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ARTICLE INFO ABSTRACT
Keywords: Introduction: Patients with lung cancer have a high risk of influenza complications. International guidelines
Influenza vaccine recommend annual influenza vaccination for patients with cancer. Immune checkpoint inhibitors (ICIs) are
Immune Che,dfp(’i"t inhibitor progressively used to treat lung cancer. Data regarding immunogenicity and safety of influenza vaccine are
f::;u:;f:;lmy limited in patients with lung cancer receiving ICIs; therefore, we conducted this single-center, prospective
Safety observational study in the Japanese population.
Methods: Patients with lung cancer receiving ICIs and influenza immunization were enrolled. Blood samples were
collected from patients for serum antibody titer measurement pre- and 4 + 1 weeks post-vaccination. The pri-
mary endpoint was seroprotection rate (sP) at 4 + 1 weeks post-vaccination. The secondary endpoints were
geometric mean titer (GMT), mean fold rise, seroresponse rate (sR), seroconversion rate (sC), and immune-
related adverse events (irAEs), defined as adverse effects caused by ICI administration, 6 months post-
vaccination.
Results: Influenza vaccination in the 23 patients included in the immunogenicity analyses significantly increased
GMT for all strains, and sP, sR, and sC were 52%-91%, 26%-39%, and 26%-35%, respectively. In the 24 patients
included in the safety analyses, 7 (29%) and 5 (21%) patients exhibited systemic and local reactions, respec-
tively. Only one patient (4%) (hypothyroidism, grade 2) showed post-vaccination irAEs.
Conclusions: Overall, influenza vaccination in patients with lung cancer receiving ICIs showed acceptable
immunogenicity and safety, thus supporting annual influenza vaccination in this population.
1. Introduction development of therapeutic agents has progressed over the years. In
addition to cytotoxic drugs, molecular-targeted drugs have emerged,
Lung cancer is the leading cause of cancer-related deaths, accounting and prognosis has improved [2]. Recently, the development of immune
for 1.8 million deaths worldwide in 2020 [1]. Chemotherapy is the checkpoint inhibitors (ICIs), including programmed death receptor-1
mainstay of treatment for patients with advanced lung cancer, and the (PD-1) and programmed cell death 1-ligand 1 (PD-L1) inhibitors, has

Abbreviations: ACTH, adrenocorticotropic hormone; GMT, geometric mean titer; HA, hemagglutinin; HI, hemagglutination inhibition; ICIs, immune checkpoint
inhibitors; IQR, interquartile range; irAEs, immune-related adverse events; MFR, mean fold rise; NOS, not otherwise specified; PD-1, programmed death receptor-1;
PD-L1, programmed cell death 1-ligand 1; sC, seroconversion rate; sR, seroresponse rate.
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improved the prognosis of lung cancer, and they are increasingly used in
clinical practice following international guidelines [3]. PD-1 and PD-L1
promote tumor cell evasion during the host immune attack, and ICIs
exert their antitumor effects by inhibiting them [4]. In the non-small cell
lung cancer treatment, pembrolizumab, atezolizumab, and nivolumab
plus ipilimumab are the first-line drugs of choice according to the PD-L1
tumor proportion score [3,5-7]. Combinations of cytotoxic agents and
ICIs are also used in first-line therapy for lung cancer [3,8,9].

Patients with cancer represent a high-risk population for influenza
virus infection, leading to complications, treatment delays, and even
death [10,11]. Thus, international guidelines recommend annual influ-
enza vaccination for these patients [12,13]. A previous study showed
that influenza vaccine immunogenicity was acceptable in patients with
lung cancer who were receiving cytotoxic agents [14]. In addition, a
Cochrane meta-analysis reported that influenza vaccination in patients
with cancer resulted in lower mortality and influenza-related outcomes
[15]. However, no study has evaluated the immunogenicity and safety
of influenza vaccines, specifically in patients with lung cancer receiving
ICIs [16-18]. Therefore, in this single-center prospective study, we
evaluated the immunogenicity and safety of quadrivalent influenza
vaccines in patients to support the influenza vaccination
recommendations.

2. Patients and methods
2.1. Study participants

In this prospective cohort study, patients with lung cancer who were
receiving ICI treatment at the Department of Pulmonary Medicine,
Kameda Medical Center, Chiba, Japan, were invited to participate in the
study in November and December 2020. The following patients were
included: patients with lung cancer aged 50 years or older and who were
receiving ICIs, patients willing to receive influenza vaccination volun-
tarily, and patients who provided written consent to participate in this
study. The following patients were excluded: patients who had already
received influenza vaccine for the 2020/2021 season, patients who had
experienced anaphylaxis or were at a risk of anaphylaxis due to influ-
enza vaccine components, patients allergic to eggs, individuals already
diagnosed with influenza in the 2020,/2021 season, patients who had an
acute febrile illness or other serious illnesses at the time of vaccination,
patients who received cytotoxic anticancer drugs within 1 month of
vaccination, patients receiving steroids or immunosuppressive drugs
(excluding those administered as antiemetics), and any other patient
who had an unsuitable condition for vaccination. A total of 24 patients
with lung cancer were registered for this study. The protocol complied
with the Helsinki Declaration of 1975 and was approved by the Research
Ethics Committee of Kameda Medical Center (#20-064-200923). Writ-
ten informed consent was obtained from all enrolled participants. In
addition, this study was registered with the University Hospital Medical
Information Network (UMIN 000041923).

