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A B S T R A C T   

Objectives: Despite their proven efficacy for treating lung cancer, the cardiovascular risks associated with pro
grammed cell death protein 1 (PD-1) inhibitors and their combinations with chemotherapy (chemo-immuno
therapy) are unclear. This study aimed to investigate these associations. 
Materials and methods: This retrospective cohort study included Hong Kong patients with lung cancer receiving 
PD-1 inhibitors during 2013–2021. Patients with non-concurrent use of PD-1 inhibitors and chemotherapy, any 
use of tyrosine kinase inhibitors or other immunotherapy agents, and those with prior stroke, heart failure, or 
myocardial infarction were excluded. PD-1 inhibitors and chemo-immunotherapy were compared for major 
adverse cardiovascular events (MACE), a composite of cardiovascular mortality, heart failure, stroke, and 
myocardial infarction. All patients were followed up until the end of 2021. Inverse probability of treatment 
weighting was used to balance covariates between the two treatment groups. 
Results: In total, 713 patients (333 PD-1 inhibitors users and 380 chemo-immunotherapy users) were analysed. 
Over a mean follow-up of 1.4 ± 1.3 years, 24 had MACE, with an observed incidence of 2.8 [1.6–4.8] events per 
100 person-year for patients on PD-1 inhibitors, and 2.1 [1.2–3.8] per 100 person-year for patients on chemo- 
immunotherapy. No significant between-group difference in MACE incidence was observed (log-rank p = 0.641). 
Conclusion: The cardiovascular risks associated with PD-1 inhibitors and chemo-immunotherapy may not be 
significantly different amongst patients with lung cancer. Cardiovascular events associated with either regimen 
may be uncommon.   

1. Introduction 

Immune checkpoint inhibitors (ICIs1), such as programmed cell 
death protein 1 (PD-1) inhibitors, and chemo-immunotherapy 

combinations have been shown to result in better survival outcomes 
than conventional platinum-based chemotherapy in patients with 
advanced non-small cell lung cancer (NSCLC) [1,2]. Nevertheless, im
mune checkpoint inhibitors and platinum-based chemotherapy are both 
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independently associated with elevated cardiovascular risks, with as 
much as 40–60 % of the cases of ICI-related cardiotoxicity being fatal 
[3]. Nonetheless, cardiotoxicity of chemo-immunotherapy were not 
specifically compared against immunotherapy nor reported by the 
landmark KEYNOTE-024 and KEYNOTE-189 trials [1,2]. There has also 
been a scarcity of reports on the utilisation and toxicity profiles of these 
agents within an Asian population. This population-based study thus 
aimed to compare the cardiovascular risks between PD-1 inhibitors and 
combination chemo-immunotherapy in Asian patients with lung cancer. 

2. Materials and methods 

This retrospective cohort study was conducted in accordance with 
the Declaration of Helsinki, and was approved by the local institutional 
review board. Individual consent was not required as deidentified data 
were used. The Strengthening the Reporting of Observational Studies in 
Epidemiology guideline was followed. All underlying data are available 
upon reasonable request to the corresponding authors. Data were ob
tained from the Clinical Data Analysis and Reporting System (CDARS), a 
population-based electronic database of all patients attending Hong 
Kong public healthcare institutions which serve an estimated 90 % of 

Hong Kong’s population. Diagnoses were recorded using International 
Classification of Diseases, Ninth Revision (ICD-9) codes (Supplemental 
Table 1) regardless of the time of data entry, as ICD-10 has not been 
implemented in CDARS to date. Mortality data were obtained from the 
linked Hong Kong Death Registry, a governmental registry of all Hong 
Kong citizens’ death records; causes of death were encoded by either 
ICD-9 or ICD-10 codes (Supplemental Table 2). Both CDARS and the 
Hong Kong Death Registry have been used in previous studies and 
shown to have good coding accuracy [4,5]. 

Patients aged at least 18 years old with lung cancer receiving any PD- 
1 inhibitor (pembrolizumab or nivolumab, as other PD-1 inhibitors are 
not available in Hong Kong to date) in Hong Kong between 1st January 
2013 and 31st December 2021 were included. Patients with non- 
concurrent (i.e. sequential) use of PD-1 inhibitor and chemotherapy, 
any use of tyrosine kinase inhibitors, any use of other immunotherapy 
agents, and those with prior stroke, heart failure (HF), or myocardial 
infarction (MI) were excluded. The treatment groups were defined as 
PD-1 inhibitor only, and concurrent use of chemotherapy and PD-1 in
hibitor (chemo-immunotherapy). The endpoint was major adverse car
diovascular events (MACE), defined as the first occurrence of 
cardiovascular mortality, HF, stroke, or MI. All patients were followed 
up until 31st December 2021. 

