
2476

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited. 
©2026 The Author(s). Published by the International Institute of Anticancer Research.

Impact of COVID-19 Vaccine Type on the Efficacy and Safety 
of Nivolumab in Patients With Metastatic Non-small-cell 
Lung Cancer: A Multicenter Study
BERKAN KARABUGA1, MUSTAFA BÜYÜKKÖR1, CENGIZ KARAÇIN1, EKIN KONCA KARABUGA2, SEDAT YILDIZ3,
GÖKÇE GÜL GÜNEYSU4, GÜNER AKGÜNER2, FATMA KESKIN UZUNDERE5, AYŞE ARSLAN6, SENA ECE DAVARCI3,
ZUHAT URAKÇI5, OSMAN SÜTÇÜOĞLU6, ÖZGEN AHMET YILDIRIM2, NURI KARADURMUŞ4 and YAKUP ERGÜN7,8

1�Department of Medical Oncology, Dr. Abdurrahman Yurtaslan Ankara Oncology Training and Research Hospital, 
Ankara, Türkiye;

2Department of Medical Oncology, Ankara Etlik City Hospital, Ankara, Türkiye;
3Department of Medical Oncology, Afyonkarahisar Health Sciences University, Afyonkarahisar, Türkiye;
4Department of Medical Oncology, Gülhane Training and Research Hospital, Ankara, Türkiye;
5Department of Medical Oncology, Dicle University Faculty of Medicine, Diyarbakır, Türkiye;
6Department of Medical Oncology, Gazi University Faculty of Medicine, Ankara, Türkiye;
7Department of Medical Oncology, Bower Hospital, Diyarbakır, Türkiye;
8Vocational School of Health Services, Istanbul Kent University, Istanbul, Türkiye

Abstract
Background/Aim: The effect of COVID-19 vaccine type on the outcomes of therapy immune checkpoint inhibitors 
remains unclear, and concerns persist regarding whether mRNA-based vaccines may negatively impact treatment 
efficacy or increase immune-related toxicity. This study aimed to evaluate the association between COVID-19 
vaccination type and the efficacy and safety of nivolumab in patients with metastatic non-small-cell lung cancer 
(NSCLC).
Patients and Methods: We retrospectively analyzed 138 patients with driver-negative metastatic NSCLC treated with 
second-line nivolumab. Patients were classified as receiving virion-based (Sinovac) only, mRNA-based only, or both 
types of vaccines. Treatment response, progression-free survival, objective response rate, clinical benefit rate clinical 
benefit rate and immune-related adverse events were compared.
Results: The overall response and clinical benefit rates were similar across vaccination groups, with no significant 
differences observed (p=0.38 and p=0.16, respectively). Median progression-free survival did not differ significantly 
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Introduction

The COVID-19 pandemic profoundly disrupted cancer 
care worldwide, leading to delays in diagnosis, 
interruptions in systemic therapy, and reduced access to 
routine follow-up, particularly for patients with advanced 
malignancies (1, 2). Patients with cancer were shown to 
have a higher risk of severe COVID-19 and mortality, 
largely due to immunosuppression related to both the 
disease and anticancer treatments (3). Consequently, 
COVID-19 vaccination rapidly became a cornerstone of 
supportive care in oncology.

Multiple vaccine platforms, including inactivated 
virion-based and mRNA-based vaccines, were widely 
implemented and demonstrated substantial effectiveness 
in reducing severe COVID-19, hospitalization, and death 
among patients with cancer (4). However, given the 
immune-modulating properties of both types of COVID-19 
vaccine and immune checkpoint inhibitors (ICIs), concerns 
emerged regarding potential interactions, particularly 
whether vaccination alter treatment efficacy or increase 
immune-related adverse events (irAEs) (5). Although early 
real-world studies suggested that COVID-19 vaccination 
is generally safe in patients receiving ICIs, most reports 
evaluated vaccination status as a binary variable and did 
not explore the potential differential impact of specific 
vaccine platforms [reviewed in (6)].

In metastatic, driver mutation-negative non-small-cell 
lung cancer (NSCLC), nivolumab is a standard second-line 
treatment based on its demonstrated survival benefit (7). 
Given the immune-modulating nature of programmed cell 
death protein 1 (PD1) blockade, it has been hypothesized 

that vaccine-induced immune activation might influence 
antitumor immunity (8). Supporting this concept, a recent 
analysis from MD Anderson Cancer Center including 180 
patients reported that SARS-CoV-2 mRNA vaccination 
sensitized tumors to immune checkpoint blockade and 
modulated the tumor immune microenvironment (9).