We collected the following data of patients’ characteristics from the
Kameda Medical Center medical records: age at enrollment, sex, body
mass index, influenza vaccination in the previous year, Eastern Coop-
erative Oncology Group performance status, smoking history, lung
cancer histology, tumor stage, ICI type (pembrolizumab, atezolizumab,
durvalumab, or nivolumab), number of ICI treatment cycles, and
immune-related adverse effects (irAEs) pre-vaccination.

2.2. Primary and secondary endpoints

The primary endpoint was the seroprotection rate (sP) (proportion of
hemagglutination inhibition (HI) antibody titer of 1:40 or higher) at 4 &+
1 weeks (21-35 days) post-vaccination (S1). The secondary endpoints
were geometric mean titer (GMT) at pre-vaccination (S0) and S1 and
mean fold rise (MFR), seroresponse rate (sR) (proportion of HI antibody
titer of four times or higher) and seroconversion rate (sC) (pre-
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vaccination HI antibody titer <1:10 and post-vaccination HI antibody
titer >1:40, pre-vaccination antibody titer >1:10 and post-vaccination
HI antibody titer >4-fold) at S1, and irAEs at 6 months post-vaccination.

2.3. Influenza vaccination

An inactivated quadrivalent influenza hemagglutinin (HA) vaccine
was used (2020/2021 season) (FLUBIK HA Syringes® manufactured by
the Research Foundation for Microbial Diseases of Osaka University).
The vaccine strains were as follows: A/Guangdong-Maonan/SWL 1536/
2019 (CNIC-1909) (A[H1IN1]pdmO09, hereafter referred to as HIN1), A/
Hong Kong/2671/2019 (NIB-121) (H3N2), B/Phuket/3073/2013
(Yamagata lineage), and B/Victoria/705/2018 (BVR-11) (Victoria
lineage). Each vaccine contained more than 15 pg HA antigen of each
strain. A single subcutaneous inoculation of 0.5 mL of the vaccine, the
typical administration route used in Japan, was employed. The ICI
administration and influenza vaccination were planned to be performed
on the same day.

2.4. Measurement of antibody titers

Serum samples were collected at SO and S1. All serum specimens
were stored at —20 °C in the Kameda Medical Center laboratory before
analysis. Serum antibody levels to HA were measured following a
standard microtiter hemagglutination inhibition method with the same
antigens used in the vaccine [19]. All samples were assayed at the
Research Foundation for Microbial Diseases of Osaka University, Osaka,
Japan, in March 2021.

2.5. Safety

Local reactions at the injection site and systemic reactions were
monitored for 14 days using case cards completed by the participants.
The local reactions were evaluated as redness, swelling, induration,
itching, and pain in the injection site. Systemic reactions were evaluated
as fever (temperature >37.5 °C), fatigue, arthralgia or myalgia, head-
ache, and rash. Grades of erythema, swelling, and induration were
defined as follows: grade 1 within a few centimeters, grade 2 from the
elbow to the shoulder, and grade 3 extending beyond the elbow. Fever
was defined as grade 1 at 37.5-38.4 °C, grade 2 at 38.5-39.4 °C, and
grade 3 at 39.5 °C or higher. For itching, pain, fatigue, arthralgia,
myalgia, and headache, grade 1 was defined as not bothersome, grade 2
as bothersome but tolerable, and grade 3 as not tolerable. A rash was
defined as grade 1 if limited to the part of the body and grade 2 if present
all over the body.

2.6. Follow-up survey

For study subjects, influenza diagnosis and the presence of influenza-
like illness (defined by acute febrile illness [temperature >38.0 °C] with
one or more respiratory symptoms [nasal discharge, sore throat, or
cough]) were investigated using a questionnaire. In addition, the pres-
ence or absence of irAEs, defined as adverse effects caused by the
administration of ICIs, at 6 months post-vaccination was evaluated using
the medical records at the Kameda Medical Center [20].

