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QUESTION ASKED: Is influenza vaccine safe in patients
with cancer receiving immune checkpoint inhibitors?

SUMMARY ANSWER: Influenza vaccination in patients
with cancer receiving immune checkpoint inhibitor
therapy was not associated with increased immune-
related adverse events. This supports the safety of
influenza vaccination in this patient population. In-
fluenza vaccination was independently associated
with significantly fewer immune-related adverse
events from pembrolizumab after adjusting for other
clinical factors and with death as a competing risk.

WHAT WE DID: We retrospectively identified patients
who received pembrolizumab during any influenza
season from September 2014 to August 2017 and
compared the incidence of immune-related adverse
events in patients who received influenza vaccine with
those who did not receive it.

WHAT WE FOUND: The incidence of any grade
immune-related adverse events in the vaccinated
group trended toward being lower (25.7% v 40.2%;
P = .07) compared with the nonvaccinated group
(Fig). Influenza vaccination was independently asso-
ciated with fewer immune-related adverse events, with
an odds ratio of 0.4 (95% CI, 0.2 to 0.9; P= .03) in
multivariable analyses.

BIAS, CONFOUNDING FACTORS: Potential bias and
confounding factors include factors not available for
review, such as reasons for receiving or not receiving
influenza vaccination, variability of recording low-grade
immune-related adverse events in the medical record,
and selection bias intrinsic to retrospective studies.

REAL-LIFE IMPLICATIONS: Practicing oncologists
should encourage influenza vaccination in patients
with cancer receiving immune checkpoint inhibitors.
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FIG. Probability of being free of immune-related adverse events (irAEs), stratified by influenza vaccination status.
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abstract

PURPOSE There is a concern that influenza vaccination could increase the incidence of immune-related adverse
events (irAEs) in patients with cancer receiving immune checkpoint inhibitors. The aim of our study was to
determine the safety of influenza vaccination in this patient population.

PATIENTS AND METHODS We retrospectively identified patients who received at least 1 dose of pembrolizumab
during any influenza season from September 2014 to August 2017 and reviewed medical records for irAEs. The
primary endpoint was the incidence of irAEs. We usedmultivariable logistic regression and cumulative incidence
curve with competing risks for comparison.

RESULTS Among 162 patients with cancer included in this study, 70 patients (43.2%) received at least 1
influenza vaccination. The vaccinated group was significantly older (P = .002) and received more cycles of
pembrolizumab (P = .006). The incidence of any grade irAEs in the vaccinated group trended toward being
lower (25.7% v 40.2%; P = .07) compared with the nonvaccinated group. Influenza vaccination was in-
dependently associated with fewer irAEs, with an odds ratio of 0.4 (95% CI, 0.2 to 0.9; P = .03) in multivariable
analyses. The vaccinated group was less likely to have irAEs compared with the nonvaccinated group (24.7% v
34.4% at 12 months; P = .05), with death as a competing risk. The median irAE-free duration in the vaccinated
group was longer than the nonvaccinated group (not reached v 28 months; P = .037).

CONCLUSION Influenza vaccination in patients with cancer receiving immune checkpoint inhibitor therapy was
not associated with increased irAEs. This supports the safety of influenza vaccination in this patient population.

JCO Oncol Pract 16:e573-e580. © 2020 by American Society of Clinical Oncology

INTRODUCTION
Immune checkpoint inhibitors (ICIs) have become
a mainstay of cancer immunotherapy in recent years
for a number of solid and hematologic malignancies,
such as melanoma, lung cancer, renal cell carcinoma,
Hodgkin lymphoma, and many others.1 The most
commonly used ICI, pembrolizumab, prevents the
tumor-directed downregulation of cancer-specific cy-
totoxic T cells by blocking the interaction between
programmed death receptor-1 (PD-1) and its ligand.2

For some patients, treatment with an ICI can provide
prolonged tumor control, even in previously refractory
disease.3

However, ICIs can lead to immune-related adverse
events (irAEs), presumably due to nonspecific acti-
vation of the immune system targeting any healthy
tissue and organ.1 In a series of 88 patients with
advanced melanoma treated with pembrolizumab,

12.5% experienced grade 3/4 irAEs. The most com-
mon irAEs involved the skin, GI system, and endocrine
system, which led to the use of systemic immuno-
suppression in 25% of the patients.4

