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ABSTRACT
In international guidelines, influenza vaccination is recommended to cancer patients receiving antitumor 
treatment. Whether this recommendation should include patients treated with the recently introduced 
and now widely used checkpoint inhibitors (CPIs) is unclear. The immune hyperactivation after vaccina-
tion in a patient on CPI treatment may strengthen the antitumor immunity and improve patients´ 
prognosis. On the other hand, the hyperactivation might increase the risk for immune-related adverse 
events (IRAEs). Furthermore, there is a risk for decreased antitumor effect by the phenomenon of antigenic 
competition. Only results from few studies addressing survival have been reported and the results from 
studies on IRAEs are contradictory. We performed a multi-center retrospective cohort study at three 
Swedish centers in patients with metastatic cancer. All patients previously not treated with CPIs and who 
received monotherapy with a PD-1 or PD-L1 blocker between January 1st, 2016 until May 31st, 2019 were 
included. The most common type of malignancy was melanoma (47.8%) followed by non-small cell lung 
cancer (31.0%). Statistically significant longer PFS and OS were observed in multivariate analyses at 
6-month landmark time in the vaccinated compared to the non-vaccinated group after adjustment for 
age, gender, comorbidity, performance status, CNS metastasis and line of treatment (p = .041 and 0.028, 
respectively). Furthermore, the incidence of any IRAE grade was comparable between vaccinated and 
non-vaccinated group (p = .85). In conclusion, the current study indicates that survival improves with 
influenza vaccination while not increasing the risk for side effects in cancer patients treated with 
checkpoint inhibitors. Hence, our results strongly support influenza vaccination in cancer patients receiv-
ing checkpoint inhibitors.
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1. Introduction

Immunotherapy with checkpoint inhibitors (CPIs) has revolu-
tionized cancer treatment during recent years and has become 
the mainstay treatment strategy for many cancer types.1 

However, several issues regarding CPIs in the real-world set-
ting have not been adequately studied. One such issue is 
whether influenza vaccination should be recommended during 
treatment with CPIs.

Influenza vaccination is recommended by International and 
National Societies to all cancer patients with active cancer 
disease and/or receiving cancer treatment since increased 
infection risk is common due to cancer and cancer 
treatment.2–4 Whether this recommendation should include 
the large and growing number of patients treated with CPIs is 
still a matter of discussion. Since both CPIs and influenza 
vaccination interfere with the immune system, there is 
a theoretical risk for interaction between the two 
approaches.5 The immune activation by CPIs may be further 
enhanced by vaccination, leading to a higher risk for immune- 
related adverse events (IRAEs). Furthermore, the phenomenon 
of antigenic competition may decrease the antitumor effect.5 

On the other hand, the vaccine induced immune hyperactiva-
tion, in a patient who already, due to CPI treatment, has an 
activated immune system, may strengthen the antitumor 
immunity and improve patients´ prognosis.

Recent small prospective studies suggest that immunogeni-
city after influenza vaccination is higher in patients treated 
with CPIs compared to either healthy individuals or patients 
treated with chemotherapy.6–8 However, the clinically relevant 
question whether influenza vaccination significantly interacts 
with CPIs in terms of treatment efficacy and IRAEs remains 
unanswered.

So far, there is little and conflicting evidence on the poten-
tially increased risk for IRAEs through interaction between 
influenza vaccination and treatment with CPIs.6,9–12 

Regarding treatment efficacy, current evidence is also sparse 
but it indicates a potential improved survival in cancer patients 
who received influenza vaccination during treatment with 
checkpoint inhibitors.9,10,13,14 However, none of the current 
studies managed to deal with immortal-time bias (patients in 
the vaccination group have an “immortal” time-period until 
vaccination) leading to a potential overestimation of survival 
benefit.
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Considering the few and overall small studies reported 
and their contradictory results, and the high risk of immor-
tal-time bias in prior analyses, further studies are necessary 
to address the potential interaction between treatment with 
CPIs and influenza vaccination. We, therefore, aimed to 
investigate the possible impact of influenza vaccination on 
the antitumoral efficacy and the rate of IRAEs in patients 
with metastatic cancer treated with CPIs. Survival outcomes 
(PFS and OS) were assessed in all patients and suitable 
methods to mitigate the risk for immortal-time bias were 
applied.

