD8 T cell numbers were boosted using live-attenuated Listeria
monocytogenes vaccines against potent tumor-specific CD8 model
antigens. Nur77-GFP transgenic mice were used to measure antigen
recognition by T cells in vitro and in vivo.
Results
We demonstrate that RT generates marginal increases in tumor-antigen
specific T cells in the peripheral circulation. In order to determine
whether higher numbers of tumor-responsive CD8s were driving RT
plus checkpoint blockade efficacy, we vaccinated mice with attenuated
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Listeria expressing tumor-specific antigens. Using immunohistology and
flow cytometry we demonstrate that these antigen-specific cells were
present at high levels in the tumor. We demonstrate that antigen-
specific T cells generated by vaccination kill antigen-pulsed targets in
in vivo cytotoxicity assays, recognize cancer cells ex vivo, and respond
to tumor-associated antigen within the tumor. However, mice treated
with Listeria vaccination and PD1 blockade showed no tumor growth
control advantage when compared to controls, despite the high level
of antigen-specific T cells in the tumor.
Conclusions
These data demonstrate that while radiotherapy generates marginal
increases in the number of antigen-specific T cells, which are log-fold
fewer than generated by Listeria vaccination, RT is a superior partner
for combination with checkpoint blockade. We find that generating
large numbers of tumor antigen-specific T cells cannot substitute for
the efficacy of radiotherapy in combination with anti-PD1 checkpoint
blockade, and question whether the main driver of radiotherapeutic
efficacy is augmenting CD8 T cell numbers.

Mechanisms of Resistance to Immunotherapy
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Background
Epigenetic regulation of the immune system plays a significant role in
the response to immunotherapies. The potential for epigenetic modula-
tors to prime the immune system and increase the duration and fre-
quency of response to checkpoint inhibitors has been supported by both
pre-clinical and clinical evidence. ZEN-3694 is an orally available inhibitor
of the bromodomain and extra-terminal (BET) domain family of proteins
currently in phase I clinical trials in metastatic castration-resistant prostate
cancer (mCRPC) (NCT02705469 and NCT02711956). Previously, we have
shown that ZEN-3694 modulates multiple checkpoint receptors, immune
suppressive factors and cytokines in vitro, and acts synergistically with a
PD-1 mAb to inhibit tumor growth in a MC-38 syngeneic mouse model.
To follow up with these findings, we examined the ability of ZEN-3694 to
modulate the expression of Immuno-Oncology target genes in mCRPC
patients at multiple doses in our current phase 1 clinical trial.
Methods
The Nanostring nCounter® PanCancer Immune Profiling Panel was
used to measure immune marker expression in patient whole blood
RNA taken at 0, 4 and 24 h post dosing with ZEN-3694.
Results
ZEN-3694 modulates multiple checkpoints, suppressive factors and cyto-
kines in peripheral immune cells 4 hours after a single dose. Most of these
changes return to baseline at 24 hours, following clearance of the drug.
Significant effects were detected at all doses tested, including at well-
tolerated doses below the maximum tolerated dose. Multiple checkpoint
receptors, including TIM3 and PD-L1, chemokines CCL2/CCR2 and IL-8,
and the suppressive factors IDO1 and ARG1, were significantly inhibited 4
h post-dose across 16 patients. These results were also confirmed by real-
time PCR for several of these markers. Furthermore, mRNA levels of mul-
tiple co-stimulatory markers, including ICOSLG and CD28, were maintained
or induced. Several of these markers show a strong dose/exposure re-
sponse, and Ingenuity® Pathway Analysis suggests that lower doses may
be superior to higher doses for cancer immune response modulation.
Conclusions
Taken together, these data suggest that ZEN-3694 has the potential
to modulate multiple factors involved in adaptive resistance to thera-
peutic PD-1 blockade, and therefore may improve response rate and
duration in combination with a checkpoint inhibitor. This is the first
presented clinical evidence that a BET bromodomain inhibitor can
modulate PD-L1 and other relevant immuno-oncology targets in pa-
tients at therapeutically well-tolerated doses. Follow up studies to
correlate these changes with protein expression, immune cell activa-
tion, and tumor-specific targets in patients are underway.
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Background
Immunotherapy that targets the immunosuppressive interaction be-
tween the T cell activation-induced programmed cell death receptor
1 (PD-1) and its ligand PD-L1 and radiation therapy are used in the
management of a majority of metastatic non-small cell lung cancer
(NSCLC) patients. ATR is a DNA damage signaling kinase activated at
damaged replication forks and ATR kinase inhibitors potentiate the
cytotoxicity of DNA damaging chemotherapies and radiation
Methods
Here we show that ATR kinase inhibitors potentiate radiation-induced
tumor immune responses in genetically engineered and syngeneic
mouse models of Kras-mutant lung adenocarcinoma and colorectal car-
cinoma, respectively.
Results
ATR kinase inhibitors attenuate radiation-induced PD-L1 upregulation on
tumor cells and dramatically decrease the number of tumor infiltrating
Tregs. ATR kinase inhibitors further attenuate radiation-induced T cell ex-
haustion and increase T cell activity in the tumor microenvironment.
Conclusions
Our work raises the exciting possibility that a single pharmacologic
agent may enhance the cytotoxic effects of DNA damaging chemother-
apy and radiation while concurrently potentiating radiation-induced
tumor immunity.
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Background
There is growing evidence that oncogenic pathways in tumor cells can
impact the anti-tumor immune response and the efficacy of immuno-
therapy. Previously we showed that loss of PTEN inhibits immune infil-
tration and promotes resistance to immune-mediated tumor killing in
melanoma [1]. Although PTEN expression is generally uniform in mel-
anoma, we identified a cohort of melanoma metastases with distinct
areas with (+) and without (-) PTEN protein expression. Comparative
molecular and immune analyses were performed on the PTEN (+) and
(-) regions of these tumors to improve our understanding of the mech-
anisms, pathogenesis, and significance of PTEN loss.
Methods
Core biopsies were performed on formalin-fixed paraffin-embedded
FFPE blocks to isolate analytes from tumor-matched regions with (+)
and (-) PTEN expression by immunohistochemistry (IHC). DNA was
analyzed for somatic mutations and copy number variations (CNVs)
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in 200 cancer-related genes by next generation sequencing (NGS),
and globally for DNA methylation patterns by Illumina Infinium
Human Methylation450 arrays. Expression of proteins involved in sig-
naling pathways (n=42) and immune populations/regulators (n=40)
in distinct PTEN (+) and (-) regions within the tumors was quantified
by Nanostring Digital Spatial Profiling.
Results
NGS showed that PTEN (+) and (-) regions did not differ in overall muta-
tion patterns. PTEN (-) regions had increased rates of chromosomal loss
affecting PTEN, EMB and ZNF567; gain of LETM1, WDR17 and SPATA4 was
detected in PTEN (+) regions. Hierarchical clustering of DNA methylation
patterns demonstrated overall clustering of samples by tumor. Loss of
PTEN expression did not correlate with increased methylation of the
Pten locus, but differential methylation of several potential regulatory
transcription factors (Pax3, Gata2, Ikzf1, Pax5, and Gata5) was detected.
Proteomic analysis identified multiple signaling and immune related pro-
teins with significantly different expression between PTEN (+) and (-) re-
gions. Loss of PTEN correlated with significantly increased P-AKT and P-
P70S6K, consistent with increased activation of PI3K-AKT-mTOR signal-
ing, and significantly decreased VISTA, CD8A, and CD3. PD-L1 expression
did not correspond with PTEN status.
Conclusions
Intratumoral loss of PTEN in melanoma metastases corresponded
with genetic alterations in the Pten gene but not its methylation sta-
tus. Proteomic analysis supports that PTEN status corresponds locally
with PI3K-AKT pathway activation and with heterogeneity of compo-
nents of the anti-tumor immune response. Together the findings fur-
ther support the biological significance of PTEN loss in melanoma.
Consent to publish
All patients provided informed consent.
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Background
Neoadjuvant chemoradiation is the standard of care for patients with lo-
cally advanced rectal cancer with the intention of downstaging and
sphincter preservation prior to surgical intervention. Responses may be
limited, however, in part due to TGFb1 regulated resistance to these cyto-
toxic modalities. We have shown previously that blocking ALK5 signaling
through use of a small molecule inhibitor sensitizes CT26 tumor-bearing
mice to the effects of radiation in part by boosting CD8+ T cell mediated
cytotoxicity. The mechanism for this efficacy is currently unknown.
Methods
By using LY2157299 prior to 5-FU and hypofractionated radiation, tumor-
bearing animals elicit suboptimal T cell responses capable of controlling
tumor growth in a significant percentage of animals but fail to cure.
Results
Early results from a clinical trial of neoadjuvant TGFbR1 inhibition with
chemoradiation in 3 rectal cancer patients demonstrate objective clinical
responses and markers of enhanced anti-tumor immunity but indicators
of compensatory immunosuppression are also observed in surgically ex-
cised tissue. One visually prominent aspect in a proportion of these pa-
tients is the infiltration of plasma cells into tumor parenchyma. Typically
these fully differentiated B cells would be a hallmark of immune medi-
ated rejection through secretion of high affinity immunoglobulin, but
previous reports suggest they may also function to suppress cytotoxic T
cells through TGFb1, IL-10 and PDL1. Correspondingly, we also observe
increases in B regulatory populations and IL-10 expression in CT26 tumor
draining lymph nodes from treated animals.
Conclusions
As B cell subsets express apoptotic cellular receptors similar to mac-
rophages, we propose B cells may be one mechanism of resistance
to this combination therapy and the direct blockade of their activity
may optimize T cell effectiveness for patients with rectal cancer.
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Background
Despite the impressive impact generated by the anti-PD-1/PD-L1 anti-
body (ab) therapies in oncology, a significant percentage of patients
exhibit either primary or secondary resistance to these treatment mo-
dalities. The evolution of these resistance mechanisms to cancer im-
munotherapy remains poorly understood. Myeloid-derived suppressor
cells (MDSCs) have been demonstrated to suppress anti-tumor immun-
ity and previous work has shown the granulocytic subset of MDSCs (Gr-
MDSDCs) to migrate in response to CXCR2 chemokine gradients.
Methods
We utilized RNAseq differential gene expression analysis, serial tissue bi-
opsy qrt-PCR, and SILAC-AHA metabolic labeling mass spectrometry-based
differential secretome analysis to identify those genes and secreted pro-
teins upregulated in melanomas escaping anti-PD-1 ab therapy in an au-
tochthonous BRAFV600EPTEN-/- melanoma model. Multi-parameter flow
cytometry and immunohistochemistry were utilized to investigate MDSC
recruitment to tumor tissues. Lentiviral shRNA gene silencing and in vivo
CD8+ T cell ablation assays were conducted to define the underlying sig-
naling mechanisms driving MDSC recruitment to anti-PD-1 ab-treated
melanomas. Circulating melanoma cells (CMCs) were derived from patients
undergoing active anti-PD-1/PD-L1 ab therapy using a photoacoustic cy-
tometry technique for single cell qrt-PCR validation of pre-clinical findings.
Results
Autochthonous BRAFV600EPTEN-/- melanomas upregulate the expres-
sion of several CXCR2 ligands, including CXCL5, following escape
from anti-PD-1 ab therapy (Fig. 1A-B). This is associated with the
rapid recruitment of Gr-MDSCs and an inhibition of local CD8+ T cell
responses (Fig. 1C-D). We determined that melanoma CXCL5 expres-
sion is induced by a Wnt5a-YAP pathway and that Wnt5a is, in turn,
regulated by local CD8+ T cell killing and paracrine heat shock pro-
tein (HSP)-TLR2 signaling (Fig. 2). The individual genetic silencing of
Wnt5a and CXCL5 reverses Gr-MDSC recruitment in response to anti-
PD-1 ab therapy and sensitizes these BRAFV600EPTEN-/- melanomas to
checkpoint inhibition (Fig. 3). Indeed, blockade of Wnt-mediated signal-
ing with a OMP-54F28 'Wnt trap' diminishes Gr-MDSC recruitment and
augments the efficacy of anti-PD-1 ab therapy in this autochthonous
melanoma model (Fig. 4). Plasma levels of CXCL5 correlate with pro-
gression and anti-PD-1 ab escape in the transgenic melanoma model
while patient-derived CMCs also demonstrate CXCR2 ligand upregula-
tion following progression on anti-PD-1/PD-L1 ab therapy (Fig. 5).
Conclusions
A HSP-TLR-Wnt5a paracrine signaling axis mediates the recruitment of
Gr-MDSCs in response to anti-PD-1 ab therapy-mediated CD8+ T cell
killing and represents a novel adaptive resistance mechanism to cancer
immunotherapy. Additional studies are ongoing to exploit this pathway
as a strategy for augmenting the therapeutic efficacy of anti-PD-1 ab
therapy and for monitoring the development of immunotherapy resist-
ance in advanced melanoma patients.



Fig. 2 (abstract P385). Induction of CXCL5 in Melanomas Undergoing
Treatment with Anti-PD-1 Ab Therapy is Dependent Upon a Paracrine
HSP-TLR-Wnt5a Signaling Pathway. A. Qrt-PCR analysis shows that Wnt5a
stimulates the expression of several CXCR2 ligands in a BRAF(V600E)-
PTEN-/- melanoma cell line. B. Western blot analysis of nuclear YAP1
levels in response to Wnt5a stimulation in a BRAF(V600E)-PTEN-/- melan-
oma cell line. C. Immunohistochemistry studies show that CXCL5 expres-
sion is significantly suppressed in Wnt5a-silenced BRAF(V600E)-PTEN-/-
melanomas. D. SILAC-AHA metabolic labeling mass spectrometry-based
differential secretome analysis and RNAseq differential gene expression
analysis of BRAF(V600E)-PTEN-/- melanomas following treatment with
anti-PD-1 ab vs IgG isotype control ab. Several cellular stress pathways
identified as being upregulated in those melanomas undergoing anti-
PD-1 ab therapy. Several heat shock proteins including HSP70 noted to
be induced in anti-PD-1 ab-treated melanomas. E. BRAF(V600E)-PTEN-/-
melanomas express elevated levels of TLR2 and TLR4 based on qrt-PCR.
Western blot demonstrates that HSP70 and agonistic anti-TLR2 ab
stimulates Wnt5a expression in the BRAF(V600E)-PTEN-/- melanoma cell
line. F. top, CD8+ T cell levels and Gr-MDSC levels correlate significantly
in BRAF(V600E)-PTEN-/- melanomas only when treated with anti-PD-1 ab
therapy (p = 0.044). bottom, Ablation of CD8+ T cells diminishes the
recruitment of Gr-MDSCs in response to anti-PD-1 ab therapy. G. top,
Whole tissue Western blot analysis shows that anti-PD-1 ab therapy
induces the upregulation of Wnt5a and YAP1 in BRAF(V600E)-PTEN-/-
melanomas. bottom, Dot blot analysis shows that CXCL5 expression is
upregulated in the serum of transgenic BRAF(V600E)-PTEN-/- mice
undergoing treatment with anti-PD-1 ab therapy (red, blot density
analysis). Representative blots shown. All data is mean +/- SEM. *P<0.05

Fig. 3 (abstract P385). The Wnt5a-CXCL5 Pathway Drives Gr-MDSC
Recruitment in Response to anti-PD-1 Ab Therapy and Promotes
the Development of anti-PD-1 Ab Adaptive Resistance. A. Flow cy-
tometry analysis of Gr-MDSCs in Wnt5a-silenced BRAF(V600E)-
PTEN-/- melanomas. B. Immunohistochemistry of Gr-MDSCS in
Wnt5a-silenced BRAF(V600E)-PTEN-/- melanomas. C. Flow cytome-
try analysis demonstrates that Gr-MDSC recruitment in response to
anti-PD-1 ab therapy is ablated in Wnt5a-silenced BRAF(V600E)-
PTEN-/- melanomas. Representative flow cytometry dot plots
provided. D. IFNg ELISPOT and tissue immunofluorescence show
that melanoma Wnt5a silencing enhances the activation of TRP2-
specific CD8+ T cells and promotes the expression of PD-L1.
Representative images provided on the left. E. Wnt5a silencing
sensitizes BRAF(V600E)-PTEN-/- melanomas to anti-PD-1 ab therapy.
F. CXCL5 silencing suppresses Gr-MDSC recruitment and sensitizes
BRAF(V600E)-PTEN-/- melanomas to anti-PD-1 ab therapy.
Representative flow cytometry dot plots shown. All data is
mean +/- SEM. *P<0.05

Fig. 4 (abstract P385). Inhibition of Wnt Signaling Suppresses
Gr-MDSC Recruitment in Response to anti-PD-1 Ab Therapy and
Augments the Efficacy of this Checkpoint Inhibitor in a Transgenic
BRAF(V600E)-PTEN-/- Melanoma Model. A. Immunohistochemistry
of CXCL5 and Gr-1 in BRAF(V600E)-PTEN-/- melanoma tissue
undergoing treatment with anti-PD-1 ab therapy in the absence
and presence of OMP-18R5 (vantictumab, anti-Fzd7 ab) or
OMP-54F28 (ipafricept, Fzd8-Fc). B. Histologic analysis of resected
lung tissues to enumerate lung metastases in the transgenic
BRAF(V600E)-PTEN-/- melanoma model following the indicated
treatment regimens. C. Flow cytometry analysis of BRAF(V600E)-
PTEN-/- melanoma tissue following the indicated treatment
regimens. CD45+CD3+CD8+ T cells and CD45+CD4+FoxP3+
regulatory T cell (Treg) populations quantitated and expressed as a
CD8+ T cell : Treg ratio. D. TRP2 IFNg ELISPOT analysis performed
using harvested splenocytes from transgenic BRAF(V600E)-PTEN-/-
mice after undergoing the indicated therapy. Representative wells
shown on the right. All data is mean +/- SEM. *P<0.05

Fig. 1 (abstract P385). Escape from anti-PD-1 Ab Immunotherapy in a
Transgenic Melanoma Model Involves the Recruitment of Gr-MDSCs. A.
RNAseq differential gene expression analysis showing an upregulation of
several CXCR2 ligands following anti-PD-1 ab escape in a transgenic
BRAF(V600)-PTEN-/- melanoma model. B. RNAseq differential gene expres-
sion analysis demonstrating increased MDSC markers in BRAF(V600E)-
PTEN-/- melanomas following escape from anti-PD-1 ab therapy. C. Immu-
nohistochemistry and flow cytometry analysis demonstrating increased
levels of Gr-MDSCs in anti-PD-1 ab-treated versus IgG isotype control-
treated BRAF(V600E)-PTEN-/- melanomas. Representative IHC images and
flow cytometry dot plots are provided. D. Serial tissue biopsy and qrt-PCR
analysis of anti-PD-1 ab-treated versus IgG isotype control-treated
BRAF(V600E)-PTEN-/- melanomas. All data is mean +/- SEM. *P<0.05
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Fig. 5 (abstract P385). Circulating Melanoma Cell (CMC) Qrt-PCR
Analysis Demonstrates Enhanced CXCR2 Ligand Expression in
Progressing Melanoma Patients Following anti-PD-1/anti-PD-L1 Ab
Therapy. A. Schematic showing clinical specimen acquisition and
analysis work flow. Samples are harvested from patients before and
during checkpoint inhibitor immunotherapy. CMCs are enriched
through centrifugation, analyzed by the photoacoustic flow cytometer,
and subjected to integrated fluidic chip single cell qrt-PCR analysis of
select target genes. Samples positive for CD45 or negative for both
MART1 and S100 are excluded from analysis. Target gene expression
normalized to Ubb expression levels. 6 CMCs analyzed per patient time
point. B. Spider plot of target lesion tumor volume versus time for an
advanced melanoma patient undergoing anti-PD-L1 ab therapy. Blood
samples taken at week 0 prior to therapy and week 24. C. MART1
immunofluoresence analysis of captured CMCs. Brightfield images
shown on left. D. CMC single-cell qrt-PCR analysis and quantitation of
CXCR2 ligands and other target genes of interest in the same patient
described in B. Data has been normalized to week 0 expression levels
of respective target genes
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Background
While spectacular responses to cancer immunotherapy have been ob-
served, most responses are short-lived with ultimate tumor relapse.
Using a vaccine prime/oncolytic boost immunotherapy, we sought to
define robust biomarkers indicative of therapeutic response, response
durability, as well as changes leading to tumor relapse in a pre-clinical
mouse model of intraperitoneal metastatic ovarian cancer.
Methods
We utilized a heterologous prime/boost vaccine to treat ovarian can-
cer, combining an adjuvant-based vaccine with a novel oncolytic
Maraba viral vector to generate robust anti-tumor T cell responses.
To investigate treatment impact on both anti-tumor immunity and
local events within the tumor, we combined analyses of immune
cells within the tumor microenvironment with transcriptional profil-
ing of solid tumors, and pre-clinical MRI to directly monitor changes
in intraperitoneal tumors in response to therapy. This approach led
to the identification/testing of candidate combination treatments
with the potential to improve prime/boost vaccination.
Results
Heterologous prime/boost vaccination elicited robust tumor-specific
CD8+ T cell responses, with high numbers of therapy-induced CD8+ T
cells effectively trafficking to the tumor microenvironment. This
approach greatly improved tumor control and long-term survival com-
pared to vaccine priming alone, however the combination therapy was
not curative and cellular analysis suggested that T cells within the
tumor microenvironment were functionally suppressed. Tumor tran-
scriptional profiling revealed that prime/boost vaccination led to induc-
tion of numerous inflammatory processes, with gene signatures
consistent with CD8+ T cell infiltration, upregulation of multiple co-
stimulatory/ immune checkpoint receptors, and induction of chemo-
kine networks associated with lymphoid and myeloid cell trafficking.
Based on these signatures, we tested candidate combination therapies
to further enhance the impact of prime/boost vaccination, of
which checkpoint blockade using αPD-1 produced the greatest
benefit. Analysis of the response to prime/boost vaccination +
αPD-1 by MRI revealed significant intratumoral inflammation after
Maraba boosting followed by dramatic tumor regression, consist-
ent with pseudo-progression. Tumors were effectively controlled,
but ultimately relapsed. Using MRI guided assessment, treated tu-
mors were subsequently isolated during all phases of this re-
sponse and subjected to RNAseq analysis. The findings from
these studies will be presented.
Conclusions
Our data suggest that interrogating the tumor microenvironment
during the course of vaccine prime/oncolytic boost immunotherapy
can identify candidate therapeutic targets, as well as key biomarkers
of therapeutic response and/or intratumoral changes leading to
tumor progression.
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Background
Checkpoint blockade (anti-PD1/PDL1) has displayed striking, durable re-
sponses in cancer patients; however, many still succumb to disease. The
underlying reasons for this lack of response remain obscure. Therefore,
identifying resistance mechanisms to current immunotherapies is critical.
While regulatory T cells (Tregs) are required to maintain immune homeo-
stasis, they are also a major barrier to the anti-tumor immune response,
and as such, are an attractive therapeutic target. We have previously
shown that intratumoral Treg stability is reliant on the Neuropilin-1
(Nrp1):Semaphorin-4a axis. In its absence, Tregs become fragile and se-
crete IFNγ while maintaining Foxp3 expression [1,2]. However, 1)
whether Treg fragility is required for response to immunotherapy, and 2)
the underlying Treg-mediated mechanisms of immunotherapeutic resist-
ance in mice and patients remain unclear.
Methods
We utilized syngeneic tumor models, including MC38 (anti-PD-1
sensitive) and B16.F10 (anti-PD-1 resistant) in both Foxp3Cre-YFP and
Ifngr1L/LFoxp3Cre-YFP mice. Mice were treated with various immunother-
apies to assess the role of IFNγ signaling by Tregs in mediating resistance.
In addition, we are assessing the direct effect of IFNγ in vivo through the
use of novel delivery mechanisms. Lastly, we are determining the impact
of Treg fragility on patient response rate after PD-1 blockade in meta-
static melanoma and head and neck squamous cell carcinoma.
Results
Using Foxp3Cre-YFP and Ifngr1L/LFoxp3Cre-YFP mice, we found that re-
sponse to PD-1 blockade required IFNγ-induced Treg fragility, as
Ifngr1L/LFoxp3Cre-YFP mice treated with anti-PD1 were completely re-
sistant to therapy. In addition, PD-1 blockade led to increased IFNγ
secretion by Tregs, an effect that was absent in Ifngr1L/LFoxp3Cre-YFP

mice. Furthermore, pre-treatment of tumor-derived Tregs with IFNγ
led to significantly reduced suppressive function in both mouse and
human Tregs. We are currently extending our studies to patients
treated with anti-PD1 in order to determine whether Treg fragility is
associated with immunotherapeutic response.
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Conclusions
Overall, we have shown that IFNγ-induced Treg fragility is required for
anti-PD1 response and that IFNγ leads to reduced Treg suppressive
capacity while maintaining Foxp3 expression. These studies uncover
a novel potential resistance mechanism to immunotherapy, and pro-
vides an avenue to target Tregs selectively in the tumor microenviron-
ment to bolster current immunotherapies.
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Background
The pro-tumoral role of neutrophils in chronic inflammation in car-
cinogenesis and metastasis has been well-reported in the animal
models in the literature.[1] However, the role of neutrophil-to-
lymphocyte ratio (NLR) and the acquired resistance to PD1/PD-L1 in-
hibitors (PD1/PD-L1i) in advanced non-small cell lung cancer patients
(NSCLC) has not been described.
Methods
We retrospectively evaluated 115 advanced NSCLC patients who
received PD-1 and PD-L1 inhibitors as their second-line therapy after
platinum-based chemotherapy. Two groups were defined: Progres-
sors (P) as patients who had radiographic and clinical progression
after at least 2 months of treatment and Clinical Durable Responders
(CDR) as patients with at least treatment duration of 6 months and
ongoing response. Patients with baseline NLR > 10 were excluded.
We performed paired-samples T test to analyze the difference of
each patient’s NLR at baseline and at progression in P group. In CDR
group, the difference of each patient’s NLR at baseline and at cen-
sored time while receiving ongoing PD-1/PD-L1i above 6 months
were compared. Mann-Whitney test was performed to compare indi-
vidual patient’s NLR at baseline and at progression with the presence
of bone metastasis.
Results
There were 72 patients in P group and 43 patients in the CDR group.
Total 82 patients received nivolumab, 25 patients received pembroli-
zumab, and 8 patients received atezolizumab. The duration of clinical
response in P ranged from 2 to 17.4 months and 6.5 to 23.8 months
in CDR group. The mean NLR at baseline in P group was 4.89 and
6.59 at progression. Patients in P group had statistically significant in-
creases of NLR at progression with mean increase of 1.69. The 95%
confidence interval was 3.04 to 0.35 (p-value = 0.01). However, there
was no statistical difference between the NLR at baseline and
censored time while receiving ongoing treatment in CDR group
(95% C.I.: -1.90 - 0.822, p-value=0.428). Bone metastasis did not
correlate with the degree of NLR. (p=0.56) Patients who received
corticosteroid at the time of progression were not included in
the study.
Conclusions
Persistent increase of NLR may represent unfavorable pro-tumoral in-
flammation and can represent unfavorable peripheral balance of PD-
1 and PD-L1 interplay in myeloid-effector T cell immune synapse.
This may serve as acquired resistance mechanism of PD-1/PD-L1i and
warrants further investigation.
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Background
Immunotherapy has improved clinical outcomes for a subpopula-
tion of melanoma patients, but over half of treated patients
develop primary or secondary resistance. Current efforts are thus
focused on developing combinatorial strategies involving im-
munotherapy and other treatment modalities, such as targeted
therapy, to improve clinical outcomes. We aimed to identify fac-
tors that regulate the tumor cell response to T cell mediated
cytotoxicity, with the goal to develop more efficacious treatment
combinations.
Methods
A high-throughput screen of 850 bioactive compounds was used to
identify proteins/pathways that confer resistance to T cell mediated
cytotoxicity (Fig. 1A). A comboscore was calculated for apoptosis
(cleaved caspase-3) induced by combined compound and T cell
treatment compared to either treatment alone (Fig. 1B). A library of
576 ORF was subsequently used to identify proteins that induce resist-
ance to T cell mediated cytotoxicity. The genes with the lowest combo-
score in the ORF screen were analyzed using Nanostring on 23 samples
from adoptive cell therapy (ACT) treated melanoma patients. One of
the hits was further validated using in vitro and in vivo assays.
Results
After challenging melanoma cell lines with the compounds and
autologous TILs, Aurora kinase inhibitors (AURKi) obtained a high
comboscore. Two Aurora kinase inhibitors were validated to
synergize with T cell mediated cytotoxicity in multiple melanoma
cell lines (example of enhanced cytotoxicity in one cell line
shown in Fig. 1C). Complementary to this finding, Aurora kinase
A (AURKA) and AURKB overexpression induced resistance to T cell
cytotoxicity. Additionally, patients who did not respond to ACT
expressed higher levels of AURKA compared to responding pa-
tients (p=0.04), further demonstrating the relevance of Aurora
kinase in immune suppression. The combination of AURKi
AZD1152 and anti-CTLA4 significantly reduced tumor growth
(p<0.05) and enhanced survival (p<0.01) as compared to either
therapy alone in an MC38/gp100 in vivo model. Ongoing studies
are now aimed at identifying the molecular mechanisms by
which AURKi enhance T cell mediated cytotoxicity.
Conclusions
Aurora kinase inhibition may not be cytotoxic per se, but we
showed that AURKi treatment sensitizes tumor cells to T cell me-
diated cytotoxicity and enhances the efficacy of immunotherapy.
The combination of AURKi treatment and immunotherapy may
thus induce an effective and durable response in melanoma pa-
tients, making Aurora kinase inhibitors a promising combination
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strategy with immunotherapy, especially for patients who do not
respond to immunotherapy alone.
Fig. 1 (abstract P389). Aurora kinase inhibitors were identified to
enhance T cell mediated cytotoxicity. (A) Patient derived melanoma
tumor cells were incubated with one of 850 different compounds
per well in triplicate in a high-throughput screen. After 24 hours, the
compound was washed off and the tumor cells were co-cultured
with autologous TILs for three hours, followed by intracellular
staining for cleaved caspase-3. The percentage caspase-3 positive
tumor cells is used as a read-out for the amount of apoptosis among
DDAO stained tumor cells. (B) The comboscore is calculated to
assess the enhanced cytotoxicity of combined compound and
TIL treatment over either treatment alone. (C) Mel2549 cells were
treated with 2uM AZD1152 or DMSO, TIL at a 3:1 E:T ratio or the
combination of AZD1152 and TIL. Four other patient derived
melanoma cell lines showed similar enhanced cytotoxicity for
the combination treatment
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Background
The immunosuppressive tumor microenvironment and chronic T cell
stimulation that occurs in the presence of cancer results in CD8 T cell
dysfunction that has been difficult to reverse with immunotherapy (IT)
alone. This dysfunction can be separated into two categories of anergy
and exhaustion. Anergy being a poor proliferative response to stimula-
tion after initial priming with inadequate costimulation or suboptimal T
cell receptor ligation, and functional exhaustion being the inability of T
cells to kill or produce effector cytokines in response to stimulation. We
hypothesized the addition of ionizing radiotherapy (RT) to IT with agon-
ist αOX40 & blocking αCTLA-4 antibodies would reverse tumor associ-
ated CD8 T cell anergy and exhaustion.
Methods
We utilized a model of CD8 T cell anergy in which transgenic, OVA-
specific, OT-I CD8 T cells are adoptively transferred into centrally toler-
ant POET-1 mice bearing OVA expressing tumors. After development of
anergy/exhaustion, 21 days after transfer, animals were treated with a
single 20 Gy fraction of RT, αOX40/αCTLA-4, or combined IT/RT. To as-
sess anergy/exhaustion in endogenous CD8 T cell responses, CT26
colon carcinoma bearing BALB/c mice were treated with IT, RT, or
combined IT/RT either 10 or 17 days after tumor implantation. The fre-
quency/function of tumor-specific (OT-I or AH1) CD8 T cells was moni-
tored in blood, lymph node (LN), and tumor infiltrating lymphocytes
(TIL). Reporter Nur77-GFP-OT-I CD8 T cells expressing green fluorescent
protein in response to TCR ligation were used to measure TCR signaling
following IT/RT.
Results
We demonstrate OT-I cells become anergic/exhausted and produce
few effector cytokines 21 days after adoptive transfer. Combination
therapy with IT/RT resulted in increased TCR stimulation (measured by
GFP expression) and reversed anergy (measured by proliferation) within
OT-I T cells in blood, LN, and TIL compared to IT or RT alone. Combin-
ation therapy was able to reverse functional exhaustion (measured by
cytokine production) within LN but not TIL in this model. In CT26 tumor
bearing mice combination IT/RT significantly increased (up to 4-fold)
the frequency of tumor-specific endogenous AH1 CD8 TIL and pre-
vented development of functional exhaustion within TIL compared to
IT or RT alone.
Conclusions
Combined ablative RT and IT with αOX40/αCTLA-4 results in increased
CD8 TCR signaling, reversal of T cell anergy, and can prevent or reverse
functional exhaustion in some cases. These novel results suggest the
addition of RT to IT can effectively reverse tumor-associated T cell dys-
function where IT alone is insufficient and provide rationale for early
phase clinical trial design.
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Background
A significant proportion of cancer patients do not respond to im-
mune checkpoint blockade therapy. To deepen our understanding of
the mechanisms of action of this strategy, we explored the role of a
subset of CD4+Foxp3-negative T cells expressing PD-1 (4PD1hi),
which we found to be up-regulated after CTLA-4 blockade in associ-
ation with limited response to treatment.
Methods
4PD1hi frequency was monitored by flow cytometry. Their function
was tested in standard in vitro suppression assays and 3D collagen-
fibrin gel killing assays. RNAseq gene expression analyses were per-
formed on a Proton sequencing system at the MSK Genomics Core
Facility.
Results
We observed that 4PD1hi accumulate intratumorally as a function
of tumor burden in untreated tumor-bearing hosts. In addition,
mouse and human circulating and intra-tumor 4PD1hi inhibit T-
cell functions in a PD-1/PD-L1 dependent fashion. Interestingly,
CTLA-4 blockade promotes intratumoral and peripheral 4PD1hi
increases in a dose-dependent manner, while combination with
PD-1 blockade mitigates this effect and significantly improves
anti-tumor activity. In keeping with these observations, we found
that patients have a significantly higher risk of death if high
4PD1hi levels persist after PD-1 blockade. Mechanistically, we pro-
vide evidence that mouse and human 4PD1hi resemble follicular-
helper-T-cell(TFH)-like cells and that CTLA-4 blockade increases B-
cell co-stimulatory potential in vivo and in vitro, pointing to
4PD1hi as a possible downstream effect of enhanced T-cell prim-
ing during CTLA-4 blockade.
Conclusions
These findings broaden our understanding of the incremental activ-
ity of combination checkpoint blockade. They also provide a new



Fig. 1 (abstract P392). See text for description

Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):87 Page 193 of 244
pharmacodynamic and prognostic biomarker that may inform the
design of optimal combination schedules and checkpoint blockade
dosage.