Annual influenza vaccinations are recommended by
the Center for Disease Control and Prevention (CDC),
especially for patients receiving cancer-directed ther-
apies and those who can have increased risk of
complications from influenza.5 A Cochrane review of
influenza vaccines in patients with cancer demon-
strated lower influenza rates and lower risk of death
with vaccination.6 Specifically, high-dose (compared
with standard-dose) influenza vaccine has been
shown in meta-analysis to reduce influenza infection
risk without serious adverse events in patients over age
65 years.7 It has previously been shown that for pa-
tients who receive ipilimumab (monoclonal antibody
against cytotoxic T-lymphocyte–associated antigen 4)
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and influenza vaccine, most demonstrated an increase in
humoral response to influenza B.8 Several retrospective
studies have reported conflicting results on irAE frequency
in patients who receive an ICI; however, these studies either
had a short follow-up, lack of a comparator, or lack of
a reliable way to confirm influenza vaccination status.9,10 In
our study, we retrospectively assessed the prevalence of
irAEs in patients with cancer receiving pembrolizumab from
our institution who did or did not receive an annual in-
fluenza vaccination while receiving ICI therapy.

PATIENTS AND METHODS

This study was approved by the Mayo Clinic Institutional
Review Board. Patients with cancer who received at least 1
dose of pembrolizumab at our institution during influenza
season (defined as September through March) between
September 2014 and August 2017 were identified from the
Mayo Clinic medical oncology pharmacy database. This
retrospective study included patients age 18 years or older
with available influenza vaccination record as well as
treatment and follow-up at Mayo Clinic in Rochester, MN.
Influenza vaccination status was verified by either the Mayo
Clinic electronic medical record (EMR) or the Minnesota
Immunization Information Connection, which is an online
database of statewide vaccinations from multiple in-
stitutions.11 Patients’ demographic and clinical data were
retrospectively collected from their medical records. Pa-
tients were excluded from the study if records were not
available from the Mayo Clinic EMR or the Minnesota
Department of Health. Patients who received influenza
vaccination within 30 days before initiation of pembrolizumab
or during pembrolizumab treatment were assigned to the
vaccinated group, as done previously.10 All other patients
were assigned to the nonvaccinated group.

The primary endpoint of this study was the incidence of
irAEs in the vaccinated group compared with the non-
vaccinated group. Grading of irAEs was based on the
Common Terminology Criteria for Adverse Events, version
4.0, which was used based on database inclusion until
August 2017.12 Time to irAE was defined as the time be-
tween pembrolizumab treatment initiation and the occur-
rence of irAE for the nonvaccinated group and the time
between vaccination and the occurrence of an irAE for the
vaccinated group. The follow-up duration was defined as
the time between the date of pembrolizumab initiation and
the date of last follow-up or death. Death from non-irAEs
was used as a competing risk when cumulative incidence
curves for irAEs were calculated.

Continuous variables were summarized as median and
interquartile range and compared with Wilcoxon rank sum
test. Categorical variables were summarized as count and
percentage and compared with Fisher’s exact test. Logistic
regression was used to evaluate variables predicting the
occurrence of irAEs. Taking duration of follow-up into
consideration, cumulative incidence curves for competing

risks were used to compare incidence of irAEs between the
vaccinated and nonvaccinated groups. irAE-free duration
was estimated using the Kaplan-Meier method and com-
pared with log-rank test. All statistical tests were 2-sided. A
P value less than .05 was considered statistically signifi-
cant. All statistical analyses were performed using R 3.5.3.

RESULTS

A total of 162 patients were included in this study. Baseline
demographic and clinical features are summarized in
Table 1. Themajority of patients in the study hadmelanoma
(n = 53; 56.2%), followed by non–small-cell lung cancer
(NSCLC; n = 22; 13.6%). All patients had stage IV disease.
Ninety-two patients (56.8%) did not receive influenza
vaccination during any of the influenza seasons while re-
ceiving pembrolizumab or within 30 days before pem-
brolizumab treatment initiation. More women than men
were vaccinated (49.3% v 38.5%, respectively). Seventy
patients (43.2%) received at least 1 CDC-approved inac-
tivated influenza vaccination without adjuvant. Within the
vaccination cohort, 9 patients (12.7%) received influenza
vaccines in 2 flu seasons, 7 patients (10%) received in-
fluenza vaccines in 3 flu seasons, 56.7% of the vaccinated
patients received high-dose (trivalent) vaccines, 35.8%
received quadrivalent vaccines, and 7.5% received vac-
cines with unspecified type. The vaccinated group had
a median age of 68.6 years, significantly older than
59.5 years in the nonvaccinated group (P = .002). The
vaccinated group received a median of 14 cycles of
pembrolizumab, which was significantly more than 9.5
cycles in the nonvaccinated group (P = .006). The me-
dian nearest cycle of pembrolizumab treatment was 6
(interquartile range [IQR], 3-9) when the influenza vacci-
nation was given. A total of 3 patients (1.9%) had
laboratory-confirmed influenza infection via polymerase
chain reaction, and 1 (0.6%) had documented influenza-
like symptoms. Only 1 patient with influenza infection
(1.4%) was seen in the vaccinated group.

