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ABSTRACT

Background

Influenza vaccination is recommended in cancer patients to reduce influenza-related
complications. Recently more immune related adverse events (irAE) were demonstrated
in lung cancer patients who were vaccinated with the trivalent seasonal influenza vaccine
during anti-PD1 immunotherapy. Confirmation of these findings is essential before recom-
mendations on influenza vaccination may be revoked.

Methods

In this cohort study in lung cancer patients receiving nivolumab 3 mg/kg every two weeks
during two influenza seasons (2015/16 - 2016/17) irAEs have been monitored. Incidence,
timing and severity of irAEs were compared between vaccinated patients and non-
vaccinated patients.

Findings

In a compassionate use program 127 lung cancer patients had been treated with at least
one dose of nivolumab during two national influenza vaccination campaigns from Sep-
tember until December of 2015 and 2016. Forty-two patients had received the influenza
vaccine and 85 patients were not vaccinated. Median follow up period was 118 days (IQR
106-119). Mean age was 64 years (range 46-83).

In vaccinated and non-vaccinated patients the incidence of irAEs was 26% and 22%,
respectively, rate ratio 1.20 (95% Cl 0.51 - 2.65). The incidence of serious irAEs was 7%
and 4%, respectively, rate ratio 2.07 (95% Cl 0.28 - 15.43). Influenza vaccination during
nivolumab did not result in significant differences in rates of discontinuation, death, clini-
cal deterioration or tumour response between groups.

Interpretation

Influenza vaccination in lung cancer patients receiving anti-PD-1 immunotherapy does not
induce immune related adverse events in our cohort. With this result, influenza vaccina-
tion should not be deterred from this group of patients.
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INTRODUCTION

Immunotherapy has become a standard novel treatment option for several malignancies
and across all tumour stages. The immune system plays a critical role in fighting off cancer
by detecting and controlling the proliferation of malignant cells.[1] CD8+ T cells are key
players in the anti-tumour immune response and these cells have therefore been an
important target forimmunotherapeutic interventions. Immune checkpoints on activated
T cells are inhibitory pathways that modulate the intensity and the extent of the immune
response, preventing persistent immune activation and autoimmunity.[2] The anti-
tumour response of the immune system can be enhanced by blocking these checkpoint
inhibitors by use of antibodies against CTLA-4 (ipilimumab), programmed death receptor
1(PD-1) (nivolumab and pembrolizumab) and its ligands (PD-L1 (atezolizumab, avelumab,
durvalumab) and PD-L2.[2,3] Currently approved indications include melanoma, renal cell
carcinoma, non-small cell lung cancer, urothelial carcinoma, head and neck cancer, Merkel
cell carcinoma and Hodgkin’s lymphoma, and new indications are under investigation.[4]

Anti-PD1 induced stimulation of the immune system can cause immune-related adverse
events in 0.2-5.6% per organ system.[5] Immune-related adverse events (irAEs) are affect-
ing the endocrine organs, skin, colon, liver, lungs, kidney and pancreas, but all other or-
gans may be affected.[6] Although it is believed that the adverse events are a result of the
disrupted immunologic homeostasis, the exact pathogenesis is still poorly understood.[7]
Furthermore, flares of underlying autoimmune disease have been documented in patients
receiving checkpoint inhibitors.[8]