Microbiome
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Background
Microbiota may have a role in the carcinogenesis of colorectal cancer
(CRC) through chronic low-grade inflammation and the influence of
microbiota-derived metabolites on host metabolism and immune
function.[1,2] Microbiome diversity was significantly different be-
tween patients with melanoma who responded to anti–PD-1 therapy
and those who did not respond.[3] Here, we explore the relationship
between microbiota and response to nivolumab ± ipilimumab in pa-
tients with deficient DNA mismatch repair/microsatellite instability-
high (dMMR/MSI-H) CRC enrolled in CheckMate 142 (NCT02060188).
Methods
Patients received nivolumab 3 mg/kg Q2W or nivolumab 3 mg/kg +
ipilimumab 1 mg/kg Q3W × 4 doses followed by nivolumab 3 mg/kg
Q2W until discontinuation. 16S ribosomal RNA sequencing was per-
formed on baseline stool samples. Alpha diversity and differential
measures of operational taxonomic units were evaluated at each taxa
level. Microbiota differences were compared between patients with
an investigator-assessed best overall response (BOR) of partial re-
sponse (PR) vs those with a BOR of progressive disease (PD). Due to
small patient numbers, those treated with nivolumab and nivolumab
+ ipilimumab were combined for the analysis.
Results
Baseline stool samples were collected from 72 patients. Among these
patients, BORs of PR were achieved in 25, stable disease in 31, and PD
in 14; 2 were not evaluable. Alpha diversity was not statistically differ-
ent between patients with a BOR of PR vs those with PD. The abun-
dance of Actinobacteria Micrococcaceae was 2.7-fold lower in patients
with a BOR of PR compared with patients with a BOR of PD (P=0.0009;
Fig. 1); significant differences were also observed in the genus Rothia
(2.7-fold lower in patients with a PR; P=0.0007). These results remained
significantly different (P=0.04) after corrections for false discovery rate.
Analyses on additional microbiota will be presented.
Conclusions
Patients with dMMR/MSI-H CRC who achieved a BOR of PR with nivo-
lumab ± ipilimumab treatment were found to have a lower abun-
dance of Actinobacteria Micrococcaceae, and in particular, the genus
Rothia, compared with those with a BOR of PD. These results suggest
that there may be differences in the gut microbiota of patients with
dMMR/MSI-H CRC who respond to treatment with checkpoint inhibi-
tors vs those who progress. Additional analyses investigating correla-
tions with tumor immune phenotype and microenvironment, and
other clinical parameters, are warranted.
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Background
Checkpoint inhibitors (CPI) have improved clinical outcomes in vari-
ous cancer types, including mRCC [1]. Predictive factors of benefit
from CPIs are not well defined. Relationship of the microbiome to
benefit from CPIs has been suggested in preclinical studies [2]. Here
we provide the first evidence of association between microbiome
composition and response to nivolumab in mRCC patients (pts).
Methods
Stool samples were prospectively collected from pts with mRCC at
3 time points relative to nivolumab treatment (baseline, week 4
and week 12) and used to assess gut microbiota composition in
two different groups: responders (R; including complete/partial re-
sponse and stable disease) and non-responders (P; primary progres-
sion). In short, microbial DNA was extracted, 16s rRNA gene tags
(v4) were generated by PCR amplification and sequenced using
MiSeq (Illumina). Sequence reads were processed by Mothur soft-
ware, assembled in operational taxonomic units (OTUs), taxonomic-
ally annotated to the level of genus and used to construct Bray-
Curtis dissimilarity matrices. The similarity of samples was visualized
by principal coordinates analysis (PCoA) and further confirmed by
k-means clustering (k=2) and ANOSIM tests. Differentially abundant
taxa were determined by METASTATS and compared between R
and P.
Results
Of 11 pts, 9 were evaluable for response. In this study, 25,304 OTUs
were attributed to 165 genera from 8 phyla. PCoA analysis reveals
that the first two principal coordinates can explain 49.2% of data set
variation. Subsequent k-means clustering shows an almost complete
separation of microbiota in R and P groups. The produced clusters al-
most perfectly aligned with R and P groups, although ANOSIM of this
separation was not significant (p=0.07). The analysis of microbiota
membership in P and R groups revealed 4 differentially abundant
taxonomic units at the genus level (Fig. 1), with 2 present above 1%
abundance. Namely, Roseburia spp and Faecalibacterium spp were
significantly elevated in R as compared to P (p<0.05). Notably, no sig-
nificant differences were noted in Bifidobacterium spp or Bacteriodes
spp in R and P (P=0.15 for both).
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Conclusions
Our results are the first to associate specific microbial genera to nivo-
lumab response in mRCC and warrant confirmation in larger series.
Furthermore, manipulation of the stool microbiome as a means of
modulating nivolumab response should be investigated.
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Fig. 1 (abstract P393). Relative abundance of selected genera
demonstrating significant differences between responders (R) and
progressors (P). P: Primary progression group. R: Responders group
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Background
Anti-PD-1-based immunotherapy is having a major impact on cancer
outcomes, but only a subset of patients respond favorably. To predict
response and ultimately improve therapeutic efficacy, it is of interest
to identify variables that cause this inter-patient heterogeneity. Pre-
clinically, commensal bacterial species have been demonstrated to
modulate spontaneous anti-tumor immunity and the outcome of im-
munotherapy and chemotherapy in mice (1-3). Here, we examine the
association between gut microbiota composition and response to
anti-PD-1 immunotherapy in patients with melanoma.
Methods
Stool samples were collected from 42 metastatic melanoma patients
prior to immunotherapy and microbial composition was analyzed
through an integration of 16S rRNA gene sequencing, metagenomic
shotgun sequencing, and quantitative PCR for selected bacteria. Clin-
ical response was determined using Response Evaluation Criteria In
Solid Tumors (RECIST) version 1.1. Germ-free mice were colonized
with stool from responding and non-responding patients, and tumor
growth kinetics and anti-tumor immune responses were evaluated.
Results
There were 16 responders and 26 non-responders. There was a sig-
nificant association between the commensal microbiota composition
and clinical response. Sixty-two operational taxonomic units (OTUs)
assigned from the 16S rRNA gene sequencing dataset were
differentially abundant in responders relative to non-responders.
Forty-three of these OTUs were assigned potential species-level iden-
tities, based on metagenomics sequencing of the same stool sam-
ples. Selected responder-associated species, including Bifidobacterium
longum, Akkermansia muciniphila, Collinsella aerofaciens, and Entero-
coccus faecium were also confirmed by quantitative PCR. Reconstitu-
tion of germ-free mice with fecal material from a responding patient
led to improved tumor control, augmented T cell responses, and a
distinct microbiota compared to a non-responding patient.
Conclusions
Our results indicate a correlation between the abundance of certain
gut bacteria and clinical response to anti-PD-1 immunotherapy in
cancer patients, and suggest a mechanistic impact of the commensal
microbiota on anti-tumor immunity
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Background
Immune checkpoint inhibitors (ICPI) has been approved for several
cancers. The association between tumor mutational burden (TMB)
and ICPI has been previously studied and high TMB is associated
with prolonged progression free survival (PFS) after ICPI. DNA repair
gene aberrations (GAs) including those leading to microsatellite in-
stability (MSI) is associated with response to ICPI. Data regarding this
in biliary tract cancers (BTC) are limited.[1]
Methods
A comprehensive genomic profiling of 422 formalin-fixed, paraffin-
embedded tumor tissue from BTC patients, including 92 gall bladder
cancer and 330 cholangiocarcinoma, was performed using next gener-
ation sequencing. We included 20 DNA repair genes that were previ-
ously described.[1] These included direct DNA repair genes (ATM, ATR,
BRCA1, BRCA2, FANCA, FANCD2, MLH1, MSH2, MSH6, PALB2, POLD1, POLE,
PRKDC, RAD50, SLX4) and caretaker genes that induce genomic instability
(BAP1, CDK12, MLL3, TP53, BLM). TMB was calculated in 205 samples by
counting the number of mutations across a 1.25Mb region and classified
into three groups; low (< 6 mutation/Mb), intermediate (6 – 19 muta-
tion/Mb), and high (≥20 mutation/Mb). We assessed MSI status by a
computational algorithm examining 114 intronic homopolymer loci.
Results
Direct DNA repair genes were identified in 61 BTC tumors (14.5%) in-
cluding GAs in ATM (5.5%) or BRCA2 (2.1%). Majority of the tumors
had GAs in caretaker genes (42.9%), predominately in TP53 (33.4%),
and BAP1 (9.5%). However, FANCD2, POLD1, POLE, PRKDC, RAD50,
SLX4, BLM mutations were not identified in our cohort. TMB was eval-
uated in 205 patients. Among patients with direct DNA repair GAs, 20
out of 35 (57.2%) had intermediate or high TMB as compared with
47 out of 170 (27.7%) patients without direct DNA repair GAs (P <
.0001). Patients with caretaker GAs also had significantly higher TMB



Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):87 Page 195 of 244
[intermediate and high (48.4%)] than patients without these muta-
tions (P < .0001). MSI was determined in 88 patients and classified as
stable, ambiguous, and high. All patients with MSI high had direct
DNA repair GAs (P < .0001).
Conclusions
DNA repair GAs occur at a relatively high frequency in BTC and are
associated with higher TMB and MSI. Future clinical trials targeting
this subgroup with ICPI are warranted.
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Background
Molecular characterization of pre-invasive and invasive bronchial
lesions can provide insights into the mechanisms behind genesis and
development of squamous cell carcinoma, revealing potentially promis-
ing new biomarkers for early detection and treatment of lung cancer.
Methods
At 8 different morphological stages of lung squamous carcinogen-
esis, from normal, to low grades dysplasia, high grades dysplasia, to
carcinoma, fresh frozen human bronchial biopsies (n=122) were
subjected to gene expression profiling (Agilent microarrays) from 77
patients. A linear mixed-effects model was applied to infer modules
of gene co-expression, adjusted for smoking status, gender, and can-
cer history as fixed effects, and patient as a random effect. Immune
cell-specific gene signatures were used to characterize the immune
response through the different development stages.
Results
The gene expression alterations could distinguish four groups of succes-
sive stages of development. There were eight modules of co-expressed
genes with different expression patterns across the stages: up- or down-
regulation among the early or late steps, linear increase or decrease in
expression, and a biphasic pattern. Transitioning to early grade, there
was a depletion of immune gene expression. However, at the transition
to high-grade dysplasia, there was a significant up-regulation of im-
mune/inflammatory response genes, representing T helper 1, myeloid
cells, as well as co-inhibitory and co-stimulatory molecules.
Conclusions
At a critical stage of carcinogenesis there is a significant modification
of the immune response. The up-regulation of immune genes in
high-grade suggests a major role of the surrounding microenviron-
ment thorough adaptive and innate immune response, but also a
tumor versus host immunosuppressive response before tumor inva-
sion across the basal membrane. This analysis may identify promising
new immune signatures of carcinogenesis, and may provide novel
therapeutic targets for lung cancer.
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Background
Background – Tumors with high mutation load respond to therapy
with immune checkpoint inhibitors. Hence high mutation load of a
tumor can act as a predictive biomarker to immuno-therapy. We
developed an Ion S5 Sequencing System assay to determine the mu-
tation status of solid tumors.
Methods
Methods: Our assay uses an FFPE sample, utilizing an Ampliseq
based target panel that covers 1.7 Mb of genomic DNA including
409 genes. The assay does not require matched normal sample to es-
timate the mutation status of a tumor.
Results
Results: Our panel exhibits >90% sensitivity and >95% specificity in dis-
tinguishing between high and low mutation burden samples. Using a
variety of public annotation sources, we have successfully eliminated
approximately 98% of germline variants. Matched tumor-normal ana-
lyses on 9 lung and colorectal samples suggested that our single sam-
ple analysis on tumor samples detects mutation load with strong
correlation (r=0.9358) with tumor-normal analysis. On engineered con-
trol from Acrometix, mutation load count consistently comprise true
mutations with positive predictive value of 89%. To assess reproducibil-
ity, we compared the mutation load in library replicates for a cohort of
10 samples (FFPE and fresh frozen tumors, Acrometrix control, and NIST
cell-lines) and observed high correlation (r=0.9948).
Conclusions
We have developed a single tumor-only assay for accurate estimation
of tumor mutation burden, useful for cancer immuno-therapy re-
search and development.
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Background
T cells have amazing potential to eliminate tumor cells throughout the
body, evidenced by the clinical success of immunotherapies designed
to enhance T cell function like immune checkpoint blockade and
chimeric antigen receptor T cell (CAR-T) therapies. Expanding success
to a broader number of patients is a top priority in the field. T cell
infiltration into tumors appears to be an important prerequisite for the
success of both immune checkpoint blockade and CAR-T therapies.
Thus, increasing T cell infiltration into tumors could have beneficial
therapeutic impact.
Methods
We have designed a forward genetic screen to identify T cell genes that
contribute to intratumoral T cell accumulation using Sleeping Beauty
(SB) transposon insertional mutagenesis in T cells. Our systematic
screen approach allows us to evaluate both loss- and gain-of-function
mutations across the entire genome in immunocompetent melanoma
and lymphoma models that preserve the complexity of the tumor
microenvironment. Importantly, the vast majority of genes we identi-
fied were not previously known to be involved in tumor-associated T
cell biology, and likely would not have been considered as drug targets
to enhance immunotherapy. These genes have the potential to modify
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important T cell functions including trafficking to the tumor, clonal ex-
pansion, and sustained viability once inside the tumor.
Results
We identified 312 tumor-enriched genes that were mutated in tu-
mors, but not the spleen, of individual mice. Twenty of these were
detected in more than one mouse, representing strong gene candi-
dates for validation. We demonstrate that one gene candidate is
functionally associated with T cell response to activation signals.
Specifically, CRISPR-mediated knockout of this gene in a murine T cell
line resulted in cytokine production defects after T cell receptor
stimulation. Additional screening has begun using other tumor
models and anti-PD-1 therapy. Preliminary data from these indicate
that few genes are conserved across tumor models and treatment
groups.
Conclusions
We are currently investigating the role of candidate genes in intratu-
moral T cell accumulation and immunotherapy enhancement using
an in vivo approach. Together, these experiments have the potential
to expand our understanding of T cell infiltration into tumors and
may provide previously unexplored strategies to rationally enhance
immunotherapy efficacy.
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Background
The effectiveness of cancer immunotherapy is determined by the
genetic basis of the patient’s tumor as well as the state of the tumor
microenvironment. For instance, tumor mutation burden (TMB) and
microsatellite instability (MSI) status correlate with patient response to
checkpoint inhibitors [1]. Also, the presence of immune cells in the
tumor microenvironment correlates with immunotherapy responsive-
ness. Thus, this project aims to develop a next-generation sequencing
(NGS) workflow that reports various biomarkers that can be used to
guide cancer immunotherapy selection. Here we present our data on
using whole exome sequencing (WES) and whole transcriptome se-
quencing (WTS) to report human leukocyte antigen (HLA) sequence,
TMB load, prioritized neoantigens, and presence of immune cells.
Methods
WES and WTS libraries were generated using Illumina’s TruSeq®
Exome and RNA Access library preparation kits, respectively. The
samples were paired-end sequenced (2x75bp) using HiSeq® 2000
and 2500 instruments.
Results
Here we demonstrate a workflow using tumor/normal WES and tumor-
only WTS to determine MSI status and expressed TMB load. We also
show data that WES can be used to haplotype HLA Class I genes with
97% accuracy. Using the HLA haplotype sequence, we computationally
predicted putative neoantigens and experimentally validated a subset,
as true binders to their respective major histocompatibility com-
plex. In addition, we applied FRICTION, a novel algorithm for cell
deconvolution, to WTS data extracted from bulk tumor to quantify
the fraction of immune cells present in the tumor microenviron-
ment. Our titration experiments demonstrated our method’s linear-
ity in quantifying CD4+ T cells, CD8+ T cells, and CD19+ B cells in a
variety of tissue backgrounds (median R2 > 0.97). Finally, we ap-
plied FRICTION to WTS data from melanoma samples extracted
from different subjects and showed that our workflow could also
quantify the fraction of immune cells in these samples when com-
pared to quantitation by flow cytometry.
Conclusions
In summary, we demonstrate the utility of a NGS workflow that uses
WES and WTS to report biomarkers relevant to immunotherapy and
characterize the inflammation status of the tumor microenvironment.
References
1. Rizvi, NA, et al. Mutational landscape determines sensitivity to PD-1 blockade

in non-small cell lung cancer. Science. 2016;348:1-13.

Oncolytic Viruses and Intratumoral Therapies

P401
Intratumoral expression of IL12 using the ZVex® dendritic cell-
targeting lentiviral vector exerts potent anti-tumor effects via
induction of multiple immune effectors, including CD8 T cell
responses
Tina C. Albershardt, Jardin Leleux, Rebecca S. Reeves, Jan ter Meulen,
Peter Berglund
Immune Design, Seattle, WA, USA
Correspondence: Tina C. Albershardt
(tina.albershardt@immunedesign.com)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P401

Background
Interleukin 12 (IL12), produced by antigen-presenting cells, plays a
pivotal role in the interplay between the innate and adaptive arms of
the immune system. IL12 treatment has been shown to augment
cytotoxic T lymphocyte and TH 1 responses and anti-tumor effects.
However, its use as a systemic therapeutic agent is limited due to
toxicity. Intratumoral administration of IL12 is therefore being ex-
plored as an alternative route. We have previously reported on the
strong anti-tumor effects of IL12 delivered intratumorally using Im-
mune Design’s dendritic cell-targeting lentiviral platform ZVex in vari-
ous murine tumor models. Here, we evaluated the mechanism of
action mediating the local and systemic immune responses induced
by intratumoral ZVex/IL12 in different animal models.
Methods
Tumor cell lines (B16 melanoma, CT26 colon carcinoma, 4T1 breast
cancer, A20 lymphoma, P815 mastocytoma, GL261 glioma) were im-
planted subcutaneously into mice. ZVex was engineered to express
murine IL12 and administered as a single intratumoral injection into
palpable tumors (50-100 mm3), typically at 7 days post-tumor inocu-
lation. Mice were monitored twice weekly for tumor growth and
survival. In lymphocyte depletion studies, anti-CD8, anti-CD4 or anti-
NK1.1 antibodies were administered twice weekly, and their effect on
immediate and long-term anti-tumor response was studied.
Results
A single intratumoral injection of ZVex/mIL12 induced complete tumor
regression in B16, CT26, A20, GL261, and P815 models, delayed tumor
growth in the 4T1 model. In mice depleted of either CD8 T, CD4 T, or NK
cells, complete tumor regression was still observed in 13-40% of mice.
However, only depletion of CD8 T cells together with CD4 T and/or NK
cells completely abrogated the anti-tumor response, suggesting that CD8
T cells are required but not sufficient effectors in ZVex/mIL12-mediated
anti-tumor control. Furthermore, depletion of CD4 T cells resulted in very
pronounced vitiligo, demonstrating that intratumoral ZVex/mIL12 pro-
foundly breaks self-tolerance, likely in the absence of regulatory T cells.
Conclusions
Taken together, the results demonstrate that intratumoral administra-
tion of IL12 induces complex protective cellular immune responses,
requiring CD8 effector T cells for maximum efficacy.
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Background
Oncolytic viruses are capable of direct tumor lysis along with the
ability to activated pro-inflammatory programs that may contribute
to the recruitment of adaptive immune effector responses. We use
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a recombinant poliovirus:rhinovirus hybrid, PVSRIPO, which has
tropism for neoplastic cells, due to the ectopic expression of the
poliovirus receptor, CD155, and a reliance on oncogenic signaling
to initiate viral protein translation. PVSRIPO is currently in Phase-I/II
clinical trials against recurrent glioblastoma multiforme (GBM). The
first patients treated with PVSRIPO are radiographically tumor-free
and clinically normal >52 months after single intratumoral infusion
of PVSRIPO. On May 10th, 2016, the FDA/CBER granted Break-
through Therapy Designation to PVSRIPO. A co-incidental finding
emerging from our ongoing trial is remarkable durable, complete
responses in patients upon treatment with chemotherapy following
tumor progression after PVSRIPO administration.
Methods
This study used syngeneic mouse tumor models (TRAMPC2 and
CT2A) to test the same chemotherapy combination used in the clinic.
Both the clinical trial and mouse study use chemotherapy doses that
induce severe lymphotoxic side effects which have been suggested
to augment antitumor immunity when combined with an immuno-
therapy regimen. To mirror what is done in the clinic the established
mouse tumors receive a single injection of PVSRIPO followed a week
later by a single round of the alkylating chemotherapeutic drug Tem-
ozolomide (TMZ). Tumor growth and end point immune cells popula-
tions were monitored.
Results
This study demonstrates that this PVSRIPO TMZ combination can
be tested in syngeneic mouse models resulting in both an in-
crease in survival and a delay in tumor growth over both
PVSRIPO and TMZ treatment alone. Our data also suggests that
this combination induces an increase in memory and infiltrating
Treg cell populations.
Conclusions
Ongoing work is being done to further validate these finding in mul-
tiple mouse tumor models including intra-cerebral brain tumors
models and to determine the mechanisms contributing to the syn-
ergy seen resulting from the PVSRIPO and chemotherapy combin-
ation. These intriguing results suggest that the memory T cells seen
after PVSRIPO chemotherapy combination may be responsible for
the new anti-tumor immune response. However, chemotherapy also
induced an increased tumor infiltrating inhibitory Treg cells. Future
work will look at ways to enhance this positive memory T cell popu-
lation while preventing intratumoral Treg cell accumulation.
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Background
Immunomodulatory cytokines, such as interleukin-12 (IL-12) are attract-
ive candidates for cancer immunotherapy. IL-12 is a pro-inflammatory
cytokine with potent anti-tumor effects; however, systemic administra-
tion of IL-12 shows limited clinical efficacy and dose-associated toxicity.
In preclinical and clinical studies, intratumoral (IT) delivery of IL-12 plas-
mid DNA by electroporation (EP) can provide a safe and effective alter-
native for efficacious dosing. To augment the effects of IL-12, we
developed a DNA plasmid platform that allows for delivery of agents
that modulate multiple immune pathways as well as tumor- or patient-
specific neoantigens. Polycistronic IL-12 Immune Modulator plasmid
(PIIM) is a single plasmid encoding IL-12, and a fusion of Flt3L to an
antigen. Flt3L is a ligand that stimulates dendritic cell (DC) maturation
and enhances antigen processing and presentation. The encoded anti-
gen can be a viral or shared antigen, or a patient-specific neoantigen,
which enables customization to patient populations, as well as provid-
ing an aid to monitoring antigen-specific immune response(s) that can
be correlated to patient outcomes. Here we demonstrate the first func-
tional characterization of PIIM.
Methods
Two PIIM constructs were created for functional characterization: PIIM-
OVA (IL12~Flt3L-OVA) for mouse experiments, and PIIM-NYESO1
(IL12~Flt3L-NYESO1) for testing in human cells. The expression and
functional activity of PIIM components were determined. Treated tu-
mors and spleens were assessed for transcriptional changes by Nano-
String® and phenotypic changes by flow cytometry. Systemic effects of
PIIM were assessed using a syngeneic two-tumor model of B16.F10 in
which only one tumor received IT-PIIM-EP while the other contralateral
lesion remained untreated.
Results
PIIM-OVA and PIIM-NYESO1 secrete functional IL-12p70, Flt3L-OVA and
Flt3L-NYESO1 fusion proteins as assessed by ELISA, flow and cell-based
assays. PIIM promotes DC maturation and antigen-specific T cell prolif-
eration both ex vivo and in vivo. Hydrodynamic-based gene delivery of
PIIM-OVA lead to splenomegaly and significantly increased splenic
CD11c+ DCs. Furthermore, IT-PIIM-EP lead to generation of splenic
OVA-specific CD8s and increased APM gene expression. When intro-
duced intratumorally in a mouse two-tumor model, IT-PIIM-EP delays
B16.F10 tumor growth in both treated and contralateral tumors com-
pared to untreated controls resulting in increased overall survival.
Conclusions
PIIM represents a novel approach to cancer immunotherapy. A
combination of functional immune modulators can be expressed lo-
cally in the tumor microenvironment that increase inflammatory in-
filtrate, enhances antigen presentation and produces a systemic T
cell response specific to the antigen encoded on the plasmid. This
customizable approach has the potential to improve therapeutic
outcome by enhancing adaptive-immunity and addressing patient-
specific neoantigens needs.
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Background
Enadenotucirev (EnAd) is a chimeric oncolytic group B adenovirus with
potent and selective anti-tumor activity against a range of epithelial
cancer cells, with a blood stability profile that enables systemic dosing
and has been administered intravenously to over 100 cancer patients.
As an approach to immunogene therapy targeting stromal rich tumors,
we have created transgene-modified variants of EnAd expressing a bi-
specific T-cell engager (BiTE) molecule recognizing human fibroblast ac-
tivating protein (FAP) on cancer associated fibroblasts (CAFs) and CD3
on T-cells. CAFs play a pivotal role in the development of solid carcin-
omas by facilitating invasion, coordinating angiogenesis and establish-
ing and maintaining an immune suppressive microenvironment in the
tumor stromal tissue. We hypothesize that production of BiTE proteins
by virus infected tumor cells could be an effective way of modifying
the stromal microenvironment to drive effective anti-tumor immunity
and would bypass delivery and safety issues related to systemic dosing
of BiTE proteins.
Methods
Bi-specific T-cell engager constructs comprising linked ScFv anti-
bodies specific for human FAP and CD3 were designed and used to
generate EnAd viruses expressing the BiTE such that transgene ex-
pression was under the control of either a CMV promoter or the virus
major late promoter to allow broad or tumor-selective expression, re-
spectively. Tumor and fibroblast cell lines, together with control BiTE
proteins and BiTE-encoding viruses, were used to evaluate initial ac-
tivities of the FAP-BiTE viruses prior to testing with freshly isolated
malignant peritoneal ascites from patients with advanced cancer.
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Results
We have shown that the viruses selectively express and secrete
functional FAP-specific BiTEs following infection of tumor cell lines. In
co-culture with FAP+ fibroblasts and PBMC-derived T cells this leads
to T cell-activation and cytotoxicity towards the fibroblasts. Similarly,
infection of primary malignant cancer ascites with FAP-BiTE-encoding
viruses led to polyclonal activation of endogenous T-cells and deple-
tion of FAP+ cells from the cultures. Unlike activation of T-cells with
anti-CD3/CD28, FAP-BiTE activation was also shown to be effective
even in the presence of immunosuppressive (cell-free) ascitic fluid
samples added to the cultures.
Conclusions
In this study, we have shown that CAFs can be effectively targeted
for T-cell mediated destruction by a FAP-BiTE transgene-bearing
oncolytic virus, with an associated strong activation of endogenous
T-cells to kill endogenous CAFs even in the presence of an immuno-
suppressive microenvironment. Systemic dosing of such a virus to
patients with stromal rich tumors may provide an effective approach
for driving effective anti-tumor immunity.
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Background
Cancer immunotherapy rely on adaptive immune responses against
tumor-associated antigens. The diversity of tumor antigens makes
the development of cancer vaccines a highly personalized endeavor.
Epitope spreading results from the induction of de novo responses
against tumor antigens not initially included in vaccines [[1]. Intratu-
moral therapies also require to induce de novo responses against
tumor antigen for abscopal therapeutic effect.
Human cytomegalovirus is highly prevalent in humans with polyfunc-
tional T cell responses expanding with age [2]. We questioned
whether redirecting pre-existing anti-cytomegalovirus T cells into
solid tumor could arrest tumor growth, induce epitope spreading,
and confer long-term anti-tumor immunity?
Methods
Persistently infected mice with mouse cytomegalovirus (MCMV) were
challenged with TC-1 tumor cells expressing human papillomavirus
(HPV) E6 and E7 oncogenes. We generated HPV pseudovirons express-
ing MCMV antigens or peptides derived from minimal MCMV epitopes.
These reagents were injected intratumorally together with the poly(I:C),
as adjuvant. We monitored tumor growth, survival and measured anti-
tumor CD8+ T cell responses against an E7 immunodominant epitope
using MHC-I tetramer and intracellular cytokine stainings. In rechallenge
experiments, we evaluated the induction of long-term anti-tumor im-
munity. Using PanCancerImmune panel (Nanostring), we analyzed the
tumor immune microenvironment after treatment.
Results
Transduction of TC-1 tumors with HPV pseudovirions expressing MCMV
antigens or peptidic MCMV epitopes caused the expansion of MCMV-
specific CD4+ and CD8+ T cells. These treatments also caused broad
modifications of the tumor immune environement. Intratumoral
injection of MCMV CD8 epitopes provoked the arrest of tumor growth.
Intratumoral injection of MCMV CD4 epitopes with poly(I:C) promoted
induction of E7-specific CD8+ T cells. Sequential administration of CD4
and CD8 MCMV epitopes together with poly(I:C) was the best protocol
to eradicate pre-existing tumor of 5 to 10mm3, and rechallenge experi-
ments showed anti-tumor immunity up to 4 months after the last
treatment.
Conclusions
Our results provide a proof of concept to design “antigen-agnostic”
intratumoral therapies based on pre-existing antiviral T cells. Such
approach change the tumor immune microenvironment, induce
epitope spreading, and confer long term anti-tumor immunity. These
findings prompt further evaluation in other spontaneous tumor
models and provide a model to decipher the mechanisms of epitope
spreading and the role of CD4 help.
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Background
Preclinical and clinical studies have shown that viral-based immuno-
therapy has the potential to overcome resistance to immune check-
point blockade and to fill the unmet needs of many cancer patients.
Oncolytic viruses are defined as engineered or naturally occurring vi-
ruses that selectively replicate in and kill cancer cells. Oncolytic vi-
ruses also induce antitumor immunity. We recently showed that
intratumoral (IT) delivery of inactivated modified vaccinia virus
Ankara (iMVA) induces antitumor systemic immunity via the STING-
mediated cytosolic DNA-sensing pathway and Batf3-dependent
CD103+/CD8α+ dendritic cells (DCs). The combination of IT iMVA and
systemic delivery of immune checkpoint blockade is highly effective
in treating large established tumors and distant metastasis [1]. MVA
is non-replicative in tumor cells, and therefore whether or not viral
replication is necessary for antitumor effects of IT oncolytic DNA virus
is unknown.
Methods
In the study, we engineered a replication-competent, attenuated
vaccinia virus (VC) by removing the Z-DNA-binding domain of
vaccinia virulence gene E3 and inserting murine GM-CSF gene
into the thymidine kinase (TK) locus (E3LΔ83N-TK--mGM-CSF). We
compared antitumor effects of live VC and iVC in murine tumor
models.
Results
We found that IT Heat-inactivated VC (iVC; by heating the live
virus at 55°C for 1 h) is more effective in generating systemic an-
titumor immunity than live VC murine tumor models. The antitu-
mor effects of live VC also requires Batf3-dependent DCs. IT Heat-
iVC induces higher numbers of infiltrating activated CD8+ and
CD4+ T cells in the non-injected tumors than live VC and is more
potent in depleting tumor-associated macrophages than live VC
in both injected and non-injected distant tumors. The surviving
mice treated with Heat-iVC are more effective in rejecting tumor
rechallenge than those treated with live-VC, indicating that IT
Heat-iVC generates stronger antitumor memory T cell responses
than live VC.
Conclusions
In conclusion, our results support the use the IT delivery of inacti-
vated vaccinia virus as a safe and effective cancer immunotherapy ei-
ther alone or in combination with immune checkpoint blockade
antibodies.
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Background
Immunotherapy for cancer is making impressive impacts in the clinic.
One strategy dating back to William Coley in 1900 is in situ vaccin-
ation. This approach puts immunostimulatory reagents into an identi-
fied tumor to break the local immunosuppression, stimulate a local
anti-tumor response and most importantly stimulate systemic antitu-
mor immune responses to eliminate metastatic disease. This is essen-
tially an antitumor therapeutic vaccination, because the tumor
provides the antigens and the adjuvants are the immunostimulatory
reagents, thus “in situ vaccination”. The approach has been part of
standard of care for superficial bladder cancer using BCG bacteria.
There are many immunostimulatory reagents that can be used and
each has different capabilities. We have done previous studies with
attenuated microorganisms including Toxoplasma gondii, and Listeria
monocytogenes.
Methods
Our recent focus has been on a plant virus that cannot infect ani-
mals, compea mosaic virus (CPMV). Complete CPMV or CPMV lacking
nucleic acids (eCPMV) are grown in plants and biochemically
purified.
Results
CPMV nanoparticles were used in mouse cancer models and commu-
nity dogs with oral melanoma and other tumors. These particles are
composed of assembled viral capsid proteins. eCPMV has no nucleic
acids and no recognized immunostimulatory reagents. However,
eCPMV is strongly immunostimulatory through unknown pathways
and causes changes in the tumor microenvironment that lead to pri-
mary tumor reduction or elimination and potent resistance to meta-
static tumors (1). The treatment is immune-mediated but response in
the lungs requires different immune components than response in
flank tumors of the same B16F10 melanoma cell line. Tumor reduc-
tion or elimination occurs in many anatomic locations with multiple
tumor types and in multiple strains of inbred mice. Treatment of pri-
mary tumors by direct intratumoral injection mediates robust rejec-
tion of a rechallenge with the same tumor. Response in community
dogs was highly effective at both eliminating the local tumor and
resisting metastatic disease. The mechanisms and pathways of immu-
nostimulation are under investigation.
Conclusions
In situ vaccination has considerable potential for clinical use. In
addition to the inherent immunostimulatory adjuvant properties of
CPMV, they are a versatile platform to which other reagents for im-
mune modulation can be attached. This demonstration of the value
of select viral-like nanoparticles for treatment of cancer opens a new
avenue of cancer immunotherapy.
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Background
Our laboratory has previously shown that immunogenic tumors
spontaneously activate the innate immune system through the
STING pathway. The STING pathway senses cytosolic DNA, which acti-
vates a signal transduction pathway culminating in phosphorylated
IRF3 that translocates to the nucleus where it acts as a transcription
factor to induce several genes including IFN-β. STING signaling and
IFN-β receptor signaling in tumor-infiltrating immune cells, in turn,
are required for optimal priming of CD8+ T cells against tumor anti-
gens. Based on this notion, STING agonists were developed and
tested as a pharmacologic approach to activate the pathway.
Methods
We stimulated various cell populations present in the tumor micro-
environment as well as several tumor cell lines with STING agonists
to test their ability produce IFN-β and analyze each step in STING
pathway signaling.
Results
We observe that tumor cells themselves frequently fail to produce
IFN-β in response to STING agonists or cytoplasmic DNA, arguing
that loss of activation of this pathway might occur regularly as a
component of oncogenesis. Surprisingly, we find that tumor cells re-
tain expression of each gene in the STING pathway and STING signal
transduction is intact up to and including nuclear translocation of
IRF3. ChIP assays demonstrate IRF3 is unable to bind the IFN-β pro-
moter but can still bind the promoters of other genes.
Conclusions
These data indicate tumor cells fail to express IFN-β following STING
pathway activation due to a defect in transcription factor binding to
the IFN locus. Based on ChIP experiments the defect in IRF3 DNA bind-
ing may be specific to the IFN-β locus. Sequencing of the locus shows
no mutations in or around the binding site so we are currently investi-
gating epigenetic mechanisms regulating IFN-β gene expression.
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Background
Oncolytic adenoviruses are highly immunogenic and cancer-selective
but show limited efficacy as a single agent. Immune checkpoint modu-
lation has shown efficacy in a variety of cancers but is associated with
nonspecific T-cell activation, and has had a limited effect in tumors with
a nonimmunogenic microenvironment.Thus, combining these two
strategies likely resulted in both efficacious and specific cancer therapy.
To this end, we constructed the oncolytic adenovirus Delta-24-RGDOX
which expressed the immune co-stimulator OX40L. This new virus in-
duces a superior immunotherapeutic effect in immunocompetent
mouse glioma models than its predecessor Delta-24-RGDOX.
Methods
In a s.c./s.c. melanoma mouse model with B16F10-Red-FLuc cells,
Delta-24-RGDOX and/or anti-CD47 antibody were injected into the
first implanted tumor. The tumor growth of the first and second im-
planted tumors was monitored with bioluninescence. The survival
curves were plotted according to the Kaplan–Meier method. Survival
rates in the different treatment groups were compared using the
log-rank test. The immune cells in the tumor were isolated and ana-
lyzed with flow cytometry.
Results
Delta-24-RGDOX expressed OX40L effectively in mouse melanoma cells.
Compared to treatment with PBS, four doses of intratumoral injection
of the virus significantly inhibited the growth of both the injected tu-
mors and the untreated distant tumors, resulting in prolonged survival
of the mice with 40% long-term survival (P = 0.01). The surviving mice
is resistant to rechallenging with the same tumor cells but is
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susceptible to lung cancer cells, suggesting the development of im-
mune memory specific to the virus-injected tumor type. Through flow
cytometry analysis of the tumor-infiltrating lymphocytes, we found the
virus injection increased the presence of CD3+ T lymphocytes, CD3
+CD4+ helper T cells and CD3+CD8+ cytotoxic T cells in the tumor,
causing a decreased ratio of CD4+/CD8+ cells. To further increase the
efficacy of Delta-24-RGDOX, we combined the virus with intratumoral
injection of an antibody against CD47, a “don’t eat me” signal overex-
pressed on tumor cell surface to protect them from phagocytosis. We
found high expression levels of CD47 in cultured B16 cells and the
tumor cells from the xenografts. Intratumoral injection of Delta-24-
RGDOX caused much more phagocytes presented at the tumor site
than PBS treatment. Combination of anti-CD47 antibody with Delta-24-
RGDOX mediated longer survival time than the virus alone (median sur-
vival: 56 days vs. 26 days).
Conclusions
Delta-24-RGDOX induced efficacious local and systemic anti-melanoma
immunity in B16-C57BL/6 mouse model and combination of the virus
with anti-CD47 antibody further increased the therapeutic efficacy.
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Background
Pattern-recognition receptors (PRRs) are immunological sensors that ini-
tiate the host defense response against infections. They are located at
the cell surface, within endosomal compartments and in the cytoplasm,
where they are poised to recognize different molecular signatures asso-
ciated with invading pathogens. In addition to anti-infectious immunity,
the activation of RNA-sensing PRRs can mediate programmed cell
death of infected cells, which allows the host to efficiently block viral
replication by sacrificing infected cells. Transfection with certain types
of RNA ligands that stimulate RIG-I-like receptor (RLR) family can induce
type I interferon (IFN) and immunogenic cell death (ICD) in cancer cells,
which together orchestrate anti-tumor immune responses that can pre-
vent tumor recurrence and metastasis. Currently RNA-sensing PRR ago-
nists have demonstrated little or no overall benefit to patients with
cancers because of, mostly but not exclusively, toxicity driven by non-
specific induction of immune reactions. In this study, we generate and
screen multiple nuclease-resistant RNA molecules that can differentially
induce immunogenic cancer cell death with or without concomitant
expression of IFN-β, pro-inflammatory cytokines and pro-coagulation
mediators.
Methods
Therapeutic RNAs are designed using mFold RNA structure prediction
program and generated by in vitro transcription. All RNAs contain
5’triphosphate and 2’fluoro pyrimidine that are recognized by RLRs
and resistant to nucleases. Immunogenic cell death in human melan-
oma, pancreatic cancer and prostate cancer cells and PBMCs was an-
alyzed by western blot, ELISA and Flow cytometry. In vivo anti-tumor
effects of the RNAs were induced by intratumoral transfection with
RNAs into immunocompromised mice bearing human melanoma.
Results
We generated two novel and distinct ssRNA molecules (Immuno-
genic Cell- killing RNA (ICR)2 and ICR4). ICR2 and ICR4 differentially
stimulated cell death and PRR signaling pathways and induced differ-
ent patterns of cytokine expression in cancer and innate immune
cells. Interestingly, damage-associated molecular patterns (DAMPs)
released from ICR2- and ICR4-treated cancer cells had distinct pat-
terns of stimulation of innate immune receptors and coagulation.
Finally, ICR2 and ICR4 inhibited in vivo tumor growth as effectively as
polyI:C. ICR2 and ICR4 are potential therapeutic agents that differen-
tially induce cell death, immune stimulation and coagulation when
introduced into tumors.
Conclusions
ICR2 and ICR4 are potent PRR-stimulating cytotoxic agents against
human cancers. ICR2 and ICR4 have distinctive immune stimulatory
and coagulating activities. Combination of dual checkpoint inhibitors
and ICR4 and/or ICR2 would be a potent and effective anti-cancer
therapies against advanced cancers.
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Background
Unresponsive or refractory tumors are the main research objective in
cancer immunotherapy. Strategies that promote immunogenic tumor
cell death in the context of type I interferon (IFN) signaling can be
combined effectively with existing therapies that target checkpoint
inhibitors to boost anti-tumor immunity. BO-112 is a double-stranded
synthetic RNA currently undergoing phase I clinical trials for intratu-
mor injection. To enhance local antitumor immunity, BO-112 bears
poly I:C chains that trigger endosomal Toll-like receptor 3 and cyto-
solic helicases.
Methods
B16F10 and B16F10-OVA melanoma, MC38 colon carcinoma or
4T1 breast carcinoma cells (5 x 105) were implanted subcutane-
ously in the right flank of C57BL/6J and BALB/c mice; a second
tumor was engrafted in the left flank to evaluate distant antitu-
mor effects. Beginning 7-10 days post-implant, mice were treated
intratumorally with BO-112 only in the primary lesion. Therapeutic
efficacy was evaluated by monitoring tumor growth and survival,
and cellular responses were analyzed by multiparametric flow cy-
tometry. Antigen-specific CD8+ T cell in vivo priming was ad-
dressed by H-2Kb tetramer analysis in B16F10-OVA tumors. The
role of CD4+ or CD8+ T cells was studied by depletion and de-
pletion/rechallenge experiments. Combined BO-112 and anti-PD-
L1 (programmed death-ligand 1) antibody therapy was evaluated
in established B16F10 melanomas.
Results
In vitro and in vivo studies showed that BO-112 triggered cell death
in tumor cells of distinct tissue origins (melanoma, colon or breast
carcinoma). The cytotoxic effect was also detected in engineered B16
cells that do not respond to type I IFN. Intratumor BO-112 adminis-
tration in all three mouse tumor models showed therapeutic effects,
with complete tumor regression in up to 30% of mice. FACS analyses
of tumor-derived cell suspensions showed that BO-112 increased the
tumor immune infiltrate and CD8+ T cell frequency. Moreover, the
receptors PD1 and CD137, which denote activation, were upregu-
lated on CD8+ T cells. BO-112 treatment enhanced intratumor OVA-
specific CD8+ T cells, and depletion and rechallenge experiments
confirmed CD8+ T cell involvement in its immunotherapeutic effects.
A combination of BO-112 and anti-PD-L1 antibody significantly im-
proved the poor response to PD-L1 blockade in B16F10 and B16F10-
OVA tumor-bearing mice. Responses were observed in treated and in
untreated distant tumors, which provides a rationale for clinical test-
ing of this combination.
Conclusions
These data identify local BO-112 release as a new immunotherapy
agent beneficial in the treatment of refractory and recurrent tumors,
especially when combined with checkpoint inhibitors. A phase Ib
clinical trial is being designed to address this question.
Trial Registration
http://ClinicalTrials.gov identifier, NCT02828098.
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Background
Soft tissue sarcoma (STS) is a large and heterogeneous group of
malignant mesenchymal neoplasms characterized by a strong ten-
dency toward local recurrence and metastatic spreading. Consistently,
the immune microenvironment in sarcomas is highly variable. A new
class of material with high electron density, hafnium oxide, was de-
signed at the nanoscale to efficiently absorb ionizing radiation from
within the tumor cells and augment the dose deposited to a tumor.
These nanoparticles (HfO2-NP) administered in a single intratumor in-
jection and activated by fractionated radiotherapy are evaluated in a
phase II/III trial in patients with locally advanced STS as neoadjuvant
treatment. Besides, beyond the broadly cytotoxic effect of radiation
therapy (RT), RT may promote the release of tumor neoantigens during
cancer cell death and stimulate local immunological effects.
Here, we explore the effects of nanosized hafnium oxide exposed to
RT in terms of tumor immune profile changes in patients with STS
when compared to RT alone.
Methods
Tumor tissues pre- (biopsy) and post-treatment (resection) are collected
from patients with locally advanced STS (NCT02379845), who received
either HfO2-NP activated by RT or RT alone. Immunohistochemistry and
Digital Pathology for immune biomarkers and Pan-Immune gene
expression profiling are analyzed.
Results
A significant increase of CD8+ T cells and a marked increase of CD3+
and PD-1 T cells and CD103+ immune cell infiltration post- vs pre-
treatment are observed for HfO2-NP + RT while no differences are seen
for RT alone (more than 10 patients analyzed in each arm). Functional
analysis of genes expression up-regulated in HfO2-NP + RT post- vs pre-
treatment shows an enrichment of cytokine activity (IL7, IFNA, IL11,
IFNG), adaptive immunity (RAG1, TAP1, TAP2, TBX21, IFNG, LTK, CD37,
CD22) and T cell receptor signaling pathway (CD28, CTLA4, CD274,
BTLA, TIGIT, CD5, ZAP70) when compared to RT.
Conclusions
Promising results are observed in patients who received HfO2-NP +
RT in terms of immune cells infiltration post- vs pre-treatment when
compared to RT. Moreover, HfO2-NP + RT induces a specific adaptive
immune pattern. So far, nanosized hafnium oxide exposed to RT
bring substantial changes to the tumor immune profile in patients
with STS when compared to RT. As such, it may convert immuno-
logically “cold” tumor into “hot” tumor and be effectively combined
with immunotherapeutic agents across oncology. More tissue sam-
ples are under evaluation to reinforce these findings.