Against this background, as far as we are aware, no 
study to date has directly compared the long-term effects 
of globally administered virion-based and mRNA-based 
COVID-19 vaccines given well before ICI initiation on 
clinical outcomes in patients receiving ICIs. Most prior 
analyses focused on vaccinations administered shortly 
before or during immunotherapy, typically within a few 
months of treatment initiation. Therefore, we conducted 
a multicenter retrospective study to investigate whether 
COVID-19 vaccination type administered at least 6 months 
prior to nivolumab initiation influences treatment response, 
progression-free survival (PFS), and safety in patients with 
driver mutation-negative metastatic NSCLC treated with 
second-line nivolumab. We aimed to provide real-world 
evidence on the potential long-term immunological impact 
of different COVID-19 vaccine platforms on the efficacy and 
safety of PD1 blockade and to clarify whether these vaccines 
exert any detrimental effects on long-term patient outcomes.

Patients and Methods

This multicenter retrospective study included patients 
with driver mutation-negative metastatic NSCLC who 
received second-line nivolumab between 2021 and 2024 
across seven centers. Eligible patients were required to 
have received at least one dose of a COVID-19 vaccine at 

among the different groups (p=0.39). The incidence of any-grade and grade 3-4 immune-related adverse events was 
comparable across groups, although grade 1-2 immune-related adverse events were more frequent among patients 
who had received at least one dose of Sinovac.
Conclusion: In patients with metastatic NSCLC receiving second-line nivolumab, the efficacy and safety profile of 
nivolumab did not differ according to the type of COVID-19 vaccine patients had received prior to therapy.
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any time prior to nivolumab initiation and to have a 
minimum interval of 6 months between the most recent 
vaccine dose and the start of nivolumab therapy. Patients 
treated exclusively with nivolumab were included to 
ensure treatment homogeneity and because nivolumab is 
the only ICI reimbursed for second-line treatment of 
metastatic NSCLC under national healthcare policies in 
our country. Inclusion criteria were age ≥18 years, 
histologically confirmed metastatic NSCLC, absence of 
actionable driver mutations, treatment with nivolumab in 
the second-line setting, receipt of at least one dose of a 
COVID-19 vaccine, and availability of clinical outcome and 
toxicity data. Exclusion criteria were prior treatment with 
ICIs, nivolumab administered in lines other than second-
line, initiation of nivolumab within 6 months of COVID-19 
vaccination, incomplete vaccination or follow-up data, 
and presence of known driver mutations.

Patients were categorized according to COVID-19 
vaccination type into three groups: Virion-based vaccine 
only (Sinovac), mRNA-based vaccine only, and both vaccine 
types (at least one dose of Sinovac and at least one dose 
of an mRNA vaccine). Additional subgroup analyses were 
performed by stratifying patients according to receipt of at 
least one dose of an mRNA-based vaccine (yes vs. no), receipt 
of at least one dose of a virion-based vaccine (yes vs. no), and 
receipt of both vaccine types (yes vs. no).

The objective response rate (ORR) was defined as the 
proportion of patients who achieved a complete or partial 
response as their best overall response to nivolumab, and 
the clinical benefit rate (CBR) was defined as the proportion 
of patients who achieved complete or partial response, or 
stable disease. PFS was defined as the time from nivolumab 
initiation to documented disease progression or death from 
any cause, whichever occurred first, and patients without 
progression or death at the time of analysis were censored at 
the date of last follow-up. Treatment response was assessed 
according to the Response Evaluation Criteria in Solid 
Tumors, version 1.1 (10).

irAEs were recorded and graded according to the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events, version 5.0 (11), and categorized as 

grade 1-2 (mild to moderate) or grade 3-4 (severe). The 
incidence of any-grade, grade 1-2, and grade 3-4 irAEs was 
compared across vaccination groups, and organ-specific 
irAE distributions were also analyzed.