2.7. Statistical analysis

Based on previous studies, we hypothesized that patients with lung
cancer who are receiving ICIs have 85% sP against A(H3N2) at 1 month
post-vaccination [14,17,21-23]. The U.S. Food and Drug Administration
(FDA) has established criteria for evaluating influenza vaccine immu-
nogenicity in individuals older than 65 years. The criteria specify that
the lower bound of the two-sided 95% confidence interval (CI) for the
percentage of participants achieving an HI antibody titer of >1:40
should meet or exceed 60% [24]. Following the criteria, we calculated
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the number of cases required to maintain the confidence interval of the
sP within 30%, aiming for a lower limit of 95% CI of the sP exceeding
60%. Based on this calculation, 22 patients were required for immu-
nogenicity analysis. Assuming a 15% dropout rate, the target number of
enrollment patients was set to 25.

Patients with influenza-like symptoms or infections by blood
collection at S1 were excluded because the purpose of this study was
immunogenicity evaluation, not vaccine effectiveness. Immunogenicity
of the influenza vaccine was based on GMT, MFR, sP, sR, and sC. If HI
antibody titer <1:10, the value was replaced by 5. The frequency (per-
centage) of systemic or local reactions was assessed over 14 days for
safety analysis. In addition, we calculated irAE frequency for 6 months
post-vaccination. The significance of an increase in antibody levels
within groups was assessed using the Wilcoxon signed-rank test, and
comparisons between the groups were made using the Wilcoxon rank-
sum or Kruskal-Wallis test. The Student’s t-test along with Fisher’s
exact, Jonckheere-Terpstra, and Cochran-Armitage tests were per-
formed where appropriate. Results with a p-value <0.05 were consid-
ered significant. All analyses were performed using R (R Foundation for
Statistical Computing).

3. Results

All patients received one dose of the quadrivalent influenza vaccine
between November and December 2021. Influenza vaccination was
performed on the same day as the ICI administration, except for one
patient who received the influenza vaccine 21 days after and 7 days
before the regular ICI administration. One patient received steroids for
radiation pneumonitis treatment before the collection of serum samples
at S1. Thus, serum samples at 4-6 weeks post-vaccination were collected
from 23 patients with lung cancer, exceeding the pre-required sample
size of 22 cases for immunogenicity analysis. All 24 patients were
evaluated for safety analyses. During the study period, no subject re-
ported laboratory-confirmed influenza or influenza-like illness.

The characteristics of the 23 patients included in the immunoge-
nicity analyses are shown in Table 1. Their median age was 71 years, and
22 of the patients (96.0%) were men. Fifteen patients (65%) received
influenza vaccination in the 2019/2020 season. The median body mass
index (kg/mz) was 22.4. Adenocarcinoma was the most common his-
tological type of lung cancer (48%). Pembrolizumab, atezolizumab, and
durvalumab were administered to 10 (44%), 7 (30%), and 5 (22%)
patients, respectively, whereas nivolumab was administered to 1 (4%)
patient.

Immune responses to the influenza vaccine in patients with lung
cancer receiving treatment with ICIs are shown in Table 2. The MFR was
3.5 for A(HIN1) (p < 0.001), 3.3 for A(H3N2) (p = 0.001), 2.5 for B
(Yamagata) (p < 0.001), and 3.2 for B(Victoria) (p < 0.001); significant
increases were observed in the MFR for all four strains. Regarding the
primary endpoint, the sP was 65% for A(H1N1), 91% for A(N3N2), 70%
for B(Yamagata), and 52% for B(Victoria). For A(H3N2), the sP was 91%
(95% CI, 72%-99%), as we hypothesized, and the lower 95% CI limit
exceeded 60%, meeting the FDA criteria for the elderly population [24].
The sR and sC were 26%-39% and 26%-35%, respectively.

Table 3 shows the comparison between our study and a previous
study that assessed the immunogenicity of the quadrivalent influenza
vaccine in healthy Japanese individuals [25]. The table also includes the
FDA and European Medicines Agency (EMA) criteria for assessing the
immunogenicity of influenza vaccines [24,26]. The previous study
involved 78 healthy adults aged 20 years and above, with a mean age of
37.8 years [25]; the MFR was 1.3-6.6, sP was 29.5%-98.7%, and sC was
2.6%-76.9%. In our study, the MFR was 2.5-3.5, sP was 52.2%-91.3%,
and sC was 26.1%-34.8%, and a straightforward comparison between
the studies is difficult due to differences in the survey seasons. Never-
theless, regarding the B/Phuket/3073/2013 (Yamagata) strain, which is
identical in both this study and the previous study, the sP was 69.6% in
this study and 67.9% in the previous study, suggesting comparable
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Table 1
Characteristics of the patients with lung cancer included in the immunogenicity
analyses.