P413
Transforming immunologically “cold” tumor into “hot” tumor with
hafnium oxide nanoparticles and radiation therapy
Sébastien Paris, Audrey Darmon, Ping Zhang, Maxime Bergère, Laurent Levy
Nanobiotix, Paris, France
Correspondence: Sébastien Paris (agnes.pottier@nanobiotix.com)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P413
Background
Hafnium oxide, an electron-dense material, was designed at the
nanoscale to increase the radiation dose deposited from within the
cancer cells: “Hot spot” of energy deposit where the nanoparticles
are when exposed to radiation therapy (RT). Preclinical studies have
demonstrated increase of cancer cells killing in vitro and marked anti-
tumor efficacy in vivo with presence of these nanoparticles (HfO2-NP)
exposed to RT, when compared to RT alone. HfO2-NP is intended for
a single intratumor injection and is currently evaluated in clinical tri-
als including soft tissue sarcoma, head and neck, prostate, liver and
rectum cancers.
Here, we explore the ability of nanosized hafnium oxide exposed to
RT to bring substantial immune cells infiltrations in the tumors and
convert immunologically “cold” tumor into “hot” tumor.
Methods
CT26 (murine colorectal cancer cells) were subcutaneously injected in
the flank of BALB/c mice. Once the mean tumors volume reached 115
±30 mm3, tumors were intratumor injected with HfO2-NP and irradiated
with 2Gyx3 or 4Gyx3, or irradiated only. Tumors were collected 5 days
after the last RT fraction and analyzed for immune cell infiltrates by im-
munohistochemistry (2Gyx3 and 4Gyx3) and cytokines content by flow
cytometry (2Gyx3).
A second study evaluated HfO2-NP exposed to RT vs RT alone using
the 4T1 murine breast cancer model. Cells treated or not with
HfO2-NP were exposed to irradiation (40Gy). Irradiated cells (1.106)
(or phosphate-buffered saline as control) were inoculated subcuta-
neously into the flank of BALB/c mice (vaccination phase). Seven
days after, mice were challenged with untreated 4T1 cells (1.106)
(challenge phase). Grown tumors (challenge site) were collected 19
days after the challenge phase and analyzed for immune cell infil-
trates by immunohistochemistry.
Results
In mice bearing CT26 tumors, a marked increase of cytokines content
and immune cell infiltrates was observed with HfO2-NP + 2Gyx3
when compared to RT alone. The tumor immune cell infiltrates were
further enhanced with HfO2-NP + 4Gyx3.
In mice inoculated with 4T1 cells treated with HfO2-NP + 40Gy, a
marked increase of immune cell infiltrate (CD8+) was observed in tu-
mors when compared to tumors in mice inoculated with 4T1 cells
treated with 40Gy and control.
Conclusions
These in vivo data generated from CT26 and 4T1 tumor models suggest
that HfO2-NP + RT triggers immunogenic conversion of the tumor
microenvironement when compared to RT alone. HfO2-NP treatment
may represent a therapeutical approach for broad applications since it
does not rely on any molecular characteristics of the tumor.
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Background
Oncolytic viruses are attractive cancer therapies because they select-
ively lyse cancer cells, but show attenuation in normal cells. Many
oncolytic virus are attenuated through susceptibility to innate anti-
viral immune responses, like Type I Interferon (IFN) responses. Until
recently it was believed that cancer cells lack these responses. How-
ever, our lab and others have shown cancer cells can have intact IFN
responses which inhibit IFN-susceptible viruses, but may activate po-
tent anti-cancer immunity. Innate immunity in cancer is thus an area
of extreme interest.
Our lab developed an oncolytic human rhinovirus:poliovirus chimera,
PVSRIPO, which is in clinical trial against glioblastoma multiforme, an
aggressive form for brain cancer. Using PVSRIPO, and the related pi-
cornavirus encephalomyocarditis virus (EMCV), we investigated MDA5
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and IFNs in infection of cancer cells. MDA5 is a pattern recognition re-
ceptor, targeted to viral double-stranded RNA produced by picornavi-
ruses. We also investigated PVSRIPO’s role in anti-tumor immune
responses after treatment of cancer cells.
Methods
DM440, a human melanoma cell line, was engineered with stable
MDA5 knock-down by lentivirus transduction containing MDA5-
targeting small-hairpin RNA. PVSRIPO or EMCV was added at a multi-
plicity of infection (MOI) of 0.1 or 0.01 and samples collected for im-
munoblot, ELISA, or viral titer. Cells were also incubated with IFN-α2
for 24 hours, infected, and assayed as above. Human dendritic cells
(DCs) were infected at 1, 10, 50, or 100 MOI and collected as above.
DCs were also treated with oncolysate from PVSRIPO-infected
SUM149 human breast cancer cells, non-infectious lysate, or virus-
filtered lysate. DCs were analyzed by flow cytometry or used for a
cytotoxic HLA-matched T-cell assay using europium-labeled target
cells, including cancer cells, tumor antigen transfected DCs, and con-
trol antigen expressing DCs.
Results
DM440 cells produce and respond to IFNs in an MDA5-dependent
manner after PVSRIPO and EMCV infection. MDA5 activation and IFN
treatment inhibits EMCV replication significantly more than PVSRIPO
replication. Human DCs can be productively infected and activated
with PVSRIPO without toxicity. Oncolysate activates human DCs in a
virus dependent manner, and DCs activated in this way promote
cytotoxic T-cell activation against tumor-specific antigen.
Conclusions
PVSRIPO is an IFN-resistant oncolytic virus that provokes MDA5-
dependent IFN responses in cancer cells, without significant viral in-
hibition. Further, PVSRIPO infects DCs, activating them without sig-
nificant cytotoxicity, which can lead to tumor-specific cytotoxic T-cell
responses, and may lead to antigen spreading. It is possible this po-
tent DC activation phenotype is due to PVSRIPO’s resistance to IFNs.
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Background
Intralesional therapy with oncolytic viruses (OV) leads to activation of
multiple immune pathways such as type I IFN. Both OV and OV-
activated type I IFN pathway can exert a variety of pleiotropic effects on
both immune and non-immune cells, activating resistance to the im-
mune system on both local and abscopal level. Identification of such
pathways could provide insights into the mechanisms of OV-mediated T
cell activation as well as generate rationale for combinatorial strategies.
Methods
Using Newcastle Disease Virus (NDV) as a model OV, we explored the
effect of intratumoral OV therapy on the microenvironment of the
treated and distant tumors in syngeneic bilateral flank tumor models,
and explored combination therapies using intratumoral NDV with
systemic immune checkpoint blockade.
Results
Intratumoral therapy with NDV led to upregulation of a range of ac-
tivating and inhibitory immune targets in the treated and distant
tumors. While NDV therapy shifted the balance from exhausted to
effector T cell phenotype in distant tumors, it was not sufficient for
complete tumor rejection. We further demonstrate that infection
with NDV leads to upregulation of PD-L1, an effect that is mediated
early through paracrine action of type I IFN. Consistent with these
findings, intratumoral therapy with NDV or IFNα results in upregula-
tion of PD-L1 on both tumor cells and tumor-infiltrating lympho-
cytes in the treated tumors. In contrast to NDV, intratumoral IFNα
therapy had no effect on late PD-L1 expression, immune cell infil-
tration, or growth of distant tumors, highlighting that late PD-L1
upregulation is likely a reflection of adaptive immune resistance to
the increased tumor infiltrating lymphocytes. Systemic therapeutic
targeting of PD-1 or PD-L1 in combination with intratumoral NDV
resulted in rejection of both treated and distant tumors. Anti-tumor
efficacy was fully dependent on CD8 cells and on early presence of
NK cells.
Conclusions
These findings provide implications for timing of PD-1/PD-L1 block-
ade in conjunction with OV therapy and highlight that understand-
ing of adaptive mechanisms of immune resistance to specific OV will
be important for rational design of appropriate combinatorial ap-
proaches with these agents.

Other
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Background
Immune stimulating interstitial laser thermotherapy (imILT) is a local
ablation modality designed for local destruction of tumor tissue as
well as to optimize systemic immunologically mediated anti-cancer
effects. Safety and feasibility in the clinic has been studied and previ-
ous rodent data show absopal effects. This study expands on the
mechanisms behind these immunological effects.
Methods
An imILT treatment protocol was developed and a syngenic mouse
tumor model was established. Mice were inoculated subcutaneously
with tumor cells and tumor growth was monitored. When tumors
reached adequate size imILT treatment was performed and subse-
quently another tumor was inoculated and tumor progression was
measured. In another set of experiments, two tumors were inoculated
simultaneously (twin tumor model) and one of them was treated at ap-
propriate size. Tumor progression of both tumors were monitored. Im-
mune infiltrate and morphology of all tumors were studied.
Results
Preliminary data show both abscopal effects in the twin tumor
model as indicated as reduced growth of the non-treated tumor of
the imILT treated mice as compared to the control mice. Memory
effects can also be demonstrated in the first set of experiment as
seen as reduced growth and take of tumor inoculation in mice
which have previously been receiving imILT as compared to control
mice.
Conclusions
Taken together these data suggest immunologically mediated effects
are evoked following imILT treatment. This new information will be
useful for deducing the mechanisms of action involved in these
effects.
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Background
Information about the toxicity profile of immune checkpoint Inhibi-
tors (ICIs) is limited. Available data primarily comes from clinical trials.
However, subjects enrolled in clinical trials are usually fitter than pa-
tients typically seen in clinical practice and therefore may have a dif-
ferent toxicity profile.
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Methods
We reviewed data from the FDA Adverse Event Reporting System
(FAERS) summarizing adverse events (AEs) associated with the
PD-1 inhibitors (nivolumab and pembrolizumab); PD-L1 inhibitor
(atezolizumab); and CTLA-4 inhibitor (ipilimumab). We restricted
our analysis to reports that included only an ICI as suspect agent.
For each agent, we performed a descriptive analysis of
hospitalization (HO) and death (DE) outcomes, as well as AEs of
special interest (AESI). We compared the distribution of each out-
come within age groups (<65 years; 67-75; >75) using Mantel-
Haenszel chi -quare test for trend.
Results
Our analysis included a total of 21,588 safety reports. 415 for ate-
zolizumab, 10,026 for nivolumab, 4,808 for pembrolizumab, and
6,339 for ipilimumab (Table 1). There was a statistically significant
trend of more hospitalization with increasing age for all drugs.
Prevalence of any of the AESI was higher as age increased for all
drugs (p<0.0001) except for atezolizumab (p 0.12). However, no
statistically significant trend by age was found for any individual
AESI (data not shown). Proportion of older patients who experi-
enced death was higher for pembrolizumab (p<0.001) and ipili-
mumab (p 0.002).
Conclusions
Our analysis suggests that older patients receiving pembrolizumab,
Nivolumab or ipilimumab are more likely to develop immune related
AEs, and to be hospitalized. This resulted in higher rate of deaths only
in pembrolizumab and ipilimumab. The smaller sample size of the pa-
tients receiving atezolizumab may have contributed to the lack of stat-
istical significance. Older patients treated with ICIs should be
monitored carefully for treatment-related AEs. Toxicity of ICIs should be
further evaluated prospectively in the setting of trials in older adults
that would take in consideration impact of physiologic and immune
aging.
Table 1 (abstract P417). See text for description
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Background
Melanoma is the deadliest form of skin cancer, yielding a 2-16% sur-
vival rate for metastatic patients. Despite the onset of new successful
therapies, i.e. targeted inhibitors and immunotherapy, there is a large
need for drugs that alter the entire tumor microenvironment. To this
end, we aim to study drugs that have widespread tumor microenviron-
ment effects, such as epigenetic modifiers, i.e. bromodomain and extra
terminal domain inhibitors (BETi), which slow tumor growth in a variety
of cancers and effect inflammatory responses. Thus, BETis potentially
represent a novel treatment for metastatic melanoma, as they can tar-
get tumor cell growth and anti-tumor immune mechanisms.
Methods
Several mouse and human BRAFV600E melanoma cell lines, im-
mune competent mouse models, and a patient-dreived xenograft
model were used to uncover the effects of BETi treatment on
melanoma.
Results
Here we show that the BETi PLX51107 was able to differentially impact
BRAFV600E melanoma tumor growth in a number of mouse and human
melanoma cell lines in vitro and in vivo. PLX51107 induced cell cycle
arrest and cell death of melanoma cell lines by increasing Bim and
decreasing Cyclin B1 in mouse and human lines. Using immune com-
petent mouse models, BETi treatment altered the immunogenicity of
the microenvironment of responsive melanoma tumors by lowering
the expression of anti-inflammatory PD-L1 and FasL, while increasing
pro-inflammatory MHC-I. This was also seen in mouse and human mel-
anoma cell lines and cancer-associated fibroblasts. PLX51107 treatment
differentially altered tumor infiltrating lymphocyte (TIL) populations
in mouse melanoma models, increasing activated, proliferating, and
functional intratumoral CD8+ T cells and leading to a CD8+ T cell
mediated tumor growth delay in highly responsive tumors. How-
ever, in moderately or poorly responsive tumors, these CD8+ T cell
populations were unchanged or decreased after BETi treatment. As
BETi treatment was a successful primary therapy, it was prudent to
determine its efficacy as a second line therapy. In this vein, an im-
mune compotent mouse model and patient-derived xenograft
model were used to demonstrate BETi efficacy on anti-PD-1 resist-
ant tumors. BETi treatment was able to delay the growth of anti-
PD-1 resistant tumors, by increasing intratumoral CD8+ T cells and
pushing tumors to a more responsive IPRES signature.
Conclusions
As hypothesized, BETi treatment had wide-ranging effects on melan-
oma tumors by altering the tumor cells themselves, the microenviron-
ment, and anti-tumor immunity to induce robust tumor growth delay.
From these findings, BETis represent a potential primary or secondary
treatment for metastatic melanoma patients.
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Background
Health is a state of complete wellbeing free from any discomfort
and pain. Despite remarkable world-wide progress in the field of
diagnostic, curative and preventive medicine, still there are large
populations of people living in isolation in natural and unpolluted
surroundings far away from civilisation, maintaining their traditional
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values, customs, beliefs and myths. India has the second largest tribal
population of the world next to the African countries. About half of the
world’s autochthonous people live in India, thus making India home to
many tribes which have an interesting and varied history of origins,
customs and social practices. The present study was conducted to as-
sess the tobacco use, awarness and its effect on health among Malayali
tribes, Yelagiri Hills, Tamil nadu, India.
Methods
The inhabitants of the 14 villages of the Yelagiri hills, who have com-
pleted 18years and residing for more than 15years present on the
day of examination and who were willing to participate in the study
were included.
Data was collected from a cross-sectional survey, using a Survey Pro-
forma, clinical examinationand a pre-tested questionnaire which in-
cluded Demographic data, tobacco habits. An intra-oral examination
was carried out by a single examiner to assess the Oral Health Status
using WHO Oral Health Surveys – Basic Methods Proforma (1997).SPSS
version15 was used for statistical analysis.
Results
Results showed that among 660 study population, 381(57.7%)
had no formal education. Among the study population 75%) had
the habit of alcohol consumption. Of those who had the habit of
smoking, 26% smoked beedi, 10.9% smoked cigarette, 65%
chewed raw tobacco, 18% chewed Hans and 28% had a combin-
ation of smoking and smokeless tobacco usage. The reason for
practicing these habits were as a measure to combat the cold,
relieving stress and body pain after work, and the lack of aware-
ness of the hazards of the materials used. Prevalence of oral mu-
cosal lesions in the study population was due to tobacco usage
and alcohol consumption and lack of awareness regarding the
deleterious effects of the products used.
Conclusions
From the results of this study it may be concluded that the Malayali
tribes were characterized by a lack of awareness about oral health,
deep rooted dental beliefs, high prevalence of tobacco use and lim-
ited access to health services.
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Background
Following the clinical success of checkpoint blockade, the field of can-
cer immunotherapy rapidly expanded. Co-stimulatory molecules from
the TNF receptor superfamily, including OX40, may be a promising ap-
proach to enhance the benefits of immunotherapy. BMS-986178 is a
fully human agonist antibody of the immunoglobulin G1 isotype that
binds with high affinity to the human OX40 receptor, currently being
developed for the treatment of advanced solid tumors.
Methods
BMS-986178 does not bind to mouse OX40, necessitating antibody
surrogates to assess in vivo activity of OX40 agonism. Two hamster
anti-mouse OX40 agonist mAbs (reformatted as mouse antibodies:
mIgG1 and mIgG2a) were studied in the mouse MC38 colon adeno-
carcinoma model. A pharmacokinetic/pharmacodynamic (PK/PD)-
based approach was employed to integrate the preclinical data and
guide the first-in-human (FIH) starting dose selection.
Results
In vitro, binding EC50 of mIgG1 and mIgG2a mAbs in activated mouse
T-cells was similar to in vitro binding EC50 of BMS-986178 in activated
human T-cells. PK/PD analysis of the anti-tumor efficacy data showed
maximum efficacy at an AUC of 100 μg*h/mL with a Cmax of 25 μg/mL.
Targeting the same AUC and Cmax in mice into a human PK/PD predic-
tion model, the human efficacious dose was projected to be 1 mg/kg.
The proposed FIH starting dose was then selected to be 0.25 mg/kg, 4-
fold below the projected efficacious dose. First, using preclinical GLP
safety assessments, the proposed starting dose was 68- to 80-fold lower
than 1/6th of the highest non-severely toxic dose (120 mg/kg/week) in
monkeys. Second, the Cmax (6.25 μg/mL) at the starting dose was 5-fold
below the highest no-effect concentration (33 μg/mL) evaluated in the
in vitro cytokine release assay. Third, there was a >10-fold exposure mar-
gin between the minimal pharmacologic effect (antigen-specific T-cell or
antibody responses) observed in monkeys at doses of 2-4 mg/kg and
the FIH starting dose selected.
The FIH trial was successfully initiated at 20 mg (0.25 mg/kg with a
BW of 80 kg). BMS-986178 was well tolerated without any adverse
event at this dose. OX40 receptor occupancy observed in peripheral
blood at the starting dose maintained ~80% in line with the predic-
tion made from in vitro cellular binding affinity and clinical informa-
tion observed from other anti-OX40 antibodies.
Conclusions
This PK/PD-based approach was successfully applied to select the FIH
starting dose of BMS-986178. This strategy appropriately balanced
the selection of a safe dose, while minimizing the number of cancer
patients receiving sub-therapeutic doses.
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Background
The use of corticosteroids for therapeutic benefit must be weighed
against risks of adverse consequences associated with these drugs. Brain
tumor patients are routinely prescribed dexamethasone to reduce
tumor-associated edema. Checkpoint blockade, a type of immune ther-
apy, is currently being investigated as a potential treatment for brain tu-
mors. Although glucocorticoid signaling has been shown to attenuate
the immune response, the effect of glucocorticoids on the anti-tumor
immune response during checkpoint blockade remains unclear. Here,
we propose that dexamethasone’s ability to upregulate T-cell checkpoint
molecules such as CTLA-4 might be an immunosuppressive mechanism,
but can be countered in unison with checkpoint blockade therapy.
Methods
Healthy donor T cells were tested for response to dexamethasone. T
cell proliferation, cell cycle analysis, apoptosis, glucose uptake, and
protein expression were assessed with flow cytometry and Western
blots. Transcriptional changes were assessed with qPCR. CTLA-4 was
blocked using monoclonal antibodies in vitro on human PBMCs and
in vivo with the GL261 syngeneic glioblastoma model.
Results
Checkpoint molecule CTLA-4 was increased by dexamethasone treat-
ment upon stimulation. Unexpectedly, dexamethasone did not elicit a
direct lymphotoxic effect on T cells but significantly reduced T cell
entry into cell cycle. Dexamethasone also abated CD28 signaling as
shown by reduced AKT phosphorylation and reduced glucose uptake.
Blockade of CTLA-4 resulted in a substantial reversal of these effects. In
addition, we discovered that antigen-experienced memory T cells were
invulnerable to dexamethasone treatment. In vivo, dexamethasone and
CTLA-4 blockade provided a survival benefit to tumor bearing mice.
Conclusions
These results suggest that mature T cells, which predominate in the
tumor microenvironment, are resilient to the negative effects of corti-
costeroids. Thus, corticosteroids are unlikely to destroy anti-tumor T
cells. For patients who have not responded to immune therapy,
CTLA-4 blockade may provide protection from corticosteroids to the
naïve T cell pool.
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Background
The majority of patients with non-small cell lung cancer (NSCLC) are di-
agnosed at an advanced stage of disease, typically with a poor progno-
sis. While treatment of metastatic NSCLC is focused on extending
survival, real-world data on the effectiveness of existing therapies and
patterns of treatment is limited.
Methods
Patients with metastatic NSCLC, that are EGFR and ALK WT and
no prior systemic therapy for advanced disease were identified
from the Flatiron Oncology electronic medical record database
from 2013–2016. Treatment patterns, including regimens adminis-
tered and time to treatment, were summarized. The median over-
all survival (OS) from the initial diagnosis of metastatic NSCLC
was calculated from Kaplan-Meier curves, with associated 95%
confidence intervals (CI).
Results
A total of 10,123 patients were eligible for analysis. The mean age of
patients was 68.0 ± 10.0 years, and 54.0% were male. The most com-
monly observed regimens after the diagnosis of metastatic disease
were nivolumab (17.4%), carboplatin + pemetrexed (16.0%), and car-
boplatin + paclitaxel (15.0%), while 25.4% did not receive treatment.
The median time from diagnosis of metastatic disease to start of
first-line therapy was 36 days (range: 1–1,770) and the median num-
ber of therapy lines was 1 (range: 1–8). The median OS was 11.2
months (95% CI: 10.9–11.6) from the initial diagnosis of metastatic
disease (Fig. 1).
Conclusions
In this real-world study, overall survival of metastatic patients was
less than 12 months, and one quarter of patients did not receive
treatment after diagnosis. This evidence indicates a potential unmet
need for additional treatment options, as more patient information
such as biomarkers become available to physicians at initial
diagnosis.
Fig. 1 (abstract P422). Overall Survival for Patients with Stage IV
NSCLC, From Initial Diagnosis of Advanced or Metastatic NSCLC
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Background
Platinum-based chemotherapy has been the standard of care in the
management of patients with advanced non-small cell lung cancer
(NSCLC), but evidence of effectiveness and patterns of treatment in a
real-world setting is needed.
Methods
Electronic medical record data of patients from the Flatiron On-
cology database with Stage IIIB NSCLC treated with at least two
cycles of platinum-based chemotherapy during 2013–2016 were
identified; patients with prior evidence of metastatic disease were
excluded. Treatment patterns were examined, including the dur-
ation and number of lines received. The median overall survival
(OS) from the start date of the third cycle of chemotherapy was
calculated from Kaplan-Meier curves, with 95% confidence inter-
vals (CI).
Results
A total of 1,226 patients met all criteria for study inclusion. The
mean age of patients was 68.5 ± 9.0 years, and 51.9% were male.
The most common regimens observed at any time during follow-
up were carboplatin + paclitaxel (43.9%), nivolumab (23.7%), and
carboplatin + pemetrexed (21.0%); patients received a median of
2 lines of therapy (range: 1–7). The median OS was 19.4 months
(95% CI: 17.4–21.6) from the start of the third cycle of chemo-
therapy (Fig. 1).
Conclusions
Overall survival among Stage IIIB NSCLC patients who were
treated with platinum-based chemotherapy in a real-world setting
was less than 20 months. Previous literature indicates survival of
7-13 months among advanced NSCLC patients treated with
chemotherapy. However, the present study excludes patients with
metastatic disease. The difference in OS may also be related to
the use of newer, more effective treatments that were not avail-
able in earlier studies. nt–>
Fig. 1 (abstract P423). Overall Survival of Patients with Stage IIIB
NSCLC, From Start of Third Cycle of Chemotherapy
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Background
Adrenocortical carcinoma (ACC) is an orphan endocrine malignancy
with poor prognosis and limited response to chemotherapy. ACC can
express immune markers which could make it susceptible to im-
munotherapy. So far, there is no published clinical trial about using
immunotherapy in ACC.
Methods
This is a phase II study of pembrolizumab in patients with rare tu-
mors including a pre-specified ACC cohort (http://ClinicalTrials.-
gov identifier, NCT02721732). Patients received pembrolizumab
200 mg intravenously once every 3 weeks. Response was assessed
every 9 weeks using RECIST1.1. The primary end point was
progression-free survival at 27 weeks (PFS27wk). Mandatory biop-
sies are taken at baseline, on cycle 1 day 15 -21, and at the time
of progression.
Results
A total of 11 patients were enrolled and treated. At the time of ana-
lysis, patients received a median of 6 treatment cycles (range 2-17).
A PFS of greater than 27 weeks was seen in 3/11 patients (27%). The
first patient reached 37% tumor reduction (partial response) while
the second patient had a response of 41% tumor reduction (partial
response) and the third patient had stable disease. The remaining 8
patients had evidence of disease progression within 27 weeks of
starting the study (median time 18 weeks, range 6-27 weeks). Pro-
gression was seen in most patients with hormonally active ACC (6/7)
and only in 2/4 patients without evidence of hormonal excess at the
time of their initial diagnosis. The safety profile of pembrolizumab
was very favorable and none of these patients had severe grade 3 or
grade 4 adverse effects.
Conclusions
Single agent pembrolizumab may be an effective option in subset of
ACCs without hormonal overproduction while it is associated with
high failure rate among patients with hormonally active ACCs.
Expanding the study to hormonally silent ACCs is needed to verify
the initial observation from limited number of patients treated in this
study. Translational data will be presented at this meeting.
Trial Registration
http://ClinicalTrials.gov identifier, NCT02721732.
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Background
Cutaneous squamous cell carcinoma (cSCC) is the 2nd most com-
mon malignancy in the US. While the majority of patients are cured
with surgery, approximately 6,400 die annually as a consequence of
disease. There is limited data on the role of chemotherapy in the
treatment of metastatic cSCC. The high-mutational burden, the
presence of tumor-infiltrating lymphocytes, immunosuppression as
a risk factor, and evidence of direct immunosuppressive effects of
UV radiation suggest that cSCC is appropriate for the clinical study
of checkpoint inhibitors.
Methods
This is a phase II study of pembrolizumab in patients with rare tu-
mors including a pre-specified cutaneous squamous cell carcinoma
cohort (http://ClinicalTrials.gov identifier, NCT02721732). Patients re-
ceived pembrolizumab 200 mg intravenously once every three
weeks. The response was assessed every nine weeks using RECIST1.1.
The primary end point was progression-free survival at 27 weeks
(PFS27wk). Mandatory biopsies are taken at baseline, on cycle 1 day
15 -21, and at the time of progression.
Results
A total of 11 patients were enrolled and treated. At the date of analysis,
patients received a median of 5.5 treatment cycles (range 1-15). Three
out of eleven patients have been treated beyond 27 weeks. Four patients
had a partial response and the tumor reduction from the baseline have
reached 33%, 55%, 63%, and 70%. The fifth patient had stable disease
while the other five patients had a progressive disease within 27 weeks
of starting the study. The last patient has not had his first restaging scans
yet. The safety profile of pembrolizumab was very favorable.
Conclusions
Single agent pembrolizumab may be effective in a patient with ad-
vanced cutaneous squamous cell carcinoma. Expanding the study is
needed to verify the initial observation. Translational data will be
presented at this meeting.
Trial Registration
http://ClinicalTrials.gov identifier, NCT02721732.
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Background
SAS1B (ASTL, Ovastacin) is a zinc metalloproteinase found normally
in growing oocytes that has been detected in uterine cancer cells,
and its expression is restricted to oocytes, among adult tissues. Thus,
it is classified as a cancer-oocyte neoantigen [1]. Treatment of uterine
tumor cells with anti-SAS1B polyclonal antibodies and complement
arrested growth, and a saporin-immunotoxin directed to SAS1B
caused cell death. The goal of the present study was to develop im-
munotherapeutic monoclonal antibodies against the human SAS1B
target, to reduce risks of off-target effects during therapy.
Methods
Monoclonal antibodies (mAbs) were generated to recombinant (r)
human (h) SAS1B immunogen without its signal peptide.
Results
SAS1B transcript in human uterine and lung cancer cell lines was
confirmed by PCR and sequencing. SB2 and SB5 mAbs demon-
strated Western immunoreactivity to rhSAS1B expressed in E. coli
or HEK293T cells, and recognition of SAS1B was confirmed by
mass spectrometry on immunoprecipitated antigen. SAS1B dele-
tion constructs mapped the epitopes recognized by the SB2 and
SB5 mAbs to the N-terminal domain between residues 32-40. Sur-
face expression of SAS1B in live uterine, lung and pancreatic
tumor cell lines was detected by both mAbs. The expression of
SAS1B N-terminus on the surface of live tumor cells and its cyto-
plasmic expression from uterus (SNU539, Fig. 1B), ovary, breast,
melanoma (Malme3M, Fig. 1C) lung (H226, Fig. 1D), and were con-
firmed by flow cytometry and SAS1B peptide blocking. SAS1B ex-
pression was not evident on the surface of normal peripheral
blood mononuclear cells. Monoclonal antibodies SB2 and SB5,
complexed with a Fab-Duocarmycin DM, that incorporated a
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cathepsin-cleavable linker arm, were cytotoxic to SAS1B positive
uterine (SNU539, Fig. 1A), pancreatic and lung tumor cells at 10 -
100 picomolar concentrations.
Conclusions
The SB2 and SB5 mAbs offer promise as candidate immunotherapeutic
entities for targeting SAS1B positive cancer cells with defined epitopes
located in the SAS1B N-terminal domain suitable for immunotherapeu-
tic targeting.
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Fig. 1 (abstract P426). Profile of SAS1B expression on tumor cell
lines by ADC and flow cytometry
P427
Democratizing analysis of cancer data using the cancer genomics
cloud
Anurag Sethi (anurag.sethi@sbgenomics.com)
Seven Bridges Genomics, Inc, Boston, MA, USA
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P427

Background
The advent of next generation sequencing has resulted in the
generation of petabytes of multi-dimensional information, but the
access and analyses of this data remains challenging. This difficulty
is exemplified when we consider data generated by the efforts of
The Cancer Genomics Atlas (TCGA) network. Historically, the only
means for gaining insight from the TCGA data was to download
the complete TCGA repository, which can require several weeks
with a highly optimized network connection, followed by analyses
in a very expensive high performance computational cluster.
Methods
The Cancer Genomics Cloud Pilots project seeks to democratize can-
cer data analysis by co-localizing data with the computational re-
sources. Funded by the National Cancer Institute, the Cancer
Genomics Cloud Pilot (www.cancergenomicscloud.org) project en-
ables researchers to leverage the power of cloud computing to gain
actionable insights on cancer biology and human genetics from
massive public datasets including TCGA.
Results
The CGC removes the need to download data, enables easy query-
ing, and much more.
Conclusions
We will highlight our approach to optimized computation, data min-
ing, and visualization solutions that address the challenges associ-
ated with analyses of petabyte-scale datasets and beyond.
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Background
Cancer immunotherapy has come of age as a result of substantive
advances in basic and translational tumor immunology [1]. In fact,
multiple advanced clinical trials with human anti-PD-1 antibodies (i.e.
nivolumab and pembrolizumab) have convincingly established the
ability of anti-PD-1 antibodies to trigger clinically significant tumor
destruction in multiple tumor types, reinforced by dramatic anti-
cancer responses in animal models and encouraging durability in
early clinical trials [2].
Methods
Through flow cytometry and in in vivo intracranial injection of mouse gli-
oma tumor cells we recently demonstrated that PD-1 blockade elicits an
anti-tumor immune response resulting in tumor rejection and long-term
survival in approximately 50% of mice, despite the absence of accumulat-
ing CD8+ cytotoxic T cells in the tumor or draining lymph nodes [3].
Results
In this investigation, we provide evidence for the role of conventional
CD4+ T cells and the innate immune response in PD-1 mediated anti-
glioma immunity in this model. In response to anti-PD-1 monotherapy,
intratumoral CD4+ T cells, but not CD8+ T cells, expressed significantly el-
evated levels of IFN-γ and TNF-α pro-inflammatory cytokines and the
cytotoxic enzyme, granzyme B. Tbet, GATA3, and EOMES, transcription
factors required for T cell proliferation, activation, and effector function,
were also up-regulated in CD4+, but not CD8+ T cells in the brains of
mice treated with PD-1 mAbs when compared to controls. We
demonstrated that depletion of CD4+ or CD8+ T cells, but not
NK, was sufficient to completely ablate anti-PD-1-mediated tumor
eradication and long-term survival. CD4+ T cell activation was ac-
companied by the classical activation and M1 polarization of resi-
dent microglia and tumor-infiltrating macrophages. Moreover,
CSF-1 inhibition with PLX3397 to deplete microglia and macro-
phages did not affect tumor growth, but did lead to a significant
survival advantage when combined with anti-PD-1 mAb.
Conclusions
Together, these studies demonstrate for the first time a role for CD4
+ T cells and the innate immune response in the eradication of glio-
blastoma by PD-1 blockade.

References
1. Mittal D, Gubin MM, Schreiber RD et al. New insights into cancer

immunoediting and its three component phases–elimination,
equilibrium and escape. Current opinion in immunology. 2014;27:16-25.

2. Freeman GJ, Long AJ, Iwai Y, et al. Engagement of the PD-1 immunoinhibi-
tory receptor by a novel B7 family member leads to negative regulation of
lymphocyte activation. J Exp Med. 2000;192:1027-1034.