Categorical variables were summarized as frequencies 
and percentages and compared using the chi-square test 
or Fisher’s exact test, as appropriate. Continuous variables 
were summarized as medians (range) and compared 
using the Mann-Whitney U-test or Kruskal-Wallis test, 
as appropriate. PFS was estimated using the Kaplan-
Meier method, and differences between groups were 
compared using the log-rank test. Subgroup analyses were 
performed according to vaccine type (Sinovac vs. mRNA 
vs. both), receipt of at least one dose of an mRNA vaccine 
(yes vs. no), receipt of at least one dose of a virion-based 
vaccine (yes vs. no), and receipt of both vaccine types 
(yes vs. no). Because age distribution differed among 
vaccination groups, an additional age-stratified PFS 
analysis (<65 vs. ≥65 years) was conducted to evaluate the 
potential confounding effect of age. All statistical analyses 
were performed using IBM SPSS Statistics, version 27.0 
(IBM Corp., Armonk, NY, USA), and a two-sided p-value of 
<0.05 was considered statistically significant.

Statement of ethics. This study was approved by the Non-
Interventional Ethics Committee of Dr. Abdurrahman 
Yurtaslan Ankara Oncology Training and Research 
Hospital (Approval No.: 2026-02/15).

Results

A total of 138 patients with driver-negative metastatic NSCLC 
who received second-line nivolumab across seven centers 
were included. The median follow-up time was 25.3 months. 
Patients were grouped according to COVID-19 vaccination 
status as virion-based (Sinovac) only (26.1%), mRNA-based 
only (32.6%), or both types (41.3%). The minimum interval 
between vaccination and nivolumab initiation was 6 months 
by design. Baseline clinicopathological characteristics are 
summarized in Table I. Apart from the age distribution, 
baseline characteristics were well balanced among the 



Karabuga et al: COVID-19 Vaccine Type and Nivolumab Outcomes in Metastatic NSCLC

2479

vaccination groups. Because age differed significantly across 
groups, an age-stratified PFS analysis (<65 vs. ≥65 years) was 
performed and showed no significant difference in median 
PFS (p=0.07).

Treatment response. The ORR for the entire cohort was 
45.7% and did not differ significantly according to vaccine 
type (Sinovac 52.8%, mRNA-based 37.8%, both types 
47.4%; p=0.38). Similarly, no significant differences were 
observed when patients were stratified by receipt of at 
least one dose of mRNA vaccine (43.1% vs. 52.8%, p=0.31), 
at least one dose of Sinovac (49.5% vs. 37.8%, p=0.19), or 
both types (47.4% vs. 44.4%, p=0.73) (Table II).

The CBR for the entire cohort was 85.5% and also 
comparable across vaccination groups (Sinovac 86.1%, 
mRNA-based 77.8%, both types 91.2%; p=0.16). No significant 
differences were observed between patients who did or did 
not receive at least one dose of mRNA-based vaccine (85.3% 
vs. 86.1%, p=0.91), at least one dose of Sinovac (89.2% vs. 
77.8%, p=0.07), or both (91.2% vs. 81.5%, p=0.11).

Progression-free survival. Median PFS for the overall cohort 
was 25.3 months. According to vaccine type, median PFS 
was 22.9 months for patients who received virion-based 
(Sinovac) vaccine only, 18.7 months for those who received 
mRNA-based vaccines only, and 25.3 months for those who 
received both vaccine types (p=0.39) (Figure 1). Similarly, 

Table I. Clinicopathological and demographical features of patients overall and according to COVID-19 vaccine type.

Factor Subgroup Virion-based
(Sinovac), n (%)

mRNA-based,
n (%)

Both, n (%) p-Value

Age <65 Years 17 (47.2) 30 (66.7) 23 (40.4) 0.03
≥65 Years 19 (52.8) 15 (33.3) 34 (59.6)

Sex Female 2 (5.6) 5 (11.1) 8 (14) 0.44
Male 34 (94.4) 40 (88.9) 49 (86)

Comorbidity <2 22 (61.1) 31 (68.9) 35 (61.4) 0.68
≥2 14 (38.9) 14 (31.1) 22 (38.6)

ECOG PS 0 10 (27.8) 18 (40) 23 (40.4) 0.41
1 26 (72.2) 27 (60) 34 (59.6)

Stage at time of diagnosis Early/locally advanced 17 (47.2) 18 (40) 25 (43.9) 0.81
Metastatic 19 (52.8) 27 (60) 32 (56.1)