Cancer patients are eligible for influenza vaccination due to their increased risk of develop-
ing complications when infected with seasonal influenza viruses and because influenza in-
fections result in interruptions of cancer treatment.[9] Patient with lung cancer commonly
have additional reduction of pulmonary function due to COPD and would benefit from
influenza vaccination.[10] Additionally, symptoms caused by respiratory tract infections
such as influenza infection can be similar in presentation to pulmonary immune-related
adverse events, posing therapeutic dilemmas about continuation of immunotherapy
or initiation of immunosuppressive agents to alleviate irAEs. Finally, since it was found
that antibiotic use or change in microbioma may inhibit the clinical benefit of checkpoint
inhibitors, interventions during immunotherapy should be applied that reduce the chance
of febrile episodes leading to undesired administration of empiric antibiotics.[11] In order
to reduce the possibility of influenza virus infection to cause a clinical deterioration in
patients with multiple pulmonary co-morbidities and because of above mentioned con-
siderations, seasonal influenza vaccination of patients treated with chemotherapy should
be strongly advocated.[12]
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It is not known whether administration of additional antigens to cancer patients receiv-
ing immunotherapy, for example due to vaccination, may result in a higher incidence
of vaccine-related adverse events or (serious) irAEs. Recently, Laubli and colleagues
demonstrated an unexpected high incidence of 52% of irAEs in a cohort of 23 patients
undergoing treatment with PD-1/PD-L1 antibodies.[13] Influenza vaccination proved to be
immunogenic during anti-PD1 immunotherapy, because no differences between patients
and healthy controls in vaccine-induced antibody titers against the included influenza
antigens were observed.

Confirmation of these findings in larger cohorts is required and should clarify whether the
reported results in a small number of subjects should translate into a deferral or even a
contra-indication of influenza vaccination, which is a universally recommended measure
in cancer patients to decrease influenza-related complications. Therefore, we investigated
the effect of the influenza vaccination on the incidence of irAEs in a uniform cohort of lung
cancer patients undergoing checkpoint blockade treatment with antibodies against PD-1.

MATERIALS AND METHODS

We performed a cohort study comparing the incidence of irAEs and serious irAEs in the
influenza vaccinated subgroup versus the unvaccinated subgroup. Ethical approval was
obtained from the Medical Ethical Committee of the Antoni van Leeuwenhoek Hospital in
Amsterdam, the Netherlands.

Study Population

Patients were identified in the nivolumab compassionate use program database of the An-
toni van Leeuwenhoek hospital in Amsterdam. This database contains demographic data
and prospectively collected clinical course and response data of patients with advanced
lung cancer receiving intravenous administration of nivolumab 3 mg/kg every two weeks.
Patients who had been administered at least one dose of nivolumab during the influenza
vaccination seasons between September 1st and January 1st of 2015-16 or 2016-17 were
enrolled. In the Netherlands, persons at risk from complications of influenza infections -
all people aged 60 year or older and people with specified chronic diseases - are invited by
their general practitioner for vaccination with a trivalent inactivated influenza vaccine free
of charge between October and December.

The influenza vaccination status of the patients was obtained retrospectively via a short
questionnaire sent to the general practitioners of those patients. Patients were included
in the vaccinated group if they received an influenza vaccination after they started the
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nivolumab treatment or if they were vaccinated at most 30 days before receiving the first
dose of nivolumab. All other patients, including those who had been vaccinated more than
30 days before receiving the first dose of nivolumab, were included in the non-vaccinated

group.

Assessment

Demographic data, medical history, tumour stage at the start of treatment, adverse events,
the grade of the adverse events and the tumour response after vaccination were evalu-
ated. From date of vaccination, the follow-up period was until March 1st of the following
year. Non-vaccinated patients were included as controls with an identical follow-up period
to determine the incidence of irAEs: the median date of influenza vaccination in the other
group until March 1st of the following year. Adverse events were classified in irAEs and
non-immune-related adverse events (non-irAE) by two investigators, unaware of the vac-
cination status, according to the classification criteria described by J.B.A.G. Haanen and
colleagues.[14] The incidence of irAEs in influenza vaccinated group versus unvaccinated
group is the primary outcome. Secondary outcome measures were grading of the adverse
events, incidence of serious irAEs and non-irAEs and tumour effect. Grading of the adverse
events was done according to the Common Terminology Criteria for Adverse Events,
version 4.0. Possible effects on the tumour response were assessed with the use of the
Response Evaluation Criteria in Solid Tumours.[15] For this assessment, the first available
CT-scan after the vaccination date, or median vaccination date in the control group, was
compared to the latest CT-scan before this date.