3. Checkpoint Blockade in an Orthotopic, Immunocompetent Model. Cancer
Immunol Res. 2015;4(2): 124–35.
Personalized Vaccines and Technologies/
Personalized Medicine

P429
Nanoparticle based enrichment and expansion of self and neo-
epitope specific CD8+ T cells in murine melanoma
Catherine A Bessell, Joan Glick Bieler, John-William Sidhom, Jonathan P
Schneck
Johns Hopkins University, Baltimore, MD, USA
Correspondence: Jonathan P Schneck (cbessel1@jhmi.edu)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P429



Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):87 Page 208 of 244
Background
T cell responses against neo-antigens has created a new avenue to tar-
get and kill patients’ tumors while decreasing autoimmune side effects.
Neo-antigen-specific CD8+ T cells have the potential benefit to be a
source of T cells that are not limited by peripheral tolerance or deleted
from the T cell repertoire by central tolerance. To understand the differ-
ences between T cell responses against neo- and self-antigens, these
two types of T cell populations must be compared side-by-side for anti-
tumor responses and phenotypic differences.
Methods
Following another group that identified mutated proteins in B16
murine melanoma [1], our current work has identified the short pep-
tide epitopes that can stimulate neo-antigen T cell responses. Artifi-
cial antigen presenting cells (aAPCs) were used to access neo- and
self-antigen tumor specific responses in the endogenous T cell popu-
lation of naïve and B16 tumor bearing animals. In a B16-SIY melan-
oma model, neo-epitope Kb-SIY serves as a model to collect T cells
for self and neo-epitopes and analyze the T cell receptor (TCR) reper-
toire of the separate populations.
Results
After exposure to tumor, neo-epitope T cell responses showed larger
fold expansion, while T cell expansions for self-antigen Kb-TRP2 ex-
panded similar in the naïve animals. TCR repertoire analysis of neo- and
self-antigen reactive T cells showed a highly conserved V beta gene
usage in the naive Kb-SIY TCR repertoire, while the naïve Kb-TRP2 TCR
repertoire had a more broad V beta selection. The tumor did not alter
the V beta usage for Kb-SIY repertoire, however the Kb-TRP2 repertoire
changed to different V beta genes after tumor exposure.
Conclusions
The increased expansion ability of neo-antigens after tumor exposure
demonstrates the potential anti-tumor ability of neo-epitope responses
compared to self-epitope T cell responses. TCR repertoire analysis of
neo- and self-antigen reactive T cells shows that the tumor shifts the
TCR clonal diversity of self-antigen specific populations to but leaves
the neo-epitope repertoire intact and similar to the naïve repertoire.
From this work, we show proof of concept of a streamlined method to
screen candidate neo-epitopes, identify rare endogenous T cell popula-
tions, and assess the benefit of T cell directed immunotherapies on dif-
ferent T cell populations.

References
1. Castle JC, Kreiter S, Diekmann J, Lower M, van de Roemer N, de Graaf J,

Selmi A, Diken M, Boegel S, Paret C, Koslowski M, Kuhn AN, Britten CM,
Huber C, Tureci O, Sahin U. Exploiting the Mutanome for Tumor
Vaccination. Cancer Res. 2012; 72:1081-1091.

P430
Neoantigen identification using ATLASTM across multiple tumor
types highlights limitations of prediction algorithms
Jason Dobson, Huilei Xu, Kyle Ferber, Johanna Kaufmann, Judy Jacques,
Christine McCoy, Michael O'Keeffe, Yana Ostrovsky, Crystal Cabral,
Pamela Carroll, Theresa Zhang, Jessica Flechtner, Wendy Broom
Genocea Biosciences, Cambridge, MA, USA
Correspondence: Wendy Broom (jason.dobson@genocea.com)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P430

Background
Neoantigens arise from tumor-specific, somatic mutations and have the
potential to be recognized by T cells that are associated with anti-tumor
immune responses. Since they are non-self, they are hypothesized to pro-
vide an attractive therapeutic modality since T cells that can respond to
those sequences have not undergone thymic selection. The ATLASTM

platform enables identification of biologically relevant CD4+ and CD8+ T
cell neoantigens in any subject in an unbiased manner.
Methods
Multiple patients with solid tumors were analyzed. CD14+ monocytes
and T cell subsets were isolated from patient peripheral blood mono-
nuclear cells. Monocytes were differentiated into dendritic cells (MDDC),
and T cells were non-specifically expanded. Whole exome sequencing
was performed on tumor biopsies and matched normal genomic DNA,
and tumor specific changes (single nucleotide variants and insertion/
deletions) were identified and cloned into E. coli expression vectors
with and without co-expressed listeriolysin O to enable presentation
via MHC class I or class II, respectively. For each patient, their unique
clones were co-cultured with autologous MDDCs in an ordered array,
then their CD4+ or CD8+ T cells were added and incubated overnight. T
cell activation was determined by measurement of TNF-α and IFN-γ in
the supernatants by meso-scale discovery. Cytokine concentrations
were normalized against responses to negative control bacteria and
neoantigens were defined as clones that elicited responses >3 median
absolute deviations of the median of negative controls.
Results
ATLASTM identified CD4+ and CD8+ T cells responses to up to
15% of mutant polypeptide sequences, across a broad cohort of
patients with different tumor types, including tumors with either
low or high mutational burden. “Inhibitory” neoantigens, which
shut off all cytokine production, were also identified in each sub-
ject. Many neoantigens were not predicted by algorithms. When
exploring neoantigens by tumor type, no patterns in overall mu-
tational burden, RNA expression level, or DNA mutant allele fre-
quency have yet been identified.
Conclusions
The ATLASTM platform empirically defines which potential neoan-
tigens created by somatic mutations elicit immune responses in
individual patients independently of a patient’s HLA type and T
cell receptor repertoire. The identification of activating and inhibi-
tory neoantigens for CD8+ T cells, as well as for CD4+ T cells for
which the algorithmic approaches do not perform nearly as well,
provides the opportunity to identify better targets to include in a
vaccine formulation. Genocea is currently developing personalized
cancer vaccines with neoantigens prioritized by ATLASTM which
we hypothesize will provide better therapeutic impact than algo-
rithmic approaches.
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Background
Recent studies have highlighted the key role of mutation-generated
neoantigens in tumor response to immunotherapy [1]. We have previ-
ously shown in the 4T1 mouse model (syngeneic with BALB/c mice) of
immune-checkpoint blockade-resistant metastatic breast cancer that local
radiation therapy (RT) combined with CTLA-4 blockade induces the CD8+

T cell-mediated regression of irradiated tumors and limits metastatic lung
colonization [2]. Preliminary analysis of the T-cell receptor repertoire indi-
cated that unique clonotypes are expanded in treated tumors, suggest-
ing that tumor rejection involves T cells reactive to a set of tumor
antigens that are made available to the immune system by RT. Therefore,
we hypothesize that RT, by changing the transcriptional profile of cancer
cells, may expose antigenic mutations not transcribed at sufficient levels
in untreated tumors and hence promote priming of T cells to these
unique mutated antigens.
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Methods
We performed whole-exome sequencing and RNA sequencing (RNA-seq)
of 4T1 cells irradiated (8GyX3) or not (0Gy) in vitro to identify tumor-
specific mutations. We used several algorithms to predict MHC-I (H2d)-
binding epitopes from these mutated genes, and we selected those with
a predicted affinity <500 nM. Based on the RNA-seq data, we prioritized
variants that were upregulated by radiation. These candidate peptides
were synthesized and tested in vitro for binding to H2-Ld or H2-Kd in a
MHC stabilization assay using RMA-S cells. Finally, the mutated peptides
with the highest affinity were used to vaccinate BALB/c mice, followed
by challenge with 4T1 cells to test for the induction of protective anti-
tumor immunity.
Results
Out of 309 total mutations initially identified in the 4T1 cancer
cells, we selected and tested in vitro 17 candidate neo-epitopes.
Two of them bound H2-Ld with a high affinity and were used
alone or in combination to vaccinate mice. Our preliminary data
indicate that the combination of these two neoepitopes is im-
munogenic and delays the tumor growth after challenge with
4T1 cells.
Conclusions
In conclusion, these data provide initial proof-of-principle evidence
that RT can expose existing neoantigens to the immune system.
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Background
Peptides presented to the immune system on HLA complexes are
valuable targets for immunotherapeutic treatments. Identifying
the full complement of peptides derived from a particular protein
that are presented on major class I HLA restrictions will provide a
vital step toward increasing the speed and viability of many im-
munotherapeutic strategies. Advances in next generation sequen-
cing and single cell technologies have enabled the accurate
capture of somatic mutations accumulated by a tumour, yet a
significant hurdle remains how this information can be utilised
for immunotherapeutic benefit. In particular, identifying which
somatic mutations produce neoantigens, (peptides that contain a
somatic mutation and are presented to the immune system in
complex with HLA), is crucial to linking genetic changes with im-
munological impact.
Methods
Our approach to understanding the targetable human HLA pepti-
dome is based on three key principles; achieving full proteome
coverage, maximising individual protein coverage, and focusing on
dominant HLA restrictions. By integrating novel cell biology, mass
spectrometry, and bioinformatic technologies in over 1000 individual
experiments we have dramatically increased the depth of the HLA
ligandome captured and achieved near total coverage of the
protein-coding genome, with 90% of the proteome captured for
HLA-A*02:01.
Our comprehensive genome coverage has enabled us to probe both
directly and indirectly for the presence of neoantigens. Known som-
atic mutations within immortalised lines were used to generate be-
spoke reference databases that has led to direct identification of
many hundreds of neoantigens.
Results
Proteins that were found to contain neoantigens appeared to follow
the processing and presentation behaviours of their unmutated
equivalent. We have therefore found our HLA peptide dataset is able
to offer significant value in predicting the likelihood of a somatic mu-
tation creating a neoantigen.
To test this, somatic mutations reported in 980 cell lines were
probed against the database of HLA peptides. On average we
find one peptide containing the mutated amino acid for every 5
somatic mutations reported. By incorporating the HLA back-
ground of the cell carrying the mutation we narrow this predic-
tion to one high affinity HLA peptide for every 14 somatic
mutations reported. Comparing the peptides predicted in this
analysis with those directly identified by mass spectrometry, we
are able to show that we can prioritise mutation data by accur-
ately predicting the presence and relative abundance of
neoantigens.
Conclusions
An integrative approach to HLA peptidomics has delivered a power-
ful reference database that can be used as a source for developing
novel immunotherapies.
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Background
PGV-001 (NCT02721043) is a phase I clinical trial at Mount Sinai
Hospital, studying the safety and immunogenicity of a multi-
peptide personalized genomic vaccine for treatment of several dif-
ferent malignancies. Patients are treated with a TLR3 agonist (Poly-
ICLC) and ten synthetic long peptides containing tumor mutations
that are predicted to be abundantly expressed and to form mu-
tated MHC ligands. The personalized vaccine is administered as an
intramuscular injection and is given to each patient 10 times over a
span of 6 months. Thus far, two patients (of an eventual twenty)
have enrolled in the trial and one has been treated. The vaccine is
administered in the adjuvant setting for patients who undergo a
complete resection and have no evidence of residual disease.
Methods
Tumor DNA and RNA are extracted from fresh frozen tissue immedi-
ately following surgery. Normal DNA is extracted from a patient
blood sample. Both DNA samples are enriched for coding regions
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using an exon capture kit. Normal DNA is sequenced to mean on-
target coverage of 150x, whereas tumor DNA is sequenced to 300x
coverage. RNA is enriched for mRNA using poly-A capture and then
>100M paired-end reads are sequenced. Somatic variants are de-
tected from the tumor and normal DNA sequencing data. The RNA
sequencing data is then used to assemble the most abundant coding
sequence for each variant, which naturally phases adjacent variants
and allows for an allele-specific estimate of expression. Each coding
sequence is then translated to a mutated protein fragment, which is
ranked according to (1) expression and (2) predicted binding affinity
to patient MHC I molecules. The window of wildtype amino acids
around a mutation in each peptide is optimized to improve the odds
of successful solid phase synthesis.
Results
Though only two patients have enrolled in PGV-001 so far, we have
evaluated the pipeline on a variety of patient (and mouse) samples
across different kinds of cancers. We demonstrate that even cancers
with intermediate mutational burden still yield sufficient predicted
neoantigens to potentially benefit from vaccination. Furthermore,
even with our existing attempt to optimize peptide sequences for
manufacturability, we have still found many peptide sequences can-
not be synthesized or purified. Analysis of these peptide sequences
hint at additional rules which may improve synthetic yield for
peptide-based neoantigen vaccines.
Conclusions
We hope that discussion of the design and rationale for PGV-001's
computational pipeline will help other groups start their own person-
alized vaccine programs.
Trial Registration
NCT02721043.
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Background
Current immunotherapies based on checkpoint inhibitors (CPI) re-
vealed the importance of neoantigens-specific T cells for tumor con-
trol. Here, we developed a novel neoantigens vaccine approach
based on the use of a viral vector, Great Apes Adenovirus (GAd), en-
coding multiple cancer neoantigens in tandem. NKTR-214 is a
CD122-biased cytokine agonist currently in clinical trials. NKTR-214 is
designed to expand a specific population of cancer-killing T cells,
known as tumor-infiltrating lymphocytes. Synergy between the two
drugs was investigated.
Methods
Balb/c mice were implanted subcutaneously with CT26 colon carcin-
oma cells. Once tumors were established, mice were randomized and
vaccinated with a single intramuscular injection of GAd encoding up
to 20 different CT-26 neoantigens identified by NGS and selected
with a NousCom proprietary pipeline. NKTR-214 was administered i.v.
on q9dx3 schedule. Tumor growth in treated animals was monitored
and neoantigen-specific T cells were measured both in the periphery
and in tumors.
Results
Combination treatment of a GAd-CT26 neoantigens vaccine with
NKTR-214 results in tumor regression in 90% of mice. Single agent
NKTR-214 treatment led to tumor regression in < 40% of mice.
Interestingly, all animals cured by the combo were resistant to a
second tumor challenge. NKTR-214 treatment rescued CD4 T cell re-
activity against at least one of the predicted neoantigens, likely in-
duced by the tumor itself. GAd vaccination in the presence of
NKTR-214 induced a greater breadth and depth of immune re-
sponse. When compared to Gad vaccine alone, the Gad + NKTR-214
combination had immune reactivity detected against a larger number
of vaccine-encoded neoantigens and there was a greater proportion of
IFN-gamma+ CD4 and CD8 T cells against each vaccine-encoded
neoantigens. Tumors in regression of mice treated by the combo were
highly enriched in T cells reactive to vaccine-encoded neoantigens.
Conclusions
Vaccination with GAd encoding neoantigens is a very effective and safe
approach to strengthen and broaden tumor-killing T cells. Therapeutic
cancer vaccines have been unsuccessful in the past likely because T cell
growing capacity in the tumor is suppressed by the tumor itself. Vigor-
ous growth of vaccine-induced T cells in the tumour can be successfully
achieved by the cytokine NKTR-214, overcoming the tumor inhibitory
activity. NKTR-214 was shown to be safe and well tolerated in cancer
patients and GAd vaccines have been safely used in many healthy vol-
unteers, opening up the opportunity for a fast evaluation of a combo
treatment in the clinic.

P435
Immunogenomics for the development of personalized T cell
therapy for ovarian cancer
Muzamil Want, Sebastiano Battaglia, Takemasa Tsuji, Richard Koya
Roswell Park Cancer Institute, Buffalo, NY, USA
Correspondence: Sebastiano Battaglia (muzamil.want@roswellpark.org)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P435

Background
Ovarian cancer (OC) is the fifth leading cause of cancer death in the
United States with approximately 20,000 women being diagnosed
every year. Since OC development is mainly asymptomatic, patients
are often diagnosed at late stage and present local and distal metas-
tases. This offers a clinical challenge, as roughly 70% of the patients
develop chemoresistant disease. With the advent of cancer immuno-
genomics it is now possible to identify tumor specific mutations, or
neoantigens/neoepitopes, that can be exploited for the development
of personalized T cell therapies via DC vaccines or adoptive cell ther-
apy (ACT). We therefore hypothesize that tumor cells isolated from
patients with ovarian cancer offer a unique opportunity to identify
clinically actionable tumor neoantigens.
Methods
Somatic mutations were identified by whole exome sequencing (WES)
and RNASeq analysis in tumor samples, using PBMCs as germline con-
trol. In parallel ovarian cancer PDXs were established in NSG mice
by injecting 2×106 patient tumor cells/mouse subcutaneously (SQ,
n=20). Tumor growth was monitored weekly via caliper measure-
ment. Mutational analysis and immunogenicity prediction for the
mutated peptides was done using a combination of home-
developed bioinformatic approaches and NetMHC. Immunogenicity
predictions were validated in-vitro by pulsing wild type and mu-
tated peptides into CD8+ depleted PBMCs and co-cultured with
CD8+ T cells for up to 20 days. T cell activation was quantitated via
ELISA measuring IFN-g release and via flow cytometry by staining
for CD137 expression.Lastly, the therapeutic potential of ACT



Fig. 1 (abstract P436). In vivo self-assembled albumin/vaccine
nanocomplexes for lymph-node-targeted vaccine delivery in
combination cancer immunotherapy. (a) Schematics of albumin-
binding vaccine (AlbiVax) for LN-targeted vaccine delivery for cancer
immunotherapy. (b, f) by PET imaging of radiolabeled AlbiVax in
small animals, AlbiVax was systematically optimized for optimal
LN-targeted delivery. (c, d) By light-sheet fluorescence imaging,
we elucidated the distribution of AlbiVax in draining LNs that were
cleared to be transparent. (e) By super-resolution imaging, we
discovered efficient intracellular co-delivery of AlbiVax via mouse
serum albumin (MSA) into endolysosome of bone marrow derived
dendritic cells (BMDCs). (g) AlbiVax elicited 21-fold higher frequency
of Antigen-specific CD8+ cytotoxic T lymphocytes (CTLs) than IFA-
emulsified vaccine. (h-j) AlbiVax dramatically regressed or inhibited
the progression of EG7.OVA (g), B16F10 (h), and MC38 tumors (i)
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targeting neoantiges was tested in-vivo in ovarian cancer PDXs and
tumor size is being monitored weekly.
Results
We have established patient-derived xenografts (PDX) mice and interro-
gated the tumor mutational landscape. Targeted mutations were con-
firmed in the following PDX passages by NGS and Sanger sequencing.
Out of 168 mutated peptides predicted from the patient tumor, 13
were found to have high affinity for different HLAs compared to the
wild type peptide. In vitro screening of high affinity peptides showed
that few of the mutated peptides can activate the T cells from patient
PBMCs and tumor infiltrating lymphocytes thereby confirming the pres-
ence of neoantigen reactive T cells.
Conclusions
In this study, we demonstrate that the patient’s own T lymphocytes
can recognize tumor neoantigens and could be used as personalized
therapy in ovarian cancer patients
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Background
Cancer immunotherapy aims to normalize the immune system in pa-
tients to harness the power of the immune system to systemically
treat cancer. Molecular vaccines hold tremendous potential for tumor
immunotherapy, but its clinic outcome has yet been optimal, largely
due to inefficient co-delivery of heterogeneous peptide antigens and
adjuvants to secondary lymphoid organs such as lymph nodes (LNs).
Nanovaccines were attempted to improve vaccine delivery, however,
clinical translation of most of them have been impeded by compli-
cated large-scale manufacturing and safety concerns.
Methods
We developed an albumin-binding Evans blue derivative as LN-
homing moieties and cell uptake mediators for cancer vaccine de-
livery. The safety of this derivative has been validated in 2 ongoing
clinical trials involving more than 200 patients and healthy volun-
teers. By conjugating this derivative with molecular vaccines (CpG
adjuvant, B16F10 melanoma-associated antigen Trp2, and MC38
colon adenocarcinoma-specific neoantigen Adpgk), we developed
albumin-binding vaccine (AlbiVax) (Fig. 1A) to efficiently co-deliver
molecular adjuvants and antigens to LNs. By PET imaging of radi-
olabeled AlbiVax in mice, we systematically optimized AlbiVax for
LN-targeted delivery, and light-sheet fluorescence imaging and
super-resolution confocal microscopy were employed to study vac-
cine behaviors in transparent LNs and single antigen-presenting
cells (APCs). In three tumor models, we studied the antigen-specific
immunogenicity and tumor therapy efficacy of AlbiVax, either alone
or in combination with anti-PD-1 or Abraxane.
Results
Quantitative PET imaging revealed that AlbiVax was delivered to LNs
more efficiently (20-fold for CpG, up to 91-fold for antigens) than un-
conjugated vaccines or vaccines emulsified in Incomplete Freud’s Ad-
juvant (IFA) (Fig. 1B, Fig. 1F). Light-sheet fluorescence imaging
elucidated the distribution of AlbiVax in transparent draining LNs
(Fig. 1, Fig. 1D); and super-resolution imaging revealed efficient intra-
cellular co-delivery of AlbiVax via albumin into endolysosome of
APCs (Fig. 1E). AlbiVax elicited >21-fold higher frequency of Antigen-
specific CD8+ cytotoxic T lymphocytes (CTLs) than IFA-emulsified vac-
cines and induced immune memory for > 5 months (Fig. g). AlbiVax
dramatically regressed or inhibited the progression of established pri-
mary or lung metastatic EG7.OVA (Fig. 1G), B16F10 (Fig. 1H), and
MC38 tumors (Fig. 1I). Remarkably, combining AlbiVax with immune
checkpoint inhibitor anti-PD-1 further improved the therapeutic effi-
cacy, and led to the complete regression of 60% MC38 tumors for at
least 5 months, and triple combination of AlbiVax, anti-PD-1, and
Abraxane exhibited synergistic therapeutic efficacy (Fig. 1H, Fig. 1I).
AlbiVax showed excellent safety profile throughout the study.
Conclusions
AlbiVax represents a promising safe, widely applicable, and robust T
cell vaccine for combination cancer immunotherapy.
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Background
mUM is a rare disease (annual UK incidence <150 patients), with a re-
ported median overall survival of 7-12 months. In 2015, the UK published
their first national uveal melanoma guidelines [1]. However, with few
therapeutically effective options available for metastatic patients, it is un-
clear what patients actually receive as standard of care (SoC). This pilot
study aimed to map the real-world pathway for recently diagnosed mUM
patients, through qualitatively evaluating their clinical management and
treatments received within SoC.
Methods
Based on treatment recommendations within national guidelines, an out-
line decision-tree for mUM patients was developed. On presenting the
decision-tree to 5 specialist centres across England (January-June, 2017),
6 senior clinicians were interviewed about their typical: clinical manage-
ment; medical resource use; treatment decision-making and patient
flow(s) between local and regional facilities, when treating mUM patients.
The interview data were analysed to populate centre-level decision-trees,
and consolidated to inform a consensus SoC pathway.
Results
Interviews revealed considerable variation in first-line treatments of-
fered at specialist centres:

� hepatic resection for liver metastases [1-25%];
� loco-regional therapies for liver metastases (including percutaneous

hepatic perfusion and radiofrequency ablation) [0-20%];
� new treatments in clinical trials (TRAP, SelPac or IMCgp100)

[10-80%];
� immunotherapies (Ipilimumab, Pembrolizumab or Nivolumab)

[0-54%]; and
� chemotherapies (Dacarbazine or Temozolomide) [0-1%].

There was, however, consensus on treatment priorities - if liver metastases
were operable then surgical options were considered first. If non-operable,
clinical trials were subsequently considered, before other therapeutic op-
tions. Whilst centres agreed that treatment should be initiated at a special-
ist (supra-regional) mUM centre, there were mixed attitudes on “if” and
“how” patients could receive ongoing treatments at more local centres.
Conclusions
The main reason suggested for treatment pathway variations amongst
centres, was the absence of effective treatments. Introducing an effective
therapeutic option at a defined optimum point in the pathway would be
considered a “catalyst to transform the management of care”. This in turn
would lend itself to greater consistency of practice, harmonise care path-
ways and improve overall outcomes for mUM patients.
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Background
Cancer immunotherapy (CIT) is revolutionizing the treatment of can-
cer. As part of an ongoing educational curriculum, assessment of on-
cologists' knowledge, competence, and performance in the use of
CIT identified multiple challenges and barriers. This study’s objective
was to assess and compare practicing oncologists’ comprehension of,
and confidence in, the interplay between the immune system and
cancer tumor development and metastasis.
Methods
An expert panel was convened to identify knowledge, competence,
and performance gaps in the area of CIT. Educational curricula con-
sisting of 8 activities that focused on foundational education were
developed in 2014-2016, and posted online. Intra-activity questions
embedded in each activity allowed learners to self-report their confi-
dence with CIT concepts, while matching participants’ responses to
knowledge-based questions presented before and after education
were collected to measure reinforced learning and gains in compre-
hension. Confidentiality of respondents was maintained. Responses
were collected from 5/2014-10/2016.
Oncologists (N=4,684) who participated in the activities demon-
strated on average a 20% improvement from initial baseline be-
tween years 1 and 2. Additional education in year 3 was provided
to help prevent decay in oncologists’ comprehension of immune
system functions. However, comparison of oncologists' knowledge
of the role of immune checkpoints indicates that while gains ob-
served in year 1 were maintained, a drop off was observed between
years 2 and 3. This is likely a result of more data becoming avail-
able on alternative CITs while simultaneously less foundational edu-
cation was available.
Results
Oncologists continued to report a lack of confidence with the con-
cepts of clinical immunology. Only 2%-11% of oncologists were very
confident in their comprehension of the relationship between the
immune system and tumor development. In addition, fewer than
50% of participants post-activity could recognize common T cell co-
receptors that could be targeted as part of CIT. One quarter did not
realize that tumors interfere with signal 1 by blocking MHC antigen
processing.
Conclusions
This study demonstrates the value of and continued need for educa-
tional interventions on CIT. Retention of CIT concepts and improve-
ments in knowledge of clinical immunology should facilitate
competence among oncologists, which has valuable implications for
use of CIT and for patient outcomes.
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Background
Extrapulmonary small cell carcinomas (ESCCs) are rare but aggressive
tumors with an overall 5-year survival rate of less than 15%. Relapse is
common despite rigorous chemotherapy and radiotherapy. Cancer im-
munotherapy targeting PD-1/PD-L1 pathway emerges as an increas-
ingly appealing strategy [1, 2, 3].
Methods
We investigated PD-L1 expression by immunochemistry (IHC) in
ESCCs diagnosed at our institution from 1999-2016. 34 cases with
sufficient material were selected for PD-L1 IHC analysis using clone
E1L3N. Sites of origin include bladder (9), cervix (3), prostate (2),
ovary (2), gallbladder (2), duodenum (1), esophagus (1), biliary tract
(1), vagina (1), palate (1), ureter (1), and unknown primary (10).
Results
Two cases showed diffuse PD-L1 expression in both tumor and stro-
mal cells, one from ureter and one from a gallbladder in origin. 10
cases (29%) showed at least patchy PD-L1 expression in stromal cells.
22 cases (65%) were completely negative for PD-L1 expression. Pa-
tients of both groups who was treated, did received chemotherapy
+/- surgery or radiation. The overall response rate for PDL positive
group was 80% while it was 67% for PDL-1 negative group (Table 1).
The median overall survival for PD-L1 positive staining group, regard-
less of stage was 11.5 months’ vs 7 months for PDL-1 negative group
(Fig. 1). Patients with limited stage disease with positive PDL-1
showed an impressive 53 months’ survival compared to PDL-1 nega-
tive limited disease with 15 months.
Conclusions
This study suggests that PD-L1 staining in extrapulmonary small cell
carcinoma may be of prognostic relevance and further studies are re-
quired to understand the implications of immune dysregulation in
these aggressive tumors. PD-1 inhibitors should be investigated in
this group of patients.
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Background
First line treatment of metastatic HER2+ breast cancer with
Docetaxel+Trastuzumab(TH) carries a median PFS of 12months
and OS of 40months.1 The addition of Trastuzumab+/-Pertuzumab
to chemotherapy prolongs survival in the metastatic setting1 but
no therapies are curative. Trastuzumab has immune-related ef-
fects including antibody-dependent cell-mediated cytotoxicity and
cross-presentation of tumor antigens. PANVAC is a recombinant
poxviral vaccine that contains transgenes for MUC-1, CEA and T-
cell costimulatory molecules (B7.1, ICAM-1 and LFA-3). For optimal
response, PANVAC employs a prime-boost regimen, using vaccinia
(PANVAC-V) as the primer and fowlpox (PANVAC-F) as the boost.
We report an exceptional response of mTPBC to PANVAC+Trastu-
zumab after progression on Letrozole+Trastuzumab.
Methods
A pilot study of PANVAC+Sargramostim(NCT00088413) demonstrated
minimal side effects and suggested clinical benefit in low disease
burden.2 On Day 1(D1), patients received PANVAC-V 2x10e8pfu SC
followed by PANVAC-F 1x10e9pfu SC every 2weeks x 3, then monthly
x 12 followed by maintenance every 3months until progression. Sar-
gramostim 100μg SC was given on D1-D4 of each PANVAC injection.
Scans were performed every 2-3months.
Results
A 32-year-old female, BRCA wildtype, with poorly differentiated, inva-
sive ductal carcinoma, ER60%, PR70%, HER2+(IHC3+) had biopsy-
confirmed metastasis to an axillary node and liver shortly after diagno-
sis. After bilateral oophorectomy, she received THx6cycles followed by
a partial hepatectomy, which demonstrated a pathologic complete
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response. She received radiation to supraclavicular lymph nodes with a
tumor bed boost. After 12months on Letrozole+Trastuzumab she re-
curred. While on Letrozole she completed 6injections for a HER2/neu
peptide vaccine trial(NCT00194714). Due to progression in bilateral hilar
and subcarinal(2.8cm) lymph nodes determined by PET, she enrolled
on trial at NCI in January 2008. Per protocol above, she received
PANVAC-V followed by PANVAC-F. Restaging at 10months showed a
partial response(0.8cm) and at 18months showed a complete respon-
se(CR). She has remained on-study and receives PANVAC-F+Sargramos-
tim every 90days and Trastuzumab every 3weeks. Restaging in May
2017 shows a continued CR at 113months.
Conclusions
This case report highlights the potential of immunotherapy and pos-
sibly multiple immunotherapies in a patient with breast cancer. Fur-
ther study is required to understand the mechanism of response in
this patient and if it can be applied on a broader scale.
Trial Registration
NCT00088413
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Background
Nivolumab is a member of the family of check-point inhibitors. It is a
PD-L1 inhibitor that has been approved by the FDA as treatment for sev-
eral solid tumors including non-small cell lung cancer. It’s also approved
to treat Hodgkin’s Lymphoma after failure of several lines of therapy.
PTCL is often aggressive and incurable. Compared to B-cell lymphomas,
they tend to present at more advanced stages and respond less fre-
quently and with shorter duration to the same chemotherapy regimens.
Nevertheless, PCTL is still approached with suboptimal B-cell therapeutic
strategies. As to the recently approved PTCL specific therapies, they are
palliative in nature. An urgent need for better therapeutic agents in this
desperate lymphoma continues to exist.
Methods
We report on the activity of Nivolumab as a 4th line treatment in a
case of relapsed and rapidly progressive PTCL-NOS.
Results
Our patient was a 62 y.o. white man who was diagnosed with poor
risk stage IVA PTCL and Stage IA lung squamous cell carcinoma in
2014. Due to his borderline functional performance status and de-
creased left ventricular ejection fraction, he was treated with Prala-
trexate that is approved for PTCL and has activity in lung cancer. He
received 2 cycles of Pralatrexate which stabilized both malignancies
for 3 months after which they progressed. Subsequently, he was
given Carboplatin and Gemcitabine combination that has activity in
both malignancies. This combination seemed to stabilize his lung
cancer and PTCL for 4 months. After the 5th cycle, the patient’s
lymphoma progressed. At this time, the patient was started on Beli-
nostat to address his PTCL. Initially, PTCL responded to Belinostat
and then stabilized for 5 months. After the fifth cycle, his lung cancer
started progressing requiring lung cancer directed therapy. He was
started on Nivolumab which stabilized his lung cancer. After the 4th