NSCLC subtype Adenocarcinoma 20 (55.6) 29 (64.4) 36 (63.2) 0.68
SCC 16 (44.4) 16 (35.6) 21 (36.8)

Brain metastasis No 26 (72.2) 31 (68.9) 34 (59.6) 0.40
Yes 10 (27.8) 14 (31.1) 23 (40.4)

Liver metastasis No 32 (88.9) 39 (86.7) 45 (78.9) 0.37
Yes 4 (11.1) 6 (13.3) 12 (21.1)

PD-L1 level 0% 23 (62.2) 26 (57.8) 31 (55.4) 0.05
1-49% 11 (29.7) 14 (31.1) 9 (16.1)
>50% 3 (8.1) 5 (11.1) 16 (28.5)

ECOG PS: Eastern Cooperative Oncology Group performance score; NSCLC: non small-cell lung cancer; PD-L1 programmed cell death 1 protein 
ligand 1; SCC: squamous cell carcinoma. Statistically significant p-values are shown in bold. 

Table II. Treatment response rates according to vaccine type.

ORR, % p-Value CBR, % p-Value

Vaccine type mRNA-based 37.8 0.38 77.8 0.16
Virion-based 52.8 86.1
Both 47.4 91.2

At least one mRNA-
  based dose

Yes 43.1 0.31 85.3 0.91

No 52.8 86.1
At least one 
  virion-based dose

Yes 49.5 0.19 89.2 0.07

No 37.8 77.8
Both types Yes 47.4 0.73 91.2 0.11

No 44.4 81.5

CBR: Clinical benefit rate; ORR: overall response rate.
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no significant differences in median PFS were observed in 
subgroup analyses according to receipt of at least one dose 
of an mRNA vaccine (25.3 vs. 22.9 months, p=0.69), at least 
one dose of a virion-based vaccine (25.3 vs. 18.7 months, 
p=0.18), or both vaccine types (25.3 vs. 20.6 months, 
p=0.39) (Figure 2, Figure 3 and Figure 4).

Safety analysis. The incidence of any-grade irAEs did not 
differ significantly according to vaccine type (Sinovac 
27.8%, mRNA-based 17.8%, both types 33.3%; p=0.21). 
Similarly, no significant differences were observed 
between patients who did or did not receive at least one 
dose of mRNA-based vaccine (26.5% vs. 27.8%, p=0.88), 
at least one dose of Sinovac (31.2% vs. 17.8%, p=0.09), or 
both types (33.3% vs. 22.2%, p=0.15).

Grade 1-2 irAEs were more frequent in patients who 
received at least one dose of Sinovac compared to those who 
did not (23.7% vs. 8.9%, p=0.04), whereas no significant 
differences were observed for mRNA-based vaccination 

(18.6% vs. 19.4%, p=0.91) or both types (26.3% vs. 13.6%, 
p=0.06). Grade 3-4 irAEs were comparable across all 
vaccination groups and stratifications (all p>0.05).

Grade 1-2 irAEs were predominantly dermatological 
and endocrine across all vaccination groups. In the Sinovac 
group, dermatological (8.6%), pulmonary (2.9%), and 
endocrine (5.7%) events were observed. In the mRNA-
based group, dermatological (6.7%) and endocrine (2.2%) 
toxicities were reported. In patients who received both 
vaccine types, dermatological (10.5%), pulmonary (7.0%), 
endocrine (5.3%), and hematological (1.8%) toxicities 
were recorded (Figure 5).

Grade 3-4 irAEs were uncommon and showed no clear 
predominance among vaccination groups. In the Sinovac 
group, severe dermatological (2.8%), pulmonary (5.6%), 
and cardiac (5.6%) toxicities were observed. In the mRNA-
based group, severe pulmonary toxicity occurred in 8.9% 
of patients. Among patients who received both vaccine 
types, grade 3-4 pulmonary (1.8%), endocrine (1.8%), 

Figure 1. Progression-free survival according to COVID-19 vaccine type.
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and gastrointestinal (7.0%) toxicities were reported 
(Figure 6).

