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Abstract

Aim We have previously reported that polyfunctional T cell responses can be induced to the cancer testis antigen NY-ESO-1
in melanoma patients injected with mature autologous monocyte-derived dendritic cells (DCs) loaded with long NY-ESO-
1-derived peptides together with a-galactosylceramide (a-GalCer), an agonist for type 1 Natural Killer T (NKT) cells.
Objective To assess whether inclusion of a@-GalCer in autologous NY-ESO-1 long peptide-pulsed DC vaccines
(DCV + a-GalCer) improves T cell responses when compared to peptide-pulsed DC vaccines without a-GalCer (DCV).
Design, setting and participants Single-centre blinded randomised controlled trial in patients > 18 years old with histologi-
cally confirmed, fully resected stage II-IV malignant cutaneous melanoma, conducted between July 2015 and June 2018 at
the Wellington Blood and Cancer Centre of the Capital and Coast District Health Board.

Interventions Stage I. Patients were randomised to two cycles of DCV or DCV + a-GalCer (intravenous dose of 10x 10° cells,
interval of 28 days). Stage I1. Patients assigned to DCV + a-GalCer were randomised to two further cycles of DCV + a-GalCer
or observation, while patients initially assigned to DCV crossed over to two cycles of DCV + a-GalCer.

Outcome measures Primary: Area under the curve (AUC) of mean NY-ESO-1-specific T cell count detected by ex vivo
IFN-y ELISpot in pre- and post-treatment blood samples, compared between treatment arms at Stage 1. Secondary: Propor-
tion of responders in each arm at Stage I; NKT cell count in each arm at Stage I; serum cytokine levels at Stage I; adverse
events Stage I; T cell count for DCV + a-GalCer versus observation at Stage II, T cell count before versus after cross-over.
Results Thirty-eight patients gave written informed consent; 5 were excluded before randomisation due to progressive disease
or incomplete leukapheresis, 17 were assigned to DCV, and 16 to DCV + a-GalCer. The vaccines were well tolerated and
associated with increases in mean total T cell count, predominantly CD4* T cells, but the difference between the treatment
arms was not statistically significant (difference — 6.85, 95% confidence interval, —21.65 to 7.92; P=0.36). No significant
improvements in T cell response were associated with DCV + a-GalCer with increased dosing, or in the cross-over. How-
ever, the NKT cell response to a-GalCer-loaded vaccines was limited compared to previous studies, with mean circulating
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Précis: Tumour antigen-specific T cell responses were induced

in the vast majority of patients injected with autologous mature
dendritic cells loaded with two long peptides from NY-ESO-1
protein. Random assignment to also include the NKT cell agonist a-
GalCer in the vaccine resulted in only limited NKT cell stimulation,
with no additional impact on T cell response observed.

Extended author information available on the last page of the article

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00262-023-03400-y&domain=pdf

2268

Cancer Immunology, Immunotherapy (2023) 72:2267-2282

NKT cell levels not significantly increased in the DCV + a-GalCer arm and no significant differences in cytokine response

between the treatment arms.

Conclusions A high population coverage of NY-ESO-1-specific T cell responses was achieved with a good safety profile, but
we failed to demonstrate that loading with a-GalCer provided an additional advantage to the T cell response with this cellular
vaccine design. Clinical trial registration: ACTRN12612001101875. Funded by the Health Research Council of New Zealand.

Keywords Melanoma - Dendritic cell - NKT cell - a-Galactosylceramide - NY-ESO-1 - Vaccination
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Introduction

Surgical treatment is effective for early-stage melanoma, but
patients with resected advanced disease have a high risk of
relapse. Recent clinical evaluation of immune checkpoint
blockade in this adjuvant setting has shown a significant
reduction of the relative risk of death [1—4], highlighting the
role of the immune system in preventing relapse. Addition-
ally, the combination of dabrafenib with trametinib (BRAF/
MEK inhibitors) has shown longer duration of survival
without relapse or distant metastasis in patients with BRAF
V600 mutations [5]. The concept of using safe, targeted vac-
cines to induce T cell responses with high specificity for
defined tumour-antigens remains appealing in this clinical
setting, but issues remain about the levels of immunogenic-
ity that can be achieved with current vaccine strategies.
Peptide-based vaccination has the advantage that responses
can be focussed on the most basic antigenic units—the pep-
tides from tumour-associated antigens presented via major
histocompatibility complex (MHC) molecules (human leu-
kocyte antigen (HLA) in humans) to T cells [6, 7]—and
not on the vaccine vector itself. However, HLA is highly
polymorphic in the human population, so achieving peptide
presentation with good population coverage is a significant
issue. This can be overcome by the use of long peptides
covering a range of different epitopes, assuming information
on epitopes presented in the population is known [8, 9]. For
some of the more widely studied tumour antigens, such as
the cancer testis antigen NY-ESO-1, there are accumulating
data on immunogenicity with respect to HLA expression
[9-11], making design of long peptides possible.