dose of Nivolumab further unexpected PTCL response was noted
clinically and on follow up imaging. This response was maintained
for a period of 15 months spanning 27 cycles of Nivolumab without
any significant toxicity. Unfortunately, by the 27th cycles the patient’s
lung cancer progressed and he decided to stop all treatment and en-
roll in hospice where he eventually expired due to his progressive
lung cancer.
Conclusions
This case demonstrates for the first time the notable activity and clinical
benefit of Nivolumab as a single agent in PTCL-NOS. Further evaluation
of Nivolumab’s activity in PTCL as well its incorporation into PTCL treat-
ment approaches need additional study and validation.
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Background
Pseudoprogression occurs when patients treated with immunother-
apy have an initial increase in apparent tumor size prior to regres-
sion. This phenomenon results from an influx of activated immune
cells, occurring in up to 7% of patients [1]. Ascites is also a common
manifestation of progressive malignancy from peritoneal metastases.
However, ascites has not been previously reported as a manifestation
of pseudoprogression. We describe a metastatic urothelial cancer pa-
tient with progressive ascites and concurrent reduction in tumor bur-
den on anti-PD-1 therapy.
Methods
Pembrolizumab was given 200 mg IV every 3 weeks. Computed tomog-
raphy scans were obtained and tumor burden assessed by RECIST v1.1.
Peritoneal fluid was analyzed for cytology and fluorescence-activated
cell sorting (FACS) using FlowJo10.1r5. Multiplex cytokine assay was
performed on peritoneal fluid. Normal donor PBMCs stimulated with
phorbol myristate acetate/ionomycin was used as a positive control.
Results
A 62-year-old female with urothelial bladder cancer previously treated
with chemotherapy and radiation presented with recurrent metastatic
disease including two peritoneal nodules and an enlarged para-aortic
lymph node. Pembrolizumab was started and she had a significant par-
tial response with a 49% reduction in target lesions. During therapy,
she developed large-volume ascites. Initial paracentesis showed a
serum-ascites albumin gradient >1.5, total protein of 1.2 g/dL, and
leukocyte count of 231/μL including 45% lymphocytes. Cytology from
four separate paracenteses over 8 weeks showed reactive cellular
changes/inflammation, but no malignant cells were identified.
FACS analysis on peritoneal fluid showed CD8+ lymphocytes com-
prised 53% of CD45+CD3+ cells. The majority of CD8+ lymphocytes
were PD-1+ (78%). Class II-MHC (HLA-DR) and CD40 ligand (CD154)
were expressed on 43% and 20% of CD8+ lymphocytes, respectively.
All three markers were increased relative to normal donor PBMC con-
trols, suggesting a locally high number of antigen-experienced,
activated T cells. FoxP3+CD25+ Tregs were also detected in 17% of
the CD45+CD3+CD4+ compartment. Multiplex cytokine assay for 38
analytes was performed. The most significantly elevated analytes
were IL-6, IL-15, G-GSF and FGF-2 (each >2-fold above control).
Conclusions
Pseudoprogression in cancer patients treated with immunotherapy
can manifest as recurrent ascites due to a rapid influx of activated T
lymphocytes into the peritoneum. Since ascites can also be caused
by disease progression, it is important to clinically distinguish the
two, so that treatment may be appropriately continued or stopped.
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Background
Cardiac metastasis (CM) from melanoma is being recognized more
frequently, but often presents without signal symptoms. A rate of CM
of 64% has been quoted in one autopsy series [1], though the clinical
diagnosis rate is considerably lower [2]. We evaluated patients with
known CM for cardiac complications and impact of therapy, and de-
fined survival among these patients.
Methods
This retrospective review identified patients with CM seen in the Univer-
sity of Virginia Oncology clinic between 2010 and 2017. Eligible patients
were at least 18 years old with metastatic melanoma (MM) and CM.
Our primary outcome metrics were 2 year survival from time of diag-
nosis of melanoma (M) and MM. We recorded cardiac complications,
diagnostic procedures, patient outcomes, and treatment modality.
Ten patients were identified with the demographics outlined below.
Longest follow up was 21 months from diagnosis of CM (DCM).
Results
Two year survival from M diagnosis was 70%. Two year survival from
DCM could not be calculated (two patients are still living at 9 and 21
months from DCM). Figure 1 shows Kaplan-Meier survival analysis. Of
the eight patients who died, all died within one year of DCM.
Responses to immunotherapy (IO) are shown in Table 2.
Conclusions
The rate of cardiac complications was low. Only one death was a
direct result of CM (patient 10).
90% of patients received IO. At the time of data collection, two patients re-
main (2 and 3) alive nine and 21 months since DCM; both received >20
cycles of P. Patients 1, 2, 3, 8, 9, and 10 received IO after DCM, but only pa-
tient 3’s CM responded to IO (IN induction, P maintenance). Patient 1 did
not respond to I; patient 2 was lost to follow up on IL-2; patient 8’s re-
sponse cannot be determined due to death from septic shock; patient 9
progressed through P; and patient 10 did not respond after one cycle of I.
This study is limited by small patient numbers, but supports a poor
prognosis for patients with CM. Responses can be seen with IO, spe-
cifically PD-L1 inhibitors, which may improve survival. Other treat-
ments cannot be assessed. The only patient who survived one year
after DCM has had an ongoing response to P.
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Background
Checkpoint inhibitors (CPI) have revolutionized cancer treatment with
remarkable survival benefits in multiple cancer patients. Yet, their
use can be hampered by frequent immune-related adverse events
(irAEs), affecting any organ, with signs and symptoms usually seen in
inflammatory and autoimmune diseases. There is paucity of data on
CPI induced arthritis, primarily from case reports or small series.
Methods
Patients developed arthritis while using CPI were identified from the
Rheumatology Clinic at UT MD Anderson Cancer Center. We diagnosed
arthritis if patients developed joint swelling after receiving any FDA ap-
proved CPI, after ruling out other potential underlying causes or path-
ologies. Here we report 13 pts. Cancer types included melanoma (n=5),
non-small cell lung cancer (n=4), renal cell carcinoma (n=2), acute mye-
loid leukemia, and cancer colon (1 each). CPI included nivolumab (n=8),
pembrolizumab (n=3), and ipilimumab and atezolizumab (1 each).
Results
Patients age ranged from 47-74 years and 62% were male. CPI induced
arthritis was the sole irAE in eight pts (62%), and was associated with
other irAEs including sicca symptoms (xerostomia, dry eyes), colitis,
pancreatitis, or dermatitis in the remaining five (38%). Overall, median
time to onset of arthritis after the initiation of CPI was 6 (range 1 to 15)
months. When occurred with other irAEs, arthritis always manifested up
to 4 months after the first occurring irAE despite sufficient immunosup-
pressant treatment (infliximab and/or high dose steroid) and symptoms
control, with the exception of one patient with sicca symptoms. Initial
symptoms varied widely between small and large joints of upper and
lower extremities. Over time, symmetrical polyarthritis resembling
rheumatoid arthritis, predominantly involving small joints of the hands
and wrists, along with larger joints was reported in six patients. Two
had oligoarthritis resembling seronegative spondyloarthropathy with
axial pain and enthesopathy. Four had asymmetrical inflammatory poly-
arthritis, and one had oligoarthritis. Rheumatoid factor and/or anti-
citrullinated peptide antibodies were positive in two patients, and anti-
nuclear antibodies in two others. Eleven patients were treated with ste-
roids, six were controlled, while five needed additional biological
agents (4 tocilizumab, 1 infliximab) to achieve appropriate steroid taper
(< 7.5 mg). One patient improved with intra-articular steroid injection,
and one received tocilizumab as first line.
Conclusions
Our data suggest that arthritis is a late occurring irAE that may be
due to a different immunopathology. A multi-institutional collabora-
tive work including tissue analysis is needed to enhance our under-
standing of the pathogenesis and design optiomal therapy without
dampening antitumor immunity.
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Background
Multi-system immune-related adverse events (iRAE) can occur as a re-
sult of immune checkpoint inhibitors (ICIs) targeting PD-1, PD-L1,
and CTLA-4, with variations depending on tumor type and agent
used. Inflammatory arthritis (IA) has been increasingly recognized as
an iRAE that may occur as a result of anti-PD-1/PD-L1/CTLA-4 therapy
used in the treatment of malignancy [1, 2]. We evaluated associations
between ICI regimen and clinical presentation of IA in a single
institution.
Methods
Patients referred to rheumatology for suspected ICI-induced IA, were
identified January 2013- July 2017. Patients were included if they de-
veloped de novo IA during or after ICI therapy and had no history of
pre-existing autoimmune disease. Patients were included for the sin-
gle agent group if they were on a PD-1 or PD-L1 inhibitor without
CTLA-4 inhibition. Those in the combination group were treated with
PD-1 and CTLA-4 inhibition. Clinical, demographic and laboratory
data were obtained from the medical records.
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Results
Tumor types for included patients were melanoma, non-small cell lung
cancer, small cell lung cancer, colon cancer, Hodgkin or cutaneous lymph-
oma, renal cell carcinoma, endometrial carcinoma, duodenal carcinoma,
merkel cell carcinoma, basal cell carcinoma, or squamous cell carcinoma.
The group treated with combination CTLA-4/PD-1 inhibition was signifi-
cantly younger than the monotherapy group; those in the combination
group were also more likely to be male and to have melanoma (Table 1).
Combination therapy was associated with higher levels of C-reactive pro-
tein (4 mg/dl vs. 0.7 mg/dL) and a higher likelihood of having a large joint
affected first in the arthritis course (table 1). All instances of reactive
arthritis-like presentation (arthritis + sterile urethritis, conjunctivitis) were
in the combination therapy group. Patients who received PD-1/PD-L1
monotherapy were more likely to have IA as their first IRAE. No patients
had CCP antibodies; two patients were positive for rheumatoid factor.
Conclusions
This study illustrates the diversity in clinical phenotypes of patients
with ICI-induced IA. Differences in presentation may be explained by
the regimen used to treat a patient’s malignancy. Understanding the
diversity of clinical presentations will help oncologists identify and
treat this increasingly important iRAE.
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Background
Inflammatory arthritis (IA) resulting from immune checkpoint in-
hibitors (ICIs) is an increasingly recognized immune-related ad-
verse event. The requirement for immunosuppression to treat IA,
including TNF-inhibitors (TNF-I), has been documented in previ-
ous case series [1, 2]. How often immunosuppression is required
to treat ICI-induced IA is unclear. The consequences of long-
term immunosuppression on tumor response from ICIs is also
uncertain.
Methods
Patients treated at Johns Hopkins Rheumatology for IA due to ICIs
were included if they received anti-CTLA-4, anti-PD-1, and/or anti-PD-
L1 therapy and developed IA during or after therapy. Patients with
pre-existing autoimmune disease were excluded. Patients were man-
aged by rheumatology and oncology based on preliminary recom-
mendations for ICI-induced IA treatment [3].
Results
Included patients (n=32) had melanoma, non-small cell lung can-
cer (NSCLC), small cell lung cancer, colon cancer, Hodgkin or cu-
taneous lymphoma, renal cell carcinoma, endometrial carcinoma,
duodenal carcinoma, merkel cell carcinoma, basal cell carcinoma,
or squamous cell carcinoma. Of these patients, 20 (63%) had a
partial or complete tumor response to ICIs clinically or by RECIST
criteria. Twenty six (81.3%) required corticosteroids for manage-
ment of their IA. Eleven patients (34.3%) required additional im-
munosuppression. TNF-Is were used in 7 patients (tumor types:
melanoma n=6, RCC n=1). Methotrexate or leflunomide was used
in 4 patients (tumor types: NSCLC, small cell lung cancer, duo-
denal carcinoma, endometrial carcinoma). Duration of TNF-I use
ranged from 2-16 months. Four patients treated with TNF-I, all
with melanoma, had complete response by RECIST criteria or no
evidence of disease at ICI start. None of these patients had tumor
progression while on TNF-I (duration: 3-16 months). Of the pa-
tients treated with methotrexate or leflunomide, 3 had a
complete or partial response to ICIs, and none had tumor pro-
gression during 2-12 months of IA management.
Conclusions
In a cohort of patients with ICI-induced IA, the majority of patients
required corticosteroids to control IA symptoms. In this series, TNF-
inhibitors and other forms of non-corticosteroid immunosuppression
did not affect tumor response in those who had an initial response
to ICIs for malignancy.
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Background
Immune-related enterocolitis (irEC) is the most common serious compli-
cation from checkpoint inhibitors (CPIs) that can lead to bowel perfor-
ation, sepsis, and death. The current front-line treatment for irEC is
high-dose corticosteroids (CS). However, prolonged high-dose CS ther-
apy has significant toxicities and side effects, and prolonged therapy
may reduce CPI anti-tumor activity. Early addition of TNF-alpha inhibi-
tors such as infliximab may expedite symptom resolution and shorten
CS duration. The only prospective trial evaluating infliximab with CS
versus CS alone for irEC (NCT02763761) has recently been terminated.
Thus we conducted a retrospective study to evaluate symptom reso-
lution in patients with irEC treated with infliximab + CS versus CS alone.
Methods
The medical records of patients with irEC between January 1, 2012 and
June 30, 2017 were reviewed under an institution review board-
approved protocol. Patient demographics, CPI regimen (aCTLA-4, aPD-
1/L-1, alone or in combination), colitis grade, colitis treatment,
treatment-related toxicities, time to symptom resolution, and CS dur-
ation were collected. The primary-endpoint was time to symptom reso-
lution for irEC (times to diarrhea resolution and to initiation of steroid
titration) for patients managed with versus without infliximab. Duration
of CS and rate of CS-associated toxicities were secondary-endpoints.
Categorical and continuous variables were assessed between groups
by Fisher's exact test and Kruskal-Wallis test (or two-sample t-test).
Results
Among 75 patients with irEC, 39 (52%) received CS alone and 36
(48%) received infliximab within a median of 8 days after CS initi-
ation. Patient characteristics (age, comorbidities, cancer type, im-
munotherapy regimen, and initial steroid dose), were similar
between the two arms. The incidence of grade 3+ colitis was higher
in the infliximab + CS arm (86.1% vs. 34.2%, p<0.001). Despite this,
times to diarrhea resolution (median 3 vs. 9 days, p<0.001) and to
steroid titration (median 4 vs. 13 days, p<0.001) were shorter in pa-
tients treated with infliximab + CS versus CS alone. Rates of CS-
associated toxicities (39% vs. 54%; p= 0.249) and total steroid dur-
ation (median 35 days vs. 51 days; p= 0.241) were numerically lower
in the infliximab-treated patients (Table 1).
Conclusions
To our knowledge this is the first study to compare time to symptom
resolution for irEC with infliximab + CS versus CS alone. Despite
higher incidence of grade 3+ colitis, infliximab treatment was associ-
ated with a statistically significant shorter time to symptom reso-
lution without additional toxicities. The data suggest that early
introduction of infliximab should be considered for patients with irEC
until definitive prospective clinical trials.
Table 1 (abstract P447). See text for description
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Background
With the advent of immune-checkpoint inhibitor (ICI) therapy (anti-
CTLA-4, anti-PD-1), immune related adverse events (irAE) such as thy-
roid function test abnormalities (TFTA) are common with a reported
incidence range of 2-15% depending upon the ICI utilized [1,2]. The
aim of this study was to describe the incidence of TFTAs retrospect-
ively in patients who received ICI therapy.
Methods
A total of 285 patients were reviewed (178 male, 107 female; ages
16-94) of which 218 had no baseline TFTA, 61 had baseline TFTAs,
and 6 had history of thyroidectomy and were excluded. Patients re-
ceived at least one dose of ipilimumab and/or nivolumab or pembro-
lizumab. Post-ICI therapy TFTA was classified according to definitions
of thyroid abnormalities when possible [3].
Results
A total of 35% (76/218) patients had new onset TFTAs on ICI therapy. Of
note, 70.5% (43/61) had baseline TFTA that were exacerbated by ICI ther-
apy. Median time to new onset or exacerbated baseline TFTA were 46 &
33 days respectively. Of note, 65% (20/31) of patients on both ipilimumab
and nivolumab had new onset TFTA, compared to 31.3% (15/48) with ipili-
mumab, 31.5% (28/89) nivolumab, 26% (13/50) pembrolizumab (Table 1).
Conclusions
The incidence of TFTAs with ICI therapy was higher than previously
reported. Patients with baseline TFTA and/or receiving ipilimumab
and nivolumab combination therapy had a higher incidence of TFTA
than one agent ICI therapy. In conclusion, we recommend more fre-
quent evaluation of TFT in the first two months, especially in those
with baseline TFTA.
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Background
Immune checkpoint inhibitors (ICIs) have dramatically improved
survival for patients with melanoma and are playing an increasingly
important role in the management of other tumor types. Anti-CTLA4,
anti-PD1, and anti-PDL1 antibodies have been approved for multiple
tumor types based on their clinical benefit, however they can be as-
sociated with a unique set of toxicities termed immune related ad-
verse events (irAEs). We aimed to identify the incidence and clinical
manifestations of patients who developed neurologic irAEs with ICIs
at our institution in order to inform investigation and management
guidelines.
Methods
An IRB approved retrospective study involved review of charts and
institutional databases at MSKCC. We identified patients who devel-
oped neurotoxicity while on at least one of the following ICIs: anti-
CTLA4, anti-PD1 or anti-PD-L1 over a 6 year period (1/1/2010-11/16/
2016).
Results
We identified a total of 3,804 patients who were treated with one or
more ICI during the period of review. Neurotoxicity was observed in
81 patients (2.1%) and affected both central and peripheral nervous
systems. 31 patients (38.2%) received more than one ICI. Median
number of cycles prior to developing toxicity was 3 (1-29). Ten
patients had more than one neurotoxicity. The various neurologic
phenotypes observed in patients included: sensory neuropathy, en-
cephalopathy, headache and aseptic meningitis, myasthenia gravis-
like syndrome, myopathy, autonomic neuropathy, radiculopathy,
brachial plexitis, mononeuritis multiplex, Guillain-Barre syndrome or
chronic inflammatory demyelinating polyneuropathy, paraneoplastic
neurologic disorder, and PRES. 43 patients required hospital admis-
sion and 2 required ICU level of care. A diagnosis of neurotoxicity
was based upon the temporal association with ICIs and appropriate
workup including but not limited to neurologic consultation, lumbar
puncture, and neuroimaging. Patients were treated with drug holi-
day, observation, corticosteroids, plasma exchange and/or IVIG.
Conclusions
As ICIs are being used with increased frequency, oncologists and
other health care providers should be aware of the varied manifesta-
tions of neurotoxicity in order to ensure appropriate diagnosis, work
up and treatment. Prompt treatment may relay a benefit in regards
to outcome.
PHYSICIAN/NURSE/PHARM: Patient Experience:
Patient Education Regarding I
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Background
Immunotherapy continues to offer promising treatments for many
tumor types. Unfortunately, patients potentially eligible for immunother-
apy are often not aware of options. According to a 2014 Cancer Support
Community (CSC) online survey, only 34.8% of cancer survivors knew
the term “immuno-oncology” and 64.9% had heard of “immunotherapy.”
Despite low awareness, most (84%) wanted to know more about these
topics. Recognizing this need, the CSC developed a national psychoedu-
cational immunotherapy workshop. The current analyses investigate the
program’s informational and empowerment outcomes among attendees
with cancer.
Methods
From 2014-16, 706 program attendees of the CSC’s Frankly Speaking
About Cancer: Your Immune System & Cancer Treatment workshop com-
pleted a post-program evaluation assessing knowledge (on 5-point
scale) and program outcomes, including program satisfaction. Individ-
uals with cancer (n=478) comprised 68.0% of participants in the work-
shop. These attendees were White (81.7%), female (79.6%), and
averaged 62.6 years old [1]. Workshop outcomes were ascertained by
descriptive analyses and ANOVAs.
Results
Over half of workshop attendees with cancer (53.0%) reported generally
being very involved in their overall treatment decision-making, yet 47.2%
had been unsure whether immunotherapy was a treatment option for
them[m1]. [AKZ2] About one-third (36.8%) had spoken with their doctor
about immunotherapy and 26.2% inquired about potential side effects of
immunotherapy; 44.1% had searched for information about immunother-
apy on their own before the workshop. The majority (74.6%) reported
low knowledge about immunotherapy before the workshop.
After the workshop, most attendees with cancer reported a high level of
knowledge of immunotherapy (57.8%), representing a significant gain
from attending the program (F (4,416) = 39.2, p <.01). Post-workshop,
most (86.5%) felt confident speaking about immunotherapy with their
doctors. Furthermore, a majority felt “more confident” discussing potential
side effects (86.3%), asking about treatment options generally (90.3%),
and making decisions with their doctors (84.8%) post-workshop. Nearly
all (92.5%) strongly or moderately recommend attending the workshop.
Conclusions
Results from the attendee evaluations demonstrate significant informa-
tional and confidence gains from attending a two-hour psychoeducational
workshop. Attendees reported increased awareness of options, knowledge,
and efficacy in discussing potential options for them. Results suggest that
improving access to comprehensive information about immunotherapy
and promoting communication between the patient and the healthcare
team about treatment options and decision-making via an educational
workshop is viable and can be implemented nationally to reach many.
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Background
Alpha-tocopheryloxyacetic acid (α-TEA) is an orally administered, small
molecule, multi-pathway cancer therapeutic agent that drives tumor
cell apoptosis and autophagy to stimulate antigen cross-presentation.
Anti-tumor activity of α-TEA in combination with trastuzumab was eval-
uated in vivo against established Her2/neu-expressing mouse tumors
(MMC) and in vitro against HER2 positive, human trastuzumab-sensitive
(BT-474) and trastuzumab-resistant (HR6) tumor cells.
Methods
In vivo studies: Alpha-TEA was formulated in mouse chow and adminis-
tered to mice ad libitum. FVB/N-TgN (MMTVneu) on nutrient-matched
control chow mice received s.c. implant of 1 million Her2/neu positive
murine mammary cancer (MMC) cells. On day 25, after tumors were
established, mice were transferred to α-TEA diet, and treatment with
anti-Her2/neu monoclonal antibody (7.16.4) was initiated. Mice received
3 injections of 7.16.4 antibody 3 times a week for 1 month and tumor
growth was monitored until day 60. Mice demonstrating complete
tumor regression were challenged with viable tumor cells to assess the
establishment of a memory response. Spleen cells were removed from
treated mice and assessed for cytokine production by ELISPOT assay.
In vitro studies: Human trastuzumab-sensitive (BT-474) and a resist-
ant sub-clone (HR-6) were treated continuously with α-TEA alone or
in combination with trastuzumab, both at various doses and evalu-
ated for clonogenic potential and activation of ERK and AKT signaling
pathways.
Results
Treatment of mice harboring established MMC tumors with α-TEA
plus trastuzumab caused complete tumor regression, and increased
cytokine production by splenic lymphocytes. Individually, α-TEA and
trastuzumab caused cell death and reduced colony formation of BT-
474 tumor cells in vitro; however only α-TEA was able to kill and re-
duce the clonogenicity of the trastuzumab-resistant HR6 cell line.
Furthermore, α-TEA-mediated cell death of HR6 tumor cells involved
inhibition of AKT and ERK phosphorylation. Treatment with α-TEA did
not affect the expression of HER2/neu by both cell lines.
Conclusions

� Alpha-TEA synergizes with trastuzumab to cause regression of
established Her2/neu-expressing tumors.

� Anti tumor activity of α-TEA is due to apoptosis induction and
suppression of AKT and ERK signaling pathways.

� Alpha-TEA represents a potential opportunity for combination
treatment with Herceptin in HER2 positive breast cancer.
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Background
Loss of IL-15 within colorectal tumors correlates with higher risk of
relapse, decreased survival, lower T cell density and decreased T
cell proliferation [1] suggesting IL-15 expression within the tumor is
important for anti-tumor responses. Furthermore, we have found
that soluble IL-15 (sIL-15) complexes are produced in early tumors
of mice implanted with tumor cell lines. However, the cell types
expressing IL-15 and the mechanisms regulating IL-15 responses in
the tumor microenvironment are not known. The goal of this study
was to identify myeloid cell populations expressing IL-15 in the
tumor microenvironment and investigate the mechanisms of
expression.
Methods
Both IL-15 transcriptional and translational EGFP (enhanced green
fluorescent protein) reporter mice were injected subcutaneously
with 3x105 B16 melanoma, MCA-205 fibrosarcoma or MC-38 murine
adenocarcinoma cell line. After two weeks tumors were stained for
myeloid cell surface markers and analyzed via flow cytometry. Distribu-
tion of myeloid cell populations in tumors were also monitored via con-
focal laser-scanning microscopy of IL-15 reporter mice. CCR2+ IL-15+

double reporter mice were used to further characterize myeloid cells.
To investigate the cellular source of sIL-15 complexes, we used mice
with a conditional deletion of IL-15Rα from DCs (CD11c-Cre x IL-15Rαfl/
fl) or macrophages (LysM-Cre x IL-15Rαfl/fl); or mice were treated with
anti-Ly6G depleting antibodies.
Results
In both IL-15 reporter lines, we found that the EGFP expressing cells in
the tumor microenvironment are composed of three main populations:
CD11b+Ly6ChiLy6G-, CD11b+Ly6C+Ly6G+ and CD11b+Ly6C-/loLy6G- cells
with the CD11b+Ly6ChiCCR2+ cells being the most abundant. Similar
composition of EGFP+ myeloid populations was also seen in MCA-205
and MC-38 tumors. Imaging studies of MCA-205 tumors showed that
the majority of the F4/80+ or CCR2+ cells were also EGFP+. In MCA-205
tumors, EGFP expression was decreased in CD11b+Ly6C+Ly6G+ cells
compared to the spleen. Analyses with conditional knockout mice or
depleting antibodies showed that the monocytic cells and macro-
phages are major sources of sIL-15 complexes in early B16 tumors.
Conclusions
In the tumor microenvironment, IL-15 is primarily produced by in-
flammatory monocytes and macrophages in early tumors and is
down regulated with tumor growth.
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Background
Pancreatic ductal adenocarcinoma (PDAC) is an aggressive disease with
dismal prognosis due to conventional therapy resistance. The tumor
microenvironment (TME) of PDAC is characterized by a desmoplastic re-
action that excludes effector immune cell infiltration, thus preventing
optimal efficacy of immunotherapy. A human recombinant hyaluroni-
dase (PEGPH20) has been clinically formulated to enzymatically deplete
hyaluronan (HA) in the tumor extracellular matrix. We tested the hypoth-
esis that combining the stromal targeting agent PEGPH20 with a GM-
CSF secreting allogenic pancreatic tumor vaccine (GVAX) would increase
immune cell infiltration and improve survival of PDAC bearing mice.
Methods
C57BL/6 mice were orthotopically transplanted with 2 x 106 murine
KPC pancreatic tumor cells to form liver metastases by a hemisple-
nectomy technique on day 0. Following tumor transplantation, mice
were treated subcutaneously with GVAX in combination with intra-
venous PEGPH20 or the appropriate control. PEGPH20 was given on
day 6 and GVAX on post-operative day 7. An immune modulating
dose of Cyclophosphamide (Cy) was given the day before GVAX in
all groups. Tumor immune lymphocyte infiltration was assessed by
immunohistochemistry and flow cytometry. RT-PCR was performed
on tumor associated macrophages isolated with CD11b beads. Mice
were sacrificed on day 16 for immune and gene expression analysis.
Additional survival analysis followed mice until death.
Results
Combination therapy with PEGPH20 and GVAX yielded higher infiltra-
tion of effector CD8+ and CD4+ tumor infiltrating lymphocytes in the
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TME compared to untreated and monotherapy groups (all p<0.05)
(Fig. 1). Murine survival was improved in the combination therapy
group as compared to GVAX therapy alone (Hazard Ratio: 0.286
[0.10-0.82] p=0.02). Additionally, a larger percent of tumor-infiltrating
CD8+ cells were noted to express the lymphocyte activation surface
marker CD137 in combination therapy compared to monotherapy
controls. A trend towards lower CXCR4 expression was noted in the
combination therapy group, suggesting a possible mechanism to
CD8+CD137+ infiltration beyond decreased vascular impedance.
Conclusions
Our preclinical murine model of PDAC demonstrates enhanced effi-
cacy of GVAX in combination with the stromal targeting agent
PEGPH20 with increased immune cell infiltration and a survival
advantage. This study provides rationale for further study of this
combination for PDAC treatment.
Total number of live (A) CD8+ and (B) CD4+ tumor infiltrating lym-
phocytes after KPC hemispleen surgery and indicated therapy. Data
represent mean ± SEM from one representative experiment with
three mice per group that was repeated twice. (C) Kaplan-Meier sur-
vival curves of mice that were implanted with PDAC cells and treated
with Cy/GVAX with and without combination of PEGPH20. * = p.
Fig. 1 (abstract P453). Combination therapy of PEGPH20 with
Cy/GVAX improves immune cell infiltration and survival in a PDAC
mouse model
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Background
We reported that 12Gy external beam radiation (EBRT) and intratu-
moral (IT) administration of the hu14.18-IL2 immunocytokine (IC) [an
anti-disialoganglioside (GD2) mAb fused to IL2] five days later elicits
an in situ vaccination effect in GD2+ murine tumors. An established
distant, untreated secondary tumor exerts an antagonistic effect,
“concomitant immune tolerance” (CIT), which drastically reduces the
efficacy of in situ vaccination. We have shown that CIT is mediated,
in part, by tumor-infiltrating regulatory T cells (Tregs) and that CIT
can be overcome by delivering 12Gy EBRT to both tumors. Clinically,
it is not feasible to deliver this dose to all sites of metastatic disease.
Systemically delivered molecular targeted radiotherapy (MTRT) with
the tumor-selective alkyl phosphocholine analog 131I-NM404 could
overcome this challenge, and potentially deplete immunosuppressive
cells responsible for CIT in practically all sites of metastasis. We evalu-
ated doses of EBRT to distant tumor sites needed to eliminate CIT,
performed dosimetry to determine the administered activity of 131I-
NM404 that approximates this EBRT absorbed dose, and tested
whether systemic administration of MTRT may overcome CIT in a
syngeneic murine melanoma model.
Methods
We monitored tumor volume, survival, and infiltrating lymphocyte
populations in primary and secondary tumors treated with EBRT+IT-
IC+/-intravenous MTRT in C57BL/6 mice bearing one or two
~250mm3 syngeneic GD2+ B78 melanoma flank tumors.
Results
We demonstrate that CIT can be substantially attenuated using low-
dose (2Gy) EBRT to the secondary tumor. This lower dose is not ad-
equate to generate an in situ vaccine response but appeared com-
parable to 12Gy in its capacity to overcome CIT. Using longitudinal
124I-NM404 PET/CT imaging with Monte Carlo dosimetry, we esti-
mated that 60 μCi of 131I-NM404, a dose which does not destroy B78
tumors, given IV provides approximately 2Gy to both tumors in ani-
mals bearing two B78 tumors. Following 60μCi of 131I-NM404 to mice
with two B78 tumors, we observed depletion of tumor-infiltrating
Tregs by IHC staining over a 4-week period, without bone marrow
suppression (thrombocytopenia/leukopenia/anemia). We observed
that pretreatment with systemic 131I-NM404 one week prior to 12Gy
EBRT+IT-IC to a single tumor site may substantially attenuate CIT and
rescue a systemic response to in situ tumor vaccination.
Conclusions
We demonstrate that 2Gy EBRT is sufficient to attenuate CIT, and that
this dose can be approximated using systemic MTRT. This work sug-
gests that MTRT may enable conditioning of the tumor immune
microenvironment to overcome intrinsic immune evasion mecha-
nisms and restore efficacy of in situ tumor vaccination.
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Background
We previously reported that high-affinity, antigen-specific CD8+ T
cells were induced to undergo abortive proliferation and deletion in
leukemia-bearing hosts, and have subsequently found that this dele-
tional CD8+ T cell tolerance requires cross-presentation of the
leukemia antigen by splenic Batf3-lineage dendritic cells.
Methods
Recently, we generated a T cell receptor (TCR) transgenic mouse
strain (referred to as Tg101) that expresses the TCR-α and -β chains
of a CD8+ T cell clone specific for a native leukemia antigen.
Results
Having confirmed that Tg101 CD8+ T cells specifically recognize C1498
acute myeloid leukemia (AML) cells in the context of the MHC class I
molecule, H-2Db, we investigated the behavior and fate these cells in
naïve and C1498 leukemia-bearing hosts. In naïve mice, Tg101 thymo-
cytes predominantly developed along the CD8+ lineage, and existed as
naïve CD8+ T cells in peripheral lymphoid organs, suggesting that the
Tg101 antigen is likely leukemia-specific. In leukemia-bearing mice,
antigen encounter by Tg101 T cells was delayed (day 10-12), and
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primarily occurred in the liver - a prominent site of leukemia progres-
sion. Subsequently, Tg101 cells expanded and upregulated expression
of co-inhibitory receptors, including PD-1, LAG-3, TIM-3 and TIGIT,
which correlated with a progressively dysfunctional phenotype. Surpris-
ingly, antigen encounter by Tg101 T cells in leukemia-bearing mice oc-
curred independently of Batf3-lineage DCs, suggesting that the Tg101
antigen was poorly cross-presented in vivo. Given this finding, we de-
leted H-2Db in C1498 cells to determine the extent to which direct anti-
gen presentation by leukemia cells is responsible for the acquisition of
dysfunctional properties in Tg101 T cells in vivo. In vitro expansion was
2-fold decreased in Tg101 T cells compared to high-affinity 2C CD8+ T
cells (which recognize the SIY peptide in the context of H-2Kb) upon
culture with SIY-expressing C1498 cells (C1498.SIY), indicative of a lower
avidity of Tg101 vs the 2C T cells for antigen. In contrast to Tg101 T
cells, 2C T cells encountered leukemia antigen rapidly (day 3-4) in the
context of splenic CD8a+ DCs, proliferated briefly, and were effectively
deleted from the host by day 12.
Conclusions
Collectively, our data reveal that CD8+ T cell tolerance is effectively
generated in the context of AML. However, the nature of the
leukemia antigen, as well as the context in which it is presented, are
critical determinants in the underlying mechanism of tolerance that
ensues.
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Background
Abemaciclib is an inhibitor of cyclin-dependent kinases 4 and 6
(CDK4 & 6) that suppresses DNA synthesis and cell proliferation
as result of cell cycle arrest in G1 phase. Significant clinical activ-
ity of abemaciclib has been observed in hormone receptor-
positive breast cancer patients highlighting the therapeutic po-
tential of this compound in oncology, including combinations
with other therapeutic modalities. In preclinical studies, pretreat-
ment with abemaciclib followed by PD-L1 checkpoint blockade
has demonstrated synergistic immune activation and antitumor
efficacy. This has generated interest in combination studies of
abemaciclib with immunotherapeutic agents. However, the mech-
anisms underlying immunomodulatory activity of abemaciclib
have not been fully elucidated. Consequently, the objective of
this study was to understand the direct effects of abemaciclib on
primary human T cells.
Methods
Jurkat and primary human T cells were stimulated in vitro with anti-
CD3/CD28 and treated with increasing concentrations of abemaciclib
ranging between 0 uM to 1 uM for up to ten days. Cells were har-
vested at the end of the experiments and nuclear factor of activated
T cells (NFAT) activation, cell surface immune markers (costimulatory
and coinhibitory receptors and ligands) and expression of immune-
related genes were analyzed by signal reporter assay, flow cytometry
and Quantigene Plex, respectively.
Results
Treatment of Jurkat T cells showed a dose dependent increase in
NFAT reporter activation during abemaciclib treatment which was
replicated in primary human T cells. Additionally, treatment of pri-
mary T cells with abemaciclib resulted in a distinct phenotype
exemplified by up-regulation of CD137, GITR, TIM3, PD-1, PD-L1, and
TIGIT on the surface of both CD4+ and CD8+ T cells correlating with
gene expression changes associated with T cell activation phenotype
(upregulated Granzyme B, CD137, OX40, TNF-alpha, IL2R, IP10, ICAM-
1) with only a modest concentration-dependent decrease in T cell ex-
pansion. Furthermore, intermittent exposure of T cells to abemaciclib
during various stages of expansion revealed that T cells were capable
of recovering from abemaciclib-induced growth inhibition whereas
expression of costimulatory/coinhibitory molecules was maintained
once the drug was removed.
Conclusions
Taken together, these results demonstrate that abemaciclib can
exert T cell-intrinsic effects at concentrations comparable to clin-
ical exposure. This is exemplified by increased T cell activation
phenotype with only a modest and reversible decrease in T cell
expansion, providing further rationale for clinical exploration of
combination studies with immunomodulatory agents such as PD-1
pathway inhibitors.
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Background
MEDI9197 (formerly 3M-052), is a novel TLR7/8 dual agonist formulated
for intratumoral (IT) injection and optimized for retention within the
tumor after IT injection. IT administration aims to focus antigen presen-
tation in the tumor by activation of both plasmacytoid (TLR7 express-
ing) and conventional dendritic (TLR8 expressing) cells, thus minimizing
systemic inflammatory toxicities. We report the pharmacodynamic re-
sults of MEDI9197 from a phase I, first-in-human, dose-escalation study
in patients with solid tumors (NCT02556463).
Methods
The dose-escalation trial of MEDI9197 (0.005 to 0.055 mg) has en-
rolled 24 patients with subcutaneous/cutaneous tumors. As reported
at AACR 2017, the maximum tolerated dose is 0.037 mg and IT ad-
ministration is feasible and safe. Here we present updated tumoral
and peripheral pharmacodynamic effects in patients treated with
MEDI9197 0.005, 0.012, and 0.037 mg.
Results
Local pharmacodynamic effects assessed by immunohistochemis-
try (IHC) in longitudinal biopsies demonstrated the majority of
patients treated with 0.037 mg had an increase (≥2 fold) in CD8,
CD40, CD56, or PD-L1 (tumor and immune cells) markers 3 weeks
after a single dose of MEDI9197. RNAseq analysis of paired tumor
biopsies showed an increase in TLR7/8-downstream regulated
genes and innate and adaptive immune activation signatures
such as Type 1 IFN, IFNγ and T effector signatures (≥1.5 fold)
consistent with IHC.
Increases in peripheral levels of IFNγ, CXCL10, and CXCL11 were
observed across all 3 doses (0.037, 0.012, and 0.005 mg). Within
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24 hours of IT administration of MEDI9197 0.037 mg, median
peak values of IFNγ, CXCL10, and CXCL11 observed were 236,
9286, and 558 pg/mL respectively. The fold change increase
ranged from 4.5-43, 30-132, and 3.7-52 vs. baseline for IFNγ,
CXCL10, and CXCL11 respectively. Peripheral levels of IFNγ
showed a significant trend for a dose response with median peak
values for those treated with MEDI9197 0.005 mg 4.1-fold less
than those treated with 0.037 mg. Analysis of whole blood micro-
array data across all doses demonstrated increases (≥2 fold) in
TH1 and Type 1 IFN gene expression signatures with a transient
decrease (≥1.5 fold) in CD8A transcript and NK cell signature ex-
pression, suggesting trafficking of T and NK cells.
Conclusions
IT administration of MEDI9197 induces Type 1 and 2 IFN as well as
TH1 responses, suggesting activation of both plasmacytoid and con-
ventional dendritic cells. A combination trial of MEDI9197 with durva-
lumab (anti-PD-L1) and radiation in patients with advanced solid
tumors is currently ongoing.
Trial Registration
NCT02556463.
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Background
Response failure in checkpoint inhibitors, such as death ligand 1
(PD-L1) and its receptor programmed death 1 (PD-1), is associated
with cancer-related immunosuppression. Inducible nitric oxide syn-
thase (iNOS) product, nitric oxide, has been implicated in immuno-
suppressive environments. In triple negative breast cancer (TNBC),
iNOS expression is associated with poor survival and increased
tumor aggressiveness. We’ve shown ADAR1 (adenosine deaminase
acting on RNA 1) is upregulated by iNOS activation in TNBC cell
lines. ADAR1 RNA editing suppresses inflammation, thereby damp-
ing the immune response. This study aims to evaluate whether
NOS inhibition plus anti-PD-1 is a feasible therapeutic combination
in TNBC.
Methods
TNBC cell lines BT-549, SUM-159, SUM-157, HCC-70, MDA-MB-231
and MDA-MD-468 were treated with NOS inhibition therapy (L-
NMMA, 4mM) + amlodipine (5μM). PDL-1, HMGB1, and ADAR1 ex-
pression was assessed via western blot. BALBc mice growing orthoto-
pically injected 4t1 cells were treated weekly with: 1) vehicle (saline,
oral/Rat-IgG2 i.p.); 2) NOS inhibition [L-NMMA (200mg/kg oral) +
amlodipine (10mg/kg, i.p.), days 1-5]; 3) anti-PD-1 antibody (10 mg/
kg i.p.; Bio X Cell Clone: RMP1-14, days 1, 3, 5); or 4) anti-PD-1 + NOS
inhibition. Humanized mice were developed by injecting
hematopoietic stem cells (HSC, CD34+) into the tail vein of irradiated
NOD-scid IL2Rγnull mice. Mice were sorted and TNBC patient-derived
xenografts (PDXs), representing 12 different patients, were implanted
into the mammary fat pad (3 mice/PDX). Mice were sorted and
treated weekly with: 1) vehicle; 2) pembrolizumab (anti-PD-1, 200μg,
day 1, IV); or 3) pembrolizumab + NOS inhibitor.
Results
NOS inhibition increased PD-L1 in most cell lines. 4T1 syngeneic
model helped assess the potential benefit of combined therapy.
There were no significant differences in tumor growth between
monotherapy and control group. However, anti-PD1 + NOS-inhibition
resulted in a significant reduction in tumor growth. In immune-
humanized TNBC PDXs, 40% responded to anti-PD1 monotherapy,
60% had improved response following combination therapy, and
33% responded only to combination therapy. In total, 66% of PDXs
analyzed benefited from combination therapy. Furthermore, both in-
vitro and in-vivo samples showed downregulation of ADAR1 levels
when treated with NOS inhibition, with a subsequent increase in
HMGB1, a marker of immunogenic cell death.
Conclusions
NOS inhibition upregulates PDL-1 expression in TNBC cell lines. Fur-
thermore, combining NOS inhibition with anti-PD1 therapy improved
antibody response by activating the immunogenic cell death path-
way. This combination treatment may benefit cancer patients who
do not respond to anti-PD-1 monotherapy.
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Background
The breast tumor environment is complex and includes both neoplastic
and immune cells. Among the most prevalent immune cell population
within breast tumors is tumor associated macrophages (TAMs). Macro-
phages have the ability to polarize into either M1 cells, which have po-
tent anti-tumor capabilities, or M2 macrophages which promote tumor
progression by stimulating tumor vasculature, invasion, metastasis, and
can enhance tumor resistance to chemotherapy. Generally TAMs in
breast tumors are considered M2 macrophages and a high tumor dens-
ity of TAMs clinically correlates to both overall worse prognosis and in-
creased metastasis. Several therapeutic strategies exist to modulate
TAMs clinically, focusing on depleting or inhibiting TAMs. However,
macrophage are required for optimal tumor regression in response to
both chemotherapy and immunotherapy. Their embedded location
and their untapped potential provide impetus to the discovery of strat-
egies to turn them against tumors and to harness for cancer therapy.
Therefore here, we describe a novel method to polarize pro-tumor
macrophages to an anti-tumor phenotype.
Methods
We recently reported that a first in class selective class IIa HDAC in-
hibitor (TMP195) influenced human monocyte responses to colony
stimulating factors CSF-1 and CSF-2 in vitro. Here, we utilize a
macrophage-dependent autochthonous mouse model of breast can-
cer to demonstrate that in vivo TMP195 treatment alters the tumor
microenvironment and reduces tumor burden and pulmonary metas-
tases through macrophage modulation.
Results
Here, we demonstrate that a first in class, class IIa histone deacetylase
(HDAC) inhibitor, TMP195, can activate tumor macrophages in vivo to
induce tumor regression and inhibit pulmonary metastases in a mouse
model of breast cancer. We find that TMP195 induces macrophage re-
cruitment and differentiation of highly phagocytic cells within the
tumor, which increases tumor cell death while decreasing angiogenesis.
Strikingly, we find that TMP195 enhances chemotherapy and immuno-
therapy to induce durable tumor reduction.
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Conclusions
Our findings reveal an immunostimulatory effect of class IIa HDAC in-
hibition that contrasts with strategies of depleting or inhibiting TAMs
for cancer therapy. Class IIa HDAC inhibition leverages the effector
functions of macrophages, opening the door to clinically-relevant co-
operation of checkpoint blockade, agonistic aCD40 or inhibitory
aCD47 therapy, peptide vaccine therapy or the antibody-dependent
cellular phagocytosis (ADCP) associated with mAb therapy. Indeed,
the innate immune system is the natural complement to the adap-
tive immune system that surveys and fights tumors, and these stud-
ies demonstrate a novel approach to harness innate immune cells to
cooperate with agents that stimulate an adaptive anti-tumor immune
response in an otherwise resistant cancer.
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Background
Recent advances in immunotherapy have shown amazing results in
cancer patients, albeit in small fraction. Attempts in developing im-
munotherapy to generate effective response against tumors are still
faced with immune suppressive environment. The abundance of
tumor-infiltrated T regulatory cells (Tregs) highly is one of the main
mechanism by which tumors overcome immune responsiveness.
Tregs also correlates with poor patient prognosis.
Selenium (Se), an essential trace element named after the goddess of
the moon, is described to exhibit anti-carcinogenic potentials [1].
However, the underlying mechanisms of Se action are insufficiently
understood. Since Se is also known to exhibit immune-modulatory
properties [2] we hypothesized that Se in combination with vaccine-
based immunotherapy might enhance anti-tumor responses.
Methods
TC-1 tumor-bearing C57BL/6 mice were treated either with Vaccine (E7,
100 μg/mouse; PADRE, 20 μg/mouse; every 7th day), Methylselenocys-
teine, as source of Se (MSC, 100 μg/mouse; daily) or with a combination
of both. In addition, an untreated group served as the control. Spleens
and tumor tissues were analyzed for T cell subsets via flow cytometry.
ELISpot assays were performed to determine IFNg production in E7/
PADRE restimulated splenocytes. In vitro, CD4+ T cells isolated from
spleens of C57BL/6 mice were cultured under iTreg conditions, treated
with Se and analyzed via Flow Cytometry and Immunoblotting.
Results
We found that combining Selenium with specific antigen vaccine led
to significant enhancement of immune response leading to delay in
tumor growth thereby prolonging the survival rate of mice. Import-
antly, Se significantly reduced the infiltration of Tregs into the tumor
environment thereby enhancing the CD8+/Treg ratio leading to an
increased vaccine-induced immune response. In vitro analysis of
iTregs revealed that Se reduces Foxp3 expression and destabilizes
Tregs.
Conclusions
Here we show for the first time that Se an essential trace element
improves vaccine-based immunotherapies thereby opening a new
window for the development of novel strategies to fight against
cancer.
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Background
Advaxis’ Listeria monocytogenes (Lm)-based immunotherapies are live
attenuated bacterial vectors that elicit tumor-reactive T cells through
the delivery of tumor-associated antigens directly to dendritic cells.
In addition, our Lm-based immunotherapies reduce the frequency
and function of intratumoral regulatory T cells (Tregs), thereby coun-
teracting the immunosuppressive tumor microenvironment (TME)
and sustaining the newly generated antitumor immune response.
The purpose of this study is to investigate further the mechanism by
which Advaxis’ Lm-based immunotherapies alter Treg function.
Methods
C57BL/6 mice were implanted with TC-1 tumor cells, which express the
human papillomavirus (HPV)16 E6 and E7 proteins. On day 8, when tu-
mors were palpable, mice were treated with either one dose of ADXS-
HPV-Quad, an Lm-based vector targeting the E6 and E7 proteins from
both HPV16 and HPV18, or PBS. Five days post-treatment, tumor infil-
trating lymphocytes were phenotyped by flow cytometry and intact tu-
mors were analyzed by immunofluorescence microscopy.
Results
We reasoned that Lm-based immunotherapies, to be effective at tumor
control, must reprogram the immunosuppressive TME early during the
course of treatment in order to induce and sustain infiltration of tumor-
specific T cell effectors. Accordingly, we analyzed the TME 5 days after
a single dose of ADXS-HPV-Quad. By flow cytometry, we compared the
proliferative status and viability of Tregs in tumors of mice treated with
either PBS or ADXS-HPV-Quad. The percentage of proliferating (Ki-67+)
Tregs was comparable between the two treatment groups, but the
percentage of Tregs undergoing apoptosis was 2-fold higher in ADXS-
HPV-Quad-treated mice than in PBS-treated mice. Further phenotypic
analysis revealed that the percentage of Tregs expressing CCR8, a che-
mokine receptor whose expression is essential for Treg survival and
function, was almost 2-fold lower in ADXS-HPV-Quad-treated mice than
in PBS-treated mice. Expression levels of other Treg phenotypic
markers, namely Foxp3 and CD39, were also reduced in the CCR8-
negative Tregs. The phenotypic changes in intratumoral Tregs were as-
sociated with a loss in in vivo suppressive activity, as there was a dra-
matic increase in the infiltration of activated cytokine-producing T cell
effectors into the tumor core of ADXS-HPV-Quad-treated mice but not
into the tumor core of PBS-treated mice.
Conclusions
Within 5 days of administration, a single dose of ADXS-HPV-Quad al-
ters the tumor microenvironment by impairing Treg survival and
function and by promoting effector T cell recruitment and function.
Changes in the suppressive Treg phenotype, specifically the down-
regulation of CCR8 expression, may be a key mechanism by which
Advaxis’ Lm-based immunotherapies impair Treg function.
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Background
The de-ubiquitylating enzyme USP6 is a target of chromosomal trans-
location and the key etiologic agent in several benign bone and soft
tissue tumors (BSTTs) [1]. We have shown that USP6 drives tumori-
genesis by directly de-ubiquitylating the Jak1 kinase, leading to its
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stabilization and activation of STAT transcription factors [2]. We re-
cently found that USP6 is also upregulated in sarcomas, malignancies
of mesenchymal origin. Activation of the Jak-STAT pathway plays a
key role in modulating the tumor microenvironment, however it is
not known if or how USP6 affects immune cell infiltration and/or
composition. We sought to determine USP6 effects on sarcoma
tumor growth and immune cell migration/infiltration.
Methods
USP6 was expressed in a doxycycline-inducible manner in the patient-
derived sarcoma cell lines A673 and RD-ES. USP6 expression levels were
confirmed to approximate those in primary patient tumor samples.
Results
Overexpression of USP6 results in the production of several immuno-
modulatory cytokines, most notably CXCL10, CCL5, and CCL20. USP6
expression led to the hallmarks of a heightened immune response,
such as enhanced migration, polarization, and activation of several
classes of immune cells, such as CD4+ and CD8+ T cells, monocytes,
and macrophages. In murine xenografts, sarcoma cells expressing
USP6 had attenuated tumor growth and enhanced immune cell infil-
tration compared to parental lines. Furthermore, analysis of sarcoma
patient datasets revealed that elevated USP6 expression correlated
with an immune cell gene signature, and immunohistochemistry of
USP6-translocated tumors revealed a high degree of CD4+, CD8+,
and CD163+ infiltration.
Conclusions
USP6 expression results in the production of several immunomodula-
tory cytokines that are known to promote the activation and migra-
tion of several classes of immune cells such as T cells, monocytes,
and natural killer cells. High USP6 expression correlated with in-
creased immune cell infiltration in mouse xenografts and patient
samples. The ability of USP6 to provoke an enhanced immune re-
sponse could potentially serve as a biomarker for susceptibility to
immunotherapy.
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Background
The innate immune-regulatory receptor tyrosine kinases Tyro3, Axl
and MerTK (TAM RTKs) and their ligands, Gas 6 and Protein S, sup-
press the immune response through various mechanisms, including
down regulating M1 cytokines, suppressing antigen presenting cell
function and decreasing CD8+ tumor infiltration. Myeloid-derived
suppressor cells (MDSCs) are potently immunosuppressive and inhibit
T cell activity via various mechanisms, including increased expression
of arginase, inducible nitric oxide synthase (iNOS), and the produc-
tion of reactive oxygen species (ROS).
Methods
We studied the expression of TAM RTKs in MDSCs and their respective
roles in MDSC-mediated immune suppression in the setting of cancer.
Using syngeneic murine tumor models implanted into WT and TAM
RTK-/- mice, we FACS isolated MDSCs and analyzed the TAM RTKs’ effect
on MDSC suppressive mechanisms. To complement our genetic
models, we employed a pan-TAM RTK inhibitor, UNC4241, and evalu-
ated MDSC function and tumor growth.
Results
TAM RTKs and their ligands are significantly (M-MDSCs>20 fold, G-
MDSCs>15 fold) upregulated in MDSCs from tumor-bearing mice
compared to non-tumor bearing controls. MDSCs isolated from
tumor bearing TAM RTK-/- mice have significantly diminished argi-
nase, iNOS and ROS activity compared to WT counterparts. Consist-
ent with these findings, M-MDSC functional suppression assays
showed that loss of either mertk or tyro3 yielded tumor-elicited M-
MDSCs exhibiting reduced suppressive capabilities in T cell
proliferation and IFN-g ELISPOT assays. We performed tumor and
MDSC co-implantation studies and demonstrated that WT and axl-/-