Characteristic Patient (N = 23)

Age median (IQR) (years) 71 (66.5-76.5)

Male 22 (96)
BMI (kg/mz) median (IQR) 22.4 (20.6-25.9)
Influenza vaccination in last year 15 (65)
Eastern Cooperative Oncology Group performance status
0 20 (87)
1 3(13)
Smoking
Non-smoker 14
Ex-smoker 20 (87)
Current smoker 2(9)
Histological type
Adenocarcinoma 11 (48)
Squamous cell carcinoma 8(35)
Small cell carcinoma 2(9)
NOS 1@
Pleomorphic carcinoma 14
Tumor stage
I 1@
11 6 (26)
v 4(17)
Recurrence after chemoradiotherapy 209
Recurrence after stereotactic Radiotherapy and cryotherapy 209
Recurrence after surgery 8 (35)
Immune checkpoint inhibitor
Pembrolizumab 10 (44)
Atezolizumab 7 (30)
Durvalumab 5(22)
Nivolumab 14)
Number of cycles of immune checkpoint inhibitor treatment
1-5 7 (30)
6-10 7 (30)
11-15 209
16-20 4 (17)
21-25 29
>26 14
Number of immune-related adverse effects pre-vaccination
Total 3(13)
Rash 14
Isolated ACTH deficiency 14
Hypothyroidism 14)

Data are expressed as n (%) of patients, unless otherwise indicated.
IQR, interquartile range; BMI, body mass index; NOS, not otherwise specified;
ACTH, adrenocorticotropic hormone.

immunogenicity. When the immunogenicity determined in this study
was evaluated according to the FDA criteria, the A(H3N2) strain met the
FDA criteria (sP’s lower limit of 95% CI was 72.0% > 60%), whereas the
other strains did not. Furthermore, when evaluated based on the EMA
criteria, the MFR for all strains exceeded 2.0; except B(Victoria), all
strains met sP > 60%; and except B(Yamagata), all strains met sC > 30%.
Therefore, it can be concluded that all strains meet the EMA criteria.

The immunogenicity of the influenza vaccine for the A(H1N1) strain
is shown in Table 4. No significant differences were observed in GMT at
S1 and MFR, stratified by age and ICI regimens. However, the MFR
tended to be higher in patients with lower pre-vaccination antibody ti-
ters, whereas the sP tended to be higher in patients with higher pre-
vaccination antibody titers. On the contrary, the sR and sC tended to
be higher in patients with lower pre-vaccination antibody titers.

The immunogenicity of the influenza vaccine for the A(H3N2) strain
is shown in Table 5. No differences were observed in the GMT at S1 and
MEFR, stratified by age and ICI regimens. The MFR was significantly
higher at lower pre-vaccination antibody titers. The sP was significantly
higher at higher pre-vaccination antibody titers. The sR and sC were
significantly higher at lower pre-vaccination antibody titers.

The immunogenicity of the influenza vaccine for the B(Yamagata)
strain is shown in Table 6. In the age-stratified analyses, the GMT at S1
and MFR were significantly higher in patients aged <70 years than in
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Table 2
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Immune response to influenza vaccines in patients with lung cancer receiving immune checkpoint inhibitor treatment (n = 23).

Geometric mean titer

Pre-vaccination (S0) Post-vaccination (S1)

Mean fold rise (S1/S0)

Post-vaccination

Seroprotection rate (sP) Seroconversion rate (sC) n (%)

(1 > 1:40): n (%)

Seroresponse rate (sR)
(>4-fold-rise): n (%)

A(HIN1) 11 35 3.5 (p < 0.001)
A(H3N2) 21 53 3.3 (p =0.001)
B(Yamagata) 21 43 2.5 (p < 0.001)
B(Victoria) 10 30 3.2 (p < 0.001)

15 (65) 8 (35) 8 (35)
21 (91) 9 (39) 8 (35)
16 (70) 6 (26) 6 (26)
12 (52) 8 (35) 7 (30)

For statistical analysis, the Wilcoxon rank-sum test was performed. Results with P < 0.05 were considered significant.

Table 3

Comparison between our study and a previous study that assessed the immu-
nogenicity of the quadrivalent influenza vaccine in healthy Japanese in-
dividuals, including the FDA and EMA’s criteria for assessing the
immunogenicity of influenza vaccines.

Mean fold  Post-vaccination

rise (S1/ . .

s0) Seroprotectionrate  Seroconversion rate
(sP) (sC): n (%)
(1 > 1:40): n (%)

FDA criteria for adults >60% (lower limit >30% (lower limit
>65 years of age of 95% CI) of 95% CI)
(reference 24)"

EMA criteria for adults >2.0 >60% >30%

>60 years of age
(reference 26)"

Present study (23 patients with lung cancer receiving ICI, with a median age of 71
years)
A/Guangdong-
Maonan/SWL 1536/
2019 (HIN1)
A/Hong Kong/2671/
201 (H3N2)
B/Phuket/3073/
2013 (Yamagata)
B/Victoria/705/
2018 (Victoria)

3.5 65.2 (42.7-83.6) 34.8 (16.4-57.3)