We recently tested the feasibility and safety of dendritic
cell (DC)-based vaccines in high-risk melanoma patients,
where the cells were loaded with long NY-ESO-1 peptides
designed to give good population coverage on the diverse
HLA polymorphism of the human population [12]. Circulat-
ing T cells were observed in response to the vaccine in 7 of
the 8 patients treated. A major consideration in the design
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of the vaccine was the inclusion of a-galactosylceramide
(a-GalCer) to stimulate type 1 Natural Killer T cells (NKT
cells) [13, 14], as preclinical studies had shown that these
innate-like T cells can provide a ready source of stimula-
tory signals to help priming of conventional T cells [15-18].
With no issues regarding safety of the a-GalCer-loaded DC-
based vaccines observed, here we treated a larger cohort of
patients to specifically evaluate the impact of stimulating
NKT cells on the T cell response. The primary objective was
to assess whether adding a-GalCer to DC-based vaccines
would improve T cell responses to peptide antigens in the
vaccine (over two vaccination cycles) relative to the DC-
based vaccine alone. The secondary objectives were to: (i)
assess safety of vaccines incorporating a-GalCer, (ii) assess
the capacity of vaccines incorporating a-GalCer to induce
activation and clonal expansion of NKT cells, (iii) assess
the capacity of vaccines incorporating a-GalCer to boost T
cell responses through repeated vaccination, and (iv) assess
T cell responses to DC-based vaccines with and without
addition of a-GalCer in a cross-over setting.

Materials and methods
Trial design

This was a two-stage study (Fig. 1). In Stage I, patients
were randomised 1:1 to receive either two cycles of
mature autologous monocyte-derived DCs (MoDCs)
loaded with peptides alone (DCV) (Arm 1), or two cycles
of mature DCs loaded with peptides plus a-GalCer
(DCV + a-GalCer) (Arm 2), provided as identical vials.
The primary and first two secondary objectives were
addressed by Stage I. In Stage II, addressing secondary
objectives iii and iv, all patients in the DCV arm crossed
over to receive two cycles of DCV + a-GalCer, while
patients in the DCV + @-GalCer arm were randomised
1:1 to receive either two further cycles of open-label
DCV + a-GalCer, or to a control observation only arm.
The study, conducted between July 2015 and June 2018,
was approved by the Northern B Health and Disability
Ethics Committee (ref 13/NTB/5), registered with the
Australian and New Zealand Clinical Trials Registry



Cancer Immunology, Immunotherapy (2023) 72:2267-2282

2269

Pre-screening (n = 150)

A

Excluded (n =112)

Not meeting inclusion criteria (n = 60)
> | Declined to participate (n = 29)

4 Not approached (n = 23)

| Consent (n = 38) |

A

Excluded (n = 3)
Disease progression (n = 3)

E—
4

| Leukapheresis (n = 35) |

v

Excluded (n =2)
Failed vaccine production and disease
progression (n = 1)

Withdrew due to failed leukapheresis

| Stage | Randomisation (n = 33) |

(n=1)

l Allocation 1 l

Allocated to 2 cycles of DCV
(n=17)

Allocated to 2 cycles DCV+a-GalCer
(n=16)

Discontinued intervention (n = 0)

( Follow-up 1 )

Discontinued intervention (n = 0)

©
o))
g , '
n "
Analysed (n =17) | Analysis | Analysed (n = 16) |
Stage |
v ¥
Lost to follow up (n = 1) | Lost to follow up (n = 0) |
Withdrew with disease progression (n = 1) l
Stage Il Crossover (n = 16) | Stage Il Randomisation (n = 16) |
Allocated to 2 cycles DCV+a-GalCer Allocation 2
(n=16)
l Allocated to 2 cycles Allocated to observation
= Discontinued DCV+a-GalCer (n = 8) (n=8)
% intervention (n = 1) v v
0 Withdrew due to disease Discontinued intervention Discontinued intervention
) progression ( Follow-up 2 ) (n=0) (n=0)
v ¥ v
_ Analysis _ _
Analysed (n = 15) [ Stage Il j Analysed (n = 8) Analysed (n = 8)

Fig. 1 Consort flow diagram. Numbers of patients allocated through
pre-screening, consent, leukapheresis and Stage 1 and II of the
study. In Stage I, patients were randomised to receive two cycles of
DCV (Arm 1) or two cycles of DCV 4 a-GalCer (Arm 2). In Stage

(ACTRN12612001101875) and monitored by an inde-
pendent Data Monitoring Committee appointed by the
Health Research Council of New Zealand.

II, patients in Arm 1 then crossed over to receive two cycles of
DCV +a-GalCer, while patients in Arm 2 were randomised again
to receive either two further cycles of DCV +a-GalCer or were
observed

Patient population
Patients with histologically confirmed, fully resected Ameri-

can Joint Committee on Cancer (AJCC) Stage II, III or IV
malignant cutaneous melanoma who were: > 18 years old;
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no more than 12 months post-surgery; at least two weeks
since most recent surgery; Eastern Cooperative Oncology
Group (ECOG) performance status of 0-2; and had normal
full blood counts and renal and liver function biochemis-
try. Patients were excluded if they had: mucosal or ocular
melanoma; received prior chemotherapy or radiotherapy
within 6 weeks of recruitment; received prior immunother-
apy, been diagnosed with another malignancy in the past
3 years (except non-melanoma skin cancer or in situ cancer
of the cervix); active infection with Hepatitis B, C or Human
immunodeficiency virus (HIV); uncontrolled or unstable
autoimmune disease; previous use of long-term immunosup-
pressive therapy before leukapheresis; co-morbid conditions
that would require long-term use (> 1 month) of systemic
corticosteroids during study treatment; concurrent major
organ dysfunction or other unstable medical condition; or
were pregnant or breastfeeding. Patients were recruited by
the Wellington Blood and Cancer Centre (WBCC) or Auck-
land City Hospital.