Continuous variables were expressed as mean ± standard deviation 
or median and interquartile range. As all diagnoses were identified by 
ICD codes and since CDARS captures all prescriptions automatically, 
there was no missing record. Due to the non-randomized, observational 
nature of this study, the treatment groups may have important differ
ences in covariates. To reduce bias, inverse probability of treatment 
weighting (IPTW) was performed to minimize differences in covariates 
(demographics, comorbid conditions, and use of other medications; 
Table 1) using a generalized boosted model, a machine learning 
approach, with a maximum of 10,000 regression trees and an iteration 
stopping point minimizing the absolute standardized mean difference of 
the effect size. Between-group covariate balance was assessed by the 
absolute standardized mean difference (SMD), with SMD < 0.2 consid
ered to reflect good balance. Observed incidence rates of MACE with 95 
% confidence intervals were calculated for each treatment group. 
Kaplan-Meier curves with IPTW were used to visualize the cumulative 
incidence of MACE. As the proportional hazards assumption was 
violated on visual inspection of the log–log plot and the Kaplan-Meier 
curve, the log-rank test was used to compare between groups. 
Restricted cubic spline with three knots was used to visualize the vari
ation of hazard ratio throughout the study period. As this approach does 
not rely on a single hazard ratio, it provides more quantitative infor
mation about how the two treatment groups compared at each timepoint 
without requiring the proportional hazards assumption. Three to five 
knots were considered, with the model minimizing the Akaike’s infor
mation criterion being selected as the final model. As some studies have 
suggested a difference in the risk of thromboembolism between adeno
carcinoma and squamous cell carcinoma of the lung [6], and as patients 
with the former were more likely to have received pemetrexed [7], a 
sensitivity analysis was performed in which only patients who never 
received pemetrexed were analysed. Two-sided P-values < 0.05 were 
considered statistically significant. All analyses were performed using 
Stata (version 16.1, StataCorp LLC, USA). 

3. Results 

Initially, 1508 patients were identified. After applying the exclusion 
criteria (Fig. 1), 713 patients were included in the analysis (538 (75.5 %) 
male, mean age 66.2 ± 10.6 years old), of which 333 patients received 
PD-1 inhibitors only, and 380 received chemo-immunotherapy. Of the 
380 patients on chemo-immunotherapy, 369 (97.1 %) received platinum 
compounds (36 received cisplatin, 361 received carboplatin, and 29 
ever received both agents), 302 (79.5 %) received folate antimetabo
lites, and 175 (46.1 %) received taxanes; 317 (83.4 %) received 

Table 1 
Summary of baseline characteristics of included patients, with between-group 
balance summarized by the absolute standardized mean difference (SMD).   

PD-1 
inhibitor 
only (N 
= 333) 

Both PD-1 and 
chemotherapy 
(N = 380) 

Unweighted 
SMD 

Weighted 
SMD 

Age, years 70.6 ±
10.3 

62.3 ± 9.3  0.789  0.129 

Males, N (%) 267 
(80.2) 

271 (71.3)  0.206  0.053 

Duration of therapy, 
days [IQR] 

97 
(21–275) 

106 (51–215)  0.167  0.172 

Hypertension, N (%) 139 
(41.7) 

132 (34.7)  0.144  0.004 

Ischaemic heart 
disease, N (%) 

22 (6.6) 9 (2.4)  0.208  0.115 

Atrial fibrillation, N 
(%) 

7 (2.1) 10 (2.6)  0.035  0.054 

Diabetes mellitus, N 
(%) 

56 (16.8) 52 (13.7)  0.087  0.050 

Hyperlipidaemia, N 
(%) 

118 
(35.4) 

90 (23.7)  0.258  0.108 

Chronic kidney 
disease, N (%) 

4 (1.2) 0 (0)  0.161  0.124 

Valvular heart 
disease, N (%) 

2 (0.6) 1 (0.3)  0.052  0.033 

Cardiomyopathy, N 
(%) 

0 (0) 1 (0.3)  0.070  0.054 

Peripheral vascular 
disease, N (%) 

1 (0.3) 1 (0.3)  0.007  0.007 

ACEI/ARB, N (%) 71 (21.3) 59 (15.5)  0.150  0.010 
Metformin, N (%) 40 (12.0) 40 (10.5)  0.047  0.005 
Sulfonylurea, N (%) 24 (7.2) 24 (6.3)  0.036  0.027 
Insulin, N (%) 22 (6.6) 25 (6.6)  0.001  0.004 
DPP4 inhibitor, N 

(%) 
13 (3.9) 10 (2.6)  0.072  0.019 

Thiazolidinediones, 
N (%) 

3 (0.9) 3 (0.8)  0.012  0.009 

Dihydropyridine 
CCB, N (%) 

106 
(31.8) 

105 (27.6)  0.092  0.049 

Beta-blocker, N (%) 41 (12.3) 46 (12.1)  0.006  0.004 
Statin, N (%) 109 

(32.7) 
82 (21.6)  0.252  0.096 

Fibrate, N (%) 5 (1.5) 4 (1.1)  0.040  0.052 
Radiotherapy, N (%) 3 (0.9) 1 (0.3)  0.167  0.106 

ACEI, angiotensin-converting enzyme inhibitor. ARB, angiotensin receptor 
blocker. CCB, calcium channel blocker. DPP4, Dipeptidyl peptidase-4. IQR, 
interquartile range. PD-1, programmed cell death protein 1. SMD, standardized 
mean difference. 
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platinum compounds, PD-1 inhibitors, and taxanes or folate antime
tabolites concurrently. IPTW achieved good balance for all covariates 
(SMD < 0.2; Table 1). 