2. Patients and methods

2.1. Study cohort

We performed a multi-center retrospective cohort study includ-
ing three Regions (Sörmland, Uppsala län, Örebro län) in Sweden. 
The study was approved by the Regional Ethics Committee (-
2019–02469). All patients who received monotherapy with a PD-1 
or PD-L1 blocker for metastatic solid malignancy between 
January 1st, 2016 until May 31st, 2019 were included.

Hence, we excluded patients who received the CPI as adju-
vant therapy and those previously treated with CPIs.

2.2. Data collection

From the electronic medical records (EMRs), the fol-
lowing data were collected: age at diagnosis, gender, co- 
morbidities expressed as Charlson Comorbidity Index 
(CCI), type of cancer, primary treatment at diagnosis, 
age at diagnosis of non-curative cancer, metastatic sites, 
CPI initiation date, performance status (WHO classifi-
cation) at CPI initiation, number of previous lines of 
treatment, best treatment response on CPI, date of dis-
ease progression, immune-related adverse events (date, 
type, grade, outcome), influenza vaccination status, date 
of death, and cause of death.

Influenza vaccination status was captured through hospital- 
based EMRs but also from EMRs in primary care.

2.3. Definitions and outcomes

Patients were considered vaccinated if they had received influ-
enza vaccination during treatment with CPI or up to 60 days 
prior to treatment initiation.

Progression-free survival was defined as the time from CPI 
initiation until proven disease progression through clinical 
manifestation or radiologic findings or death due to any 
cause. Overall survival (OS) was defined as the time from CPI 
initiation until patient death due to any cause.

Immune-related toxicity was defined using the Common 
Terminology Criteria for Adverse Events (CTCAE), version 
4.03.15 Toxicity grades 1–2 were considered mild IRAEs 
whereas toxicity grades 3–5 were considered serious IRAEs. 
Symptoms of IRAEs up to 6 months after treatment end date 
were taken into calculation.

2.4. Statistical methods

Categorical variables were summarized using numbers and 
percentages whereas median and range were used for contin-
uous variables. Bivariate analyses were performed using the 
chi-square test for categorical variables and the Mann- 
Whitney U test for continuous variables (all continuous vari-
ables were non-normally distributed).

For time-to-event outcomes (PFS and OS), two dif-
ferent approaches to mitigate immortal-time bias were 
used. The primary analysis of time-to-event outcomes 
was performed with the landmark analysis in two dif-
ferent landmark times: at month 6 which was the time 
period between CPI initiation and influenza vaccination 
for at least 80% of patients and at month 12 which was 
the longest time between CPI-initiation and vaccination 
within the study cohort. Kaplan-Meier curves were con-
structed from the two landmarks times and onwards 
and log-rank test was used for comparison of the vacci-
nated vs. non-vaccinated groups. Cox regression 
hazards models in the two landmark times were used 
to investigate the association of vaccination status with 
PFS and OS, respectively, after adjustment for prior, 
well-established factors that could influence outcomes 
(age, gender, CNS metastasis, performance status, CCI, 
and line of treatment). A sensitivity analysis was per-
formed using time-dependent Cox regression models for 
PFS and OS as an additional approach to mitigate 
immortal-time bias.

To minimize the risk of selection bias in the analysis of IRAEs 
(patients without IRAEs may be more likely to continue therapy 
and receive vaccination), only patients who received influenza 
vaccination within 2 months before or after CPI initiation were 
compared with non influenza vaccinated patients.

All the analyses were performed in SPSS v.23.0. All p-values 
were two-sided and a p-value <0.05 was considered statistically 
significant.

2.5. Ethical approval

The study has been approved by the Swedish Ethical Review 
Authority, Dnr 2019–02469. Considering the retrospective 
nature of the study, the Ethical Review Authority waive the 
requirement to obtain any informed consent.

3. Results

3.1. Study cohort

In total, 329 patients treated with CPIs during the study period 
were identified. Of those, 303 patients met the inclusion criteria 
and were included in the analyses. A flowchart diagram of 
patient selection is shown in Figure 1.

