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ABSTRACT

The incidence of severe immune-related adverse events (irAEs) in cancer subjects receiving immune
checkpoint inhibitors (ICls) following COVID-19 vaccination and the relationship between the incidence
of severe irAE and the interval between COVID-19 vaccination and ICl dose have not been established. We
performed a retrospective study evaluating the incidence of irAEs in solid tumor subjects receiving ICl
therapy who received any COVID-19 vaccinations since FDA authorization. irAEs were defined as severe
with one or more grade 3 or above events (CTCAE v5.0), multiple organ involvement, or requiring
hospitalization for management. Two hundred and eighty-four subjects who received COVID vaccina-
tions from December 2020 and February 2022 were included in this analysis [median age at vaccination
67 years (IQR 59.0-75.0); 67.3% male]. Twenty-nine subjects (10.2%) developed severe irAEs, of which 12
subjects (41.4%) received ICI monotherapy, 10 subjects (34.5%) received combination ICl therapy with
nivolumab and ipilimumab, and 7 subjects (24.1%) received ICI plus VEGFR-TKI therapy. Hospitalization
occurred in 62% of subjects with severe irAEs, with a median duration of 3 days (IQR: 3.0-7.5 days).
Immunosuppressive therapy was required in 79.3%, with a median duration of 103 days (IQR: 42.0-179.0).
ICl therapy was discontinued in 51.7% of subjects with severe irAE; dosing was held or interrupted in
34.5%. Among severe irAEs, the median interval between vaccination and ICl treatment closest to the
occurrence of severe irAE was 15.5 days (IQR: 10.0-23.0). In solid tumor cancer subjects receiving ICls,
COVID-19 vaccination is not associated with an increased incidence of severe irAEs compared to historical
data and may be safely administered during ICl cancer therapy in subjects who lack contraindications.
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Introduction

The COVID-19 pandemic has presented numerous disrup-
tions for cancer subjects, including delays in diagnosis and
treatment.' In addition, cancer subjects may have up to a five-
fold increased mortality risk with COVID-19 infection.>” Due
to the number of COVID-19-related concerns in cancer sub-
jects, when three vaccines were granted Emergency Use
Authorization (Pfizer Bio-N- Tech, Moderna, and Johnson
and Johnson), cancer subjects were prioritized in CDC distri-
bution guidelines.* In addition, oncology professional organi-
zations, including ASCO, ESMO, and NCCN, have endorsed
vaccination for all eligible persons, including both cancer sub-
jects undergoing treatment and cancer survivors 6 months of
age and older, based on FDA-approved indications or emer-
gency use authorization (EUA).””” Cancer subjects may also be
more willing than the public to be vaccinated against
COVID-19.°

The first immune checkpoint inhibitor (ICI), ipilimumab,
was approved for metastatic melanoma in 2011. Since then, six
additional ICIs have been approved for numerous other cancer
indications. Subsequently, the estimated proportion of cancer
subjects eligible to receive immunotherapy increased from

1.54% in 2011 to 43.63% in 2020.” With the introduction and
expansion of ICI therapy for the adjuvant and metastatic
treatment of malignancies, the profile of adverse events in
subjects receiving anti-cancer therapy has also markedly chan-
ged. Immune-related adverse events (irAEs) include autoim-
mune toxicities in many organ systems, with varying severity
from mild to life-threatening.'°

There has been a concern that concurrent infection with
COVID-19 while receiving ICIs may worsen irAE, and the
adequacy of antibody response to vaccination against
COVID-19 in subjects receiving ICIs may be altered.'" subjects
with cancer receiving ICIs have been found to have likely
adequate cell-mediated immune responses to the influenza
vaccine.'”> A pooled analysis of 21 studies with over 5000
cancer subjects found that serological response to COVID-19
vaccine was weaker and more heterogeneous in subjects with
cancer compared to healthy controls, the serologic response
was higher with second dose of vaccine, and seroconversion in
subjects with hematological malignancies was significantly
lower than that in subjects with solid tumors."?

Studies evaluating the short-term safety of COVID-19 vac-
cines in subjects receiving anti-cancer therapy have generally
shown the vaccines to be safe and tolerable in terms of local
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and systemic effect.'*'® For example, one prospective obser-
vational study found that subjects with cancer developed
poorer immune responses to the first dose of the Pfizer -
BioNTech BNT162b2 vaccine than healthy controls.
However, immunogenicity in subjects with cancer increased
significantly in the two weeks following the second dose of
BNT162b2. Additionally, this study found that the vaccine was
overall well-tolerated, with 54% of subjects reporting no toxi-
cities following their first dose and 71% following their second.
The most common reaction reported was injection site pain
within the 7 days following administration (35%).'* One
potential confounder in administering the COVID-19 vaccine
to cancer subjects receiving ICI therapy is the regional
lymphadenopathy that can develop after vaccination, which
can, in some cases, confound the interpretation of cancer
response.' >’

The American Society of Clinical Oncology recommends
strategies such as providing the vaccine in between cycles of
therapy and after appropriate waiting periods for subjects
receiving stem cell transplants and immune globulin treatment
to reduce the risks while maintaining the efficacy of
vaccination.” The incidence of severe immune-related side
effects in subjects receiving ICIs following COVID-19 vaccina-
tion and the relationship between incidence of severe irAEs
and the time interval between COVID-19 vaccination and ICI
dose has not been established.