Eligible patients who gave written informed consent
underwent leukapheresis to provide peripheral blood mon-
onuclear cells (PBMCs) from which monocyte-derived
DCs were generated, with a maximum of 12 weeks to pre-
pare the vaccine and start study treatment. Both DCV and
DCV + a-GalCer vaccines were prepared for each patient.
Following successful leukapheresis, vaccine production and
baseline assessment, patients who still met eligibility crite-
ria were randomised 1:1 to either DCV or DCV + a-GalCer
using the Cancer Trials New Zealand (CTNZ) central ser-
vice. The computer-generated random allocation sequence
was blocked over time using random block sizes. Only the
statistician and database manager had access to randomisa-
tion lists. The manufacturing team distributed the appropri-
ate vaccine as randomised but had no other contact with the
trial. Participants, research nurses and clinicians were all
blinded to the treatment allocation at Stage .

All clinical procedures and assessments were carried
out at WBCC, except for day 1 and day 15 blood draws for
Auckland-based patients. Clinical assessments were under-
taken at screening and with each vaccine visit until the end
of study (28 days after the last vaccination). Adverse events
were recorded from the date of consent until end of the study
treatment and coded according to Common Terminology
Criteria for Adverse Events version 4.0 (CTCAE v4.0).
For analysis of T cells and NKT cells, blood was collected
1-6 days before treatment was initiated, immediately before
each vaccination, 24 h after vaccination, and 2 and 4 weeks
after vaccination. Blood was collected for analysis of serum
cytokines 2 days before treatment was initiated, immediately
before each vaccination, and 6 h and 24 h after vaccination.
Blood samples were enriched for PBMCs within 6 h of col-
lection and immediately cryopreserved for later analysis.
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Methodology for vaccine manufacture and immune analy-
sis are provided in Supplementary Materials and Methods.

Treatment

Each cycle of vaccination consisted of a single intrave-
nous dose of 10x 10° autologous DCs, with an interval of
28 days+48 h.

Outcome measures

The primary outcome measure was the area under the curve
(AUC) of the total count of NY-ESO-1,4_;,4 and NY-ESO-
1,,3_143-specific T cells (measured by ex vivo IFN-y ELIS-
pot) in baseline blood samples obtained pre-randomisation,
and from day 1 pre-treatment, day 2, day 15 and day 29 of
cycles 1 and 2 for patients in both treatment arms. There
were three replicates for each peptide and five for the nega-
tive control (with the same negative control used for each
peptide).

The protocol-specified secondary efficacy outcome meas-
ures were: (1) NY-ESO-1-specific T cell response over the
first two cycles (Yes/No) as measured by ICS of PBMCs
following in vitro restimulation on peptide for 10 days, (ii)
CD4" or CD8* T cell response (Yes/No) over the first two
cycles as measured using ICS following in vitro restimula-
tion, (iii) counts of NKT cells enumerated by flow cytometry
of PBMC:s using multimeric CD1d/a-GalCer complexes at
day 1 pre-treatment and day 15 and day 29 of the first two
cycles, (iv) counts of NKT cells measured by IFN-y ELISpot
using a-GalCer as recall agent, (v) cytokine levels in serum
measured using multiplex immunoassays or ELISA for 11
cytokines specified a priori based on earlier studies [19-22]
(IL-4, IL-6, IL-10, TNF, IL-12p70, IFN-y, MCP-1, MIP-1a,
MIP-1B, RANTES and IP-10). The specified safety outcome
was adverse events from randomisation to end of cycle 2 as
defined by the CTCAE version 4.0.

Statistical analysis
Primary analysis

The primary analysis compared the AUC across the first two
cycles of the log,,-transformed total T cell counts (measured
by IFN-y ELISpot) for DCV and DCV + a-GalCer arms. A
linear mixed model with a treatment X time interaction and
a spatial power covariance structure was used to estimate
the mean overall T cell count at each time point, adjusting
for the negative controls. This was a change from the pro-
tocol specified analysis caused by some high counts in the
negative controls, meaning we could take logs after subtract-
ing the negative control count. Both the baseline and the
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pre-treatment measures were used for the baseline count.
(Note: one patient with inadequate blood samples provided
only 2 of 3 replicate cell counts for the peptide measures
and 3 of 5 for the negative control). An estimate statement
following the fit of the linear model was used to compare the
AUCs with a significance level of 0.025 (one-sided). The
estimate and 95% confidence interval were translated back
to the original scale for ease of interpretation. Sensitivity
analyses were planned to adjust for baseline imbalance and
missing data.

Secondary analyses

For secondary analyses comparing T cell responses meas-
ured by ICS, the outcome for each patient was classified as
to whether IFN-y-producing T cells were detected over the
first two cycles. Responses were determined using the dis-
tribution free sampling approach developed by Moodie et al.
[23]. For each patient and each time point, the ICS provided
peptide-specific T cell counts (6 replicates for baseline and 3
replicates for later time points). At each time point, we tested
a null hypothesis: that the mean at the time point is statisti-
cally significantly higher than baseline using a bootstrap test;
the comparison across all Stage I time points in each patient
was adjusted for multiple comparisons. The difference in
proportions with a response in DCV and DCV + a-GalCer
arms, 95% confidence interval and p-value (Fisher’s exact)
were calculated. The responses were further categorised
as no response, CD4*, CD8" or both, and response pat-
terns were compared across arms using a Fisher’s exact
test. For the comparison of NKT cell counts measured by
flow cytometry, a negative binominal regression was used
to compare AUC of the counts of NKT cells in the blood
per 100 total CD3* cells across the first two cycles. The
comparison of NKT cells measured by IFN-y ELISpot and
the cytokines used the same approach as for the primary
outcome. Background levels were subtracted (with nega-
tive values assigned zero) and then the linear mixed model
used without adjustment for the background. For analysis of
serum cytokines, the planned analysis compared the AUC
across the two cycles of the log, -transformed cytokine lev-
els in the DCV and DCV + a-GalCer arms. A linear mixed
model with a treatment X time interaction and a spatial power
covariance structure was applied to each cytokine. The ran-
dom effect terms were specified to account for the batch
variance.