MDSCs migrate readily to the TDLN while mertk-/- and tyro3-/-

MDSCs exhibit a migration defect and remain within the tumor,
suggesting that the TAM RTKs play several roles in MDSC-mediated
inhibition of T cell priming. Adoptive transfer of TAM RTK-/- MDSCs
results in diminished B16 melanoma development in syngeneic
hosts relative to those receiving WT MDSCs. To evaluate whether
inhibition of TAM RTKs has clinical potential, we employed a pan-
TAM inhibitor, UNC4241, and found this agent to suppress MDSC
arginase, iNOS and ROS activity, all while increasing T cell prolifera-
tion and diminishing the growth of a BRAFV600EPTEN-/- melanoma
model. In vivo MDSC ablation reversed the effect of UNC4241 indi-
cating that the mechanism of this agent is MDSC-dependent.
Conclusions
These results indicate that coordinate TAM RTK action mediates
MDSC suppressive capabilities and that their pharmacologic inhib-
ition reverses MDSC-dependent T cell suppression and diminishes
tumor growth. These findings suggest that inhibition of TAM RTKs
represents a novel approach for modulating MDSC function and aug-
menting the efficacy of checkpoint inhibitor therapy.
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Background
Hypoxia is prevalent in head and neck squamous cell carcinoma
(HNSCC), where it limits radiotherapy outcomes and may create an
immune-suppressive microenvironment. The hypoxia-activated prodrug
(HAP) evofosfamide (TH-302) targets hypoxia by undergoing oxygen-
sensitive reductive activation (Figure 1). Evofosfamide is being clinically
evaluated in combination with ipilimumab in solid tumours, including
HNSCC (NCT03098160). The present study investigated the efficacy and
sensitivity determinants of evofosfamide in HNSCC.
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Methods
Case reports were retrieved from an unpublished phase 2 evofosfamide
monotherapy expansion cohort in solid tumours (480 or 575 mg.m2 on
days 1, 8 and 15 of 28-day cycles). A collection of 22 human
papillomavirus-negative HNSCC cell lines derived from lesions of vary-
ing TNM stages was assessed for sensitivity to 3 HAPs – evofosfamide,
PR-104A and SN30000 – in addition to cisplatin, 5-fluorouracil and the
active metabolite of evofosfamide, bromo-iso-phosphoramide mustard
(Br-IPM). Reductive activation of evofosfamide in cultured cells was
measured by LC–MS/MS. The lines were molecularly characterised by
RNAseq and whole-exome sequencing and their genomic and tran-
scriptomic features compared to public domain HNSCC clinical samples.
Molecular predictors of evofosfamide sensitivity were investigated
using hierarchical clustering, differential expression and correlation ana-
lyses. The antitumour activity of evofosfamide (50 mg.kg-1 qdx5 for 2-3
cycles with/without 10 Gy radiation on day 5 of cycle 1) was evaluated
in two HNSCC xenografts and two HNSCC PDX models derived in-
house. Evofosfamide was evaluated in combination with CTLA-4 block-
ade in the murine SCC-VII model. Hypoxic fraction was assessed using
pimonidazole.
Results
Of 5 metastatic or locally-advanced HNSCC patients who received evo-
fosfamide after failing standard-of-care, two showed partial responses
and three showed stable disease. Evofosfamide was highly selective for
hypoxic HNSCC cells and more potent and selective than PR-104A or
SN30000. Cell line sensitivity to evofosfamide was correlated with Br-
IPM and cisplatin but not with PR-104A, SN30000 or 5-FU, indicating
distinct sensitivity determinants. Evofosfamide sensitivity was associ-
ated with the expression of genes relating to proliferation. Accordingly,
a proliferation metagene identified subtypes within the cell lines that
were differentially sensitive to evofosfamide. Xenografts chosen on the
basis of putative predictive biomarkers (tumour hypoxia, proliferation
subtype) showed the expected patterns of response. Two PDX models
were also highly responsive to evofosfamide. SCC-VII was refractory to
evofosfamide monotherapy but showed increased growth delay when
evofosfamide was combined with CTLA-4 inhibition.
Conclusions
This study provides a rationale for the clinical evaluation of evofosfa-
mide with immunotherapy and/or radiotherapy in genetically de-
fined subsets of HNSCC.
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Background
Tumor metastasis is a critical step in the progression of cancer that is
associated with patient mortality. Prior to the arrival of tumor cells at
the metastatic site, hematopoietic stem and progenitor cells expand
in the bone marrow and mobilize to the pre-metastatic niche, where
they differentiate into immunosuppressive myeloid cells [1,2]. Fur-
thermore, recent data has demonstrated that perivascular cells
undergo phenotypic changes in the lung that are dependent on the
transcription factor KLF4 and enhance metastasis in response to
tumor-derived factors [3]. Targeting the pre-metastatic niche by ei-
ther antibody-mediated depletion of myeloid cells or inhibition of
perivascular cell phenotypic switching significantly decreases metas-
tasis [2,3]. However, changes in other immune cell populations in the
pre-metastatic niche are not well defined. We hypothesize that pri-
mary tumor growth will alter immune cell infiltration and/or function
in the pre-metastatic niche.
Methods
Lungs and bone marrow from mice bearing M3-9-M, a metastatic
embryonal rhabdomyosarcoma cell line, were harvested at various
time points and analyzed by flow cytometry for lymphoid and mye-
loid populations.
Results
Primary tumor progression was correlated with infiltration of immune
cells into the lung before detectable metastasis. There was a dramatic
increase of CD11b+Ly6G+ and CD11b+Ly6C+ myeloid cells in the lung,
and a shift in macrophage and dendritic cell populations and pheno-
types in the lung and bone marrow. Furthermore, the proportion of
both CD4+ and CD8+ T cells that express PD-1 is significantly enhanced
in the lung, as is the number of leukocytes expressing PD-L1.
Conclusions
We demonstrate that the immune compartment in the bone marrow
and in pre-metastatic lungs changes significantly in response to pri-
mary tumor growth. The differences in immune populations that were
observed in the lung and bone marrow were distinct, indicating that
the immune changes occurring at these sites in response to tumor pro-
gression are specific to their unique microenvironment. We postulate
that disrupting the formation of the pre-metastatic niche by targeting
stromal cell populations combined with immunotherapy could have
anti-metastatic potential. These studies will provide insight into the im-
mune signature of metastatic disease and identify new targets for
therapeutic intervention with the potential to reduce metastasis.
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Background
The benefit of enhancing anti-tumor immune response has been dem-
onstrated by the unprecedented clinical responses of immune check-
point antagonists and cell-based therapies1. However, the challenge
with these therapeutic approaches is that they necessarily involve a sys-
temic activation of the immune system2. This leads to treatment-
limiting and often debilitating immune related adverse events (irAEs).
Attempts to control irAEs include reducing dosing frequency and dos-
ing levels, co-dosing immune suppressants, and drug withdrawal; all of
which may limit the utility of immune therapies3. Focusing the activity
of immuno-oncology agents to the tumor microenvironment is ex-
pected to overcome the limitations posed by irAEs.



Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):87 Page 226 of 244
Methods
Using anti-mouse CTLA4 antibody 9D9 and anti-mouse PD1 antibody
J43 as a proof of concept, we have applied a rational approach to
design molecules that are activated in the tumor microenvironment
by tumor-associated proteases. In vitro testing using antigen binding
by Surface Plasmon Resonance (SPR), antigen-capture ELISA and kin-
etic assays provided important information to support the design
process. Candidates were further characterized in vivo in C57Bl/6
mice implanted with syngeneic MC38 tumors using tumor regression
as a measure of efficacy. The potential for improved safety resulting
from inhibition of systemic activity was evaluated using a Fluorescent
Activated Cell (FAC) analysis of the T cell population in the spleen for
the CTLA4 targeting agents. Induction of diabetes in NOD mice was
used to evaluate safety potential for the anti-PD1 agents.
Results
The tumor-activated antibodies exhibit significantly reduced affinity
for their targets without activation, and full binding affinity is re-
stored with proteolytic activation. In vivo testing of the tumor-
activated antibodies led to tumor reduction similar to the parental
antibody. Critically, the tumor-activated antibodies exhibit reduced
levels of the systemic activity compared to their parental antibody.
Conclusions
We have developed and demonstrated a rational approach to effi-
ciently design immunotherapeutics that are locally activated in the
tumor microenvironment and exhibit reduced systemic activities. Our
approach, which we have termed Aklusion™, has the potential to im-
prove the safety and efficacy of immuno-oncology therapeutics.

References
1. Hoos, A. Development of immuno-oncology drugs — from CTLA4 to

PD1 to the next generations. Nat Rev Drug Discov. 2016;4:235-47.
2. June CH, Warshauer, JT, Bluestone JA. Is autoimmunity the Achilles’ heel

of cancer immunotherapy? Nat Med. 2017;23(5):540-547.
3. Abdel-Wahab N, Shah M, Suarez-Almazor ME. Adverse Events Associated

with Immune Checkpoint Blockade in Patients with Cancer: A Systematic
Review of Case Reports. PLoS ONE. 2016;11 (7): e0160221.

P467
CCR4 antagonists inhibit regulatory T cell (Treg) recruitment and
increase effector T cell (Teff) numbers in the tumor
microenvironment potentiating an anti-tumor response
Oezcan Talay1, Lisa Marshall1, Cesar Meleza1, Maureen Reilly1, Omar
Robles1, Mikhail Zibinsky1, Abood Okal1, Jenny McKinnell1, Scott
Jacobson1, Erin Riegler2, Sashie Marubayashi1, Emily Karbarz1, David
Chian1, Angela Wadsworth1, David Wustrow1, Jordan Fridman2, Paul
Kassner1
1FLX Bio Inc., South San Francisco, CA, USA; 2Formerly at FLX Bio Inc.,
South San Francisco, CA, USA
Correspondence: Paul Kassner (pkassner@flxbio.com)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P467

Background
Regulatory T cells (Treg) are essential for immune tolerance and Treg-me-
diated suppression of effector T cells (Teff) is important to control in-
flammation and prevent autoimmune diseases. However, the presence
of Treg in the tumor microenvironment (TME) has been shown to
dampen anti-tumor immune responses. Human Treg express CCR4, the
receptor for the chemokines CCL17 and CCL22. Preclinical and clinical
data supports a role for CCR4-mediated recruitment and accumulation
of Treg in the TME which can be associated with poor prognosis. Fur-
thermore, patients receiving immunomodulatory agents demonstrate
an influx of Treg in responding patients which may dampen optimal
anti-tumor responses. Therefore, CCR4 is an ideal target to selectively
block Treg recruitment into the TME.
Methods
We have developed a structurally unique series of small molecule an-
tagonists of CCR4 with cellular potencies in multiple assays (e.g.
chemotaxis of primary human Treg in 100% serum) in the low
double-digit nM range. Moreover, these compounds have excellent
in vitro and in vivo ADME properties, consistent with convenient oral
dosing. These CCR4 antagonists were tested in murine syngeneic
tumor models alone and in combination with immunomodulatory
agents. During and following treatment, CCR4 ligand levels, tumor in-
filtrating lymphocytes, and tumor volumes were evaluated.
Results
Preclinically, these CCR4 antagonists block Treg migration and support
expansion of activated Teff in the tumor. Our antagonists reduce Treg in
the tumor, but not in peripheral tissues such as blood, spleen or skin;
which presents a potential safety advantage to the non-selective ap-
proach of depleting anti-CCR4 antibodies. In preclinical efficacy studies,
treatment with various checkpoint inhibitors and immune stimulators
(e.g., anti-CTLA-4 or anti-CD137) induce the upregulation of CCR4 lig-
and expression. Combination therapy with CCR4 antagonist and immu-
nomodulatory agents reduced intratumoral Treg number and increased
number of activated and total Teff, resulting in an increase in the intra-
tumoral ratios of both CD4+ and CD8+ Teff to Treg. The change in these
Teff to Treg ratios is greater for our CCR4 antagonist in combination than
with the immunomodulatory agent alone and correlates with en-
hanced tumor growth inhibition and increased tumor regression.
Conclusions
Combination therapy with CCR4 antagonist and immunomodulatory
agents overcome Treg-mediated suppression in tumors and tips the
balance toward tumor rejection.
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Background
Cancer immunotherapy delivers treatment of high specificity, low
toxicity and prolonged activity in subsets of patients. There is an un-
met need for clinically relevant preclinical models and translational
strategies that recapitulate the complexity of tumor immune micro-
environment to test the therapeutic potential of immuno-oncology
(IO) drugs, identify rational combination therapies and to develop
novel predictive biomarkers of clinical response. Here we describe a
novel 3D ex vivo drug assay utilizing fresh patient tumor samples
with intact immune microenvironment to facilitate oncology and IO
drug development and biomarker discovery.
Methods
3D ex vivo studies were performed with fresh tumor tissue ob-
tained from consented patients with non-small cell lung, renal,
urothelial, head & neck and breast carcinoma. 3D tumor micro-
spheroids (150 μm in size) prepared according to a proprietary
protocol were treated in their intact immune microenvironment
with PD1 inhibitors pembrolizumab or nivolumab at 10μg/ml for
36 hours. Culture media was collected over the course of the ex-
periments to simultaneously analyze the differential release of
cyto-and chemokines. Treatment-mediated changes in T-cell acti-
vation and immune cell populations were monitored by flow cy-
tometry while NanoString PanCancer Immune Profiling platform
containing probes to quantitate 770 immune function genes was
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used to determine positive and negative associations between
expression of immune function genes and TIL activation by
ex vivo treatment. Immunohistochemical studies were performed
to identify PD-L1 expression and immune cell composition in
tumor samples.
Results
3D ex vivo samples treated with pembrolizumab or nivolumab dem-
onstrated PD1 occupation in all tumors, while approximately 30% of
tumors showed increased CD8 T-cell activation that closely correlated
with proinflammatory cytokine release in the conditioned media. Im-
mune gene expression profiling studies revealed increased expres-
sion of IFNg inducible genes in tumors showing activated CD8
population by flow cytometry. No significant correlation was found
between tumor PD-L1 expression and ex vivo response to treatment.
Furthermore, we showed pembrolizumab or nivolumab treatment
ex vivo led to changes in tumor immune cell composition in specific-
ally including changes in monocyte populations in subset of tumors
used in the ex vivo experiments.
Conclusions
Our studies showed that this approach can be used to identify ra-
tionale drug combinations and to develop potential companion diag-
nostics to facilitate biomarker-driven drug development efforts and
personalized medicine in immuno-oncology.
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Background
Hypoxia, a common feature of solid tumors that correlates with poor
patient outcomes, is a central mediator of escape from innate and
adaptive anti-tumor immune responses. Numerous classes of immuno-
therapy target specific pathways of hypoxia-driven immunosuppres-
sion. Reversing tumor hypoxia, however, would work upstream at one
of the primary nodes of immunosuppression to stimulate effective re-
sponses. The hypoxic tumor microenvironment arises due to dysfunc-
tional tumor vasculature, and oxygen diffusion is restricted to within
~80 mm of active capillaries. To reverse tumor hypoxia and create an
immunopermissive microenvironment, we engineered OMX, a stable,
non-vasoactive, high affinity oxygen carrier that preferentially accumu-
lates in solid tumors and specifically re-oxygenates hypoxic microenvi-
ronments without affecting normoxic tissues. OMX improves anti-
tumor immune responses.
Methods
We used immunohistochemical, flow cytometric, and multiplex cyto-
kine analyses to evaluate OMX’s ability to weaken immunosuppres-
sion in the tumor microenvironment of orthotopic GL261 brain
tumors and promote tumor cures.
Results
A single dose of OMX in GL261 tumor-bearing mice reduces tumor
hypoxia, enhances T cell accumulation into the tumor, decreases Tregs
and increases activation and proliferation of cytotoxic T lymphocytes
(CTLs). Specifically, OMX increases the Teff/Treg ratio by ~3-fold, indi-
cating a switch from an immunosuppressive to an immunopermissive
microenvironment. In addition, OMX stimulates secretion of a major
chemoattractant for Th1 cells, and increases the accumulation of CD8+
tumor-specific T cells in the tumor tissue. When combined with anti-
PD-1, OMX increases CTL infiltration, proliferation and cytotoxic activity,
and modulates IFNγ and IFNγ-inducible cytokines that may polarize T
cells towards a Th1 phenotype. OMX alone resulted in ~50% tumor
cures when treatment is initiated at day 7 in GL261 tumor-bearing
mice. Furthermore, the combination of OMX with anti-PD-1 in late-
stage GL261 tumor-bearing mice increases mouse survival by ~80%
and in large PD-1 resistant GL261 tumors, OMX significantly increases
the median survival by ~50%. The survival benefit observed with OMX
could be predicted with an identified circulating chemokine signature
(post-hoc test).
Conclusions
By delivering oxygen specifically to the hypoxic tumor microenviron-
ment, OMX may restore anti-cancer immune responses in cancer pa-
tients through activation of inflammatory cytokine cascades and
mobilization and activation of tumor-specific T cells. As a unique,
pleiotropic immunotherapy, OMX may enhance immune control of
tumors to improve patient outcomes.
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Background
Pancreatic cancer (pancreatic ductal adenocarcinoma; PDAC) is a
highly malignant tumor that frequently develops local recurrence
and distant metastasis even after a curative resection. Prognosis of
PDAC is very poor, and the overall 5-year survival rate for patients
with PDAC treated by curative resection is 15-25%. Recently, neoad-
juvant chemo (radio) therapy had been reported to improve treat-
ment outcome. Therefore, it is an urgent need to explore surrogate
markers predicting patients’ outcome. We herein focused on the
tumor microenvironment as one of the candidates for monitoring
local pathological and immunological reactions, and put a spotlight
on tertiary lymphoid organs (TLO, alternatively, ectopic lymphoid tis-
sue) as a biomarker reflecting the effect of preoperative neoadjuvant
chemotherapy (NAC).
Methods
In this study, we retrospectively analyzed the area of TLO, dividing
140 patients diagnosed with PDAC from January 2009 to December
2015 into two groups, those who performed upfront surgery (SF
group; n=93) and those who underwent NAC (NAC group; n=47).
Then we measured the area (mm2) of TLO, the total area (mm2) of
the tumor, and calculated the area ratio of total tumor to the total
TLO (TLO/ Tumor ratio) by microscopic observation, and statistically
analyzed the association between the level of TLO formation and
prognosis in the tumor microenvironment. All the microscopic im-
ages were imported as digital photo files using a NanoZoomer
Digital Pathology system (Hamamatsu Photonics, Hamamatsu, Japan),
and imaging analysis were performed using Image J software (NIH,
Bethesda, MD, USA).
Results
The TLO formation was recognized in 128 patients (91.4%; 128/140).
There were no significant difference in terms of TLO formation nor
TLO/ Tumor ratio between the two groups (94.6%; 88/93 v.s. 85.1%;
40/47, p=0.0575 and 0.66±1.22 v.s. 0.64±8.62, p=0.2342, respectively).
The 5-year-overall survival rate of NAC group had been significantly
better than SF group (41% v.s.16%, p=0.0203). On multivariate ana-
lysis, lymphnode metastaisis (HR 0.047, 95% CI: 0.005-0.265,
p<0.0001) and high TLO/ Tumor ratio (HR 0.108, 95% CI: 0.010-0.593,
p=0.008) were revealed as independent favorable prognostic factors.
Conclusions
Our present results indicate that the level of TLO serves as one of
the valuable independent prognostic markers following neoadjuvant
chemo (radio) therapy for PDAC.



Fig. 1 (abstract P471). Immunotype and immune cell density of
Braf/Pten and B16 murine melanomas
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Background
Immune cell infiltration is associated with improved survival in mel-
anoma and other cancers. Melanoma metastases in humans may be
grouped into three Immunotypes representing patterns of immune
cell infiltration: A (sparse), B (perivascular cuffing), and C (diffuse)1.
Prior work suggests that anatomical site and intratumoral vascularity
can have dramatic effects on T cell responses and immune infiltra-
tion. Murine models provide opportunities to understand factors that
control immune infiltrates, but Immunotypes have not been defined
for common murine models. We hypothesize that patterns of im-
mune cell infiltration can be defined in Braf/Pten and B16 murine
models that are similar to Immunotypes observed in human melan-
oma metastases1, and that AAD and OVA transfectants and intraperi-
toneal (i.p.) location will facilitate greater immune infiltration in the
B16 model.
Methods
We performed immunohistochemistry for S100, CD31, and CD45,
with immune cell enumeration, Immunotyping, and scoring of vas-
cular density in spontaneous melanoma models and in transplant-
able melanoma models (B16-F1, B16-OVA, and B16-AAD). The
transplantable tumors were grown either in subcutaneous (s.c.) or
i.p. locations.
Results
The Braf/Pten and Braf/Pten/β-catenin tumors had low immune
cell counts in 6/6 tumors that were consistent with Immunotype
A (Fig. 1A, Fig. 1B), which was also seen in 11/12 B16-F1 tumors
(Fig. 1C). In comparison, 9/10 tumors in B16-OVA s.c. and i.p. and
5/6 B16-AAD s.c. tumors were characterized as Immunotype B.
Only the B16-AAD i.p. tumors were Immunotype C in 4/6 tumors.
The i.p. location was characterized by significantly higher immune
cell counts in B16-OVA tumors (P = 0.0008, Fig. 1D) and higher
tumor vascularity. Interestingly, mutated cancer antigens in mu-
tant BRAF models and in B16 melanoma were insufficient to in-
duce significant immune infiltrates, suggesting the existence of
barriers to immune infiltration. Addition of model neoantigens
(OVA or AAD) overcame existing barriers in a manner that was
dependent in part on tumor site.
Conclusions
These murine models may be useful for preclinical studies of com-
bination immune therapy, and suggest that both tumor antigen ex-
pression and tumor location contribute to the extent of immune cell
infiltration and Immunotype in murine melanoma.
Spontaneous Braf/Pten and Braf/Pten/β-catenin dermal melanomas
lacked significant intratumoral immune cell infiltrates characteristic
of Immunotype A (A), and the mean CD45+ cell counts for 3 mice of
each tumor type were all less than 10 per hpf in murine melanoma
(B). Associations of B16 tumor cell type and tumor location with im-
mune infiltrate. B16-F1 melanomas (B16-F1), or those transfected
with OVA or AAD, were grown in from s.c. or i.p. locations and evalu-
ated for Immunotype (C) and overall CD45+ cell counts (D). Signifi-
cance is noted by asterisks: * < 0.05, ** < 0.001, **** <0.0001.
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Background
In addition to check point blockade, immunosuppressive tumor
microenvironment can be counteracted by enhanced triggering
of T-cell co-stimulatory receptors. In vivo agonistic activity of
antibodies against such receptors usually requires Fc-dependent
crosslinking and comes at a cost of various systemic, immune
related toxicities. We developed a new class of biologics based
on the DARPin® technology platform which allow tumor-
restricted engagement of co-stimulatory molecules independently
of Fc-receptors. Our preclinical in vitro and in vivo results indi-
cate that DARPin®-based co-stimulatory receptor agonists are
comparable to or exceed conventional antibodies in agonistic
potency but restrict their activity to the tumor site effectively
widening the therapeutic window for compounds exploiting this
mode of action.
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Methods
We generated multi-specific DARPin® therapeutics, which bind to
human fibroblast activation protein (FAP) and either to 4-1BB or
OX40 co-stimulatory receptor, preferentially expressed on CD8+ and
CD4+ lymphocytes, respectively. The agonistic activity of both drug
candidates was analyzed using NFkB-pathway activation reporter
cells lines and several types of T-cell activation assays. The 4-1BB-
agonist was tested in a xenotransplantation tumor model established
in NOG mice humanized by PBMCs.
Results
Both 4-1BB and OX40-specific FAP-targeted DARPin® drug candidates
efficiently induced activation of the NFkB pathway in 4-1BB or OX40
expressing reporter cells but only after crosslinking on FAP, either
surface immobilized or expressed on cells. The capacity of the mole-
cules to enhance lymphokine secretion and upregulate expression of
activation markers on T-cells stimulated by polyclonal T-cell receptor
crosslinking or specific antigen recognition also strictly required FAP-
dependent oligomerization.
Urelumab, a clinically tested 4-1BB agonistic antibody associated
with liver toxicity, led to signs of severe graft-versus-host disease
(GVHD) and weight loss greater than 20% in the humanized NOG
mice transplanted with HT-29 tumor cells at termination of the
experiment. In contrast, mice treated with several doses of the 4-
1BB-specific DARPin® drug candidate showed only minor signs of
GVHD and marginal weight loss. Further analysis indicated that
urelumab induced CD8+ T-cell expansion both in the peripheral
blood and tumor tissue of animals while the 4-1BB-specific DAR-
Pin® drug candidate triggered a similar change only in the tumor
sites.
Conclusions
Thus, tumor targeted DARPin® agonists of co-stimulatory molecules
can enhance T-cell activity in a manner independent of Fc-
crosslinking and limited to the tumor site, thereby avoiding systemic
toxicity caused by antibodies against the same immunologic targets.
This approach with DARPin® therapeutics can be broadly applied to a
range of tumor targets and immune receptors.
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Background
The receptor tyrosine kinases (RTKs), TYRO3, AXL, and MER (TAM),
are emerging targets for cancer therapy. Particularly, TAM RTKs
play a key homeostatic role as negative regulators of immune re-
sponses. RXDX-106 is a potent and selective TAM family inhibitor
in preclinical development. Here, we sought (1) to evaluate the
efficacy of RXDX-106 as a single agent and in combination with
immune checkpoint inhibitors; (2) to identify the immuno-
modulatory mechanisms of action; and (3) to decipher the recip-
rocal regulation of TAM expression on cancer and immune cells,
and how pharmacological inhibition of TAM signaling would be
beneficial, given their complex interaction and regulation in the
tumor microenvironment.
Methods
The anti-tumor efficacy of RXDX-106, as single agent or in com-
bination with checkpoint inhibitors, was studied in tumors grown
either in syngeneic models or in immunocompromised mice.
Immuno-phenotyping was performed in tissue and tumor samples
collected during or at the end of studies by flow cytometry, gene
expression and protein analyses, and Luminex bead-based multi-
plex assays.
Results
Here, we demonstrated that tumor growth inhibition in an
MC38 model was associated with increase in intra-tumoral M1
macrophages, CD169hi antigen presenting macrophages, and
PD-L1 expression. Also observed were a higher ratio of CD8
+/CD4+ T cells and an increased expression of CD69 and PD-1
on CD8+ T cells, indicative of activation of cytotoxic T cells.
Additionally, an increase in Granzyme B and IFNγ with a con-
comitant decrease in VEGF in tumor cell lysates indicted T cell
activation and M1 polarization of macrophages. Furthermore, in
a CT26 syngeneic model, we demonstrated that RXDX-106
inhibited tumor growth as a single agent, and the effect was
further potentiated by combination therapy with immune check-
point inhibitors, as evidenced by upregulation of anti-tumor
gene expression patterns, upregulation of anti-tumor cytokines
in the tumor cell lysates, and an increase in T cell function. Fi-
nally, in an AXL-driven tumor model, we demonstrated that AXL
expressing tumors induced a pro-tumorigenic immune environ-
ment, and treatment with RXDX-106 resulted in complete tumor
regression and re-polarization of macrophages towards an M1,
anti-tumor phenotype.
Conclusions
RXDX-106 has the potential to restore and enhance immune function
in macrophages and T cells, resulting in repolarization of the immune
response towards an anti-tumor microenvironment. The unique
mechanism of activating both innate and adaptive immunity, plus
regulating cross-talk between immune cells and tumor cells by
RXDX-106 supports clinical development of RXDX-106 to potentially
treat a wide variety of cancers.
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Background
Triple negative breast cancer (TNBC) is a subtype with heterogeneous
patient outcomes. It behaves aggressively, and patients are not a
candidate for ER or HER2/Neu targeted therapy. Although there have
been major research efforts directed at establishing genomic signa-
tures to assess prognosis of breast cancer, prognostic gene expres-
sion signatures are not well developed for TNBC. In this study, we
investigated twenty-four genes [1] related to the MHC II pathway in
47 TNBC patients and explored gene(s) that can be used to distin-
guish who will relapse. This work may lead to TNBC management
and treatment and could also provide mechanism for the generation
of the anti-tumor immune response.
Methods
Forty-seven snap frozen primary TNBC tumor specimens were ana-
lyzed using RNA-Seq. Individual gene expressions were transformed
to fit a normal distribution. The Logistic regression analysis was used
to identify genes that can predict no relapse. The optimal cutpoint
was determined from the receiver operating characteristic analysis.
This study has the approval of UAB’s Institutional Review Board.
Results
CIITA had significantly high expression in TNBC patients who had not
relapsed (P<0.0001). With high CIITA expression, TNBC were 10 times
more likely to have not relapsed than those with low expression (OR
=10.8, 95% CI 2.8-41.9, p=0.006). The sensitivity and specificity are
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75% and 78.3%, respectively. Using multivariable approach with all
24-gene panel, we identified three genes, CIITA, CTSH and KRT14,
which together can predict no relapse with 87.5% sensitivity, and
78.3% specificity. Further, at the optimal cut point, we found CIITA
alone can predict TNBC no relapse with 84% sensitivity and 77% spe-
cificity and accuracy of 81%. It predicted 17/ 22 relapse, and 21/25
no relapse correctly. These biomarkers were independent predictors
of TNBC prognosis regardless of age, race, tumor grade and stage.
The findings were confirmed in public microarray data from 199 pa-
tients with TNBC confirmed.
Conclusions
High expression of genes in the MHC II pathway, e.g. CIITA, may pre-
dict TNBC prognosis with high sensitivity and specificity regardless of
age, race, and tumor grade and tumor stage. This work may lead
TNBC management and treatment. Although we explored the opti-
mal point to distinguish patients’ outcome, it is important to further
establish the threshold in a larger TNBC population.
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Background
The median survival for patients with glioblastoma (GBM) treated
with standard of care therapies is 15-20 months. The efficacy of
immunotherapy for many types of cancer make this an attractive
strategy to improve outcomes for patients with GBM; unfortunately,
thus far these have not had demonstrated efficacy in GBM. In other
cancers, the presence of immune cell infiltration, the pattern of infil-
tration, and the expression of immune markers have been associated
with survival and response to some types of immunotherapy. How-
ever, the immune infiltrate in GBM has not been well-characterized.
Methods
Multispectral immunohistochemistry images were obtained from 6
GBM specimens stained with CD8, CD20, FoxP3, PNAD, CD83 and Ki67,
and analyzed for tumor infiltrating lymphocytes using digital software.
Results
In preliminary studies, we have observed that GBM can have dense B
cell infiltrates located near blood vessels; however, the functional role
of B cells in GBM, and the prevalence of these cells has been unstud-
ied. Few studies have been performed evaluating B cells in GBM and
suggest contradictory roles for B cells in GBM. Candolfi et al. studied
the role of B cells in a GBM murine model and concluded that B cells
act as antigen presenting cells, lending a critical role in clonal expan-
sion of tumor antigen specific T cells, and brain tumor regression in
mice. Conversely, Saraswathula et al. showed that patients with GBM
have Bregs in peripheral blood. Bregs downregulate effector T cell re-
sponses through the secretion of immunosuppressive cytokines such
as IL-10 and through cell-cell contact. Thus, these studies present
conflicting roles for B cells in the GBM setting. As a preliminary as-
sessment, we examined the association between survival and overex-
pression of the MS4A1 gene which encodes for CD20, using RNA-seq
gene expression data obtained from TCGA. The expression data
showed that patients with overexpression of the gene encoding for
CD20 had decreased overall survival (p = 0.0111). While these data
provide interesting preliminary findings, they need to be further in-
vestigated, by evaluating markers of B cell effector functions in GBM
and the impact of B cells on T cells infiltrating tumor. However, con-
sidering these gene expression data, we hypothesize that CD20+ B
cells in GBM may negatively impact patient survival, and that these
cells may constitute Bregs.
Conclusions
To optimize immunotherapy, there is a necessity to understand the
prevalence and the functional role that B cells play in GBM and their
impact on patient survival.