Patients who received an influenza vaccination while re-
ceiving pembrolizumab did not have an increase in any
grade irAEs and numerically had fewer irAEs than patients
who were not vaccinated (P = .07; Table 2). Four patients
(5.7%) in the vaccinated group experienced grade 3/4
irAEs, similar to 12 patients (13.0%) in the nonvaccinated
group (P = .2). No grade 5 irAEs were observed. The most
frequent irAEs while receiving pembrolizumab were thy-
roiditis (n = 19), dermatitis (n = 9), and colitis (n = 8;
Table 2). The median number of cycles of pembrolizumab
to the occurrence of an irAE was 6.5 (IQR, 3.0-12.0). The
median time from influenza vaccination to an irAE was
3.1months (IQR, 2.0-5.2 months). There was no difference
in irAE management (P = .9) or the rate of treatment
discontinuations because of irAEs (P = .1) between the
2 groups. There were 17 patients (24.3%) who died as
a result of their disease at the end of follow-up in the
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vaccinated group, similar to 14.1% in the nonvaccinated
group (P = .1).

A logistic regression model was used to assess the asso-
ciation between the occurrence of irAEs and other clinical
factors. There was no statistically significant association
between the type of vaccines and incidence of irAEs
(P = .2). As shown in Table 3, influenza vaccination was
independently associated with fewer irAEs, with an odds
ratio of 0.4 (95% CI, 0.2 to 0.9; P = .03) after adjusting for
the number of pembrolizumab cycles, sex, age, and type of
cancer diagnosis.

Taking time of follow-up into consideration, irAE-free du-
ration was not reached in the vaccinated group, which was
significantly longer than a median of 28 months (95% CI,
13.6 months to not reached; P = .037) in the non-
vaccinated group (Appendix Fig A1A, online only). When
death was considered as a competing risk, as shown in
Appendix Figure A1B, there was a trend toward lower
probability in the vaccinated group to have irAEs (24.7% at
12 months) compared with the nonvaccinated group
(34.4% at 12months; P = .05). The probability of death was
similar between the 2 groups (P = .8).

DISCUSSION

In this study, we found a trend toward lower incidence of
irAEs in patients with cancer who received pembrolizumab

and influenza vaccinations compared with that observed in
the nonvaccinated group. The absolute overall incidence of
any grade irAEs (34%) and grade 3/4 irAEs (9.9%) was
comparable to previously published clinical trials and
a meta-analysis.13,14 The same applied to the median time
from vaccination to irAEs (3.1 months) observed in the
vaccinated group.13 In addition, the distribution of the types
of irAEs was consistent with clinical experience and pre-
vious observations, with thyroid dysfunction being the most
common irAE, followed by dermatitis, colitis, and pneu-
monitis in order of decreasing incidence.13 Thereby, the
patient population in our study was representative.

The cohort in this study represented mostly patients with
melanoma and NSCLC, but also included several other
types of cancers. This was similar to the patient distribution
receiving pembrolizumab treatment between 2014 and
2017 when ICIs were first approved for melanoma. The
vaccinated group in our cohort was significantly older
compared with the nonvaccinated group, consistent with
higher influenza vaccination rates in the older general
population.15 It is possible that immunosenescence in older
patients may play a role in response to influenza vacci-
nation, as well the development of irAEs from ICIs. But
when we stratified our patients into older and younger
groups using a median age of 65 years as a cutoff, we did
not observe a significant difference in irAEs of any grade
(P = .4). This was consistent with data obtained from the

TABLE 1. Baseline Characteristics of Vaccinated Group and Nonvaccinated Group
Characteristic Total Nonvaccinated Group Vaccinated Group P

No. of patients 162 92 (56.8%) 70 (43.2)