For the Stage II analyses of objective (iii), the outcomes
over cycles 3 and 4 in the Stage [ DCV + a-GalCer group
were compared in the group randomised to two further
cycles of DCV + a-GalCer versus observation alone using
the same methods as for the Stage I analyses. For objective
iv), outcomes in cycles 1 and 2 (DCV alone) were compared

to those in cycles 3 and 4 (DCV + a-GalCer) using the same
methods as for the Stage I analyses, but including a random
effect for individual to provide a within-person comparison.

Sample size justification

Our murine studies suggested a four- to fivefold increase in
T cell response using vaccines with the addition of a-GalCer
[24]. A study with 20 patients per group would have 80%
power to detect a threefold increase in mean T cell count at
the 0.05 level, with a coefficient of variation of 3 [25].

Interim analyses

Formal interim analyses were carried out at two time points,
the first when 6 patients had completed two cycles to deter-
mine final dose (a threefold increase on safe dose established
in our earlier dose escalation study), and the second when
20 patients had completed 2 cycles to consider safety and
futility.

Results
Stagel
Patient characteristics and treatment

A summary of the allocation of all enrolled patients is shown
in Fig. 1. Of the 38 patients who met eligibility criteria and
gave written informed consent, five were excluded before
randomisation (progressive disease, n =4; incomplete leu-
kapheresis, n=1). The remaining 33 patients were allocated
to receive either two cycles of DCV (Arm 1, n=17) or two
cycles of DCV + a-GalCer (Arm 2, n=16). Patient demo-
graphics and medical history are given in Table 1. Com-
pared to DCV + a-GalCer arm, patients in the DCV arm
were older, the time since they were determined disease-free
was slightly longer, and greater proportions were male and
had received prior radiotherapy. No patients had a history of
an auto-immune or inflammatory disorder. Baseline haema-
tology, biochemistry and coagulation parameters were very
similar for each arm (Supplementary Table 1).

All patients started treatment within two days of the ran-
domisation, and all except one received the planned dose
of 10x 10° DCs for both cycles 1 and 2; one patient in the
DCV arm had insufficient yield from the leukapheresis
and received 4.3 x 10° DCs at each dose. As release crite-
ria, all products contained >70% CD83* HLA-DR™ cells
that were > 70% viable, as determined on a thawed sample
prior to injection. Further phenotypic evaluation on thawed
samples with a 15 colour antibody panel (Supplementary
Table 2) showed that the mature DCV and DCV + a-GalCer
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Table 1 Baseline demographics and medical history by treatment group (Stage I)

Treatment
DCV DCV +a-GalCer All
(n=17) (n=16) (n=33)
Age at screening
Median 65.1 58.8 59.5
Min 334 335 33.4
Max 74.5 71.6 74.5
Years from diagnosis to screening
Median 1.1 14 1.1
Min 0.3 0.3 0.3
Max 7.1 25 25
Days disease free until randomisation
Median 216 187 209
Min 43 94 43
Max 328 357 357
n % n % n %
Type of melanoma
Cutaneous 17 100 16 100 33 100
Cancer Stage at diagnosis
ITA 0 0.0 1 6.3 1 3.0
1B 1 59 0 0.0 1 3.0
IIC 0 0.0 1 6.3 1 3.0
IIA 2 11.8 3 18.8 5 15.2
1B 4 235 4 25.0 8 24.2
Imc 6 353 5 31.3 11 333
v 4 235 2 12.5 6 18.2
Prior chemotherapy for advanced melanoma
Yes 0 0.0 1 6.3 1 3.0
No 17 100 15 93.8 32 97.0
Prior radiotherapy for advanced melanoma
Yes 8 47.1 5 31.3 13 394
No 9 529 11 68.8 20 60.6
Prior other cancer
Yes 2 11.8 1 6.3 3 9.1
No 15 88.2 15 93.8 30 90.9
ECOG
0 17 100 16 100 33 100

products were highly homogenous (in contrast to their imma-
ture precursors), with the dominant population expressing
CD40, CD54, CD80, CD83, CD86, HLA-ABC, HLA-DR,
CD1d, CCR7, and PD-L1 (Supplementary Fig. 1).