In this retrospective chart review, we aim to evaluate the
incidence severe ICI-immune-related adverse events in sub-
jects with solid tumors who have concurrent COVID-19 vac-
cination and ICI cancer therapy.

Materials and methods
Study design, eligibility, and procedures

This study was an IRB-approved, institutional, retrospective
cohort study evaluating cancer subjects who received treat-
ment with any of the FDA-approved immune checkpoint
inhibitors and at least one dose of COVID-19 vaccine. subjects
were grouped into cohorts by cancer type including mela-
noma, renal cell carcinoma (RCC), urothelial/bladder carci-
noma, hepatocellular cancer (HCC), gynecologic cancers,
squamous cell carcinoma of the head and neck (H&N), and
squamous cell carcinoma of the skin (SCC). subjects were
eligible if they received at least one dose of FDA-authorized
vaccination against COVID-19 and at least one treatment with
an immune-checkpoint inhibitor, either as monotherapy or in
combination. subjects were identified using the University of
Colorado/UCHealth electronic medical record database search
including pharmacy records.

Data collection

Information was obtained from review of electronic medical
records. Data collected included baseline demographics, can-
cer treatment history, COVID-19 vaccination history, and the
occurrence of severe immune-related events and their seque-
lae. Immune-related events were defined as severe if they
satisfied one or more of the following criteria: grade 3 or

above as designated by the Common Terminology Criteria
for Adverse Events (CTCAE) version 5.0,'® multiple organ
involvement or requiring hospitalization for management.
Severe irAEs were included in the analysis if they were not
present prior to vaccination or if their baseline status worsened
to meet the criteria for a severe irAE following immunization.

End points

The primary end point of this study was the incidence of severe
immune-related adverse events in subjects who received treat-
ment with an ICI within 90 days of vaccination. The secondary
end points included requirement for and duration of immu-
nosuppressive therapy in subjects who experienced a severe
irAE, median time between vaccination and ICI treatment in
subjects who experienced a severe irAE, and discontinuation
rate following severe irAE.

Statistical analysis

Descriptive statistics are presented for baseline characteristics
of the entire subject population and by cohort. For categorical
variables, the frequencies and percentage were calculated. For
continuous variables, the median and interquartile range
(IQR) were reported. In addition, the frequency of the inci-
dence, estimated percentage and the 95% exact confidence
interval were reported for the severe irAE for all subjects and
by cohort. All statistical analyses were performed by an inde-
pendent statistician to ensure unbiased data review. Statistical
analyses were conducted on R version 4.1.0."

Results
Participant demographic and clinical characteristics

Two hundred eighty-four subjects who received COVID vac-
cinations from December 2020 and February 2022 were
included (Table 1). The median age at the time of first
COVID-19 vaccination was 67 years (IQR 59.0-75.0); 67.3%
of participants were male. Most subjects were treated with ICI
monotherapy (70.8%), 18.7% were treated with combination
ICI-ICI therapy, and 10.5% were treated with the combination
of ICI plus an additional agent including chemotherapy,
a tyrosine kinase inhibitor, or monoclonal antibody. The
most common cancer types were melanoma (41.5%, 118 sub-
jects), renal cell carcinoma (RCC, 20.4%, 58 subjects), and
bladder cancers (14.1%, 40 subjects). The Pfizer Bio-N-Tech
vaccine was received by 55.6% subjects, Moderna vaccine by
42.3% subjects, and Johnson and Johnson vaccine by 2.1%
subjects. At the time of data cutoff, most subjects (74.6%)
received three or more COVID-19 vaccine doses; 21.1%
received two doses, and 3.9% received one dose.