Sex

Female 71 (43.8) 36 (50.7) 35 (49.3) .2

Male 91 (56.2) 56 (61.5) 35 (38.5)

Death

Yes 30 (18.5) 13 (43.3) 17 (56.7) .1

No 132 (81.5) 79 (59.8) 53 (40.2)

Median age, years (IQR) 65.3 (54.9-73.8) 59.5 (51.9-72.5) 68.6 (59.6-77.3) .002

Therapy

Pembrolizumab 154 (95.1) 86 (55.8) 68 (44.2) .3

Pembrolizumab plus indoximod 5 (3.1) 4 (80.0) 1 (20.0)

Pembrolizumab plus carboplatin plus pemetrexed 2 (1.2) 2 (100.0) 0 (0.0)

Pembrolizumab plus radiation 1 (0.6) 0 (0.0) 1 (100.0)

Median No. of cycles (IQR) 12.0 (6.0-21.8) 9.5 (4.0-19.2) 14.0 (9.0-23.0) .006

Diagnosis

Melanoma 91 (56.2) 53 (58.2) 38 (41.8) .3

NSCLC 22 (13.6) 9 (40.9) 13 (59.1)

Other 49 (30.2) 30 (61.2) 19 (38.8)

Median follow-up time months, (IQR) 17.1 (10.6-29.4) 16.6 (9.4-27.6) 18.2 (11.8-30.0) .2

NOTE. Data are No. (%) unless otherwise specified.
Abbreviations: IQR, interquartile range; NSCLC, non–small-cell lung cancer.
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Food and Drug Administration Adverse Event Reporting
System database showing that age was not associated with
a higher risk of most irAEs.16 Pembrolizumab, for instance,
had a comparable safety profile related to irAEs in patients
older and younger than 75 years of age.17 Our vaccinated
group received significantly more cycles of pembrolizumab
compared with the nonvaccinated group, despite a similar
distribution of underlying cancer diagnoses. This obser-
vation could have been due to fewer irAEs and irAE-related
treatment delay in the vaccinated group or longer clinical
benefit. It could also represent a selection bias in this
retrospective study, because healthier patients (who could
tolerate more cycles of treatment) may have been more

likely to be vaccinated. For the latter, we adjusted the
number of treatment cycles in our multivariable analyses.

Our study did not support the finding of a significantly
increased rate of irAEs in patients with cancer receiving
influenza vaccination and nivolumab from a previous study
with limited sample size.18 Several groups have attempted
to address this concern. In a small study, 52% of 23 pa-
tients with lung cancer who received nivolumab and in-
fluenza vaccine experienced irAEs; 26% had grade 3/4
toxicities, significantly higher than historical control.18 A
retrospective study showed that influenza vaccine did
not negatively affect immunotherapy efficacy, although it

TABLE 2. irAEs in Vaccinated Group and Nonvaccinated Group
Variables Total Nonvaccinated Group Vaccinated Group p

irAEs of any grade

No 107 (66.0) 55 (59.8) 52 (74.3) .07

Yes 55 (34.0) 37 (40.2) 18 (25.7)

Types of irAEs

Thyroiditis 19 (34.5) 12 (32.4) 7 (38.9) .60

Dermatitis 9 (16.4) 8 (21.6) 1 (5.6)

Colitis 8 (14.5) 4 (10.8) 4 (22.2)

Pneumonitis 5 (9.1) 2 (5.4) 3 (16.7)

Arthritis 4 (7.3) 3 (8.1) 1 (5.6)

Hepatitis 2 (3.6) 1 (2.7) 1 (5.6)

Adrenal insufficiency 2 (3.6) 2 (5.4) 0 (0.0)

Neuritis 1 (1.8) 1 (2.7) 0 (0.0)

Hypoglycemia 1 (1.8) 1 (2.7) 0 (0.0)

Hyperglycemia 1 (1.8) 0 (0.0) 1 (5.6)

Pancreatitis 1 (1.8) 1 (2.7) 0 (0.0)

Thrombocytopenia 1 (1.8) 1 (2.7) 0 (0.0)

Hearing loss 1 (1.8) 1 (2.7) 0 (0.0)

Grade 3/4 irAEs

No 146 (90.1) 80 (86.9) 66 (94.3) .20

Yes 16 (9.9) 12 (13.0) 4 (5.7)

Management of irAEs

None 17 (34.0) 12 (35.3) 5 (31.2) .90

Prednisone 17 (34.0) 10 (29.4) 7 (43.8)