Primary outcome measure: NY-ESO-1 peptide-specific T cell
response

To assess the impact of including a-GalCer in the

DC-based vaccine format on T cell response, the
AUC of mean total count of NY-ESO-1,4_,,, and
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NY-ESO-1,,4_j43-specific T cells in PBMCs before
and after vaccination in each of the treatment arms was
compared. For each patient a sample collected 1-5 days
before treatment and another immediately before each
vaccination provided baseline values, while post-vacci-
nation samples were taken 24 h after vaccination, and 2
and 4 weeks after vaccination. Assessment of NY-ESO-
1-specific T cell response was by ex vivo IFN-y ELISpot,
with count expressed as number of spot-forming cells per
million PBMCs. The geometric mean NY-ESO-1-specific
T cell counts at each time point and by treatment arm
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Fig.2 Analysis of NY-ESO-1-specific T cell responses by ex vivo
IFN-y ELISpot at Stage I. a Primary analysis showing estimated
mean NY-ESO-1-specific IFN-y spot-forming units (to either peptide)
per million PBMCs (£95% confidence intervals) over time for both
treatment arms in Stage I of the study. The difference in AUC for the

are shown in Fig. 2a. The difference in mean AUC of T
cell count between the treatment arms was not signifi-
cant (—6.85, 95% confidence interval —21.65 to 7.92;
P=0.36). The planned sensitivity analysis adjusting for
baseline imbalance had negligible impact. The inclusion
of a-GalCer in the vaccines therefore had no impacton T
cell response by this measure.

Heatmaps in Fig. 2b show log,,-transformed T
cell count for each NY-ESO-1 peptide. Changes in T
cell count from baseline in response to vaccination
were seen to either peptide (and often both) and were
observed in the vast majority of patients. Responses to
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two treatment arms was not significant (— 6.85, 95% confidence inter-
val —21.65 to 7.92; P=0.36). b Heatmaps of mean log,,-transformed
T cell count for each patient against the different peptides over time
(red), with mean background levels in no-peptide control samples
shown (grey)

NY-ESO-1,9_; 4 tended to peak after the second vaccine,
whereas responses to NY-ESO-1,,5 143 tended to peak
after the first.

Secondary efficacy measures

T cell response assessed by ICS

The induction of an NY-ESO-1-specific T cell response
to vaccination over the first two cycles was classified

“yes” or “no” on the basis of detecting IFN-y-producing
cells by ICS following in vitro restimulation of PBMCs

@ Springer



2274

Cancer Immunology, Immunotherapy (2023) 72:2267-2282

for 10 days with the long NY-ESO-1 peptides. Antibod-
ies used and the gating strategy for flow cytometry are
provided in Supplementary Table 2 and Supplemen-
tary Fig. 2. One patient in the DCV + a-GalCer arm
was excluded from this analysis due to poor recovery
of cells. The proportions of patients with a response
were similar between treatment arms, with 86.67% on
the DCV + a-GalCer arm versus 82.35% on DCV arm
(P=1.0, Table 2). Patients who had NY-ESO-1-specific
T cell responses were further categorised as to whether
the responses were CD4* or CD8" T cell-mediated, or
both. The pattern of CD4" and CD8" T cell responses was

very similar in the two arms; the majority of patients had
only a CD4* T cell response (Table 2).

NKT cell response

To evaluate the cellular response to a-GalCer, NKT cell
counts were measured in PBMCs by flow cytometry using
fluorescent a-GalCer-loaded human CD1d tetramers. The
gating strategy is provided in Supplementary Fig. 3. Data
are expressed as number of NKT cells per 100 CD3" cells.
The patient in the DCV + a-GalCer arm with insufficient
recovery of cells was also excluded from this analysis.
Mean NKT cell count at each time point and by treatment

Table 2 Propqrtions of Treatment Response n % 95% CI for proportion P-value®
NY-ESO-specific T cell
responders determined by ICS DCV All 14 8235 (5657 t096.20) 1.0
in Stage 1 n=17) (CD4* and/or CD8™")
DCV + a-GalCer 13 86.67 (59.54 t0 98.34)
(n=15)*
DCV No response 3 17.65 (3.80t0 43.43) 0.7922
(n=17) CD4* only 9 52.94 (40.42 to 80.84)
CD8" only 0 0.00 NA
Both CD4" and CD8* 5 29.41 (10.31 to 55.96)
DCV + a-GalCer No response 2 13.33 (1.66 to 40.46)
(n=15)" CD4* only 10 66.67 (38.38 t0 88.18)
CD8" only 0 0.00 NA
Both CD4" and CD8* 3 20.00 (4.33 t0 48.069)
“Patient 2-043 excluded due to insufficient cells
PFisher's exact test (as 50% expected counts <5)
A -O- DCV (n=17) B -0- DCV (n=17)
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Fig.3 Analysis of NKT cell responses at Stage I. a Mean frequency
of NKT cells detected by flow cytometry in PBMCs (+95% confi-
dence intervals) at each time point and by treatment arm. The dif-
ference in AUC between treatment arms was not significant (28.74,
95% confidence interval —5.95 to 63.43; P=0.10) b Estimated mean
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arm is shown in Fig. 3a. The mean AUC was higher in the
DCV + a-GalCer arm than in DCV alone, but the difference
was not significant (28.74, 95% confidence interval —5.95
to 63.43; P=0.10). Similar results were found with NKT
cells measured by IFN-y ELISpot using a-GalCer as recall
agent (Fig. 3b) (17.62, 95% confidence interval —5.97 to
41.21; P=0.1424).

Serum cytokine levels

To evaluate serum cytokine responses to the vaccines in the
two treatment arms, levels of 11 cytokines that were speci-
fied a priori (based on association with in vivo NKT cell
responses in earlier trials) were compared using multiplex
immunoassays. Median cytokine levels based on fluores-
cence intensity are provided in Supplementary Table 3, and
changes over time for each patient are presented as heatmaps
in Supplementary Fig. 4. The comparisons of the AUCs of
the median fluorescence intensity (after subtraction of back-
ground fluorescence) are shown in Table 3. There were no
statistically significant differences between treatment arms.