3.3 91.3 (72.0-98.9) 34.8 (16.4-57.3)

2.5 69.6 (47.1-86.8) 26.1 (10.2-48.4)

3.2 52.2 (30.6-73.2) 30.4 (13.2-52.9)

Previous study (78 healthy individuals, with a mean age of 37.8 years) (reference 25)
A/California/7/2009 1.4 80.8 (72.0-89.5) 7.7 (1.8-13.6)
(HIN1)
A/Switzerland/
9715293/2013
(H3N2)
B/Phuket/3073/
2013 (Yamagata)
B/Texas/2/2013
(Victoria)

6.6 98.7 (96.2-100.0) 76.9 (67.6-86.3)

1.4 67.9 (57.6-81.6) 2.6 (0.9-6.1)

1.3 29.5 (19.4-39.6) 3.9(0.4-8.1)

CI, confidence interval; EMA, European Medicines Agency; HI, HI, hemagglu-
tination inhibition; FDA, Food and Drug Administration.

@ FDA criteria For adults >65 years of age:1) The lower bound of the two-sided
95% CI for the percent of participants achieving seroconversion for HI antibody
should meet or exceed 30%.2) The lower bound of the two-sided 95% CI for the
percent of participants achieving an HI antibody titer of >1:40 should meet or
exceed 60%.

b EMA criteria: the following serological assessments should be considered for
each strain in adult individuals aged over 60 years, and at least one of the as-
sessments should meet the indicated criteria.1) number of seroconversions or
significant increase in anti-hemagglutinin antibody titer >30%. 2) mean geo-
metric increase >2.0. 3) the proportion of participants achieving HI titer >40
should be >60%.

those aged >70 years. In the ICI regimen-stratified analyses, no signif-
icant differences were observed in the GMT at S1 and MFR. The sP
tended to be higher for pre-vaccination titers >1:40.

The immunogenicity of the influenza vaccine for B(Victoria) is
shown in Table 7. No significant differences were observed in the GMT

1041

at S1 and MFR, stratified by age and ICI regimens. The sR was signifi-
cantly higher for lower pre-vaccination antibody titers.

The characteristics of the 24 patients included in the safety analyses
are shown in Table S1. Adverse events in patients with lung cancer
receiving treatment with ICIs are shown in Table 8. Systemic reactions
were observed in seven patients (29%); all systemic reactions were of
grades 1 and 2 and were resolved within a few days. Local reactions
were observed in five patients (21%). Local reactions such as erythema,
swelling, induration, and itching were all grade 1, and the pain was
grades 1 and 2, all of which were resolved within 5 days. An irAE was
observed in one patient (4%) (hypothyroidism, grade 2) within 6
months post-vaccination.

4. Discussion

In this study, influenza vaccination in patients with lung cancer who
were receiving ICIs resulted in a significant increase in GMT for all
strains. Regarding the primary endpoint, the sP was 52%-91%, the sP
for A(H3N2) was 91% (95% CI, 72%-99%), and the lower 95% CI limit
exceeded 60%, meeting the FDA criteria as we hypothesized [24]. The
sR and sC were 26%-39% and 26%-35%, respectively. B/Phu-
ket/3073/2013 (Yamagata) induced equivalent sP levels in this study
and a previous study involving healthy individuals [25], suggesting
similar immunogenicity. Although strains other than A(H3N2) did not
meet the FDA criteria, all strains met the EMA criteria. Adverse reactions
were mild and tolerable. Only one case (4%) (hypothyroidism, grade 2)
of post-vaccination irAE was observed. Considering these results, we
believe the study supports the administration of inactivated influenza
vaccinations in patients with lung cancer who are undergoing ICI
treatment, owing to its acceptable immunogenicity and safety.

A previous study has evaluated immunogenicity in patients with
solid tumors receiving ICIs [16]. In a study conducted in Switzerland,
the sP, after the administration of inactivated influenza virus vaccine,
was 50%-77.8% in 23 patients with solid cancers who were receiving
ICIs, with no difference compared with the sP in healthy subjects [21].
An observational study conducted in France during the 2018/2019
influenza season reported that the sP for A(HIN1) and A(H3N2), after
influenza vaccination in patients with solid tumors (including 25 pa-
tients with lung cancer) who were receiving ICIs, was 63%-71% and
57%-67%, respectively [27]. Furthermore, a prospective study con-
ducted at two Korean core hospitals reported that the sP and sC after
seasonal influenza vaccination were higher in patients with lung cancer
who were receiving ICIs (n = 46) than in patients with cancer who were
receiving cytotoxic drugs (n = 90) [17]. In this study, the sP and sC of
the ICI group were 76%-89% and 52%-65%, respectively, whereas the
sP and sC of the cytotoxic chemotherapy group were 48%-70% and
27%-39%, respectively [17]. In the present study, influenza vaccination
in patients with lung cancer who were receiving ICIs resulted in a sig-
nificant increase in GMT for all strains, 52%-91% of sP, 26%-39% of sR,
and 26%-35% of sC. The influenza vaccination coverage in the previous
year was 65% for all patients in our study, and the proportion of
pre-vaccination antibody titers >1:40 was high, with 4 (17%) cases for A
(HIN1), 10 (43%) for A(H3N2), and 8 (35%) for B(Yamagata). This may
have resulted in the higher sP with lower sR and sC in this study than the
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Table 4
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Immunogenicity of A(H1N1) strain influenza vaccine in patients with lung cancer receiving immune checkpoint inhibitor treatment.