The most common type of malignancy within the study 
cohort was melanoma (143 patients; 47.8%) followed by non- 
small cell lung cancer (94 patients; 31.0%). Within the study 
cohort, 209 patients (69.0%) received nivolumab, 86 (28.4%) 
pembrolizumab, and 8 (2.6%) atezolizumab (Table 1).
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3.2. Influenza vaccination in study cohort

Sixty-seven patients (22.1%) were vaccinated against influenza 
during the study period. The time from CPI initiation (time 0) 
until vaccine administration ranged between −2 months (up to 
2 months prior to CPI initiation) to 12 months with a median 
of zero months (vaccine administration within two weeks from 
CPI administration).

The baseline characteristics between the non-vaccinated 
and vaccinated groups were comparable except from CCI 
where patients with CCI ≥ 3 had a higher rate of influenza 
vaccination (Table 1). This difference remained statistically 
significant when the age-not CCI, namely the CCI without 
adjusted for age, was used (10.4% for CCI 0, 19.2% for CCI 1, 
15.8% for CCI 2, 50% for CCI ≥ 3; p-value <0.001).

The median follow-up time for the study cohort was 
15 months (range: 1–52 months).

3.3. Landmark analyses at 6 months

At 6-month landmark time, 225 patients were eligible for 
analysis including 57 patients in the vaccinated group and 
168 patients in the non-vaccinated group.

A statistically significant longer PFS was observed in the 
vaccinated group compared to the non-vaccinated (log-rank 
test p-value = 0.006; Figure 2(a)).

Patients in the vaccinated group had a statistically signifi-
cant longer OS than patients in the non-vaccinated group (log- 
rank test p-value = 0.012; Figure 2(b)). No patient died due to 
influenza infection.

Figure 1. Flowchart diagram of patient selection.
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Multivariate analysis for PFS showed that influenza vacci-
nation was associated with better PFS (HR = 0.63, 95% CI: 
0.41–0.98, p-value = 0.041; Supplementary Table 1) after 
adjustment for age, gender, CCI, performance status, CNS 
metastasis, and line of treatment.

Similarly, in multivariate analysis (adjusted for age, gender, 
CCI, performance status, CNS metastasis, line of treatment) for 
OS, we found a statistically significant difference of OS in favor 
of the vaccinated group (HR = 0.53, 95% CI = 0.30–0.93, 
p-value = 0.028; Supplementary Table 2).

3.4. Landmark analysis at 12 months

At 12-months landmark time, 178 patients (50 in the vaccinated 
group; 128 in the non-vaccinated group) were eligible for analysis.

The vaccinated group had a numerical, but statistically non- 
significant, longer PFS (log-rank test p-value = 0.093; Figure 2 
(c)) and OS (log rank test p-value = 0.060; Figure 2(d)) com-
pared to the non-vaccinated group. No patient died due to 
influenza infection.

Multivariate analyses at 12-month landmark time did not 
show a statistically significant association between vaccination 
and either PFS (HR = 0.71, 95% CI: 0.43–1.17, p-value = 0.176; 

Supplementary Table 3) or OS (HR = 0.62, 95% CI: 0.30–1.28, 
p-value = 0.194; Supplementary Table 4).

3.5. Sensitivity analysis

A sensitivity analysis for each outcome (PFS, OS) was per-
formed using time-dependent Cox regression analysis as an 
approach to minimize immortal time bias. The same covariates 
that were used to adjust the multivariate models in the land-
mark analyses were also used in the time-dependent Cox 
regression models.

Patients in the vaccinated group had a statistically signifi-
cant better PFS (HR = 0.68, 95% CI: 0.46–0.96, p-value = 0.029) 
and OS (HR = 0.62, 95% CI: 0.40–0.96, p-value = 0.031) in the 
sensitivity analysis compared to patients in the non-vaccinated 
group.

3.6. IRAEs and influenza vaccination

A detailed description on the type of IRAE and outcome is 
presented in Table 2.

Twenty-nine of 67 patients in the vaccinated group were 
available for the analysis of IRAEs based on the time of vacci-
nation in relation to CPI initiation in order to mitigate the risk 
for selection bias. The incidence of any IRAE grade was com-
parable between non-vaccinated and vaccinated group (43% vs. 
44.8%, p-value = 0.850). Considering grade 3–4 IRAEs, the 
incidence between the groups was also comparable (15.7% for 
non-vaccinated vs. 13.8% for vaccinated group, 
p-value = 0.932).