Safety outcomes at Stage |

During leukapheresis procedures to harvest cells for DC
generation, which were conducted before randomisation,
there were six grade 3 adverse events (AE) reported: infec-
tion (1 event); backpain (1); syncope (2); depressed level
of consciousness (1) and vasovagal reaction (1). One of
the patients, who experienced three of these events, did not
complete leukapheresis and withdrew before randomisation.
The patient had osteomyelitis, back pain (managed with pain
medication) and depressed level of consciousness. Once the
SAE sequelae had resolved, the patient re-entered screening
and ultimately completed all cycles of treatment without any
further AEs. Adverse events experienced in Stage I of the

Table 3 Comparison of cytokine levels for DCV +a-GalCer versus
DCV arms in Stage I

Cytokine Difference in  95% confidence interval P-value
AUC
1IL-4 —-0.18 (—5.40t0 5.04) 0.9465
IL-6 -0.58 (—14.98 to 13.83) 0.9370
IL-10 -2.17 (—18.22t0 13.89) 0.7900
IL-12p70 0.74 (—14.87 t0 16.34) 0.9257
TNF -0.87 (—6.93105.19) 0.7779
IFN-y 2.41 (—4.7t09.51) 0.5053
MCP-1 3.75 (—11.43t0 18.93) 0.6266
MIP-1a -1.13 (—10.55t0 8.29) 0.8127
MIP-1p 1.14 (=7.54109.82) 0.7962
RANTES -0.34 (—4.95t04.27) 0.8832
IP-10 2.38 (—8.33 to 13.09) 0.6613

treatment schedule are presented in Supplementary Table 4.
No patients experienced a grade 3 or higher AE over the
first two cycles of vaccination after randomisation in Stage
I of the study.

Stage ll

Capacity of repeated DCV + a-GalCer to boost
NY-ESO-1-specific T cell response

To assess whether DCV + a-GalCer-induced T cell
responses could be boosted by repeated vaccination, the 16
patients on the DCV + @-GalCer arm were randomised at
Stage II to receive a further two cycles of DCV + a-GalCer,
or were observed only, thereby enabling analysis of two ver-
sus four vaccine cycles. In assessment of mean T cell count
by ex vivo IFN-y ELISpot, the additional impact of vac-
cine treatment on AUC did not reach statistical significance
(Fig. 4) (7.60, 95% confidence interval — 16.18 to 30.31;
P=0.55). Responses were also measured by ICS after res-
timulation on peptide (although one patient in the observa-
tion arm had insufficient cells for analysis). The numbers
of patients with a response were 8/8 (100%) in the group
that received the additional DCV + a-GalCer vaccines and
5/7 (71%) in the observation group (P =0.2). There was no
evidence of a difference in the AUC for NKT cells meas-
ured by flow cytometry between the two arms (2.2, 95%
confidence interval — 19.2 to 23.7; P=0.84), or by IFN-y
ELISpot with a-GalCer as recall agent (1.4, 95% confidence
interval — 30.1 to 32.9; P=0.93). Thus, the benefit to the T
cell response of extra cycles of vaccination was marginal,

A B -O- Observation (n=8)
-~ DCV+a-GalCer (n=8)
Stage Il

400 400
2 2 cycle 3 cycle 4
; £ "
£ 300 L 300
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T2 >
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2;\\09’ 57 58 7 85 86 99 113
& Days from initiation of treatment

Fig.4 Capacity of repeated DCV +a-GalCer to boost T cell
response. Estimated mean NY-ESO-1-specific IFN-y spot-forming
cells (£95% confidence intervals): a at baseline for patients in Arm
2 at Stage I, and b over time for patients in Arm 2 at Stage II. These
patients received two cycles of DCV +a-GalCer at Stage I, and at
Stage II were randomly allocated to no further vaccination (observa-
tion) or two further cycles DCV + a-GalCer. The difference in AUC
between treatment arms at Stage II was not significant (7.60, 95%
confidence interval — 16.18 to 30.31; P=0.55)
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with no evidence of associated NKT cell activity with the
additional DCV + a-GalCer cycles.

Capacity of DCV + a-GalCer to boost DCV-induced
NY-ESO-1-specific T cell response

To assess whether vaccines with a-GalCer could contrib-
ute to a significant boost to responses stimulated initially
by vaccines without a-GalCer, 15 patients on DCV alone
for the two cycles in Stage I crossed over to receive two
cycles of DCV 4+ a-GalCer at Stage II. No significant dif-
ference in AUC for T cell count assessed by IFN-y-ELISpot
was observed between the two treatment stages for these
patients (Fig. 5a) (— 13.66, 95% confidence interval —27.62
to—0.30; P=0.06). In contrast, for NKT cells counts meas-
ured by flow cytometry, the AUC was significantly higher
after the cross-over, indicating NKT cells proliferated in
response to DCV + a-GalCer (40.09, 95% confidence inter-
val: 8.9 to 71.28; P=0.012). The cytokine responses were
also evaluated in the cross-over. Only RANTES was signifi-
cantly increased after cross-over (Supplementary Table 5),
although this result should be interpreted with caution due

Fig.5 Capacity of
DCV + a-GalCer to boost DCV-
induced NY-ESO-1-specific T

A -O- DCV

to small sample size, and the levels of this cytokine were not
normally distributed. Thus, while there was some evidence
of NKT cell activity with the DC + a-GalCer vaccines used
in the boost, this did not contribute to a stronger NY-ESO-
1-specific T cell response than had been initiated with DCV.