Treatment to vaccination interval

In 35.9% of all subjects, the interval between ICI and SARS-
CoV-2 vaccine was<7 days. 51.7% of severe irAEs occurred
after the second vaccine dose, and 31% occurred after the
third dose. Among all subjects who experienced severe irAEs,



Table 1. Baseline characteristics for all subjects.
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SirAE: Yes SirAE: No Total
Characteristic (N=29) (N =255) (N=284)
Age at first COVID vaccination Median (IQR) 66.5 (56.2 to 71.0) 67.0 (59.8 to 75.0) 67.0 (59.0 to 75.0)
Gender Male 19 (65.5) 172 (67.5) 191 (67.3)
Female 10 (34.5) 83 (32.5) 93 (32.7)
Race White 26 (89.7) 237 (92.9) 263 (92.6)
Black 1(3.4) 5(2.0) 6 (2.1)
Asian 2 (6.9) 2(0.8) 4(1.4)
Other 0 (0.0) 11 (4.3) 11 (3.9)
Ethnicity Hispanic 2 (6.9) 17 (6.7) 19 (6.7)
Non-Hispanic 27 (93.1) 238 (93.3) 265 (93.3)
ICI therapy type Monotherapy 12 (41.4) 189 (74.1) 201 (70.8)
Combo ICI-ICI 10 (34.5) 43 (16.9) 53 (18.7)
Combo ICI-Other 7 (24.1) 23(9.0) 30 (10.5)
Manufacturer of vaccination received Pfizer 16 (55.2) 142 (55.7) 158 (55.6)
Moderna 12 (41.4) 108 (42.3) 120 (42.3)
Johnson and Johnson 1(3.4) 5(2.0) 6(2.1)
Number of COVID-19 vaccinations received (10.2) 1 134 10 (3.9) 11 (3.9)
2 8 (27.6) 52 (20.4) 60 (21.1)
3 20 (69.0) 192 (75.3) 212 (74.6)
(Missing) 0 (0.0) 1(0.4) 1(0.4)
Shortest interval between most recent ICl dose and vaccination >7 days 20 (69.0) 162 (63.5) 182 (64.1)
<7 days 9(31.0) 93 (36.5) 102 (35.9)
Cancer type Bladder 6 (20.7) 34 (13.3) 40 (14.1)
Gynecologic 0 (0.0) 15 (5.9) 15 (5.3)
Head & Neck 0 (0.0) 15 (5.9) 15 (5.3)
Hepatocellular carcinoma 1(3.4) 18 (7.0) 19 (6.7)
Melanoma 10 (34.5) 108 (42.4) 118 (41.5)
Renal cell carcinoma 11 (37.9) 47 (18.4) 58 (20.4)
Squamous cell carcinoma 134 18 (7.0) 19 (6.7)

SirAE = Severe immune-mediated adverse event.
ICI = Immune checkpoint inhibitor.

ICI-Other = ICl plus chemotherapy or vascular endothelial growth factor receptor tyrosine kinase inhibitor or monoclonal antibody.

the median interval between vaccination and ICI treatment
closest to the occurrence of severe irAE was 15.5 days (IQR:
10.0-23.0). The breakdown of clinical characteristics by cancer
cohort is presented in Table 2.

Incidence of severe immune-related adverse events

Severe irAEs occurred in 29 subjects (10.2%), including 11
subjects with RCC, 10 subjects with melanoma, 6 subjects
with bladder cancer, and 1 subject each with hepatocellular
carcinoma (HCC) and squamous cell carcinoma (SCC)
(Table 3). Among subjects who experienced severe irAFs,
12 subjects (41.4%) received ICI monotherapy (1 RCC, 6
bladder, 3 melanoma, 1 HCC, 1 SCC), other 10 subjects
(34.5%) received combination ICI therapy with nivolumab
and ipilimumab (3 RCC and 7 melanoma), and 7 subjects
received ICI plus VEGFR-TKI (all RCC). No severe irAEs
were recorded in subjects with head and neck cancers or
gynecologic cancers. Hospitalization was required for man-
agement of severe irAE in 62% of subjects with severe
irAEs (Table 4) with a median length of stay of 3 days
(IQR: 3.0-7.5 days). Immunosuppressive therapy (i.e., ster-
oids) was required in 79.3% of subjects with severe irAEs,
with a median immunosuppressive therapy duration of
103 days (IQR: 42.0-179.0). ICI therapy was discontinued
in over 51.7% subjects who experienced severe irAE and
ICI dosing was held or interrupted in another 34.5%
subjects.

Discussion

Our retrospective study reported the incidence of severe
immune-related adverse events in cancer subjects receiving
immune checkpoint inhibitor therapy and who were vacci-
nated against Sars-CoV-2. We found that severe irAE
occurred in 29 of 284 subjects on ICI therapy (10.2%),
“most commonly in subjects with melanoma, RCC, and
bladder cancer as these subjects made up most subjects in
this study. The rates of severe irAE varied among the various
cancer cohorts (0% in H&N and gynecologic, 5.3% in HCC
and SCC, 8.5% in melanoma, 15% in bladder, and 19% in
RCC cohorts), most likely reflecting the higher number of
subjects, use of combination ICI therapy, and more pro-
longed ICI exposure as standard of care in the later cohorts.
The rates of hospitalization and need and duration of immu-
nosuppressive therapy for treatment of severe irAEs are
similar to those seen in routine clinical practice.