Geometric mean titer

Mean fold rise (S1/

Post-vaccination

N Pre-vaccination Post-vaccination $0) Seroprotection rate Seroresponse rate Seroconversion rate
(S0) (s1) (sP) (sR) (sC)
(1 > 1:40): n (%) (>4-fold-rise): n (%)
Age (years)
<70 11 12 54 4.3 (p = 0.009) 7 (64) 4 (36) 4(36)
>70 12 10 31 3.0 (p =0.011) 8 (67) 4(33) 4 (33)
p=0.616 p =0.365 p =0.452 p =1.000 p =1.000 p =1.000
Sex
Male 22 12 38 3 (p < 0.001) 14 (64) 7 (32) 7 (32)
Female 1 5 320 64 (NA) 1 (100) 1 (100) 1 (100)
p=0.413 p=0.146 p =0.107 p = 1.000 p=0.348 p=0.348
Pre-vaccination titer
<1:10 12 5 25 5 (p = 0.004) 6 (50) 6 (50) 6 (50)
1:10-1:20 7 16 59 3.6 (p = 0.015) 5(71) 2(29) 2(29)
>1:40 4 80 95 1.2 (p =0.391) 4 (100) 0 (0) 0(0)
p < 0.001 p=0.079 p = 0.095 p = 0.063 p = 0.063 p = 0.063
Immune checkpoint inhibitor
Pembrolizumab 10 9 46 5.3 (p = 0.009) 7 (70) 5 (50) 5 (50)
Atezolizumab 7 15 44 3 (p=0.025) 4 (57) 2 (28.6) 2 (28.6)
Durvalumab 5 17 23 1.3(p=0.178) 3 (60) 0(0) 0 (0)
Nivolumab 1 5 160 32 (NA) 1 (100) 1 (100) 1 (100)
p = 0.392 p =0.599 p=0.138 p = 0.910 p=0.136 p=0.136

For statistical analysis, the Wilcoxon rank-sum test, Wilcoxon signed-rank test, Fisher’s exact test, Kruskal-Wallis test, Jonckheere-Terpstra test, or Cochran—-Armitage

test was performed as appropriate. P < 0.05 was considered significant.

NA, not applicable.

Table 5

Immunogenicity of A(H3N2) strain influenza vaccine in patients with lung cancer receiving immune checkpoint inhibitor treatment.

Geometric mean titer

Mean fold rise (S1/

Post-vaccination

N Pre-vaccination Post-vaccination S0 Seroprotection rate Seroresponse rate Seroconversion rate
(S0) (s1) (sP) (sR) (sC)
(1 > 1:40): n (%) (>4-fold-rise): n (%)
Age (years)
<70 1 21 66 3.1 (p = 0.020) 9 (82) 4 (36) 3(27)
>70 12 23 84 3.5 (p = 0.006) 12 (100) 5 (42) 5 (42)
p=0.777 p=10.678 p =0.799 p=0.217 p = 1.000 p = 0.667
Sex
Male 22 22 75 3.4 (p < 0.001) 20 (90.9) 9 (41) 8 (36)
Female 1 40 80 2 (NA) 1 (100) 0 (0) 0 (0)
p =0.537 p=0.814 p =1.000 p =1.000 p =1.000 p =1.000
Pre-vaccination titer
<1:10 5 5 35 7.0 (p = 0.009) 3 (60) 4 (80) 3 (60)
1:10-1:20 8 17 135 8.0 (p = 0.003) 8 (100) 5(63) 5(63)
>1:40 10 61 70 1.1 (p = 0.168) 10 (100) 0 (0) 0(0)
p < 0.001 p=0.146 p < 0.001 p = 0.020 p =0.001 p = 0.008
Immune checkpoint inhibitor
Pembrolizumab 10 23 53 2.3 (p =0.024) 8 (80) 3(30) 2 (20)
Atezolizumab 7 24 108 4.4 (p = 0.047) 7 (100) 3(43) 3(43)
Durvalumab 5 26 106 4.0 (p = 0.129) 5 (100) 2 (40) 2 (40)
Nivolumab 1 5 40 8 (NA) 1 (100) 1 (100) 1 (100)
p =0.580 p=0.423 p=0.711 p=0.526 p=0.683 p =0.426

For statistical analysis, the Wilcoxon rank-sum test, Wilcoxon signed-rank test, Fisher’s exact test, Kruskal-Wallis test, Jonckheere-Terpstra test, or Cochran-Armitage
test was performed as appropriate. Results with P < 0.05 were considered significant.