Safety outcomes at Stage Il

Adverse events experienced in Stage II of the treatment
schedule are presented in Supplementary Table 6. No
patients experienced a grade 3 or higher adverse event over
the 3rd and 4th cycles of vaccination.

Clinical course and subsequent therapy

A swimmer plot in Fig. 6a depicts the clinical course of
individual patients in the study. All patients received at least
two cycles of vaccine, and all but one patient received at
least one vaccine with a-GalCer. Of the 33 high-risk patients
enrolled, 14 progressed, of whom 7 have died. Another died
from an unrelated cause. The remainder have controlled dis-
ease, in some cases with further treatment involving immune
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checkpoint blockade with pembrolizumab (3 patients) or
systemic therapy on another trial (1 patient). The 3-year
survival rate from their most recent resection was 81% (95%
confidence interval 63.9-91.4%) (Fig. 6b), but we note this
will be biased up relative to a clinical cohort post-resection
as the study participants had to have survived long enough to
be recruited into the study (the median time from resection
to first vaccination was 6.9 months).

Discussion

In this randomised study, fully resected high-risk melanoma
patients were assigned to receive autologous DC-based vac-
cines loaded with long peptides from NY-ESO-1 alone, or
the peptides loaded together with the NKT cell agonist
a-GalCer. While T cell-mediated responses to the peptides
in the vaccine were observed in the vast majority of patients,
the inclusion of a-GalCer to recruit NKT cell help, which
we anticipated would enhance the response, did not have a
significant impact on T cell levels induced.

The vaccine-induced T cell responses observed could
be detected in PBMCs evaluated directly ex vivo by IFN-y
ELISpot, using the long NY-ESO-1-derived peptides as
recall agents. There are only a few other reports where NY-
ESO-1-specific T cell responses have been detected so read-
ily without requiring several days of in vitro restimulation
with antigen [26, 27]. Analyses were also conducted on data
collected by ICS following 10 days of in vitro restimula-
tion on peptide, which enabled us to determine whether
responses were CD4* or CD8* T cell-mediated. Responses
of either type, or both, were detected by this technique in
86.67% of patients that received vaccines with a-GalCer (13
of 15 patients evaluated), and 82.35% that received vaccines
without a-GalCer (14/17). Overall, CD4* T cell-mediated
responses predominated (27/32 patients evaluated) with
reactivity to either peptide, with no significant impact on
this trend associated with the inclusion of a-GalCer.

The lack of significant effect of including a-GalCer in
the vaccine on the circulating T cell response is at odds with
numerous preclinical studies conducted with DCs in vivo
in mice, where significant improvements in T cell response
have been observed [16, 28-30]. In generating vaccines
for clinical use, we considered carefully whether to inject
immature or mature DCs. While immature DCs were more
likely to be effective recipients of NKT cell-mediated help,
injection of immature cells into volunteers has previously
been shown to result in the induction of regulatory T cells
[31], which could be clinically detrimental. We therefore
elected to use cytokine-mature DCs, a decision supported
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by our preclinical studies in mice, where bone marrow-
derived DCs loaded with antigen and a-GalCer could
enhance antitumour responses irrespective of maturation
status. The added rationale was that even if NKT cell help
failed, the mature product would give the best chance of
eliciting an NY-ESO-1-specific T cell response that could
potentially benefit the patient [32]. In fact, the mature prod-
uct, even without a-GalCer, was an effective vaccine plat-
form for generating NY-ESO-1-specific T cell responses in
the majority of patients. In secondary analysis, the T cell
responses induced with DCV could be boosted within the
same patients with DCV + a-GalCer, but the responses were
not superior in size, as might have been expected if a-GalCer
was functioning as a powerful immune adjuvant. In further
secondary analyses, it was shown that multiple rounds of
DCYV + a-GalCer (comparing four versus two cycles) did not
significantly improve T cell responses. However, it should
be noted that our analyses were limited to the blood, and
it remains possible that including a-GalCer may improve
functionality and distribution to other tissues. For example,
our own preclinical studies with synthetic a-GalCer-peptide
conjugates designed to target APCs in vivo showed that
NKT cell activation can facilitate accumulation of resident
memory CD8* T cells in the liver [33].

A likely explanation for the lack of T cell enhancement
with @-GalCer in the vaccine is that the NKT cell responses
induced in the patients were insufficient to provoke the
helper responses required. This could either be a conse-
quence of low NKT cell frequency, poorly presented agonist,
or lack of functional capacity. There was more variability in
NKT cell count in the DCV + a-GalCer arm relative to the
DCV arm (where NKT cells should be unaffected), with
individual cases where increases in NKT cell populations to
DCYV + a-GalCer were observed. Nonetheless, the AUC for
NKT cell count of DCV + a-GalCer arm did not reach sta-
tistical significance over levels in the DCV group. The only
analysis of NKT cell activity that reached statistical signifi-
cance was an increase in NKT cell frequency in patients who
crossed over from receiving DCV to DCV + a-GalCer. This
was not associated with an increase in mean NY-ESO-1-spe-
cific T cell response, although one patient who had failed
to induce a peptide-specific response to DCV did induce a
response after cross-over to DCV + a-GalCer. However, this
induced response could reflect the effect of repeated antigen
dosing rather than result from the addition of a-GalCer.