P476
Targeting the IDO/TDO pathway through degradation of the
immunosuppressive metabolite kynurenine and inhibition of the
downstream AHR pathway
Karen McGovern1, X. Michelle Zhang1, Everett Stone3, Todd Triplett3,
Kendra Garrison3, Silvia Coma1, Luis Felipe Campesato2, Meghan Walsh1,
Jeremy Tchaicha1, Candice Lamb3, Christos Karamitros3, John Blazek3,
Taha Merghoub2, Jedd Wolchok2, George Georgiou3, Mark Manfredi1
1Kyn Therapeutics, Cambridge, MA, USA; 2Memorial Sloan Kettering
Cancer Center, New York, NY, USA; 3University of Texas, Austin, TX, USA
Correspondence: Karen McGovern (karen@kyntherapeutics.com)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P476

Background
Checkpoint inhibitors have become the cornerstone of immune-
based oncology therapy. Several orthogonal immune pathways are
currently being investigated to relieve suppression or boost activity
of the innate and adaptive immune system, including the study of
the immune-modulating role of metabolites. Both Indoleamine-
pyrrole 2,3-dioxygenase 1 (IDO1) and tryptophan 2,3-dioxygenase 2
(TDO2) enzymes metabolize tryptophan forming kynurenine, which
binds the aryl hydrocarbon receptor (AHR) in multiple innate and adap-
tive immune cell types, causing a net immunosuppressive environment.
Both enzymes are upregulated across many tumor types, and the IDO1
enzyme has been clinically validated with small molecule inhibitors in
combination with checkpoint inhibition, lending credence to the tumor
microenvironment containing small molecule metabolites that induce
immune cell tolerance, and leaving the opportunity for broader efficacy
if both pathways can be targeted. Kynureninase (Kynase), an enzyme
degrading kynurenine generated from IDO1 and TDO2 pathway, as well
as AHR antagonism through small molecule inhibition, can potentially
relieve the immunosuppression on multiple cells types and provides
novel approaches to inhibiting this pathway in multiple tumor types.
Methods
For Kynase, a pegylated enzyme was used for in vitro and in vivo
studies. Pharmacodynamic (kynurenine depletion) and efficacy stud-
ies were performed in syngeneic tumor models as single agent or in
combination with checkpoint inhibitors (anti-PD1 or anti-CTLA4). Ex-
vivo studies were done to analyze the immune cell composition of
tumors post-treatment and the effect on AHR signaling. For AHR an-
tagonists, in vitro and in vivo studies were performed to assess
kynurenine-dependent signaling through AHR.
Results
Kynase depleted kynurenine produced by IDO1+, TDO2+ and dual posi-
tive human cancer cells whereas, the IDO1 inhibitor epacadostat or
TDO2 inhibitor 680C91 selectively inhibited Kyn production in IDO1+ or
TDO2+ cells, respectively. Kynase ameliorated the suppressive effects of
kynurenine on CD4+ and CD8+ T-cells. In B16F10 tumor-bearing mice, a
single subcutaneous dose of Kynase depleted kynurenine in the plasma
and tumors, leading to an increase in tumor infiltrating CD8+ and CD4+
lymphocytes. Kynurenine activation of AHR in cells, measured by gene
expression, is inhibited with AHR antagonists. Kynase demonstrated sig-
nificant tumor growth inhibition and survival benefit either as a single
agent or in combination with checkpoint inhibitors in B16F10, CT26 and
4T1 models. Interestingly, Kynase combined with anti-PD1, showed
greater efficacy than epacadostat / anti-PD1 combination.
Conclusions
Our data support clinical development of human Kynase for the
treatment of cancers where both IDO1/TDO2 pathways play a signifi-
cant immunosuppressive role through kynurenine production.
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Background
Regulatory T (Treg) cells are important suppressive cells among
tumor infiltrating lymphocytes. Treg express the well-known immune
checkpoint receptor PD-1, which is reported to mark “exhausted”
Treg with lower suppressive function. T cell immuglobulin mucin
(Tim)-3, a negative regulator of Th1 immunity, is expressed by a siz-
able fraction of TIL Tregs, but the functional status of Tim-3+ Tregs
remains unclear.
Methods
CD4+CTLA-4-CD25high Treg were sorted from freshly excised head and
neck squamous cell carcinoma (HNSCC) TIL based on Tim-3 expression.
Functional and phenotypic features of these Tim-3+ and Tim-3- TIL
Tregs were tested by in vitro suppression assays and multi-color flow
cytometry. Gene expression profiling and NanoString analysis of Tim-3+

TIL Treg was performed. A murine HNSCC model was used to test the
effect of anti-PD-1 immunotherapy o nTim-3+ Treg.
Results
Despite high PD-1 expression, Tim-3+ TIL Treg displayed a greater cap-
acity to inhibit naïve T cell proliferatin than Tim-3- Treg. Tim-3+ Treg
from human HNSCC TIL also displayed an effector-like phenotype, with
more robust expression of CTLA-4, PD-1, CD39, and IFN-γ receptor. Ex-
ogenous IFN-γ treatment could partially reverse the suppressive func-
tion of Tim-3+ TIL Treg. Anti-PD-1 immunotherapy downregulated Tim-
3 expression on Tregs isolated from murine HNSCC tumors, and this
treatment reversed the suppressive function of HNSCC TIL Tregs.
Conclusions
Tim-3+ Treg are functionally and phenotypically distinct in HNSCC
TIL, and are highly effective at inhibiting T cell proliferation despite
high PD-1 expression. IFN-γ induced by anti-PD-1 immunotherapy
may be beneficial by reversing Tim-3+ Treg suppression.
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Background
Integrins α1β1 (CD49a), α2β1 (CD49b) and αEβ7 (CD103) mediate re-
tention of lymphocytes in peripheral tissues, and their expression is
upregulated on CD8+ tumor infiltrating lymphocytes (TIL) compared
to circulating lymphocytes. Little is known about what induces ex-
pression of these retention integrins (RI). We hypothesized that RI ex-
pression marks functionally distinct T cell subsets in the tumor
microenvironment (TME) and that these subsets can be induced by
selected cytokines and T cell receptor (TCR) stimulation.
Methods
CD8+ TIL from 19 human melanoma metastatic lesions were stained
for CD49a, CD49b, CD103, and cytokines either directly or after PMA/
Ionomycin stimulation. For in vitro studies, circulating CD8+ T cells
from normal donors (n=4-7) were cultured with cytokines and/or
CD3/CD28 stimulation and evaluated by flow cytometry.
Results
Among CD8+ TIL from melanoma metastases, RIneg, CD49a
+CD49bnegCD103neg and CD49a+CD49b+CD103neg subpopulations were
found in virtually all patients. However, only a subset of patients had
CD103+ subpopulations (CD49a+CD49bnegCD103+ and CD49a+CD49b
+CD103+). Each subset was assessed for cytokine production. A large
fraction of CD49a+CD49bnegCD103neg TIL was multifunctional, produ-
cing IFNγ, TNFα and IL-2. In contrast, CD49a+CD49bnegCD103+ TIL only
expressed IFNγ, and both CD49a+CD49b+CD103neg and CD49a+CD49b
+CD103+ subsets were incapable of inducing IFNγ, TNFα or IL-2 at com-
parable levels (Fig.1). Next, we evaluated RI expression of naïve T cells
in response to different stimuli in vitro. TCR or IL-2 stimulation alone in-
duced two RI+ cell populations: one that co-expressed CD49a and
CD49b and another that expressed CD49a alone. Adding TNFα to TCR
stimulation further induced these populations, whereas TGFβ + TCR
stimulation generated two additional populations; CD49a
+CD49bnegCD103+ and CD49a+CD49b+CD103+. Each of these subsets
was found among melanoma TIL, suggesting that TCR stimulation, IL-2,
TNFα and/or TGFβ may be responsible for the generation of RI+ subsets
in the TME.
Conclusions
These observations suggest that CD49b and/or CD103 expression is
upregulated as effector TIL lose the capability of producing cytokines
and become more exhausted. Generation of CD103+ subsets in the
TME may be driven by TCR stimulation and TGFβ and given their
absence in a fraction of tumors, may only be present in tumors pro-
ducing sufficient TGFβ. The other RI+ subsets can be induced by IL-2,
TCR engagement and/or TNFα, which we hypothesize will be avail-
able in all tumors. Together, our findings identify opportunities to
modulate RI expression in the TME by cytokine therapies and to aug-
ment subsets with specific RI expression in the interest of improving
immune therapies for cancer or other immune-related diseases.
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Background
Myelomonocytic cells orchestrate both innate and adaptive im-
mune response to tumours but frequently adopt an immuno-
suppressive, tumor supportive phenotype (M2-like). However,
their plasticity offers the opportunity for therapeutic repolariza-
tion to one that is non-immunosuppressive and supportive of
an anti-tumor immune response (M1-like). A challenge in identi-
fying such pharmaceuticals is their counter-active functionality
in other important immune cell types such as lymphocytes.
Macrophage Pharma Limited’s Esterase Sensitive Motif (ESM™)
technology predominantly targets myelomonocytic cells [1]. We
describe the preliminary in vitro characterisation of MPL-5821,
an ESM-p38 MAPK inhibitor, contrasting it with conventional in-
hibitors, with reference to its cell type specificity, sparing of
myelomonocytic – lymphocyte communication and ability to re-
verse macrophage driven lymphocyte immunosuppression.
Methods
Human Macrophage Assays: M2 polarised macrophages (M-CSF, +/-
IL-4, IL-10, TGFβ) were stimulated with LPS/IFNγ +/- compounds over-
night. Cytokine production and macrophage markers were measured
by ELISA and flow cytometry respectively.
Human PBMC Assay: PBMCs were stimulated with either LPS or anti-CD3
+/- compounds for 72 hours and cytokine production measured by ELISA.
CD4 and CD8 T-cell proliferation was measured by flow cytometry.
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Macrophage suppression of Human T-cells: M2-polarised macro-
phages were incubated with autologous PBMCs +/- compound. T cell
stimulation was provided by anti-CD3/anti-CD28. Cytokine produc-
tion was analysed by ELISA and expression of CD4, CD8 and Ki67 by
flow cytometry.
Results
Human Macrophage Assays: MPL-5821 and reference p38 MAPK in-
hibitors exhibited a similar profile in inhibiting IL-10 production and
enhancing IL-12p70 production.
Human PBMC Assay: In comparison with reference p38 MAPK inhibi-
tors, MPL-5821 was several orders of magnitude more potent in en-
hancing IL-12p70 production and was the only inhibitor to enhance
IFNγ production under LPS stimulation. Similarly, MPL-5821 was the
only inhibitor to enhance IFNγ production in response to anti-CD3
stimulation.
Macrophage suppression of Human T-cells: MPL-5821 reversed the
suppressive effects of the M2 macrophages as evidenced by a return
of CD4 and CD8 proliferation to control levels accompanied by a
concomitant increase in IFNγ and reduction in IL-10.
Conclusions
MPL-5821 modulates the macrophage phenotype to IL-12p70Hi / IL-
10Lo and reverses the M2 macrophage immune suppression of T-cell
functionality. The ESM™ cell selectivity differentiates MPL-5821 from
other p38 MAPK inhibitors by its sparing of other immune cells such
as lymphocytes. Thus MPL-5821 enables the maintenance of the
myelomonocytic/lymphocyte IL-12p70/IFNγ axis, key to an effective
anti-tumour immune response.
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Background
Patients with locally advanced head and neck squamous cell carcinoma
(HNSCC) incur significant treatment morbidity and have a poor 5 year
overall [1]. The idea of treating HNSCC by targeting epidermal growth
factor receptor (EGFR) developed from the demonstration of EGFR
overexpression correlating with advanced tumor size and decreased
survival [2]. Clinical anti-tumor activity of cetuximab, a monoclonal anti-
body that prevents ligand binding of EGFR, did not correlate with ex-
pected response rates despite high HNSCC tumor cell EGFR expression.
Further studies to clarify the mechanism of action of cetuximab in
HNSCC revealed an increase in CTLA4+ T regulatory cells (Tregs) that
suppressed NK cell mediated cytotoxicity, which correlated with poor
response to neoadjuvant cetuximab treatment [3].
Methods
We aimed to further measure inhibitory receptor [e.g. PD1, TIM3, TIGIT,
CTLA4, neuropilin-1(NRP1)] expression on T cells in tumor and periph-
eral blood lymphocytes (TIL/PBL) of cetuximab treated patients. Pa-
tients with locally advance HNSCC were treated with neoadjuvant
cetuximab for four weeks prior to definitive surgery with CT scans per-
formed prior to each intervention. Nine samples (TIL and PBL) pre and
post cetuximab were analyzed using flow cytometry, and tumor area
change was measured using delta CT.
Results
Tumor infiltrating CTLA4+ Tregs had increased expression of NRP1
and TIGIT after cetuximab therapy, specifically in patients that had a
poor response to cetuximab. Further, tumor infiltrating CTLA4+TIGIT+
Tregs correlated with patients having larger baseline tumors and
minimal change in tumor area post cetuximab. Finally, Tregs from
these patients displayed an increase in mean flouresecence intensity
of pro-survival markers such as Bcl2.
Conclusions
Increased inhibitory receptors such as TIGIT and NRP1 on CTLA4+ Tregs
combined with increased pro-survival markers in patients that had a
minimal response to cetuximab suggests that these Tregs maintain
suppressive function and survival despite cetuximab treatment. Further
characterization of the immune resistance mechanism to cetuximab
will provide the basis for designing knowledgeable combinatorial trials
with other immunotherapy agents i.e. CTLA-4.
Trial Registration
clinical trials.gov:NCT01218048,NCT0193592.
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Background
The impact of infection on the development and progression of cancer
has been a source of debate throughout the past century. Several path-
ogens have been linked to the development of cancer, while con-
versely, pathogen components (including Coley’s toxins) and oncolytic
viruses have demonstrated tumor regression. Since infection and
cancer are two often-concomitant challenges to the immune system,
we sought to understand the impact of acute, non-oncogenic, non-
oncolytic infections – which constitute the majority of infections affect-
ing humans – on tumor growth and host immunity.
Methods
C57BL/6 (B6) or NOD-scid-gamma (NSG) mice were challenged with
1.2 x 105 cells B16-F10 melanoma intradermally (right flank) on day 0
and influenza A/PR8/H1N1 (10,000 PFU) administered intranasally
(prior to tumor challenge, after tumor challenge before clinical ap-
pearance of the tumor, or once the tumor was established). Tumor
growth and influenza infection were monitored via caliper measure-
ment and host weight, respectively, every 2-3 days. Immune cell pop-
ulations within tumors, lungs, and spleens were analyzed by flow
cytometry at day 20. Statistical comparisons between groups were
determined using the student’s t test with p<0.05 considered statisti-
cally significant.
Results
Mice infected with influenza prior to or during the subclinical phase of
melanoma development displayed accelerated tumor growth relative
to influenza-naïve mice (p<0.01). Contrarily, mice with established (~3 x
3 mm) tumors displayed slower tumor growth after infection compared
to uninfected controls (p<0.01). For the latter, infected mice were found
to have a 9-fold reduction of systemic MHC-II- Ly6-G+ Ly6-C+ myeloid-
derived suppressor cells (MDSCs) in the spleen, relative to that ob-
served in influenza-naïve counterparts. Furthermore, the result of cur-
tailed tumor growth in concomitantly challenged mice was observed in
immunocompromised NSG mice as well.
Conclusions
Previously we reported that influenza infection in the lung acceler-
ates tumor growth of subclinical melanoma in the flank. However,
our recent data demonstrate that the reverse effect is observed if
influenza is administered to hosts with an established tumor in the
flank. The latter effect is observed also in NSG mice, which lack adap-
tive immunity and maintain limited innate immunity. These findings,
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in conjunction with a decrease in MDSCs observed in immunocom-
petent infected B6 mice exhibiting reduced tumor growth, suggest
that the innate immune system may promote anti-tumor immunity
in the context of infection. Further research into the mechanisms by
which influenza alters tumor growth are being investigated in prep-
aration for clinical trials that will focus on harnessing microbial im-
munity for the treatment of cancer.

P482
Somatic TP53 mutations alter the immune micro-environment after
chemotherapy in breast cancer
Mellissa Nixon1, M. Valeria Estrada2, Susan Opalenik1, Donna Hicks3,
Michael Korrer1, Mark Pilkinton1, Melinda Sanders1, Roberto Salgado4,
Simon Mallal1, Young Kim1, Rebecca Cook3, Carlos Arteaga1,
Justin Balko1
1Vanderbilt University Medical Center, Nashville, TN, USA; 2UC San Diego,
La Jolla, CA, USA; 3Vanderbilt University, Nashville, TN, USA; 4Institut Jules
Bordet, Brussels, Belgium
Correspondence: Justin Balko (mellissa.nixon@vanderbilt.edu)
Journal for ImmunoTherapy of Cancer 2017, 5(Suppl 2):P482

Background
Neoadjuvant chemotherapy (NAC), followed by surgery, is the
standard of care for triple negative breast cancer (TNBC) patients.
Unfortunately, only 30% achieve a pathological complete re-
sponse (pathCR). In patients who do not achieve a pathCR, tumor
infiltrating lymphocytes (TILS) after NAC correlate with improved
survival. This suggests there is an immune response after NAC
which may be augmented by immune checkpoint blockade (ICB).
Clinical trials are underway to examine the efficacy of ICB, there-
fore it is vital to identify biomarkers of response to identify pa-
tients who may benefit from these modalities. As more than 80%
of TNBC patients harbor somatic TP53 mutations, we investigated
the role of TP53 mutations on the immune microenvironment of
breast cancer after NAC.
Methods
We examined matched pre and post NAC primary breast cancer.
TILs were scored by a pathologist. RNA and DNA were extracted
and analyzed using Nanostring Pan-Cancer Immune panel (>700
genes) and ImmunoSeq T-cell Receptor (TCR) sequencing respect-
ively. CRISPR technology was applied to mouse tumor cell lines
to develop Trp53 mutations commonly found in TNBC. Cells were
treated with chemotherapy in vitro to determine tumor specific
changes in cytokines and PD-L1 expression. To determine alter-
ations in the immune microenvironment, cell lines were injected
into syngeneic mice or genetically engineered mouse models
(GEMM) were utilized Expression of antigen presentation by the
tumor as well as immune phenotyping of TIL after NAC was
performed.
Results
TILs in residual disease of patients correlated with improved survival.
A third of patients had increased immune gene signatures after NAC
which correlated with increased TCR clonality and increased overall
survival. CRISPR induced Trp53 mutant cells were used to elucidate
the role of p53. Cells in vitro had higher basal levels of immune-
recruiting chemokines which were further induced with chemother-
apy treatment. Trp53 mutant cells also exhibited increased antigen
presentation (MHC-I/II) and PD-L1 expression after NAC. In a GEMM
of breast cancer that had recurred after chemotherapy, TILs had in-
creased expression of CXCR3, LAG3 and PD-1 by flow cytometry.
Conclusions
Our work suggests that NAC induces immune gene signatures in a
subset of TNBC which is correlated with a better prognosis. TP53 mu-
tations in the tumor may contribute to an increased immune infil-
trate through upregulating chemokines, antigen presentation, and
increased cytokine receptor CXCR3+ T cells that display increased ex-
haustion marks PD-1 and LAG3. Ongoing studies with ICB will indi-
cate if p53-mutant tumors have a better response to ICB after NAC.
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Background
High levels of extracellular adenosine in the tumor microenviron-
ment promote tumor immune evasion by suppressing Th1 cyto-
kine production and the activation and cytolytic activity of T cells
and NK cells.
Methods
We measured extracellular adenosine concentration using intratu-
moral microdialysis of 11 patient-derived xenografts from various
cancer indications. In parallel, we defined the expression of the four
adenosine receptors in primary human immune cells using
nanostring.
Results
Intratumoral adenosine concentrations reached a range of 1 to 37
μM (mean, 11 μM), significantly higher than the 0.1-0.2 μM reported
in normal brain tissue.
A2A was the main adenosine receptor expressed by CD4 and CD8 T
lymphocytes and monocytes, and the only one in mature monocyte-
derived dendritic cells and NK cells. A2B mRNA were not abundant in
T cells and monocytes, while A1 and A3 mRNA were not detected in
any of the cell types evaluated. We further studied A2A functions in
primary human T lymphocytes and monocytes and demonstrated
that selective A2A agonists such as CGS-21680 suppressed cytokine
production by activated T lymphocytes and monocytes, highlighting
the role of A2A as the main receptor mediating adenosine signaling
in these cells.
We showed that A2A antagonists initially designed for Parkinson’s dis-
ease but recently repurposed for immuno-oncology dramatically lost
potency in a high adenosine environment. We therefore developped
a novel non-brain penetrant and non-competitive inhibitor of A2A