In multivariate Cox regression analysis adjusting for 
age, Eastern Cooperative Oncology Group performance 
score (ECOG PS), and expression of programmed cell 
death 1 protein ligand 1 (PD-L1) , COVID-19 vaccination 
type was not independently associated with PFS (global 
p=0.44). Compared with the virion-based group, neither 
the mRNA-based group [hazard ratio (HR)=1.05, 95% 
confidence interval (CI=)=0.51-2.18; p=0.89] nor the 
both- types group (HR=1.50, 95% CI=0.76-2.96; p=0.24) 
showed a significant difference in PFS. Age (HR=1.52, 95% 
CI=0.86-2.68; p=0.15), ECOG PS (HR=1.06, 95% CI=0.59-
1.92; p=0.85), and PD-L1 category (global p=0.19) were 
also not independently associated with PFS.

Discussion

In this multicenter retrospective study, we found that 
COVID-19 vaccination type did not significantly influence the 

efficacy or safety of nivolumab in patients with driver 
mutation-negative metastatic NSCLC. ORR, CBR, and PFS 
were comparable among patients who received virion-based 
(Sinovac) vaccine only, mRNA-based vaccine only, or both 
vaccine types. Likewise, the incidence of any-grade and grade 
3-4 irAEs did not differ significantly across vaccination 
groups, although grade 1-2 irAEs were more frequent among 
patients who had received at least one dose of a virion-based 
vaccine. Importantly, the primary aim of this study was to 
evaluate whether the long-term efficacy and safety outcomes 
of second-line nivolumab differ according to the type of prior 
COVID-19 vaccination (virion-based vs. mRNA-based). In this 
context, the main clinically relevant finding is the absence of 
any meaningful difference between the two vaccine 
platforms in terms of response to nivolumab, survival, and 
immune-related toxicity.

We specifically focused on patients with metastatic 
NSCLC receiving second-line nivolumab because PD1 
blockade represents a well-established standard of care 
in this setting and is highly dependent on intact host 

Figure 2. Progression-free survival according to receipt of at least one dose of an mRNA COVID-19 vaccine.
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antitumor immunity (7). ICIs enhance T-cell-mediated 
immune responses, but their activity can be influenced by 
external immune-modulating factors, including infections 
and vaccinations. In this context, both suppression 
and exaggeration of immune responses are clinically 
relevant: excessive immune activation may increase the 
risk of irAEs, whereas immune suppression or immune 
deviation could theoretically impair antitumor efficacy 
(12, 13). Such alterations in immune homeostasis are 
particularly important in patients treated with nivolumab, 
as both treatment response and toxicity profiles have been 
shown to correlate with survival outcomes and quality of 
life [reviewed in (14)]. Therefore, understanding whether 
COVID-19 vaccines modulate long-term immune responses 
in a way that affects nivolumab efficacy or safety remains 
clinically relevant.

Both mRNA-based and virion-based COVID-19 
vaccines have demonstrated high effectiveness in 
preventing severe COVID-19, hospitalization, and death 
among patients with cancer, with generally manageable 

and acceptable safety profiles [reviewed in (15, 16)]. In 
real-world oncology cohorts, vaccination has not been 
associated with excess severe toxicity, even among 
patients receiving ICIs (5). Despite emerging evidence 
suggesting that mRNA-based COVID-19 vaccines 
may enhance the efficacy of ICIs (17), we observed no 
significant difference in nivolumab response between 
patients who received virion-based vaccines and those 
who received mRNA-based vaccines. Notably, prior 
reports exploring vaccine-ICI interactions have largely 
focused on vaccinations administered shortly before or 
after ICI initiation (9, 18, 19), often within 100 days of 
treatment start, whereas our study specifically addressed 
the potential long-term impact of COVID-19 vaccination 
by including only patients who initiated nivolumab at 
least 6 months after their last vaccine dose.

The median PFS observed in our cohort was substantially 
longer than that reported in the pivotal second-line 
nivolumab trials and large real-world series. In the 
CheckMate 017 (7) and 057 (20) trials, median PFS with 

Figure 3. Progression-free survival according to receipt of at least one dose of a virion-based (Sinovac) COVID-19 vaccine.



Karabuga et al: COVID-19 Vaccine Type and Nivolumab Outcomes in Metastatic NSCLC

2483

nivolumab was 3.5 months in patients with squamous 
NSCLC and 2.3 months in those with non-squamous NSCLC, 
with ORR of approximately 19-20% and CBR of 45-50%. 
In contrast, median PFS in our study exceeded 20 months 
across vaccination groups. In addition, both the ORR and CBR 
observed in our cohort were markedly higher than those 
reported in historical nivolumab-treated population (21, 
22). However, it should be emphasized that the unexpectedly 
prolonged PFS was not the primary focus of our study. Our 
main objective was to assess whether virion-based and 
mRNA-based vaccines differ in their impact on nivolumab 
efficacy and safety, and our key finding is the consistent 
similarity of outcomes across both vaccine platforms.