Statistical analysis

Descriptive statistics of baseline demographic and clinical characteristics were composed
both for the vaccinated and for the unvaccinated group. Variables were checked for
normality and means or medians were calculated accordingly. Differences in the average
age and average time until irAEs occurred between both groups were analysed by inde-
pendent sample t-tests. Treatment duration was compared using Mann-Whitney U tests
and ordered logistic regression was used to compare the treatment response of the two
groups.

Differences in the rate of adverse events, irAEs and serious irAEs, differences in sex and

differences in treatment discontinuity between the two study groups were analysed by
Fisher exact tests and Chi square tests. SPSS version 23 was used for statistical analyses.
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RESULTS

The compassionate use program database included a total of 213 patients with non-small
cell lung cancer who underwent treatment with nivolumab. Four patients contributed
twice because they received nivolumab treatment during the inclusion window both in
2015 and in 2016. The total number of eligible cases was therefore 217. From this cohort,
131 cases had been administered at least one dose of nivolumab between September
1st and January 1st. From these 131 cases, 42 had been vaccinated: four before receiv-
ing the first dose of nivolumab (median 11, range 1 - 26 days), 33 during treatment with
nivolumab and five after receiving the final dose of nivolumab (median 26, range 20 - 61
days). For four cases the vaccination states could not be retrieved (Figure 1.). The median
vaccination date was November 2™,

Treated with nivolumab

217 cases
Not treated during
vaccination period
86 cases
Treated during
vaccination period
131 cases
Vaccinations status
could not be retrieved
4 cases
Vaccinated Control
42 cases 85 cases

Figure 1. Flowchart of selection process.

The final analysis consisted therefore of 42 cases in the vaccinated group and 85 cases in
the control group. Baseline characteristics are shown in table 1. The study population had
a mean age of 63 years. The vaccinated group was marginally older than the unvaccinated
group, but the difference reached significance. No significant differences were found in
sex, treatment duration and treatment intensity between the vaccinated group and the
control group.
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Table 1. Baseline characteristics of the patients receiving immunotherapy, contrasting those who were vac-
cinated with trivalent inactivated influenza vaccine and those who were not vaccinated.

Total n=127 Vaccinated n=42  Controln=85  p-value

Mean age (95% CI)® 62.6(61.2-64.1) 64.8(62.4-67.1) 61.6(59.7-63.5) 0.04
Male 61 (48.0%) 23 (54.8%) 38 (44.7%) 0.29
Clinical stage 0.70
1T 6 (4.7%) 1(2.4%) 5 (5.9%)
/v 2 (1.6%) 1(2.4%) 1(1.2%)
\" 119 (93.7%) 40 (95.2%) 79 (92.9%)
Median nr. of cycles nivolumab received at 5.5(3-12)° 45(2-14)° 6(3-12) 0.66
vaccination/start FU® (IQR)®
Median treatment duration in days at 78 (28-174)  58.5(18-211)° 81.5(40-165)  0.60
vaccination /start FU® (IQR)®
Median nr. of cycles nivolumab received at 9(5-15) 9.5(4-18) 9(6-14) 0.71

end FU (IQR)*

Median treatment duration in days at end FU® 132 (70-222) 125(39-281) 134 (72-213) 0.95
(IQR)°

a 95% confidence interval d 106 cases eligible
b Follow-up e 38 cases eligible
¢ Interquartile range f 68 cases eligible

The median follow-up duration did not differ significantly between both groups. (107 and
118 days in the vaccinated and control group, respectively)

In the vaccinated group, 11 irAEs were observed during follow up (incidence of 26%), whilst
19irAEs were found in the control group (incidence of 22%). The vaccinated group was not
at a significantly higher risk of developing irAEs, rate ratio 1.20 (95% confidence interval
0.51 - 2.65). The most commonly observed immune-related adverse events were toxicities
of the endocrine organs (incidence of 8%), followed by pulmonary adverse events. Also
the risk of serious irAEs (grade 3-5) was not significantly higher in the vaccinated group
compared to the control group, rate ratio 2.07 (95% confidence interval 0.28 - 15.43).
Three serious irAEs were found both in the vaccinated group (incidence of 7%) and in the
control group (incidence of 4%) (Table 2).

