
R E S E A R C H Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Pluchart et al. BMC Cancer          (2023) 23:585 
https://doi.org/10.1186/s12885-023-10939-7

BMC Cancer

*Correspondence:
Hélène Pluchart
Helene.pluchart@sfr.fr

Full list of author information is available at the end of the article

Abstract
Background  Although polypharmacy has been described among cancer patients, very few studies have focused 
on those with lung cancer. We aimed to assess whether polypharmacy and comorbidity have an impact on systemic 
parenteral treatment administration and survival among lung-cancer patients.

Methods  In this retrospective monocenter cohort study, we included patients hospitalized in thoracic oncology for 
the first time between 2011 and 2015. The Elixhauser score was used to assess comorbidity and polypharmacy was 
estimated with a threshold of at least five prescribed medications. The Fine and Gray competitive risk model was used 
to estimate the impact of polypharmacy and comorbidity on systemic parenteral treatment administration within the 
first two months of hospitalization. The effect of comorbidity and polypharmacy on overall survival was evaluated by 
Cox proportional hazards analysis.

Results  In total, 633 patients were included (71% men), with a median age of 66 years. The median Elixhauser score 
was 6 and median overall survival was four months. Among the patients, 24.3% were considered to be receiving 
polypharmacy, with a median number of medications of 3, and 49.9% received systemic parenteral treatment 
within two months after hospitalization. Severe comorbidity (Elixhauser score > 11), but not polypharmacy, was 
independently associated with a lower rate of systemic parenteral treatment prescription (SdHR = 0.4 [0.3;0.6], p < 0.01) 
and polypharmacy, but not a high comorbidity score, was independently associated with poorer four-month survival 
(HR = 1.4 [1.1;1.9], p < 0.01)

Conclusions  This first study to evaluate the consequences of comorbidity and polypharmacy on the care of lung-
cancer patients shows that a high comorbidity burden can delay systemic parenteral treatment administration, 
whereas polypharmacy has a negative impact on four-month survival.
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Background
With a median age at diagnosis of 70 years [1], lung can-
cer mainly concerns the elderly. In addition to their being 
diagnosed at advanced stages [2, 3], lung-cancer patients 
are mostly diagnosed with prior comorbidities due to 
smoking [4, 5]. Comorbidities negatively influence lung 
cancer survival and have consequences on treatment 
strategies [4, 6, 7].

In parallel, comorbidities are generally associated with 
polypharmacy because they require the prescription of 
medications. Moreover, anticancer treatment can lead 
to side effects and symptomatic treatment prescriptions, 
with frequent polypharmacy [8]. The resulting conse-
quences can be important. For example, polypharmacy 
for chronic comorbid conditions can induce drug-drug 
interactions with anticancer treatment [9] or lead to a 
higher risk of side effects [10].

Polypharmacy has been reported to be a potential risk 
factor for death [11]. We aimed to determine whether 
comorbidity and polypharmacy have an impact on sys-
temic parenteral treatment administration and survival, 
specifically for lung cancer patients.

Methods
Population
Patients hospitalized in the Thoracic Oncology Unit of 
Grenoble University Hospital from 2011 to 2015 were 
included. The design of this study has been described in 
an earlier publication [12]. Lung-cancer patients were 
included at their first hospitalization during the study 
period. Ethics committee approval for the study was 
obtained on September 1, 2021 (Comité d’Ethique des 
Centres d’Investigation Clinique Rhône-Alpes-Auvergne, 
Clermont-Ferrand, IRB 5891).

Objectives
The primary objective was to assess the impact of poly-
pharmacy and comorbidities on systemic parenteral 
treatment administration after the first hospitalization 
in thoracic oncology. The primary outcome was the time 
to systemic parenteral treatment administration after the 
date of hospitalization (within 2 months). Two months 
was chosen as the cut-off because it corresponds to the 
postponement of systemic parenteral treatment adminis-
tration due to toxicity and delays beyond this timepoint 
are considered to be due to reasons other than systemic 
parenteral treatment -related toxicity.

As a secondary objective, we assessed the impact of 
polypharmacy and comorbidity on overall survival, esti-
mated as the time between the day of hospitalization 
and the date of last follow-up (cut off at median overall 
survival).

Data collection
The database contains information on individuals includ-
ing age, gender, lung cancer tumor (T), node (N), and 
metastasis (M) (TNM) staging, histological type, per-
formance status at the first case presentation in multi-
disciplinary concertation meetings, the Elixhauser score 
for comorbidities [13], and every medication adminis-
tered throughout the hospitalization. Elixhauser score is 
a comorbidity score that weighs comorbidity burden. It 
takes into account 21 conditions. The score range is from 
− 19 to 89 (high score means high comorbidity burden).