The most plausible explanation for the unexpectedly 
high PFS, ORR, and CBR observed in our study is related to 
selection and information bias inherent to our dataset. A 
substantial proportion of patients (81.9%) were still alive 
at the time of analysis, and it was predominantly possible 
to retrieve vaccination data for these surviving patients, 
whereas such data were frequently unavailable for patients 

who had died, leading to their underrepresentation. 
Consequently, patients with poorer outcomes (i.e., early 
progression or death) were less likely to be included, thereby 
reducing the number of observed PFS events. In addition, 
many patients had not yet experienced progression at the 
time of analysis due to ongoing follow-up, further limiting 
event capture. The Kaplan-Meier curves also showed some 
degree of crossing between groups, which may suggest a 
potential violation of the proportional hazards assumption 
and indicates that relative treatment effects may vary over 
time. However, given the limited number of events and the 
retrospective design, this pattern is more likely attributable 
to small sample size and censoring rather than a true time-
dependent effect. Taken together, these factors likely resulted 
in an artificial prolongation of the estimated median PFS, 
reflecting survivor and censoring bias rather than a true 
biological effect, and should therefore be interpreted 
cautiously.

In addition to this methodological explanation, a 
secondary and more speculative hypothesis is that prior 

Figure 4. Progression-free survival according to receipt of both COVID-19 vaccine types.
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COVID-19 vaccination may have modestly contributed 
to improved antitumor immunity and prolonged PFS. 
Importantly, all patients in our cohort were vaccinated, 
whereas historical nivolumab trials were conducted in 
entirely unvaccinated populations. Emerging experimental 
evidence suggests that SARS-CoV-2 vaccination may 
enhance sensitivity to immune checkpoint blockade 
(23, 24). In a landmark preclinical study, mRNA-based 
SARS-CoV-2 vaccination reshaped the tumor immune 
microenvironment and rendered immunologically ‘cold’ 
tumors responsive to PD1 blockade (9).

Clinical data on this issue remain limited and 
heterogeneous. In the INVIDIa-2 study, patients with 
cancer receiving ICIs who had been vaccinated against 
influenza demonstrated significantly improved OS 
and PFS compared with unvaccinated patients (25). In 
contrast, a meta-analysis reported similar mortality rates 
between influenza-vaccinated and unvaccinated patients 
treated with ICIs (26). Taken together, while vaccine-
induced immune modulation represents a biologically 
plausible hypothesis, our data strongly suggest that 

the unusually prolonged PFS in our cohort is primarily 
driven by survivor bias and immature follow-up rather 
than a definitive vaccine-related effect. The potential 
contribution of prior vaccination should therefore be 
considered hypothesis-generating.

We acknowledge that favorable baseline characteristics, 
including ECOG PS of 0-1 in all patients and a high prevalence 
of PD-L1 expression ≥1%, likely contributed to improved 
outcomes. Moreover, heterogeneity in prior disease stage 
and first-line treatment may have selected for patients with 
more indolent disease biology. However, these factors alone 
are unlikely to fully account for a median PFS exceeding 20 
months in a second-line nivolumab population. Therefore, 
while selection and survivor bias cannot be excluded, 
the consistent deviation from historical PFS benchmarks 
should be interpreted cautiously and primarily attributed 
to methodological factors.

With respect to subgroup analyses, a substantial 
proportion of patients with PD-L1 expression ≥50% had 
received both vaccine types, and in this subgroup, median 
PFS was numerically longer, although the difference did 

Figure 5. Distribution of grade 1-2 immune-related adverse events according to COVID-19 vaccine type.
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not reach statistical significance. Importantly, no difference 
in irAEs was observed in this high PD-L1-expressing 
population, suggesting that dual-platform vaccination does 
not adversely affect the safety profile of nivolumab.