with sub-nanomolar Ki and selectivity versus A1, A2B, and A3 recep-
tors. Our compound potently inhibited A2A signaling in human T lym-
phocytes independently of adenosine concentrations (IC50 in T cell
cAMP assay = 2.8 and 5.5 nM in 1 and 100 μM adenosine, respect-
ively), and rescued cytokine production in the presence of high con-
centrations of A2A agonists. iTeos A2A antagonist potently rescued
TH1 cytokine production in human whole blood treated by A2A ago-
nists, and increased CD8 T cell cytotoxicity in a co-culture assay of
effector CD8 T cells and target cancer cells.
Conclusions
iTeos Therapeutics non-competitive A2A receptor antagonist is
uniquely designed to address the challenge of counteracting ele-
vated adenosine concentrations in tumors in order to restore antitu-
mor immunity.
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Background
In the past decade immunotherapy has shown impressive clinical re-
sponses, quickly becoming the first line treatment for cancers such
as melanoma. Despite these promising results, all patients do not
have the same level of response, and recent efforts have focused on
delineating avenues to understand and avoid therapy resistance. Our
lab and others have recently proposed that tumor cells may com-
promise T cell function by generating a metabolically inhospitable
microenvironment. Most importantly immune or tumor metabolism
can be modified to modulate the T cell response to immunotherapy.
Methods
We hypothesize that leptin, a hormone that affects a wide range of
metabolic processes, might be utilized as a means to remodel the
metabolic state of the tumor microenvironment, consequently modu-
lating tumor growth and immunotherapy response. Previous studies
have shown that leptin can enhance T cell proliferation and activa-
tion, but the effects of leptin on tumor-infiltrating T cells have not
been thoroughly investigated. In order to assess the effects of leptin
in the tumor microenvironment, we obtained tumor infiltrating T
cells (TIL) from tumor-bearing mice treated with recombinant leptin.
Additionally, we generated PTEN/BRAF melanoma cell lines stably
overexpressing leptin.
Results
As we have previously shown, glucose uptake in TIL is decreased
compared to ndLN. When mice were treated with recombinant lep-
tin, we observed an increase in TIL glucose uptake, suggesting meta-
bolic remodeling. Furthermore, PTEN/BRAF melanoma cells which
overexpress leptin have significantly slower growth kinetics com-
pared to control tumors and an increase in overall survival. Leptin
overexpressing tumors have increased T cell infiltration compared to
control tumors, and these TIL are metabolically and functionally
superior.
Conclusions
Taken together, these data suggest leptin can have a direct effect on
tumor infiltrating T cell function and tumor growth. Our goal is to
further characterize how leptin can metabolically remodel the tumor
microenvironment and modulate immunotherapeutic response.
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Background
Acute myeloid leukemia (AML) is characterized by clonal expansion
of poorly differentiated myeloid precursors and results in impaired
hematopoiesis and often bone marrow failure. Immune responses
are defective in patients with AML due to powerful immune suppres-
sive circuits that are activated by soluble factors and immune check-
point molecules, including PD-L1 and IDO1. The development and
delivery of new therapeutic strategies for high-risk AML, including
immunotherapy, therefore remains a priority.
Methods
This multi-institutional study was undertaken to collect comprehensive
immune profiles across the biological heterogeneity of childhood and
adult AML, with the aim to implement new molecularly targeted agents
for patients with specific immunologic subtypes of AML. We employed
the nCounter™ system (NanoString Technologies, Seattle, USA) to
characterize bone marrow (BM) specimens from 70 patients with non-
promyelocytic AML (42 children and 28 adults). Ninety BM samples (63
de novo AMLs, 18 AMLs in complete remission [CR] and 9 relapsed
AMLs) were analyzed on the nCounter® FLEX platform, using the RNA
Pan-Cancer Immune Profiling Panel. Transcriptomic data were normal-
ized using the nSolver™ software package.
Results
Hierarchical clustering identified patient subgroups with heightened
expression of CD8 T-cell, Th1-cell, B-cell and cytotoxicity-related
genes, including genes related to NK-cell function, in the leukemia
microenvironment (“immune enriched” patients). Interestingly, a se-
lect group of patients over-expressed genes associated with mono-
cyte/macrophage, neutrophil and mast cell functions, with low
expression of T-cell and B-cell genes. AML patients with ‘immune
enriched’ gene profiles also expressed CD8A, IFNG, FOXP3, and inhibi-
tory molecules including IDO1 and the immune checkpoints LAG3,
CTLA4 and PD-L1.
Gene set analyses identified differences in immune gene expression
levels between childhood and adult AMLs, as well as patients with
newly diagnosed AML, relapsed AML or AML in CR. In particular,
genes highly expressed in adult AMLs compared with childhood dis-
ease included chemokine genes, dendritic cell and macrophage
genes and NF-kB inhibitor-a. In contrast, immune genes down-
regulated in adult compared with childhood AMLs included integrin
family members, cytokine receptors, TCR complex components and
lipocalin-2, a neutrophil gelatinase-associated molecule implicated in
suppression of tumor invasiveness.
Conclusions
Our analysis has captured the immunological status of the leukemia
tumor microenvironment in children and adults with AML at different
disease stages. From a clinical standpoint, ‘immune enriched’ AMLs
might be amenable to immunotherapy approaches tailored to the
BM microenvironment.
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Background
Non-small cell lung cancer (NSCLC) patients have impaired immune
responses, where the expression of inhibitory checkpoint molecules
on T cells may lead to reduced immune cell activity. The presence of
lymphocyte activation gene-3(LAG-3)-positive T cells in the tumor
microenvironment and their potential impact on prognosis have
been investigated over many years. One implication has been that
the engagement of LAG-3 inhibits T cell proliferation resulting in T
cell suppression and poor prognosis [1]. We aimed to quantify CD3
and LAG-3 immune cell relationships in terms of cell infiltrations and
proportions within the tumor microenvironment of NSCLC tissue.
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Methods
Ten individual NSCLC clinical tissue samples were immunohisto-
chemically (IHC) stained by Indivumed using the Ventana DISCOVERY
XT automated staining platform. The first section was dual-labeled
for LAG-3 and CD3 and the second for pan-Cytokeratin (CK). Image
analysis was performed by OracleBio using Indica Labs Halo software.
Tumor and stroma regions of interest (ROI) were classified using the
CK section. ROI classifications were automatically transferred, during
analysis, from the sample-associated CK section to the co-registered
dual IHC section. Cellular analysis was performed on the ROI using
threshold established to identify and count CD3, LAG-3 and dual-
labeled cells.
Results
Evaluation of tumor samples demonstrated a mean number of LAG-
3/CD3-dual positive cells within the stroma and tumor of 132 ± 59
and 54 ± 20 per mm2 ROI area, respectively. Interestingly however,
when the proportion of LAG-3/CD3-dual positive cells was normal-
ized to the total population of CD3-positive cells within these re-
gions, an opposite relationship was observed where the mean %
LAG-3/CD3-positive cells relative to the total CD3 immune cell popu-
lation was 5 ± 2% within the stroma and 12 ± 3% within the tumor.
Conclusions
These example data highlight the benefits of utilizing dual IHC
staining with whole slide image analysis to characterize immune cell
relationships within the tumor microenvironment. These techniques
can assist in the assessment of changing relationships between pro-
portions of immune cells between tissue compartments and evalu-
ation of LAG-3 as a potential target for modulating T cell responses
in NSCLC.
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Background
Multiplex fluorescence immunohistochemistry (MIF), multispectral im-
aging and image analysis of immune cells within the tumor micro-
environment has been increasingly applied to profile and correlate
cell interactions in relation to cancer treatment and predicting pa-
tient outcome. Tumor-infiltrating T lymphocytes are known to play
an important role in anti-cancer mechanisms where coexisting infil-
trations of CD8 and CD4 T cells affords a good prognosis in non-
small-cell lung carcinoma (NSCLC) [1]. Here we use CD8/CD4
evaluation to exemplify the use of MIF combined with multispectral
imaging and tailored spectral and spatial quantification to examine
relationships between immune cell populations within tumor and
stroma.
Methods
An exemplar NSCLC lung tumor section was MIF labelled by Asterand
for 5 immune cell markers, including CD4 and CD8, a pan cytokeratin
tumor marker and DAPI nuclear marker. The stained slide was digi-
tised using the Vectra Polaris multispectral scanner (Perkin Elmer)
and exemplar region of interest (ROI) images exported in component
data format. The component data images were analysed by Oracle-
Bio using a 3-tiered sequence of tailored applications developed in
Visiopharm Oncotopix Software. The first tier enabled the classification
of tumor and stroma ROI, the second tier facilitated cell detection,
classification and analysis and the third tier refined cell relationships
and measured immune cell distances to the nearest tumor cell or be-
tween defined immune cells.
Results
Selected ROI displayed a range of tumor and stroma content with
varying populations of CD4 and CD8 positive immune cell infiltra-
tions. The mean number of CD4 and CD8 positive cells in tumor was
30 and 250 per mm2 respectively and in stroma was 474 and 915
per mm2 respectively. Evaluation of tumor-immune cell spatial rela-
tionships within the stroma, at a 20μm distance to the tumor border,
highlighted that the percentage of CD4 and CD8 positive cells within
this stromal border was 33% and 54% respectively and the average
distance between the 2 immune cell types was 13μm.
Conclusions
The exemplar data generated provides information relating to the
potential influences of immune cell recruitment and activation within
the tumor microenvironment, correlation of spatial distributions and
the inter-dependencies between immune cells and cancer cells,
which may be indicative of response to treatment or predicting pa-
tient outcome.
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Background
Immunotherapy has transformed cancer treatment. To address
remaining unmet needs, combinations of checkpoint inhibitors and ag-
onists are under investigation, although prioritization strategies are un-
clear. We hypothesized that molecular understanding of T-cell
phenotypes under chronic stimulation that mimics the tumor micro-
environment could aid in optimizing combinations. Additionally, target
co-expression is important for designing bispecific monoclonal anti-
bodies (mAbs). Although aggregate gene expression analysis of CD8+ T
cells is valuable, it does not show target co-expression at the single-cell
level. Hence, we explored single-cell RNAseq to identify targetable CD8
+ T-cell subpopulations at various dysfunctional states.
Methods
CD8+ T cells were negatively selected from PBMCs and treated with IL2
(NonStim) or IL2+anti-CD3,antiCD28 antibodies (Stim) for 13 days, in-
cluding two cycles of treatment separated by a two-day rest in IL2 [1].
Over 1500 Stim and NonStim cells were profiled on 10X Genomics plat-
form and analyzed with corresponding pipeline. Gene expression corre-
sponded to 2 unique molecular indices. Published consensus gene-sets
for functional states of CD8+ T cells in cancer [2] were used for Gene-
Set Variant Analysis (GSVA) to identify populations with significant dif-
ferences in the four states – dysfunctional, senescent, terminal-effector,
and stem-like memory – between Stim and NonStim.
Results
GSVA scores indicated significant upregulation of a dysfunction signature
and downregulation of terminal-effector function in Stim versus NonStim
cells (P<0.001). PD-1 was most differentially expressed between top and
bottom tertiles of Stim cells with dysfunctional signature. Similarly, cells
with high expression of TIM3, another dysfunction marker, showed
downregulation of cytotoxicity and antigen-presentation associated
genes, compared to those with low TIM3 expression.
The percentage of cells expressing dysfunction markers increased
under chronic stimulation, while those producing effector cytokines
decreased. Cells expressing PD-1, CTLA-4 and GATA3 increased from
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5%, 3% and 16% to 17%, 80% and 21%, respectively, whereas cells
expressing IFNγ decreased from 16% to 7%. Of the Stim cells, 11%,
15% and 71% co-expressed PD-1 and TIM3, PD-1 and CTLA-4, and
CTLA-4 and LAG3, respectively. CD137 and TIM3 were co-expressed
in >30% of Stim cells, but only 1% of NonStim.
Conclusions
Our results provide new insights into the heterogeneity of activated/
exhausted/dysfunctional CD8+ T cells at the single-cell level, which
could aid in prioritizing immunotherapy combinations and designing
new bispecific mAbs.
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Background
Clinical successes with immuno-oncology agents have demonstrated
the potency of the immune system in controlling cancers, most strik-
ingly in Hodgkin lymphoma (HL), where response rates to PD1/PDL1 in-
hibitors approach 90%. The majority of tumor bulk in HL is made up of
non-malignant immune cells. High parameter methods such as gene
expression profiling or flow cytometry have been applied to the study
of the tumor immune microenvironment (TME) in Hodgkin disease,
however due to the inherent limitations of these techniques, several
questions remain unanswered. Data on cellular heterogeneity and rare
cells is lost with gene expression studies while the spatial relationship
between tumor and immune cells is lost with flow cytometry. The Flui-
digm Hyperion imaging mass cytometry (IMC) system combines a
CyTOF mass cytometer with a laser ablation system allowing for 40+
parameter simultaneous immunophenotyping on a single slide of FFPE
tissue, with sub-cellular resolution. Here we describe our efforts to
develop and optimize a 26 parameter antibody panel for the
characterization of the lymphoma TME on the IMC platform.
Methods
Literature was reviewed to identify markers relevant to HL TME. Anti-
gen retrieval, blocking, and antibody staining concentrations were
optimized to identify universal staining conditions. Slides were im-
aged using the Fluidigm Hyperion IMC system and image analysis
was performed with MCD viewer (Fluidigm) or CellProfiler/miCAT
(https://doi.org/10.1101/109207).
Results
We successfully performed IMC imaging of Hodgkin lymphoma, NK
lymphoma and normal lymph nodes (LN) using a 26 parameter panel.
We were able to clearly identify tissue architecture (Fig. 1, normal LN,
germinal center(GC), mantle zone(MZ), cortex/paracortex(PC), Fig. 2A)
and characterize specific cellular populations such as CD8+Tcells, Th1/
Th2 subsets, FoxP3+Treg, tissue associated macrophages, CD56+NK cells
and tumor vasculature. Important immuno-oncology targets such as
LAG3, PDL1/PDL2 and PD1 are included. Cellular resolution is similar to
IHC, allowing for imaging of tumor, effector and regulatory cell
interactions at a single cell level (Fig. 2B, Reed Sternberg(RS)cells (red).
CD8+(green) adjacent to RS cell flanked by TREG (FoxP3-teal) and
Th2(CCR4-yellow) CD4+(not shown) cells. Abundant CD68+(magenta)
cells which co-express PDL1/PDL2 (not shown) in the background.)
Conclusions
IMC allows for successful multiplex imagining of the TME in FFPE tissues.
The method does not require special processing and can be applied to
archival specimens and tumor microarrays. Methods developed here
should be applicable for the study of the TME in other tumor types and
could be used to identify additional biomarkers of response to immuno-
oncology agents.
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Background
Prostate-specific membrane antigen (PSMA) is a transmembrane
glycoprotein overexpressed in >80% of metastatic prostate cancer.
Although PSMA is a promising target for peptide and antibody drug
conjugate therapies, early chimeric antigen receptor (CAR) T-cell ther-
apies lacked clinical efficacy. Here we developed a novel CAR T-cell
product (P-PSMA-101) via piggyBac™ transposition of a tri-cistronic
transgene encoding a safety switch, a PSMA-specific Centyrin-based
CAR (CARTyrin), and a selection gene, features that may improve
safety and efficacy compared with previous anti-PSMA CAR T-cell
therapies.
Methods
We developed and identified a lead anti-PSMA CARTyrin from over 250
available Centryin binders. We also tested the previously clinically-
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tested anti-PSMA J591 scFv-based CAR for comparability. Initial assess-
ment utilized mRNA delivery of candidate CARTyrins to confirm CAR
surface expression and specific T-cell degranulation against PSMA+
prostate tumor cells or PSMA-engineered cells. We then used piggyBac
to deliver our tri-cistronic vector system encoding the lead PSMA CAR-
Tyrin (P-PSMA-101), J591 scFv CAR, or a BCMA-specific CARTyrin to T-
cells, resulting in >95% CAR+ T-cells after selection and expansion.
Importantly, our unique production methodology leads to >60% T-
stem cell memory (Tscm) cells, an early memory population that corre-
lates with complete responses in CD19 CAR T-cell clinical trials. In vitro,
P-PSMA-101 and J591 CAR T-cells specifically proliferated, lysed, and
secreted IFN-γ against PSMA+ LNCaP or PSMA-engineered K562s. No
evidence of tonic signaling or exhaustion was detected.
Results
P-PSMA-101 demonstrated significantly enhanced anti-tumor efficacy
and survival in comparison to J591 CAR T-cell-treated mice in a low
“stress test” dose of T-cells against established subcutaneous LNCaP(-
fLuc+) solid tumors in NSG mice. The >60% Tscm P-PSMA-101 ex-
panded in vivo and gave rise to differentiated effector CAR+ T-cells that
were detected in the peripheral blood concomitant with a decrease in
tumor burden below detectable caliper and bioluminescent imaging
limits. P-PSMA-101 then contracted, yet persisted in the peripheral
blood with >70% of T-cells exhibiting a Tscm phenotype. On the con-
trary, J591 CAR T-cells did not significantly control tumor burden. In a
dose titration study, P-PSMA-101 eliminated established LNCaP tumor
in 100% of animals for the duration of the studies (42 days post-
treatment), while 2/3 low-dose animals remained tumor-free.
Conclusions
P-PSMA-101 is a first-in-class Centyrin-based CAR T-cell therapeutic
that exhibits a persistently high frequency of Tscm and mediates dur-
able anti-solid tumor efficacy that surpasses previously established
anti-PSMA CAR T-cell therapy in our in vivo model. Future efforts will
continue towards clinical application of P-PSMA-101 in patients with
metastatic castrate resistance prostate cancer.
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Background
BACKGROUND: Solid tumors employ multiple mechanisms to evade
immunologic detection and destruction. However, the potential to
enhance the immune response to cancer has been proven in several
malignancies and is under investigation in many others, including
primary CNS tumors. Brain tumors, in particular, lack robust T-cell in-
filtration, suggesting poor immune surveillance. Recent studies have
found that tumor cells express T-cell attracting chemokines, CXCL9 and
CXCL10, in response to interferon gamma (IFNγ). Chemokine expression
can be further amplified by drugs that prevent epigenetic silencing, such
as histone methyltransferase inhibitors or histone deacetylase (HDAC) in-
hibitors. This approach increases T-cell trafficking to tumors in vivo and
enhances the anti-tumor efficacy of checkpoint blockade. We hypothe-
sized that T-cell trafficking to brain tumors could be increased by epige-
netically enhancing CXCL9 and CXCL10 expression.
Methods
Assays were performed on human glioma brain tumor cell lines.
CXCL9 and CXCL10 expression were measured by real-time PCR and
Western blot. GSK126, a commercially available methyltransferase in-
hibitor, was utilized to demethylate histone H3 (K9 and K27). LB201
(Lixte Biotechnology, Setatuket, NY) and SAHA were used to inhibit
class 1 and class 2 HDACs and Entinostat was used to inhibit class I
and class III HDACs. Histone methylation and acetylation status were
examined using Western blot analysis. T-cell migration was measured
using transwell migration assays. RESULTS: Expression of CXCL9 and
CXCL10 was induced by IFNγ in brain tumor lines. Chemokine
expression was further increased when cells were treated with
GSK126 and HDAC inhibitors compared to IFNγ alone. Migration as-
says confirmed that tumor cells treated with GSK126 and HDAC in-
hibitors released chemotactic factors that increased T-cell migration.
Results
Expression of CXCL9 and CXCL10 was induced by IFNγ in brain tumor
lines. Chemokine expression was further increased when cells were
treated with GSK126 and HDAC inhibitors compared to IFNγ alone. Migra-
tion assays confirmed that tumor cells treated with GSK126 and HDAC in-
hibitors released T-cell chemotactic factors that increased T-cell migration.
Conclusions
These studies demonstrate that brain tumors express T-cell attracting
chemokines CXCL9 and 10 in response to IFNγ. Further, single agent
and the combination of GSK126 and HDAC inhibitors enhanced ex-
pression of CXCL9 and CXCL10, resulting in increased T-cell migration
toward tumor cells. Together, these data provide a potential means
to enhance the efficacy of immune therapies for brain tumors by
promoting T-cell trafficking toward tumor cells.
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Background
Cancer immunotherapy aims to harness the immune system to destroy
tumor cells as well as reverse tumor-induced immune suppression. One
such molecule reported to contribute to immune suppression is
galectin-3 (Gal3). Indeed, Gal3 is upregulated on a wide variety of
tumors and is associated with poor patient prognosis. In addition, in-
creased amounts of Gal3 are found in patients with metastatic disease.
Gal3 has been shown to recruit myeloid derived suppressor cells
(MDSCs) into the tumor microenvironment, thus aiding in tumor es-
cape. Therefore, we hypothesized that the addition of a galectin-3 in-
hibitor (GR-MD-02) in conjunction with an agonist anti-OX40 antibody
(aOX40) would synergize to promote tumor regression and increased
survival via a reduction in tumor-induced immune suppression.
Methods
MCA-205 sarcoma cells or TRAMP-C1 prostate adenocarcinoma cells
were implanted into the flank of C57Bl/6 mice; 4T-1 mammary carcin-
oma cells were implanted orthotopically into the mammary fat pad.
GR-MD-02 (2.4 mg/dose) and aOX40 (250 μg/dose) were administered
to mice intraperitoneally (ip) either 3x/week for 2 weeks or 2x/week for
1 week, respectively. Tumor growth (area) was assessed 2x/week and
mice were sacrificed when tumors exceeded 150 mm2. Tumors were
either digested and immune cells were analyzed by flow cytometry or
homogenized into tumor lysate was assayed by cytokine bead array.
Results
We observed that combined GR-MD-02/aOX40 therapy significantly im-
proved survival of MCA-205, 4T-1, and TRAMP-C1 tumor-bearing mice,
and additionally reduced lung metastases in the 4T-1 model. Further
analysis revealed that GR-MD-02/aOX40 therapy significantly reduced
the amount of both monocytic (Mo-) and granulocytic (Gr-) MDSCs
within the tumor compared to aOX40 alone (p<0.05). In addition, we
observed a significant decrease in PD-L1, iNOS, arginase 1 (p<0.05), and
CD206 (p<0.001) expression in both Mo- and Gr-MSDCs. Moreover, GR-
MD-02/aOX40 therapy led to increased CD8+ T cell proliferation in the
lymph node and increased intratumoral concentrations of IL-17a and
IL-15 (p<0.05), suggesting a potential role in modulating immune infil-
trate and/or prolonged T cell survival.
Conclusions
In summary, our data suggests that Gal3 inhibition plus agonist aOX40
therapy may reduce myeloid recruitment to the tumor microenviron-
ment, thus reducing immune suppression and subsequently mediating
tumor regression and increased survival.
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Background
The oncolytic peptide LTX-315, which has been de novo designed
based on structure-activity relationship studies of host-defense pep-
tides, has the ability to kill human cancer cells and induce long-lasting
anticancer immune response when injected locally into tumors estab-
lished in immunocompetent murine models. The oncolytic effect of
LTX-315 involves perturbation of the plasma membrane and the mito-
chondria with subsequent release of danger-associated molecular pat-
tern molecules (DAMPs) such as ATP, Cytochrome C and HMGB1.
Furthermore, LTX-315 effectively disintegrates the cellular compart-
ments with subsequent release of tumor antigens as demonstrated by
a greater T-cell infiltration (TILs), TILs clonality and the number of clones
with greater abundance in the tumor microenvironment. In experimen-
tal tumor models, LTX-315 exerts abscopal effects and reshapes the
tumor microenvironment by decreasing the local abundance of im-
munosuppressive cells and by increasing the frequency of effector T-
cells. LTX-315’s ability to convert immunogenically “cold” tumors to
“hot” makes it ideal combination partner with other immunotherapies
or immunochemotherapy. Indeed, in preclinical tumor models, a com-
bination of LTX-315 and immune checkpoint inhibitor (anti-CTLA4)
demonstrates significant synergy.
Methods
In the present study the antitumor efficacy and potential synergy of
LTX-315 in combination with low-dose chemotherapy was investigated
in experimental mouse models. Subcutaneously established murine
A20 lymphoma was treated with LTX-315 alone, cyclophosphamide
alone or LTX-315 in combination with cyclophosphamide. Similarily,
orthotopically established 4T1 murine mammary carcinoma was
treated with either LTX-315 alone, liposomal doxorubicin (CAELYX)
alone or in combination.
Results
LTX-315 showed significantly enhanced anticancer efficacy against
A20 lymphomas and 4T1 breast carcinomas when combined with
cyclophosphamide and doxorubicin, respectively.
Conclusions
The LTX-315 unique “release and reshape” properties make it a
promising candidate for combination with several types of anticancer
therapies. Phase 1b study combining LTX-315 with ipilimumab (anti-
CTLA-4) in malignant melanoma patients, as well as LTX-315 with
Pembrolizumab (anti-PD1) in metastatic breast cancer is ongoing.
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Background
Extracellular adenosine-triphosphate (ATP) is efficiently hydrolyzed to
adenosine by ecto-nucleotidases CD39 and CD73, which converts
adenosine-monophosphate (AMP) into adenosine (ADO). ADO sup-
presses immune responses including those of T cells, natural killer (NK)
cells, and dendritic cells (DCs) through activation of A2aR and A2bR recep-
tors. CD73 inhibition is a promising therapeutic approach for preventing
ADO-mediated immunosuppression in the tumor microenvironment.
Methods
Human CD8+ T cells, CD4+ T cells, and CD14+ monocytes were isolated
from buffy coats using various RosetteSep and EasySep Enrichment cock-
tails. The ability of AB421 to rescue AMP-mediated inhibition of T cell
activation was evaluated using CD3/CD28/CD2 stimulation. Mixed
lymphocyte reactions (MLRs) were established by mixing GM-CSF and IL-4
differentiated monocytic DCs with allogeneic CD4+ T cells. AMP and ADO
levels in C57BL/6J mice were measured by mass spectrometry in plasma
samples isolated at various time points after administration of AB421.
Results
We have designed a highly potent and selective small-molecule
CD73 inhibitor, AB421, which inhibits endogenous CD73 activity in
human CD8+ and CD4+ T cells with IC50 values of 4.5 pM and 6.2 pM,
respectively. AB421 prevents AMP-mediated inhibition of T cell acti-
vation in CD3/CD28/CD2 activated human CD4+ and CD8+ T cells, as
well as allogeneic CD4+ T cell activation in MLRs. Addition of exogen-
ous AMP abrogated the enhanced allogeneic CD4+ T cell activation
and IFN-γ production mediated by α-PD-L1 monoclonal antibody
(mAb), an effect that was blocked by AB421. Mechanistically, addition
of AMP repressed expression of activation markers (CD25) and im-
mune checkpoint proteins (CTLA-4, PD-1, TIM-3, LAG-3, ICOS, CD28)
in the MLR assays. This suggests that activation of the adenosinergic
pathway is dominant and may limit the utility of most antibodies tar-
geting immune checkpoint proteins by curtailing their expression
and/or upregulation (as was seen with an α-PD-L1 mAb and AMP co-
culture systems). Analysis of TCGA databases and tumor microarrays
showed differential expression of CD73 across tumor types, with high
expression detected in non-small cell lung carcinoma (adenocarcin-
oma), colorectal, head and neck, esophageal, and stomach cancers.
Analysis of dissociated tumor cells by flow cytometry showed CD73
expression in both hematopoietic and non-hematopoietic cells. Fi-
nally, we show that AB421 can elevate AMP-to-ADO ratios in vivo in a
dose-dependent manner, reflecting systemic inhibition of CD73.
Conclusions
AB421 represents a class of potent, reversible and selective CD73 in-
hibitors that exhibit picomolar potency in primary human immune
cells and is currently undergoing preclinical evaluation as a candidate
for clinical evaluation.
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Background
Infiltration of tumors with cytotoxic T cells (CTLs) predicts improved prog-
nosis and has been shown critical for antitumor effectiveness of check-
point blockers. In contrast, tumor infiltration with regulatory T cells
(Tregs) and myeloid-derived suppressor cells (MDSCs) typically predicts
rapid progression and poor outcomes. Poly-I:C, a frequently used adju-
vant which induces not only the CTL-attracting chemokines but also Treg
attractants. Here we evaluated the molecular pathways, which lead to
the induction of chemokines by dsRNA in TME and different types of
tumor-associated cells, in order to develop improved adjuvants which se-
lectively attract the desirable effector cells rather than suppressive cells.
Methods
Isolated cells or human cancer biopsies were cultured in the absence
or presence of one of two synthetic TLR3 ligands Poly-I:C (non-select-
ive activator of TLR3 and helicases) or rintatolimod (selective TLR3
ligand) and in the absence or presence of a COX-1/2 inhibitor, NF-kB-
or TNFa inhibitors. mRNA assays. ELISA, chemotaxis assays and mo-
lecular biology assays were used to analyze the chemokine produc-
tion and tumor-associated suppressive factors. Confocal microscopy
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of macrophage cultures treated with the TLR3 ligands was performed
to evaluate the activation of the different signaling pathways by the
TLR3 receptor and cytoplasmic helicases.
Results
We observed that poly-I:C induced activation of NF-kB- and COX-2
pathways leading to induction of COX2-dependent suppressive factors
and Treg- and MDSC-attracting chemokines. These undesirable effects
were blocked with inhibitors of both NF-kB- or COX-2 pathways. In con-
trast rintatolimod selectively induced the desirable chemokines, which
were associated with lack of direct activation of NF-kB- or COX-2 path-
ways, and strongly suppressed attraction of Tregs and MDSCs, with
elevated CTL attraction in ex vivo migration assays. Looking at the up-
stream signaling pathways, both TLR3 ligands induced IRF3 (Type-1
interferon pathway). However, only Poly-I:C induced activation of TRAF3
and RIP-1 (TLR3 dependent NF-kB pathway) as well as MAVS (cytoplas-
mic helicases).
Conclusions
Our data implicate an important new role of helicases by the induction
of tumor-promoting factors by dsRNA and points out to new targets to
enhance the immunogenic and antitumor activities of adjuvants.
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Background
The glycosaminoglycan hyaluronan (HA) is abundant in many solid
tumors, and its accumulation is often associated with poor patient
outcomes. Its degradation by intravenously administered PEGylated
recombinant human hyaluronidase PH20 (PEGPH20) remodels the
tumor stroma, reduces intratumoral pressure, decompresses tumor
blood vessels, and facilitates drug delivery. Recently, PEGPH20 was
shown to enhance tumor growth inhibition induced by the immune
checkpoint inhibitor anti-PD-L1 in HA-accumulating pancreatic and
orthotopic breast syngeneic tumor models, and to enhance tumor T
cell infiltration. Here, the HA content of commonly used syngeneic
models was systematically studied, and MC38 (Charles River Labora-
tories) was identified to further evaluate the combinatorial effect of
PEGPH20 and anti-PD-L1 in HA-accumulating tumors.
Methods
Eight syngeneic tumor models were screened for HA content by
ELISA, and immune activity by qPCR for a panel of transcripts that in-
cluded surface markers, cytokines, chemokines, immune checkpoints,
and immunomodulatory enzymes. For tumor growth and immuno-
phenotyping studies, MC38 tumors were implanted subcutaneously,
and PEGPH20 (37.5 μg/kg) was administered intravenously 24 h prior
to anti-PD-L1 (10F.9G2, 5 mg/kg) using a biweekly dosing regimen.
Tumor HA was visualized by immunohistochemistry followed by posi-
tive pixel count. Tumor-infiltrating immune cells were evaluated by
flow cytometry following tumor dissociation.
Results
Of the eight models tested, MC38 tumors had the highest HA con-
tent, and displayed evidence of robust immune activity in the qPCR
screen. PEGPH20 reduced MC38 tumor HA by nearly 90% 24 h after
either a single dose, or the last of three biweekly doses. In two out
of three blinded studies, PEGPH20 significantly enhanced inhibition
of MC38 tumor growth induced by anti-PD-L1, and combination
treatment also significantly prolonged the survival of tumor-bearing
mice compared to either treatment alone. PEGPH20-treated tumors
contained significantly higher numbers of CD8+ and CD4+ (both Th
and Tregs) T cells, as well as natural killer cells, compared to controls.
Among CD45+ cells, tumor-associated macrophages (TAMs) were the
most abundant cell type; PEGPH20 significantly reduced the fre-
quency of TAMs, while increasing the frequency of dendritic cells.
Conclusions
Collectively, these results suggest that degradation of tumor HA by
PEGPH20 can facilitate an anti-tumor immune response by promot-
ing effector cell infiltration and skewing the immune microenviron-
ment toward a more anti-tumor composition, thereby enhancing
the effect of anti-PD-L1. These findings support the ongoing clinical
evaluation of PEGPH20 in combination with checkpoint inhibitors in
HA-accumulating solid tumors, and provide rationale for investigat-
ing PEGPH20 in combination with additional immune modulating
cancer therapies.
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Background
The efficacy of axicabtagene ciloleucel (axi-cel), an autologous anti-CD19
CAR T cell therapy, was evaluated in the multicenter, pivotal ZUMA-1
study in patients with refractory, aggressive non-Hodgkin lymphoma
(NHL). In a pre-specified interim analysis, ZUMA-1 met its primary end-
point with an objective response rate of 82% and a complete response
rate of 54% [1]. Based on an analysis of patients enrolled in ZUMA-1, we
describe for the first time a tumor microenvironment immune gene signa-
ture associated with CAR T cell treatment of patients with aggressive NHL.
Methods
In this post-hoc analysis, paired biopsies were taken before and within
3 weeks of axi-cel treatment from 14 patients enrolled in ZUMA-1.
These biopsies were analyzed by digital gene expression (NanostringTM)
and a pre-specified bioinformatics algorithm was then applied to
IGES15 and IGES21 genes, which are hypothesized to be involved in
immune-mediated tumor regression (Immunosign®) [2]. The Immuno-
sign® profiles evaluated a pre-defined set of genes for effector T cells,
Th1 cells, chemokines, and cytokines. Expression analysis and hierarch-
ical clustering were used to define an axi-cel–related tumor immune
gene signature. Wilcoxon signed rank test with multiple test correction
by false discovery rate (FDR; Benjamini-Hochberg) was used.
Results
A comparison of gene expression profiles of biopsies from 14 patients on
ZUMA-1 taken before and after axi-cel treatment showed profound
changes in gene expression within the tumor environment after infusion.
The most upregulated genes post–axi-cel treatment were CCL5 (RANTES),
CTLA4, and GZMA (log2 fold change >2, P<0.05, FDR <0.050). Immune
checkpoints PD-L1 and LAG3 were also upregulated post–axi-cel treatment
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(log2 fold change >1.6, P<0.05, FDR <0.055). Other genes associated with
T cell proliferation, homing, and effector function that were upregulated
included IL-15, GZMK, CXC3CL1 (Fractalkine), CD8A, and STAT4 (log2
fold change >1.6; P< 0.05, FDR <0.074). Additional baseline tumor
characteristics and associative analysis will be presented.
Conclusions
We define a mechanistic tumor immune gene signature in NHL patients
associated with axi-cel treatment. This signature comprises upregulation
of T cell activation, effector, chemokine, and immune checkpoint genes.
These data will potentially lead to rational optimization of T cell interven-
tions in cancer.
Trial Registration
NCT02348216.
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Background
In the tumor micro-environment (TME), extracellular ATP is sequen-
tially hydrolyzed to adenosine by the ecto-nucleotidases CD39
(ATP→AMP) and CD73 (AMP→adenosine), where it acts to suppress
immune cell function. A2aR is expressed by a variety of lymphocytes,
while myeloid cells express both A2aR & A2bR. A2aR activation results
in decreased T cell activation, while binding of adenosine to A2bR on
myeloid cells is thought to promote a tolerogenic phenotype. To alle-
viate immune suppression within the TME, we have designed AB928,
a potent and selective dual antagonist of A2aR and A2bR
Methods
Human immune cells were isolated from healthy donor PBMC and
cultured as appropriate for the cell type. pCREB assays were per-
formed using freshly collected whole mouse blood.
Results
AB928 inhibits both A2aR and A2bR with similar potencies (KB: 1.4 nM and
2 nM, respectively). In PBMC sorted from healthy donors, similar levels of
A2aR mRNA were observed in naïve and central memory CD4 and CD8 T
cells, as well as NK and B cells; A2aR was also expressed in both dendritic
cells and monocytes. In contrast to this, A2bR was absent from lympho-
cytes but was present in both dendritic cell and monocyte populations.
Adenosine-mediated suppression of CD8 T cell activation was reversed
by AB928, which restored IFN-g and granzyme B production from these
cells. Adenosine-mediated suppression of NK lytic activity was inhibited
by AB928, resulting in a significant increase in cell killing. Monocyte-
derived dendritic cells (moDC) express high levels of A2bR and those cells,
when cultured in the presence of adenosine, had lower levels of costimu-
latory molecules upon activation and a reduced capacity to stimulate
CD4 T cells in a mixed-lymphocyte reaction (MLR). Inhibition of
adenosine-mediated signaling by AB928 resulted in a significant increase
in the frequency of activated T cells in the MLR assay. Adenosine receptor
activation leads to phosphorylation of CREB, which can be detected in
circulating leukocytes, allowing for the establishment of PK/PD relation-
ships in mice. AB928 exhibited a dose dependent inhibition of pCREB in
whole blood.
Conclusions
In conclusion, AB928 is a potent dual inhibitor of A2aR and A2bR re-
ceptors with the potential to block all immunosuppressive effects of
extracellular adenosine in the TME. This molecule is anticipated to
enter clinical development later in 2017.
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Background
IL-36g/IL-1F9 is a member of the IL-1 cytokine superfamily and a me-
diator of Type 1 immunity. It was recently reported to be a necessary
mediator of tertiary lymphoid organ (TLO) formation in a murine
model of colon carcinoma [1]. Specifically, when IL-36g was intro-
duced therapeutically into the tumor microenvironment of MC38-
bearing mice, tumors exhibited delayed progression in correlation
with TLO formation; this was not observed in control-treated mice.
Co-treatment with the antagonist to IL-36g, IL-1F5, blocked the effi-
cacy of the therapy. CD11c+ dendritic cells (DC) were observed to be
a major source of IL-36g in the tumor microenvironment (TME), and
signaling through IL-36R+ host cells (including those of the vascula-
ture) was necessary for the efficacy of IL-36g-based treatment. In the
present study, we sought to identify a role for IL-36g in the de novo
formation of TLO.
Methods
In a cohort of 33 primary colorectal cancer patients, the histologic
localization and magnitude of expression of IL-36g, IL-1F5/IL-36RA, CD20,
CD138, CD8, CD31, PNAd, DC-LAMP, CD68, and Tbet were determined
using immunohistochemical and immunofluorescent imaging. Images
were analyzed using CaloPix and Visiopharm software packages.
Results
Both IL-36g and IL-1F5 can be expressed by vasculature-associated
smooth muscle cells/myofibroblasts as well as immune cells. Expres-
sion of IL-36g by the tumor vasculature positively correlates with
CD20+ B cell density in TLO, but not the number of TLO observed in
the tumor; neither observation holds for IL-1F5. Some IL-36g+ vessels
appear to be high endothelial venules, specialized vessels that aid in
recruiting lymphocytes to TLO. Interestingly, while B cells are the pri-
mary cellular component of TLO in this model, they do not produce
IL-36g. Within the immune compartment, CD8+ T cells (including
those expressing Tbet) and CD68+ macrophages are major sources
of IL-36g in the TME, while DC-LAMP+ DC are less so.
Conclusions
These results support that the pro-inflammatory conditions of colo-
rectal cancer can promote a Type 1-polarized immune microenviron-
ment; that IL-36g is secreted by diverse cell types within the TME;
and that IL-36g expression may play a role in the maintenance of
TLO and in B cell recruitment to these structures, within the immune
contexture of colorectal cancer.
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Background
We have recently shown that in poorly immunogenic tumors resistant
to immune checkpoint blockers (ICB), radiation therapy (RT) used at
8GyX3 induces cancer cell-intrinsic interferon type I (IFN-I) through
cGAS-activation. This process is required for recruitment of BATF3-
dependent CD103+ dendritic cells (DCs) and for priming of tumor-
specific CD8+ T cells that mediated abscopal responses in the presence
of ICBs [1]. Importantly, knockdown of cGAS in the cancer cells at the ir-
radiated tumor site abrogates the induction of abscopal responses by
RT+ICB. Extracellular ATP, which is released from irradiated cancer cells,
provides an alternative signal for recruitment and activation of DCs.
However, rapid conversion of ATP into immunosuppressive adenosine
effectively abrogates this process. Therefore, we hypothesized that anti-
body blockade of the adenosine-converting ectoenzyme CD73 could
restore abscopal responses by RT+ICB in cGAS-deficient tumors by aug-
menting ATP-mediated DC recruitment.
Methods
Mice bearing subcutaneously inoculated flank tumors (cGAS-silenced
TSAshcGAS or mock-silenced TSAshNS as primary tumors and TSAshNS as
abscopal tumors) were treated with (1) control antibody; (2) RT; (3) RT
+anti-CD73; (4) RT+anti-CTLA-4 or (5) RT+anti-CD73+anti-CTLA-4. Anti-
CD73 was administered on day 11, 14, 17 and 20 and anti-CTLA-4 on day
14, 17 and 20. RT was administered to the primary tumor in doses of 8 Gy
on day 12, 13 and 14. Tumors were analyzed for DC infiltration on day 18.
Results
In mice bearing primary TSAshNS tumors, RT+anti-CTLA-4 elicited absco-
pal responses. In mice bearing primary TSAshcGAS tumors, RT+anti-CTLA-
4 did not induce abscopal responses, while RT+anti-CTLA-4+anti-CD73
did (Tumor size day 37: 873±533 mm3 in control; 827±732 mm3 in RT
+anti-CTLA-4; 131±169 mm3 in RT+anti-CTLA-4+anti-CD73, p<0.01).
Treatment of mice bearing TSAshcGAS tumors with RT+anti-CD73 re-
sulted in significantly increased tumor infiltration of CD103+ DCs
among intratumoral leukocytes compared to mice receiving RT alone
(1.2±0.8% in RT v. 2.5±0.7% in RT+anti-CD73, p<0.05).
Conclusions
Our results demonstrate that blocking CD73 recovers the ability of
RT to induce recruitment of CD103+ DCs to cGAS-deficient tumors
and restores the abscopal anti-tumor responses elicited by RT+ICB.
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Background
To improve the current cancer immunotherapies, strategies to modu-
late various immunosuppressive stromal cells need to be developed.
Local renin–angiotensin system (RAS) in cancer tissues has been re-
ported to be involved in cellular migration, proliferation, inflamma-
tion, and angiogenesis in the tumor and supporting stromal cells,
few studies have evaluated the effect of local RAS on anti-tumor im-
mune responses. In this study we have evaluated the role of local
RAS in the tumor immune-microenvironment.
Methods
We have evaluated the effect of administration of angiotensin receptor
blockers (ARBs) on phenotypes of CD11+ myeloid cells and cancer
associated fibroblasts (CAF) in cancer microenvironments, induction of
tumor antigen specific T cells, and therapeutic effects of PD-1/PD-L1
immune checkpoint blockade therapies, using murine models bearing
tumor cell lines in which RAS was not involved in their proliferation
and angiogenetic ability.
Results
Administration of ARBs to tumor-bearing mice resulted in significant
enhancement of tumor antigen specific T cells. The ARB administra-
tion did not change the numbers of CD11b+ myeloid cells in tumors,
but significantly reduced their T-cell inhibitory ability along with de-
creased production of various immunosuppressive factors including
IL-6, IL-10, VEGF, and arginase by CD11b+ cells in tumors. ARB also
decreased expression of immunosuppressive factors such as chemo-
kine ligand 12 and nitric oxide synthase 2 in CAFs. Lastly, combin-
ation of ARB and anti-programmed death-ligand 1 (PD-L1) antibodies
resulted in significant augmentation of anti-tumor effects in a CD8-
positive T cell-dependent manner.
Conclusions
These results demonstrated that RAS is involved in generation of im-
munosuppressive tumor microenvironments caused by myeloid cells
and fibroblasts, other than the previously shown proliferative and
angiogenetic properties of cancer cells and macrophages, and that
ARB can transform the immunosuppressive properties of MDSCs and
CAFs and could be used in combination with PD-1/PD-L1 immune
checkpoint blockade therapies.
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Background
It is commonly accepted that indoleamine 2, 3 dioxygenase 1 (IDO1),
a pivotal immune checkpoint, mediates potent immunosuppression
in cancers through its tryptophan (Trp)-to-kynurenine (Kyn) cataboliz-
ing activity. However, this enzymatic-dependent mechanism of IDO1
has not been established in glioblastoma (GBM), the most common
malignant brain tumor in adults. Additionally, the basis for elevated
IDO1 expression in GBM is also poorly understood. The major object-
ive of this study is to address this gap in our understanding of how
IDO1 contributes to the biology of GBM and immunotherapy of this
deadly malignance, as well as whether its level of expression is a de-
terminant of GBM patients’ outcome.
Methods
Freshly resected human GBM, human T cell:GBM co-cultures, HPLC
analysis, CTLA-4 and PD-L1 immune checkpoint blockade, IDO1-/- and
IDO1+/+ C57BL/6 mice, spontaneous GBM [GFAP(ERT2)→Cre+/-;pTENfl/

fl;Rbfl/fl;p53fl/fl;(+/-IDO1fl/fl);(+/-IDO1-/-)] mice, nu/nu mice, NOD-scid
and humanized (NSG-SGM3-BLT) mice engrafted human GBM as well
as the cancer genome atlas form the basis of our investigation.
Results
(1) Depletion of GBM-derived IDO1 did not affect brain tumor Trp
catabolism, while systemic knockout of IDO1 resulted in decreased Trp-
>Kyn conversion in both naïve and tumor-bearing mice; (2)CTLA-4 and
PD-L1-based dual immunotherapy did not alter Trp/Kyn level in IDO1-/-

and IDO1+/+ mice, but only reached to maximal treatment effect in IDO1
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+/+ mice; (3) In situ hybridization for IDO1 revealed consistent transcript
expression in all human GBM samples (n=172), whereas immunohisto-
chemical IDO1 expression was highly variable; (4) Multivariate analysis re-
vealed that higher levels of IDO1 transcript predicted/correlated with
shorter survival in the TCGA dataset (P=0.0076) and IDO1 mRNA levels
positively correlate with increased gene expression for markers of cyto-
lytic and regulatory T cells, but no correlation with IFNs gene expression;
(5) Humanized mice intracranially-engrafted with human GBM revealed
an IFNγ-dependent and T cell-mediated increase of intratumoral IDO1
expression.
Conclusions
Our data indicate that tumor cell-derived IDO1 mediates its immuno-
suppression in GBM via a non-enzymatic mechanism, while the non-
tumor IDO1 dominantly contributes to its Trp catabolic function and is
essential for the immune checkpoint blockade therapy. TCGA analysis
also revealed high intratumoral IDO1 mRNA levels correlate with infer-
ior GBM patient outcome and infiltrating T cells. Future immunothera-
peutic efforts aiming to increase T cell-mediated immune response
should consider combinatorial approaches that inhibit potential T cell-
mediated IDO1 upregulation during therapy.
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Background
Background: Biliary tract cancers (BTC) are groups of tumors that in-
clude both intrahepatic cholangiocarcinoma (ICC), extrahepatic cholan-
giocarcinoma (ECC) and gallbladder carcinoma (GC). BTC comprise an
uncommon cancer type that is currently on the rise with a high mortal-
ity rate. New modalities of treatment for BTC are highly demanded. Im-
munotherapy has emerged as a promising treatment for many
malignant diseases. Although many risk factors of BTC are associated
with chronic inflammatory conditions, the immune microenvironment
of BTC has been examined to a very limited extent. Therefore, we per-
fored a comprehensive analysis of tumor microenvironment of BTCs to
identify immune mechanistic targets for immunotherapy and identify
optimal strategies of combinational immunotherapy.
Methods
Materials and methods: Surgically resected tumors from 31 cases of
ECC and 24 cases of ICC were stained with multiplex immunohisto-
chemistry of 14 immune cell markers including CD3, CD4, CD8, CD20,
CD45, CD68, Cd163, CSF1R, DC-LAMP, DC-Sign, Foxp3, Ki-67, PD-1,
PD-L1 on single slide section and analyzed by the Halo software.
Nanostring of immune panels and cytokine arrays PCR were also per-
formed by RNA purified from FFPE slides.
Results
Results: Higher density of CD8 T cells is significantly associated with
longer overall survival (p=0.024). Higher densities of PD-1+ T cells
and PD-L1+ myeloid cells are significantly associated with longer
overall survival in ECC (PD-L1, p=0.019; PD-1, p=0.018) (Fig. 1, Fig. 2),
but higher density of PD-L1+ cells are significantly associated with
shorter overall survival in ICC (p=0.003) (Fig. 3, Fig. 4). CD68 is not
prognostic. However, higher density of CD163+CD68+ M2 macro-
phages is associated with poorer survival in ECC (Fig. 5). Nanostring
and cytokine array PCR results are being analyzed. More cases are
being stained by multiplex immunothistochemistry.
Conclusions
Conclusion: Our study represents so far the most comprehensive
characterization of immune cell subtypes in the tumor microenviron-
ment of cholangiocarcinoma. The results suggest that PD-1/PD-L1 is
not a good target in ECC, but a potentially good target in ICC. An
ideal macrophage-targeting agent would be the one that depletes
the M2 macrophages more specifically.
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Background
Chimeric Antigen Receptor (CAR)-T cell-based immunotherapies are
novel approaches to cancer therapy. With the expected FDA approval
of an anti-CD19 CAR for B-cell malignancies, adoptive immunotherapies
will become the standard of care for a large number of patients. How-
ever, the clinical success of CAR-T cells beyond hematological malig-
nancies has been scarce. We hypothesize that this is in part due to
suboptimal bioavailability of CAR-T cells in solid tumors, and we
propose to manipulate the expression of chemokine receptors to en-
hance the CAR-T cells homing and increase their therapeutic efficacy
against the tumor.
Methods
We first analyzed the expression of chemokines by human lung tu-
mors, using publicly available databases of RNA expression (TCGA). In
addition, we measured their expression in the supernatants of short-
term cultures of human lung tumors. Retroviral vectors were gener-
ated for the expression of chemokine receptors, in combination with
an anti-mesothelin (MSLN) second generation CAR. T cell migration
and function were assessed using migration transwell and cytotoxic
assays. Anti-tumor efficacy was assessed using a xenograft model of
lung cancer.
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Results
IL-8 (CXCL8) was consistently expressed by lung tumors, and secreted
by short-term cultures of surgically-removed lesions. Co-expression
of an anti-MSLN CAR and CXCR2 or CXCR1 increased the migration
of human T cells towards medium containing recombinant IL-8, or
conditioned media from lung cancer cell cultures, in transwell assays.
Importantly, co-expression of chemokine receptors did not com-
promise CAR expression or function. Furthermore, expression of
CXCR2 (but not CXCR1) in CAR T cells increased the number of intra-
tumoral T cells, and significantly enhanced antitumor efficacy in a
xenograft tumor model based on H2110 cells.
Conclusions
Tumor homing and therapeutic efficacy of CAR-T cells can be im-
proved through co-expression of chemokine receptors. This approach
may apply to other types of T cell-based immunotherapies, for the
treatment of lung cancer, and other solid tumors.
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Background
CSF-1R is expressed on immunosuppressive tumor associated macro-
phages (TAMs). High numbers of TAMs in tumors are associated with
poor prognosis. SNDX-6352 is a humanized IgG4 monoclonal
antibody with high affinity against CSF-1R and has demonstrated an-
titumor activity in preclinical tumor models by enhancing the im-
mune response.
Methods
Study SNDX-6352-0001 is a first-in-human, double-blind, randomized,
placebo-controlled, single ascending dose, phase I trial in healthy
volunteers. The planned dose levels were 0.15, 1.0, 3.0, 6.0, and 10.0
mg/kg. All treated subjects were observed for 72 hours post-infusion
and underwent follow-up evaluations for 12 weeks. Safety assess-
ments included adverse event (AE) monitoring, clinical laboratories,
vital signs, 12-lead electrocardiogram (ECG), eye examination, and
physical examination. Blood samples were collected to characterize
the pharmacokinetics (PK) and pharmacodynamics (PD; change in
plasma colony stimulating factor-1 [CSF-1] and interleukin-34 [IL-34]),
as well as to evaluate changes in circulating classical and non-clas-
sical CD16+ monocytes in blood and change in CSF-1 receptor occu-
pancy (RO).
Results
The first three placebo-controlled cohorts were completed with 14
subjects receiving SNDX-6352 (2 at 0.15mg/kg, 6 at 1mg/kg and 6 at
3mg/kg) and 6 subjects receiving placebo (2 in each cohort). Dosing
up to 1.0 mg/kg was tolerated well with the most common com-
plaint being mild to moderate itching (lasting 2 or 3 days). At the 3
mg/kg dose, similar itching complaints were observed. At this dose,
mild to moderate eyelid swelling was observed in all subjects (me-
dian duration of 40 days), with no impact on vision. Dose escalation
was then terminated. In blood, a transient reduction in non-classical
CD16+ monocytes was observed, and an upward trend in LDH and
ASAT. Cmax increases corresponded with dose, while AUC increases
were greater than dose proportional, indicating non-linear PK. Incr.
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