NA, not applicable.

previously reported values [17,21,27]. A study on the immunogenicity
and safety of a quadrivalent influenza vaccine in Japan referenced in
Table 3 also reported low sC because of high antibody prevalence
pre-vaccination [25].

Furthermore, a previous study reported that adverse reactions to a
quadrivalent influenza vaccine in healthy subjects included 22% sys-
temic and 26% local reactions [22]. In another study involving healthy
individuals, adverse reactions were recorded as follows—systemic re-
actions: fever 1.3%, fatigue 16.7%, joint pain 3.8%, and headache 3.8%
and local reactions: redness/swelling 80.8%, itching 12.8%, and pain
73.1% [25]. The incidence of redness/swelling and pain was high, but
this could be because the study participants were healthcare providers
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who might have observed adverse effects more meticulously and
potentially reported them excessively. In our study, which involved
patients with lung cancer receiving ICIs, the incidence of systemic re-
actions was 29% (fever 0%, fatigue 21%, joint pain 13%, and headache
8%) and that of local reactions was 21% (redness 13%, swelling 17%,
itching 4%, and pain 13%). The majority of these reactions were of grade
1 and all adverse reactions improved within a few days. Therefore, the
adverse reactions to influenza vaccination in patients with lung cancer
who were receiving ICIs were similar to those in healthy subjects in the
previous study and were therefore considered acceptable. In addition,
the number of irAEs due to treatment with ICIs did not increase after
influenza vaccination [16,18]. Consistent with these results, in the
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Table 6

Immunogenicity of B(Yamagata) strain influenza vaccine in patients with lung cancer receiving immune checkpoint inhibitor treatment.
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Geometric mean titer

Mean fold rise

Post-vaccination

N Pre-vaccination Post-vaccination (51/50) Seroprotection rate Post- Seroresponse rate Seroconversion rate
(S0) (S1) vaccination (sP) (sR) (sC)
(1 > 1:40): n (%) (>4-fold-rise): n
(%)
Age (years)
<70 11 27 97 3.5 (p = 0.006) 10 (91) 3(27) 3(27)
>70 12 18 32 1.8 (p = 0.085) 6 (50) 3(25) 3(25)
p=0.157 p = 0.020 p = 0.044 p = 0.069 p = 1.000 p =1.000
Sex
Male 22 22 55 3.3 (p < 0.001) 15 (68.2) 6 (27) 6 (27)
Female 1 20 40 2 (NA) 1 (100) 0 (0) 0 (0)
p = 1.000 p=0.939 p=0.874 p =1.000 p = 1.000 p =1.000
Pre-vaccination titer
1:10-1:20 15 14 44 3.0 (p = 0.007) 8 (53) 5(33) 5(33)
>1:40 8 48 80 1.7 (p = 0.020) 8 (100) 1(13) 1(13)
p < 0.001 p=0130 p = 0.586 p = 0.052 p = 0.369 p = 0.369
Immune checkpoint inhibitor
Pembrolizumab 10 20 46 2.3 (p =0.051) 7 (70) 3 (30) 3(30)
Atezolizumab 7 30 88 3.0 (p = 0.042) 5(71) 2(29) 2(29)
Durvalumab 5 20 26 1.3 (p=0.178) 3 (60) 0 (0) 0 (0)
Nivolumab 1 10 320 32 (NA) 1 (100) 1 (100) 1 (100)
p = 0.865 p =0.552 p = 0.865 p =1.000 p=0.276 p = 0.276

For statistical analysis, the Wilcoxon rank-sum test, Wilcoxon signed-rank test, Fisher’s exact test, or Kruskal-Wallis test was performed as appropriate. Results with P
< 0.05 were considered significant.

NA, not applicable.

Table 7

Immunogenicity of B(Victoria) strain influenza vaccine in patients with lung cancer receiving immune checkpoint inhibitor treatment.