With respect to safety, COVID-19 vaccination type 
was not associated with an increased risk of severe irAEs 
in our cohort. The incidence of any-grade and grade 3-4 
irAEs was comparable across vaccination groups, and 
the only significant difference observed was a higher 
frequency of grade 1-2 irAEs among patients who 
had received a virion-based vaccine. Data specifically 
addressing irAEs according to virion-based vaccination 
in patients receiving ICIs remain extremely limited. One 
real-world analysis of inactivated SARS-CoV-2 vaccines 
in patients with cancer, including a subgroup receiving 
PD1 blockade, did not demonstrate a significant increase 
in immune-related toxicity, although detailed platform-
specific comparisons were not performed (27). This 
discrepancy may be attributable to differences in sample 
size, patient characteristics, ethnic composition, study 
design, and variations in the timing of vaccination relative 
to ICI initiation.

Importantly, no signal of excess severe toxicity was 
detected in patients vaccinated with mRNA-based 
vaccines, and these findings are consistent with prior real-
world studies demonstrating that COVID-19 vaccination 
is generally safe in patients receiving ICIs (18, 28-30). 
Overall, our data provide additional reassurance that 
neither mRNA-based nor virion-based COVID-19 vaccines 
exacerbate immune-mediated toxicity in patients treated 
with nivolumab, and that the modest increase in low-
grade irAEs observed with virion-based vaccination is 
unlikely to be clinically consequential.

Study limitations and strengths. Several limitations of our 
study should be acknowledged. Firstly, the retrospective 
design introduced the potential for selection bias and 
unmeasured confounding, and causal inferences cannot be 
definitively established. Secondly, although this is one of the 
largest cohorts to date evaluating COVID-19 vaccination in 
patients receiving ICIs, the sample size, particularly within 
the virion-based subgroup may have limited the power to 
detect small differences in efficacy or rare irAEs. Thirdly, 
vaccine allocation was not randomized, and residual 

Figure 6. Distribution of grade 3-4 immune-related adverse events according to COVID-19 vaccine type.
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confounding related to patient characteristics or healthcare 
access cannot be fully excluded.

An important limitation is the absence of an 
unvaccinated control group, which precluded a direct 
comparison between vaccinated and unvaccinated 
patients and limited our ability to formally assess the 
independent effect of COVID-19 vaccination on clinical 
outcomes. Consequently, we were unable to perform 
analyses stratified by vaccination status (vaccinated vs. 
unvaccinated). The requirement that patients had started 
nivolumab therapy at least 6 months after COVID-19 
vaccination may have introduced selection and survivor 
bias, as only patients who remained alive and progression-
free long enough after vaccination were included. While 
this may have partly contributed to the prolonged PFS 
observed in our cohort, it also reflects the deliberate 
design of our study to focus on the long-term immunologic 
impact of vaccination rather than short-term vaccine-ICI 
interactions.

In addition, follow-up remains relatively immature, 
and the median overall survival point has not yet been 
reached, precluding a mature overall survival analysis 
at the time of this report. Moreover, data on potentially 
relevant biological variables such as tumor mutational 
burden, human-like antigen (HLA) genotype, microbiome 
composition, and post-vaccination immune profiling 
were not available, precluding mechanistic validation 
of the hypothesis that COVID-19 vaccination may have 
contributed to prolonged PFS.

Despite these limitations, our study has several 
important strengths. By including only patients treated 
with second-line nivolumab, we minimized treatment-
line heterogeneity and enhanced internal consistency. The 
multicenter real-world design improves generalizability, 
while the head-to-head comparison of virion-based and 
mRNA-based vaccines and the long post-vaccination 
interval strengthen the relevance of our findings. The 
comprehensive assessment of both efficacy and safety 
endpoints, together with multivariable adjustment for 
key clinical covariates, supports the robustness of our 
conclusions.

From a clinical perspective, the central message of our 
study is not the absolute magnitude of PFS, but rather 
that the efficacy and safety of second-line nivolumab are 
comparable regardless of the type of prior COVID-19 
vaccination (virion-based vs. mRNA-based).

Conclusion

In this multicenter real-world cohort, virion-based and 
mRNA-based COVID-19 vaccines showed comparable 
long-term efficacy and safety in patients with metastatic 
NSCLC receiving second-line nivolumab. No clinically 
meaningful differences were observed in response rates, 
PFS, or immune-related toxicity between the two vaccine 
platforms, providing reassuring evidence that the choice 
of COVID-19 vaccine does not adversely affect treatment 
outcomes during PD1 blockade.
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