It is possible that NKT cell function was impaired in the
patient cohort. There have been previous reports of NKT cell
dysfunction in cancer patients [34-38], including in mela-
noma [39]. Prior treatments have also been reported to have a
negative impact on NKT cells, including radiation treatment
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[39], which some patients in our study had received. How-
ever, the patients were disease-free at the time of treat-
ment, and there had been a minimum “wash-out” period of
6 weeks from radiation treatment before vaccination. One
of the prime readouts of NKT dysfunction has simply been
reduced numbers compared to healthy controls. However,
the range of NKT cell frequencies observed at baseline in
our study was not remarkably different to healthy donors of
similar age in a previous study from our group [40].

It should be noted that the modest levels of NKT cell
proliferation observed in this trial are in contrast to a com-
parable study conducted by Chang et al., with a-GalCer-
pulsed MoDCs (without peptides), prepared and matured
in a similar manner [19]. They observed > 100-fold expan-
sion of the peripheral NKT cell population in all 5 patients
studied and could detect these up to 6 months after vac-
cination. Furthermore, the NKT cell activation correlated
with an increase in serum levels of IL-12p40, IP-10 and
MIP-1p after 24 h of injection. These changes were not
observed when the patients in the study were first injected
with DCs without a-GalCer. In our study, increases in IP-10
were observed in response to vaccination, and while we did
not specifically look at IL-12p40, we did see increases in
IL-12p70. However, these increases were not unique to the
DCV + a-GalCer vaccinated group, with similar cytokine
levels seen in patients in the DCV arm. Our interpretation of
our phase I study, where only DCV + a-GalCer were used,
needs to be reconsidered in this light; the cytokine responses
observed may only have been a consequence of the mature
MoDCs used, and not reflect NKT cell activation.

Given that effective NKT cell helper function in animals
is typically associated with extensive NKT cell proliferation,
the weak proliferation observed in vivo here was perhaps
insufficient to meet the threshold required for adjuvant activ-
ity. The dose of a-GalCer loaded onto the MoDCs may have
been a factor, although this was selected based on literature
precedent where proliferation had been observed clinically
[19]. In preparing the GMP grade material, the compound
was dissolved in DMSO, filtered for sterility and stored
frozen. Assessment by analytical HPLC showed there was
no loss of material in the filtration process and re-thawed
samples were not subject to any observable decomposition
or loss of potency. The thawed glycolipid was capable of
stimulating NKT cells in vitro, as were vaccines prepared
over the course of the study. However, we cannot rule out
the possibility that the bioavailability of a-GalCer was ulti-
mately suboptimal in our study, noting that a formulation
matrix for dissolving the glycolipid has been used in previ-
ous clinical studies [41].

The NY-ESO-1 antigen used in this study has been tar-
geted by vaccines in several previous clinical studies. In a
retrospective analysis of early phase clinical trials of adju-
vant NY-ESO-1-based vaccine immunotherapy (using DCs,
peptide in adjuvant, or peptides with toll-like receptor ago-
nists), Lattanzi et al. compared 67 vaccinated patients with
resected stage III melanoma to 123 historical control patients
who received no adjuvant therapy and found that the vac-
cine was associated with decreased risk of recurrence and
death [42]. In contrast, Cebon et al. assessed the impact of
vaccination with NY-ESO-1 protein in ISCOMATRIX in 56
resected stage Ilc, IIIb, Illc and IV melanoma patients com-
pared to 51 patients that received ISCOMATRIX alone and
found no impact on survival endpoints despite evidence of
induced adaptive responses [43]. The authors suggested that
immune escape through the downregulation of NY-ESO-1
and/or HLA class I molecules on the tumour may have con-
tributed to relapse. Although our study was not designed to
evaluate clinical efficacy, it remains possible that the induc-
tion of NY-ESO-1-specific T cells combined with an NKT
cell response (albeit weak) could have provided some clini-
cal benefit. In this context, it is important to note that animal
studies have shown that a-GalCer-stimulated NKT cells can
be useful antitumour effectors in addition to conventional T
cells. In fact, it was structure activity studies of glycolipids
with antitumour activity from the Okinawan marine sponge
Agelas mauritianus that resulted in the design of a-GalCer
as a synthetic chemical entity with potent activity in animals
[44-46]. To date, 25 of the 33 high-risk melanoma patients
in this trial have survived, as have 7 of the 8 patients from
our previous phase I trial, with some controlling disease
relapse with further treatment, notably checkpoint block-
ade. All but one of these patients received NY-ESO-1 pep-
tide-loaded vaccines with a-GalCer at some point in their
treatment. It remains unclear whether this unexpected but
encouraging clinical outcome reflects the impact of a valu-
able immune response, or a selection bias. In this context,
the median timeframe from surgical resection to first vac-
cination was 6.9 months, so individuals with a rapid disease
relapse were likely underrepresented in the enrolled cohort.

Overall, this study failed to demonstrate a significant
advantage to loading peptide-pulsed MoDCs with a-GalCer
to enhance circulating peptide-specific T cell responses.
Although this may reflect inability to recruit the helper func-
tion of NKT cells, especially as only limited NKT cell activ-
ity was observed in this study cohort, it remains possible that
there were changes in T cell distribution to other tissues that
were not investigated. The study did show that it is possible
to achieve a high population coverage of NY-ESO-1-specific
responses with the strategy of incorporating long peptides
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covering multiple epitopes into the vaccine. Additionally, all
of the autologous products were prepared without issue and
injected with a good safety profile.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00262-023-03400-y.
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