Polypharmacy was defined as > 5 administered medica-
tions. A medication was considered if the patient had at 
least one dose. Each medication was translated using its 
fourth, third, and second level in the Anatomical Thera-
peutic Chemical (ATC) Classification System. ATC Clas-
sification System is an international tool to classify drugs 
and can be used in research. It is controlled by the World 
Health Organization Collaborating Centre for Drug Sta-
tistics Methodology. Anticancer treatment, anti-emetic 
drugs, blood substitutes, and perfusion solutions were 
not studied because they were not prescribed for chronic 
comorbidities.

Survival data were obtained from our district cancer 
registry, including the date of the last follow-up and vital 
status at the last follow-up.

Statistical analyses
For descriptive analyses, quantitative variables are 
expressed as medians [Interquartile range] and qualita-
tive variables as n (%).

Median overall survival depending on comorbidity and 
polypharmacy was assessed by estimating the probabil-
ity of survival using the Kaplan Meier estimator. Survival 
curves were compared using Log-rank tests. A Cox pro-
portional hazards regression model was used to identify 
factors associated with survival. Univariable and multi-
variable analyses were performed. Proportional hazards 
assumptions were verified using the Martingale method. 
Only covariables with p < 0.2 in univariable analysis were 
retained for multivariable analysis.

The impact of polypharmacy and comorbidities on 
systemic parenteral treatment administration was deter-
mined using the Fine and Gray competing risk regression 
model to account for the competitive risk of death [19]. 
Sub-distributed hazard ratios (SdHRs) and their confi-
dence intervals [CI95] were calculated.

Gender, metastasis, histological type, polypharmacy, 
the Elixhauser score, age at hospitalization, and age at 
diagnosis were included as covariates. A severe Elix-
hauser threshold score was defined as the third inter-
quartile range of the median score. Performance status 
was not included because of missing data. For the sec-
ondary objective, TNM stage, time of diagnosis (after of 
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before hospitalization), and time to systemic parenteral 
treatment (used as a time-dependent variable) were also 
included.

All statistical analyses were performed using SAS 9.4 
for Windows (SAS Institute, Inc., Cary, NC, USA). A 
P-value < 0.05 was considered significant.

Results
Patient characteristics
In total, 633 patients were included, with a median age 
of 66 years (Table  1). They were mostly men (71%) and 
most patients had metastatic lung cancer (428 [74.2%)]). 
According to the Elixhauser score, weight loss and 
chronic pulmonary disease were the two most common 
comorbidities in the population (345 [54.5%] and 91 
[14.4%] patients, respectively).

The median number of medications was 3 [IQ25% 2- 
IQ75% 4] and the number of patients with polypharmacy 
was 154 (24.3%).

Medication description
Among the medications, the ten most prescribed ATC 
codes, according to the second level of the ATC classifi-
cation system, are presented in Table 2. Approximately 4 
of 10 patients received analgesics and corticosteroids for 
systemic use. A quarter of patients also received mineral 
supplements, whereas drugs for constipation and anti-
bacterial and antithrombotic agents were prescribed for 
2 of 10 patients.

Factors associated with systemic parenteral treatment 
administration and survival
Median overall survival was four months and the 
median Elixhauser score was 6.0 [IQ25% 2.0; IQ75%11.0] 
(Table  1). By two months within hospitalization, 316 
(49.9%) patients received systemic parenteral treatment, 

Table 1  Description of the population
Popula-
tion 
(n = 633)

Patients’ characteristics and comorbidities
Age (years) 66 [58; 

73]

Gender = Men 540 (71)

Elixhauser Score 6.0 [2.0; 
11.0]

Two most common comorbidities according to the Elixhauser score

Weight loss 345 
(54.5)

Chronic pulmonary disease 91 (14.4)

Performance status at the first presentation in multidisciplinary concer-
tation meetings*

• PS 0–1 212 
(53.1)

• PS 2 126 
(31.6)

• PS 3–4 61 (15.3)

Metastasis 428 
(74.2)

Histological type

• Adenocarcinoma 295 
(46.6)

• Squamous-cell carcinoma 103 
(16.3)

• Undifferentiated 67 (10.6)

• SCLC 132 
(20.9)

• Other 36 (5.7)

Medication
Number of medications 3 [2–4]

Polypharmacy
(excluding anticancer treatment, anti-emetic drugs, blood 
substitutes, and perfusion solutions)

154 
(24.3)

Outcomes/survival
Overall survival (months) 4 [1; 11]

Patients having systemic parenteral treatment within two 
months

316 
(49.9)