4. Discussion

In our study cohort of over 300 patients with metastatic cancer 
treated with CPIs, influenza vaccination was associated with 
prolonged survival after applying two different approaches to 
avoid immortal-time bias. The main survival analysis at 
6-month landmark time and the time-dependent Cox model 
showed a clear benefit in survival for the vaccinated group. 
However, the survival analysis at 12-month landmark time did 
not reveal statistically significant better survival for the vacci-
nated compared to the non-vaccinated group. Of note, our 
study could not find any increased risk for IRAEs after influ-
enza vaccination where only patients vaccinated within 
2 months before or after initiation of CPI treatment were 
included to avoid the risk for selection bias.

A potential mechanism that could explain the improved 
survival in vaccination group in our study is the hypothesis 
that immune hyperactivation after vaccination may enhance 
antitumor immunity. Recently, intra-tumoral injection of 
influenza vaccine showed to reduce tumor growth in a mouse 
model through converting the immunologically “cold” tumor 
microenvironments to “hot”.16

The current evidence on the potential impact of influ-
enza vaccination on survival in patients treated with CPIs is 
limited to a few retrospective studies.9,10,13,14 In non-small 
cell lung cancer patients treated with nivolumab, no differ-
ence in treatment efficacy was found between vaccinated 
and non-vaccinated patients.9 However, Bersanelli et al. 

Table 1. Patient characteristics in study cohort.

Whole 
cohort 

(n = 303)

Non- 
vaccinated 
(n = 236)

Vaccinated 
(n = 67) P-value

Age at diagnosis in years, 
median (IQR)

67 (13) 67 (13) 70 (15) 0.373

Gender, n (%) 
Male 
Female

171 (56.4) 
132 

(43.6)

133 (56.4) 
103 

(43.6)

38 (56.7) 
29 

(43.3)

0.958

Type of malignancy, n (%) 
Melanoma 
Non small cell lung cancer 
Renal cell carcinoma 
Urothelial cancer 
Head & neck cancer

143 (47.2) 
94 

(31.0) 
39 

(12.9) 
16 (5.3) 
11 (3.6)

116 (49.2) 
69 (29.2) 
30 (12.7) 
11 (4.7) 
10 (4.2)

27 (40.3) 
25 

(37.3) 
9 (13.4) 
5 (7.5) 
1 (1.5)

0.428

Visceral metastasis, n (%) 
Yes 
No

222 (73.3) 
81 

(26.7)

172 (72.9) 
64 (27.1)

50 (74.6) 
17 

(25.4)

0.776

CNS metastasis, n (%) 
Yes 
No

33 (10.9) 
270 

(89.1)

30 (12.7) 
206 

(87.3)

3 (4.5) 
64 

(95.5)

0.073

Type of CPI 
Nivolumab 
Pembrolizumab 
Atezolizumab

209 (69.0) 
86 

(28.4) 
8 (2.6)

163 (69.1) 
66 (28.0) 

7 (3.0)

46 (68.7) 
20 

(29.9) 
1 (1.5)

0.780

Performance status at CPI 
initiation 
0–1 
2–3

245 (80.9) 
58 

(19.1)

188 (79.7) 
48 (20.3)

57 (85.1) 
10 

(14.9)

0.320

Charlson Comorbidity Index 
0 
1 
2 
≥3

31 (10.2) 
32 

(10.6) 
68 

(22.4) 
172 

(56.8)

29 (12.3) 
27 (11.4) 
62 (26.3) 

118 
(50.0)

2 (3.0) 
5 (7.5) 
6 (9.0) 

54 
(80.6)

<0.001

Line of treatment (for CPI) 
1 
≥2

123 (40.6) 
179 

(59.1)

96 (40.7) 
140 

(59.3)

27 (40.9) 
39 

(59.1)

0.973

Abbreviations: IQR, interquartile range; CNS, central nervous system; CPI, check-
point inhibitors.
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found an improved survival in favor of the vaccinated 
group in patients with metastatic cancer treated with 
CPIs.13 Similarly, two retrospective studies, presented only 
as meeting abstracts, found a survival trend in favor of 
vaccinated patients treated with CPIs.10,14 The current evi-
dence is, however, prone to immortal-time bias, namely 
patients in the vaccinated group have an “immortal” time 
period from CPI initiation until vaccine administration that 
can overestimate a potential survival benefit from the vac-
cination. None of the available studies have described if 
they dealt with immortal-time bias in their analyses. On 
the other hand, we used two different statistical approaches 
to assure that the survival benefit observed in our study 
cohort is not influenced by immortal-time bias.17,18 