A sub-analysis was done excluding the four cases that had been vaccinated in the 30 days
before the first dose of nivolumab. Thirty-eight cases from the vaccinated group remained
eligible. Also in this analysis, no significant increased risk was found for developing irAEs,
rate ratio 1.20 (95% confidence interval 0.50 - 2.71) or serious irAEs, rate ratio 1.52 (95%
confidence interval 0.13 - 13.25).
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Table 2. Outcome parameters

Total n=127 Vaccinated n=42 Control n=85 Rate Ratio

[13393 days]®

[4367 days]®

[9026 days]*

[Cl-interval]

Adverse events 67 (53%) 22 (52%) 45 (53%) 1.01[0.58-1.71]
irAEs (all grades) 30 (24%) 11 (26%) 19 (22%)  1.20[0.51 - 2.65]
Endocrine 3 (7%) 7 (8%)
Pulmonary 4 (10%) 4 (5%)
Gastrointestinal 1 (2%) 2 (2%)
Hepatic 1(2%) 2 (2%)
Arthritis 1(2%) 1(1%)
Neurological 1(2%) 0
Skin 0 1(1%)
Other 0 2 (2%)
Serious irAEs (grade 3-5) 6 (5%) 3 (7%) 3 (4%) 2.07[0.28 - 15.43]
Gastrointestinal 1 (2%) 1 (1%)
Hepatic 1 (2%) 1(1%)
Neurological 1 (2%) 0
Skin 0 1 (1%)
Outcome
Death 26 (20%) 11 (26%) 15 (18%) p=0.26°
Discontinuation due to irAEs 6 (5%) 2 (5%) 4 (5%) p=1.00°
Discontinuation due to progression or 62 (49%) 21 (50%) 41 (48%) p=0.85"

clinical deterioration

a Total person-time in follow-up
b P-value fisher exact test

A second sub-analysis was done including only those patients that had been vaccinated
in between bi-weekly infusions with nivolumab (n=33). No significant increased risk was
found for developing irAEs, rate ratio 1.33 (95% confidence interval 0.55 - 3.01) or serious
irAEs, rate ratio 1.69 (95% confidence interval 0.14 - 14.72).

Furthermore, the total number of adverse events showed no significant differences be-
tween the vaccinated group and the controls, rate ratio 1.01 (95% confidence interval 0.58
- 1.72). No significant difference was observed in the time until irAEs occurred as well. In
the vaccinated group, the mean time from the date of vaccination until a first irAE occurred
was 47.6 days, whereas in the control group, the mean time until a first irAE occurred was
58.7 days (p=0.41, 95% Cl -38.67 - 16.45).

No difference in treatment discontinuation as a result of irAEs was found between both
groups. The total number of patients that had stopped their nivolumab therapy at the end
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of the follow-up period (due to irAEs or clinical deterioration or progression) was similar
in both groups (55% in the vaccinated groups versus 53% in the control group, p=0.85).
Tumour response and mortality did not differ between both groups.

To control for the difference in age between the two study groups, a sub-analysis was
performed including patients above the age of 50 only: 41 patients in the vaccinated group
and 75 patients in the control group. Mean age was not significantly different between
groups (p=0.22). In this subgroup, the vaccinated cases were not at higher risk for develop-
ing irAEs, rate ratio 1.36 (95% confidence interval 0.58 - 3.16) or serious irAEs, rate ratio
1.86 (95% confidence interval 0.25 - 13.86) compared to the controls.