Death within two months without receiving systemic paren-
teral treatment

175 
(27.6)

Alive two months without systemic parenteral treatment 142 
(22.4)

Time to systemic parenteral treatment administration (days) 13 
[5–29]

Time to systemic parenteral treatment administration for 
patients receiving treatment within two months (n = 316) 
(days)

11 
[4–22]

Quantitative variables are expressed as medians [Interquartile range], 
qualitative variables are expressed as n (%)

*Missing data: n = 234

Table 2  The ten most prescribed medications according to the 
second level of the ATC Classification System
ATC Code (according to second level of ATC Classifica-
tion System)*

Popula-
tion 
(n = 633)

N02 (Analgesics) 265 (41.9)

H02 (Corticosteroids for systemic use) 258 (40.8)

A12 (Mineral supplements) 162 (25.6)

A06 (Drugs for constipation) 129 (20.4)

J01 (Antibacterials for systemic use) 118 (18.6)

B01 (Antithrombotic agents) 112 (17.7)

V03 (All other therapeutic products) 74 (11.7)

A10 (Drugs used in diabetes) 57 (9.0)

R03 (Drugs for obstructive airway diseases) 36 (5.7)

R06 (Antihistamines for systemic use) 40 (6.3)
Qualitative variables are expressed as n (%)

*Excluding anticancer treatment, antiemetics, blood substitutes and perfusion 
solutions
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175 (27.6%) died without receiving systemic parenteral 
treatment, and 142 (22.4%) were alive without receiving 
systemic parenteral treatment. Systemic parenteral treat-
ment was prescribed and administered after a median of 
11 [IQ25% 4 ; IQ75% 22] days for patients receiving sys-
temic parenteral treatment within two months.

Consideration of the SdHR with the competing event 
(death) for the outcome of systemic parenteral treat-
ment administration showed that only severe comorbid-
ity (Elixhauser score > 11) led to a lower rate of systemic 
parenteral treatment prescription (SdHR = 0.4 [0.3;0.6], 
p < 0.01)) (Table 3).

Overall survival according to the Elixhauser score was 
11.4 [IQ25% 2.0; IQ75% 17.0] months for an Elixhauser 
score between 0 and 5, 6.8 [1.0; 8.0] months for an Elix-
hauser score between 6 and 11, and 6.7 [IQ25% 1.0 ; 
IQ75% 8.0] months for an Elixhauser score > 11. Only 
polypharmacy (threshold of 5 medications) was a nega-
tive prognostic factor of survival in multivariate analysis 
(HR = 1.4 [1.1–1.9], p < 0.01) (Table 4).

Discussion
This study shows that severe comorbidity (assessed by 
the Elixhauser score) is associated with a lower rate of 
systemic parenteral treatment prescription within two 
months of hospitalization, whereas polypharmacy is 
an independent prognostic factor of death within four 
months of first hospitalization.

We found polypharmacy to be present for 24.3% of 
patients, which is lower than that reported in previ-
ous studies concerning various cancer types. Previous 

studies found polypharmacy to range from 33 to 59.9% 
among lung-cancer patients [14, 15]. In these studies, 
the estimated number of drugs was based on the num-
ber of unique prescriptions in the month prior to the 
diagnosis or as any therapeutic drug used to manage a 
comorbid condition outside of lung cancer between the 
last visit and day 1 of the oncology treatment. However, 
these studies did not indicate whether they counted, for 
example, anti-emetic drugs. In another recent study, 
the median number of prescribed medications dur-
ing the six-month period before chemotherapy admin-
istration for lung cancer patients was 11 [16]. Among 
elderly patients with any type of cancer, Nightingale et al. 
reported a mean number of medications of nine associ-
ated with a prevalence of polypharmacy of 41% [17]. In 
this study, patient medications were assessed during a 
pharmacist-patient session to which they had to bring 
all medications (prescription, nonprescription, herbals, 
and supplements) they had at home. We did not have 
access to data on self-medications or herbal medications 
in our study. The lower rate of polypharmacy found in 
our cohort could be explained by the fact that comple-
mentary and alternative medicines are widely used by 
lung-cancer patients (reported to be from 30 to 50% of 
patients [18, 19]). In addition, only prescribed medica-
tions were considered in our study, excluding anticancer 
treatment, anti-emetics, blood substitutes, and perfusion 
solutions. Within two months after hospitalization, 175 
(27.6) patients died without receiving systemic parenteral 
treatment. Given the poor prognosis, certain medications 

Table 3  SdHR for receiving systemic parenteral treatment considering death as a competing event among the population (n = 633)
Univariable analysis Multivariable analysis*
sdHR CI95 P-value sdHR CI95 P-value