Although the main landmark analysis at 6-months (time-
point where at least 80% of patients in vaccinated group 
were vaccinated) and time-dependent Cox analysis showed 
similar results of improved survival in the vaccinated 
group, the landmark analysis at 12-months (timepoint 
where all patients in vaccinated group were vaccinated) 

showed a statistically non-significant survival difference. 
The lack of statistical significance in the 12-month land-
mark time may be explained by the smaller number of 
patients in this analysis compared to 6-month landmark 
time and the time-dependent Cox analysis, resulting in 
lower statistical power. Anyhow, these approaches make 
our results more reliable as compared to previous studies.

Considering IRAE risk after influenza vaccination, some 
early evidence suggested an increased risk for IRAEs after 
influenza vaccination6 but recent studies could not confirm 
this observation.11,12 The analysis of IRAEs in relation to 
influenza vaccination in patients treated with CPIs is prone 
to selection bias, namely patients without side effects are more 
likely to continue with CPIs and receive vaccination, which can 
lead to a false lower rate of IRAEs in vaccinated patients. To 
deal with selection bias, we analyzed IRAEs in patients who 
received vaccination within 2 months before or after CPI 
treatment initiation and found no difference compared to 
patients treated with CPIs without receiving vaccination. Two 
prior studies also tried to deal with selection bias, either 

Figure 2. Kaplan-Meier curves for progression-free and overall survival comparing vaccinated and non-vaccinated groups in two different landmark times: (a) 
progression-free survival at 6-month landmark time; (b) overall survival at 6-month landmark time; (c) progression-free survival at 12-month landmark time; (d) overall 
survival at 12-month landmark time.
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through subgroup analysis of patients receiving vaccination 
within 65 days from CPI initiation12 or through adjustment 
of IRAE risk with number of treatment cycles, 11 and both 
found similar results as we did.

In our study cohort, we observed an association between 
vaccination rate and CCI that seemed to be present even when 
the age-not CCI was used. This trend of higher vaccination rate 
in patients with more comorbid conditions has been previously 
described11 and might reflect the healthcare providers’ practice 
to encourage vaccination among patients with comorbidities 
and/or an increased vaccine acceptance among those patients.

The current study has some limitations. First, the retro-
spective study design is inherent to selection bias and immor-
tal-time bias which we tried to adjust for as described above. 
The risk for selection biases was also limited by not including 
patients receiving CPIs in clinical studies. Second, in this real- 
world study, we included patients with different types of meta-
static disease. We found, however, no difference in vaccination 
pattern among different cancer types but a different effect of 
combining CPI and vaccination in patients with different can-
cer types cannot be completely ruled out. Furthermore, a risk 
for misclassification of patients within the non-vaccinated 
group cannot be excluded because of the lack of information 
about vaccinations administered at private outpatient clinics. 
Though, this risk is considered small since the private health 
care sector in the uptake areas for this study as in Sweden in 
general is small.19 In addition, a true survival difference 
between vaccinated and non-vaccinated is more difficult to 
detect if some vaccinated patients are falsely classified as non- 
vaccinated which strengthens our positive survival results. 
Finally, the median follow-up of study cohort is relatively 
short with risk to miss late IRAEs. However, most IRAEs are 
presented within the first months from the initiation of CPIs.20

In conclusion, the current study indicates that survival in 
metastatic cancer patients treated with CPIs in monotherapy 

improves with influenza vaccination while not increasing the 
risk for side effects. The study is the largest reported on IRAEs 
in this setting and the first taking the risk of immortal-time bias 
into account. Our results strongly support influenza vaccina-
tion in patients with metastatic cancer going to receive or 
receiving CPIs. A prospective evaluation of the synergistic 
effect of influenza vaccination with CPI treatment as 
a potential treatment strategy is justified. It is also important 
to investigate the role of influenza vaccination in patients 
treated with combination immunotherapy and in patients 
receiving CPI in the adjuvant setting. Furthermore, studies 
addressing whether other vaccines than influenza interact dif-
ferently with immunotherapy are warranted.
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