Levothyroxine 8 (16.0) 6 (17.6) 2 (12.5)

Topical steroid 3 (6.0) 3 (8.8) 0 (0.0)

Insulin 2 (4.0) 1 (2.9) 1 (6.2)

Budesonide 2 (4.0) 1 (2.9) 1 (6.2)

Topical diphenhydramine 1 (2.0) 1 (2.9) 0 (0.0)

Treatment discontinuation due to irAEs

No 41 (75.9) 30 (83.3) 11 (61.1) .10

Yes 13 (24.1) 6 (16.7) 7 (38.9)

NOTE. Data are No. (%).
Abbreviation: irAEs: immune-related adverse events.
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appeared to be ineffective in reducing influenza syn-
drome.19 Other studies have concluded that there is no
increase in irAEs with ICIs. One study included 127 patients
with lung cancer receiving nivolumab, 47 of whom received
influenza vaccination. There was no difference in the in-
cidence or severity of irAEs or with clinical outcomes with
vaccination.10 The second study included 370 patients re-
ceiving ICI therapy who received influenza vaccination, and
only 20% experienced an irAE of any grade, and 8% ex-
perienced a grade 3/4 irAE.9 We observed similar findings of
no increased irAEs from influenza vaccination in this patient
population. This finding was confirmed in multivariable lo-
gistic regression, adjusting for other clinical factors as po-
tential confounders. We also took the duration of follow-up
and potential competing risk fromdeath into consideration in
our analyses, which confirmed our findings with similar
levels of statistical significance. The median follow-up du-
ration in our study was longer than in previous studies,9,10

which allowed us to capture more delayed irAEs, if present.
Other potential confounders not available for review in our

study included reasons for receiving or not receiving in-
fluenza vaccination (ie, possibility of self-selection) and
variable patient reporting of symptoms. Because this was
a retrospective study, there may have been variability of
recording in themedical record for low-grade irAEs; however,
clinically significant and serious irAEs, such as those re-
quiring intervention or hospitalizations, would have been
documented because patients were treated at our institution.

Compared with previous studies, our study had rigorous
confirmation of both positive and negative influenza vac-
cination status, and long-term follow-up on a real-world
patient population. The observed trend of decreased irAEs
from receiving influenza vaccination warrants further
confirmatory studies with a larger patient population. Our
findings demonstrated no increase in irAEs associated with
annual influenza vaccination in patients receiving an ICI
and further support planned patient care quality initiatives
to educate clinicians on influenza vaccination in the
population of patients with cancer.
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TABLE 3. Factors Associated With the Occurrence of irAEs
irAEs None (n = 107) Yes (n = 55) OR (univariable, P) OR (multivariable, P)

No. of cycles, median (IQR) 10.0 (5.0-20.5) 15.0 (7.5-22.5) 1.03 (1.00-1.06, P = .09) 1.03 (1.00-1.06, P = .09)

Influenza vaccination

No 55 (51.4) 37 (67.3) — —

Yes 52 (48.6) 18 (32.7) 0.5 (0.3-1.00, P = .06) 0.4 (0.2-0.9, P = .03)

Sex

Female 53 (49.5) 18 (32.7) — —

Male 54 (50.5) 37 (67.3) 2.0 (1.03-4.0, P = .04) 1.5 (0.7-3.2, P = .3)

Median age, years (IQR) 66.0 (54.8-74.3) 62.6 (54.9-71.9) 0.99 (0.97-1.02, P = .6) 1.00 (0.98-1.03, P = .9)

Diagnosis

Other 37 (34.6) 12 (21.8) — —

NSCLC 14 (13.1) 8 (14.5) 1.8 (0.6-5.2, P = .3) 1.8 (0.6-5.8, P = .3)

Melanoma 56 (52.3) 35 (63.6) 1.9 (0.9-4.3, P = .1) 1.8 (0.8-4.2, P = .2)

NOTE. Data are No. (%) unless otherwise indicated.
Abbreviations: irAEs, immune-related adverse events; IQR, interquartile range; NSCLC, non–small-cell lung cancer; OR, odds ratio.
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APPENDIX
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FIG A1. (A) Probability of being free of immune-related adverse events (irAEs), stratified by influenza vaccination status. (B) Cumulative incidence for
competing risks from irAEs and death, stratified by vaccinated group and nonvaccinated group.
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