Elixhauser
< 0 < x ≤ 5 1 1

6 ≤ x ≤ 11 0.8 0.6-1.0 0.08 0.8 0.7–1.1 0.19

> 11 0.4 0.3–0.6 < 0.01 0.4 0.3–0.6 < 0.01

Polypharmacy 1.3 1.0-1.6 0.06 1.2 1.0-1.6 0.10
Quantitative variables are expressed as medians [Interquartile range]

*Adjusted for the presence of metastasis, gender, and histological type

Table 4  Adjusted hazard ratio of four-month survival among the population (n = 633)
Univariable analysis Multivariable analysis*

Overall survival HR CI95 P-value HR CI95 P-value
Elixhauser
< 0 < x ≤ 5 (n = 234) 11.4 [2.0;17.0] 1 1

6 ≤ x ≤ 11
(n = 245)

6.8 [1.0;8.0] 1.5 1.1–1.9 < 0.01 1.2 0.9–1.6 0.14

> 11
(n = 154)

6.7 [1.0;8.0] 1.8 1.3–2.4 < 0.01 1.1 0.8–1.5 0.64

Polypharmacy 1.2 1.0-1.6 0.09 1.4 1.1–1.9 < 0.01
*Adjusted for the presence of metastasis, TNM stage, gender, histological type, time of diagnosis, and time to systemic parenteral treatment as a time-dependent 
variable
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were probably stopped in light of the benefit-risk balance 
for the patient.

Polypharmacy has been shown to be possibly related to 
greater chemotherapy toxicity [10]. Here, we did not have 
information on the potential side effects after systemic 
parenteral treatment. Sud et al. reported the impact of 
polypharmacy on increased hospitalization rates, with 
toxicity rather than polypharmacy leading to the discon-
tinuation of anticancer therapy among those aged 80 and 
over [20], whereas Lu-Yao et al. showed polypharmacy 
to be a predictive factor of inpatient hospitalization after 
chemotherapy administration [16]. Another explanation 
may be due to the study design. We estimated polyphar-
macy by the number of medications received. Some may 
have been prescribed as symptomatic treatment due to 
an adverse event, increasing the number of medications 
received. It is possible that the burden of comorbidity 
itself influences the physician’s decision whether or not 
to prescribe systemic parenteral treatment rather than 
the number of medications.

Patients with severe comorbidity, defined by an Elix-
hauser score > 11, were significantly less likely to receive 
systemic parenteral treatment within two months after 
their first hospitalization, with no impact of polyphar-
macy. One explanation may be that there is probably 
no treatment impact on systemic parenteral treatment 
prescription for comorbidities that are well managed 
by treatment. The impact of comorbidities on the pre-
scription of treatment was expected, as concomitant 
comorbid conditions potentially lead to increased tox-
icity of systemic parenteral treatment [21]. The 10 most 
prescribed drugs that we found, according to their sec-
ond level ATC code, are consistent with those reported 
in the literature [4, 5]. The comorbidity burden has been 
reported to decrease the prescription of systemic paren-
teral treatment in colorectal, breast, and bladder cancer 
[22–24]. Few studies in lung cancer are available but they 
also reported an association between a high comorbidity 
burden and systemic parenteral treatment administration 
[25–27].

In terms of the impact of polypharmacy and comor-
bidity on survival, our findings are consistent with those 
of Hakozaki et al., who reported an association between 
polypharmacy and lower overall survival but not pro-
gression-free survival for lung cancer patients receiv-
ing immune oncology treatments [15]. The impact of 
comorbidity on survival has also been reported to be less 
important for patients with a poor prognosis. Indeed, 
Piccirillo et al. showed that comorbidity was prognosti-
cally of less importance for diseases with a short-term 
prognosis, such as lung cancer [28].

A strength of our data is the large sample size, associ-
ated with a robust statistical analysis, provided by the 
use of several datasets with a deterministic linkage. Our 

study, however, also had several limitations. Because of 
the study design, we did not consider drug-drug interac-
tions. In addition, no data on side effects after systemic 
parenteral treatment were available. Finally, we could 
not consider self-medication or complementary or alter-
native medicines due to the retrospective monocenter 
design of our study.

Conclusion
In this study, severe comorbidity had an impact on sys-
temic parenteral treatment prescription, whereas poly-
pharmacy was associated with poorer survival. Access to 
the National Health Insurance Cross-Scheme Informa-
tion System could be useful to better describe the link 
between polypharmacy, comorbidity, and their conse-
quences on anticancer treatment and survival, and pro-
spective studies should be performed.
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