Over a mean follow-up duration of 1.4 ± 1.3 years, 24 patients (3.4 
%) had MACE, with ten cases of stroke, eight cases of MI, three cases of 
cardiovascular mortality, and three cases of HF. The observed incidence 
rate of MACE was 2.8 [1.6–4.8] events per 100 person-year for patients 
on PD-1 inhibitors, and 2.1 [1.2–3.8] per 100 person-year for patients on 
chemo-immunotherapy. The log-rank test with IPTW showed no statis
tically significant difference in cumulative incidence of MACE between 
groups (p = 0.641; Fig. 2A). The restricted cubic spline showed that 
despite considerable variation of the hazard ratio over time, there was 
never any significant difference between the two groups (Fig. 2B). 
Consistently, no significant differences in the cumulative incidence of 
MACE were observed between the treatment groups in the sensitivity 
analysis restricted to patients who never received pemetrexed (log-rank 
p = 0.745). 

4. Discussion 

In this population-based retrospective cohort study, we observed 
that cardiovascular risks of PD-1 inhibitors and chemo-immunotherapy 
may not be significantly different amongst patients with lung cancer, 
and cardiovascular events may be uncommon amongst these patients. 
To the best of the authors’ knowledge, this was one of the first studies 
that specifically investigated the cardiovascular risk associated with 
chemo-immunotherapy and compared it with immunotherapy. 

Little is known about the relative cardiovascular risks among 
immunotherapy and chemo-immunotherapy: a 2021 network meta- 
analysis did not identify any study that directly compared immuno
therapy with chemo-immunotherapy in terms of cardiovascular risks 
[8]. Additionally, most studies of immunotherapy and chemo- 
immunotherapy were conducted on Caucasians. With the known racial 
differences in the risk of cancer therapy-induced cardiotoxicity [9], the 
cardiovascular safety profiles of these regimens as described in Cauca
sian patients may not be assumed to be extrapolatable to Asian patients. 
Our results suggested that MACE is uncommon amongst recipients of 
immunotherapy and chemo-immunotherapy with lung cancer, and these 
therapies may not differ significantly in their associated cardiovascular 
risks. Using a population-based database, our results may be generaliz
able and reflect real-life practice in an Asian setting. Larger prospective 
studies are needed to further delineate the relative cardiovascular 
toxicity of these therapies, as well as the risk factors for MACE amongst 
recipients of immunotherapy and chemoimmunotherapy. 

With landmark trials having demonstrated the efficacy of chemo- 

immunotherapy, both immunotherapy and chemo-immunotherapy 
have become established in the treatment of advanced lung cancer 
[7]. Nonetheless, many patients with lung cancer in real life have 
different body compositions, increased affliction of comorbidities, 
poorer performance status, and higher risk for toxicities than those re
flected in clinical trials [10]. When determining an optimal treatment 
strategy for patients with advanced NSCLC, especially those who are 

Fig. 1. Study flowchart. PD-1, programmed cell death protein 1.  

Fig. 2. (A) Kaplan-Meier curve of the cumulative incidence of major adverse 
cardiovascular events (MACE). (B) Restricted cubic spline showing the varia
tion of estimated hazard ratio over the study period. Dash lines indicate the 
95% confidence interval. PD-1, programmed cell death protein 1. 
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older and with more co-morbidities, clinicians are faced with the chal
lenge of not having dedicated clinical trials on this subgroup and being 
forced to extrapolate findings derived from trial patients who are often 
younger and physically fitter. Therefore, considerations need to be made 
on the impact on quality of life to steer discussions about risk–benefit 
balance, and our findings should facilitate these discussions and offer at 
least some reassurance to clinicians when weighing between these 
treatment options in clinical practice. 

This study was limited by its observational nature which predisposes 
to residual confounding. Some cardiovascular risk factors, such as 
smoking status, were not available from the database used. Nonetheless, 
IPTW has included numerous key cardiovascular risk factors which 
should reasonably reflect the cardiovascular risk of the included pa
tients. Also, lung cancer subtypes and staging were unavailable, both of 
which are potential confounders. Additionally, data from CDARS could 
not be individually adjudicated. Nevertheless, diagnostic codes were 
entered by treating clinicians independent of the authors. Previous 
studies have also demonstrated good accuracy for CDARS data [4]. 

5. Conclusion 

The associated risks of MACE may not be significantly different be
tween PD-1 inhibitors and chemo-immunotherapy amongst patients 
with lung cancer, and MACE may be uncommon amongst patients 
receiving either regimen. Despite the limitations associated with retro
spective studies, these findings may facilitate risk–benefit discussions in 
clinical practice. 
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