DISCUSSION

Our study demonstrates that there is no significant difference in the likelihood of immune-
related adverse events and serious immune-related adverse events between patients who
have received influenza vaccination and in patients without. Furthermore, no significant
differences in treatment outcome, discontinuation rates or tumour response were ob-
served between the two groups.

The overall incidence of irAEs found in our study (24%) is comparable with the incidence
of 26.5% found by El Osta et al. in a meta-analysis including 1259 patients treated with
antibodies against PD-1.[16] Furthermore, the rate of serious irAEs found in our study (5%)
is consistent with the 7% rate found in this meta-analysis. Our study experienced little
drop-out with only four cases missing in the final analysis and the results of sub-analyses
were consistent with our general findings. Further strengths of our study are a uniform
cancer type and stage and a single drug being explored.

Our study had some limitations that are inherent to the design of the study. We did not
collect anti-influenza antibodies or immunological markers to elucidate the markers as-
sociated with the development of irAEs. Due to the period of observation of five months
at most, the occurrence of late sequelae could not be determined. However, due to the
immunologic rationale underlying the potential increase in irAEs, it is expected that irAEs
would occur within the usual time frame. Since registration of vaccine-related adverse
events was missing, a potential increase in reactogenicity of the vaccine cannot be ruled
out. Possible influenza infections during treatment were not monitored and therefore
vaccine effectiveness cannot be established in our cohort. Vaccine effectiveness will likely
be preserved, because the study by Laubli et al. did not observe significant differences be-
tween patients treated with checkpoint inhibitors and healthy controls in vaccine-induced
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antibody titers against all tree viral antigens of the inactivated influenza vaccine.[13]
Furthermore, the number of temporary interruptions of immunotherapeutic treatment
because of influenza-related complications was not measured in this study. The vacci-
nated group was on average three years older than the control group, but in sub-analyses
including only older patients similar outcomes regarding the risk of adverse events were
found, strengthening our assumption that the small difference in age is unlikely to have
influenced our results. Finally, we do not know the reason for not vaccinating the patients
in the control group. Notwithstanding, we believe it is unlikely that the unknown reason
would have affected the incidence of irAEs.

With the increased sample size of our study, we could not confirm the findings in the small
study by Laubli and colleagues who reported a statistically significant increased rate of
immune-related adverse events in patients who received an influenza vaccination whilst
undergoing checkpoint blockade. However, our study does not provide a definitive an-
swer, because it is underpowered to detect a very small, but significant increase in the risk
of irAEs.

The immunological mechanisms potentially associated with an increased risk of irAEs
when patients receiving checkpoint inhibitors are vaccinated with the non-adjuvanted
inactivated influenza vaccine are not clear. Whether vaccines induce or aggravate autoim-
munity has been debated at length without a definitive verdict, but accidental reports
do hint at that association, potentially related to particular adjuvants, described as the
autoimmune/inflammatory syndrome induced by adjuvants (ASIA syndrome).[17] How-
ever, the trivalent inactivated influenza vaccine does not contain adjuvants. Therefore,
considering the uncertainties about the aetiology of autoimmune phenomena related
to vaccination, whether pathophysiological pathways resulting in these vaccine-related
adverse events coincide with those in irAEs related to checkpoint inhibitors, and which
host factors predispose patients to the occurrence of irAEs, potential immunological
causality needs to be clarified. As such, possible explanations remain speculative. Reas-
suringly, in our observational study no safety alarm about the combination of influenza
vaccination and immunotherapy became apparent. Until more data is available from long-
term prospective studies or the observation of an increase in the incidence of irAEs due to
concurrent vaccination with other non-adjuvanted vaccines - such as the polysaccharide
pneumococcal vaccine - or adjuvanted vaccines - such as the conjugated pneumococcal
vaccine - during immunotherapy becomes apparent, influenza vaccine appears safe. As
a consequence, seasonal influenza vaccination can still be advocated in cancer patients
receiving anti-PD1 immunotherapy.
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