Geometric mean titer

Mean fold rise (S1/

Post-vaccination

N Pre-vaccination Post-vaccination 50 Seroprotection rate Seroresponse rate Seroconversion rate
(80) (1) (sP) (sR) (sC)
(1 > 1:40): n (%) (>4-fold-rise): n (%)
Age (years)
<70 1 11 33 2.9 (p = 0.009) 6 (55) 3(27) 3(27)
>70 12 9 32 3.6 (p = 0.002) 6 (50) 5 (42) 4(33)
p=0.412 p = 1.000 p = 0.647 p = 1.000 p = 0.667 p = 1.000
Sex
Male 22 10 32 3.2 (p < 0.001) 11 (50) 7 (32) 6 (27)
Female 1 10 40 4 (NA) 1 (100) 1 (100) 1 (100)
p =1.000 p=0.755 p=0.521 p =1.000 p=0.348 p=0.304
Pre-vaccination titer
<1:10 7 5 40 8.0 (p = 0.007) 4 (57) 5(71) 4 (57)
1:10-1:20 15 13 29 2.3 (p < 0.001) 7 (47) 3(20) 3 (20)
>1:40 1 40 40 1.0 (NA) 1 (100) 0(0) 0 (0)
p < 0.001 p =0.386 p=0.725 p=0.918 p =0.016 p = 0.063
Immune checkpoint inhibitor
Pembrolizumab 10 9 25 2.8 (p = 0.005) 4 (40) 4 (40) 3(30)
Atezolizumab 7 15 49 3.3 (p =0.037) 6 (86) 2(29) 2(29)
Durvalumab 5 8 35 4.6 (p = 0.086) 2 (40) 2 (40) 2 (40)
Nivolumab 1 10 20 2 (NA) 0 (0) 0(0) 0 (0)
p=0.224 p=0.376 p=0.224 p=0.130 p =1.000 p =1.000

For statistical analysis, the Wilcoxon rank-sum test, Wilcoxon signed-rank test, Fisher’s exact test, Kruskal-Wallis test, Jonckheere-Terpstra test, or Cochran—-Armitage
test was performed as appropriate. Results with P < 0.05 were considered significant.

NA, not applicable.

present study, irAEs were low at 4% (grade 2) during the 6 months
post-vaccination.

In addition to previous studies, the significant increase in GMT for all
strains, high sP, and the absence of an increase in the number of adverse
reactions or irAEs in this study may support influenza vaccination in
patients with lung cancer who are receiving ICIs. Although studies on
the clinical outcomes of influenza vaccine in these patients are still
limited, a recent large multicenter prospective study reported a signifi-
cant reduction in influenza-related complications with vaccination [28].
However, further studies are required to evaluate influenza vaccina-
tion’s immunogenicity and clinical outcomes in patients with cancer
who are receiving ICIs. The administration of a combination of cytotoxic
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anticancer drugs and ICIs has increased in recent years; therefore,
further studies are required to determine the immunogenicity and
effectiveness of influenza vaccines in patients receiving these therapies.

Our study has several limitations. First, the sample size was small,
although the minimum requirement was met. Patient enrollment was
limited by the short period between when the influenza vaccine became
available and vaccination before the expected winter influenza
epidemic. The inclusion of a larger number of patients may provide
more representative results, especially when considering the effects of
different ICI regimens in patients with lung cancer. Second, in our study,
asymptomatic infections could have co-occurred. We monitored all pa-
tients for influenza-like illnesses and no patient confirmed influenza
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Table 8
Adverse events in patients with lung cancer receiving immune checkpoint in-
hibitor treatment post-vaccination.

Patients (N = 24); n (%)

Systemic events

Any 7 (29)
Fever 0 (0)
Fatigue 5(21)
Joint pain 3(13)
Headache 2(8)
Rash 2 (8)
Local reactions
Any 5(21)
Redness 3(13)
Swelling 4(17)
Induration 3(13)
Itch 14
Pain 3(13)

during the study period. Therefore, concurrent infection was not suffi-
ciently evident to invalidate the obtained results. Third, we did not re-
cruit healthy controls in this study. However, we have referenced the
data of healthy individuals from a previous study [25]. Regarding the
B/Phuket/3073/2013 (Yamagata) strain, which was included in the
vaccines in both this study and the previous study, the sP values were
equivalent, suggesting comparable immunogenicity. Although strains
other than A(H3N2) did not meet the FDA criteria, all strains met the
EMA criteria. Given the tolerable adverse events, this study supports
influenza vaccination in the study population. Fourth, as mentioned, the
high proportion of the pre-vaccination antibody titers >1:40 of the study
population may have affected the high sP. The high pre-vaccination ti-
ters may be because of high influenza vaccination coverage and previous
undiagnosed infection in this population. In Japan, the annual influenza
vaccination coverage among elderly individuals is high, approximately
70% [29]. Similar results may not be obtained in a population with low
pre-vaccination antibody titers.

5. Conclusions

In this study, influenza vaccination in patients with lung cancer
receiving ICIs resulted in a significant increase in GMT for all strains and
a high sP (52%-91%). The adverse reactions and irAEs were considered
acceptable. The study results support the recommendation for annual
influenza vaccination in this population. Further studies assessing
influenza vaccine effectiveness in these patients are required to
strengthen the evidence supporting influenza vaccination.
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