The incidence of severe irAE in our study is lower than
previously reported incidence of G3 and higher AEs with the
combination of nivolumab and ipilimumab (18% in melanoma
subjects, 46% in RCC subjects), pembrolizumab monotherapy
(10.1%-13.3% in melanoma subjects, 15% in bladder cancer
subjects), and nivolumab monotherapy (18% in bladder cancer
subjects, 19% in RCC subjects, and 14-22% in melanoma
subjects).”**

A recent retrospective study of 408 cancer subjects by
Widman and colleagues similarly reported that administration
of a COVID-19 mRNA vaccine within 90 days of ICI treatment
was not associated with an increased incidence of irAEs (6% of
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Table 2. subject characteristics by cancer cohort.
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11 (3.9)

4 (3.4) 2 (5.0) 1(5.3)

4(6.9)

Number of COVID-19

vaccinations received

60 (21.1)

3 (20.0)
12 (80.0)

11 (9.3) 11 (27.5) 8 (42.1) 5(26.3) 6 (40.0)
27 (67.5) 14 (73.7)

103 (87.3)

16 (27.6)
37 (63.8)

212 (74.6)

9 (60.0)

(52.6)

10

1(0.4)
182 (64.1)

1(1.7)

38 (65.5)

Missing
>7 days

12 (63.2) 7 (46.7) 8(53.3)

8 (42.1)

(87.5)

35

74 (62.7)

Shortest interval between most

recent ICl dose and vaccination

5(12.5) 11 (57.9) 7 (36.8) 8(53.3) 7 (46.7) 102 (35.9)

44 (37.3)

20 (34.5)

<7 days

Renal cell carcinoma.

RCC=

Hepatocellular carcinoma.

HCC
ScC

Squamous cell carcinoma (skin).

Gynecological cancers.

Gyn =

Head and neck cancers.

H&N
irAE
ICl

Immune-mediated adverse effect.

Immune checkpoint inhibitor.
ICI-Other = ICl plus chemotherapy or vascular endothelial growth factor receptor tyrosine kinase inhibitor or monoclonal antibody.

Table 3. Incidence of severe irAE and estimated percentage of incidence with
exact 95% confidence interval.

Number of ~ Number of Estimated percent 95% exact
Cohort severe irAE subjects of incidence cl
All 29 284 10.2 (6.9, 14.3)
Bladder 6 40 15.0 (5.7, 29.8)
Gynecologic 0 15 0.0 (0, 21.8)
Head & Neck 0 15 0.0 (0, 21.8)
Hepatocellular 1 19 53 (0.1, 26)
carcinoma
Melanoma 10 118 8.5 (4.1, 15)
Renal cell 1 58 19.0 (9.9, 31.4)
carcinoma
Squamous cell 1 19 53 (0.1, 26)
carcinoma

irAE = Immune-mediated adverse effect.
Cl = Confidence interval.

subjects with previous irAEs experienced a recurrent irAE, and
17% of subjects initiating new immunotherapy experienced an
irAE).*°

Dzimitrowicz and colleagues found that among a cohort of
36 RCC subjects receiving ICI monotherapy or ICI-VEGFR
TKI combination therapy compared to 36 RCC subjects not
receiving cancer therapy, the ICI cohort had a higher rate of
post-vaccination symptoms, but that the rate of new or wor-
sening immune-related AEs was no higher than previously
reported.”’

Over 90% of cancer subjects in our study received two or
more COVID-19 vaccinations, consistent with prior reports of
higher willingness of cancer subjects to receive the SARS-CoV
-2 vaccines. For example, a Dutch survey of 2412 subjects with
cancer reported that 66% were willing to be vaccinated against
COVID-19, 37% wanted to be prioritized for vaccination, and
only 6% intended to refuse vaccination.® A Korean survey of
1001 cancer subjects showed that 61.8% of respondents were
willing to receive the COVID-19 vaccine and that physician’s
recommendations effectively reduced subjects’ vaccine hesi-
tancy (91.2% of cancer subjects were willing to be vaccinated
if their attending physicians recommend it).>> We did not
report on the overall rates of COVID-19 vaccination in all
cancer subjects or all cancer subjects receiving ICI therapy at
our institution, as this was beyond the scope of our retro-
spective study.

Interestingly, of the subjects who experienced severe irAE
in our study, only five (17.2%) experienced a severe irAE after
their first vaccine. In comparison, the majority occurred after
their second vaccine (15 subjects, 51.7%) or third vaccine (9
subjects, 31.0%). Some experts have postulated that there may
be a reciprocal interaction between COVID-19 vaccination
and ICIs in that the vaccination could influence immunother-
apy and that immunotherapy could impact COVID-19
vaccination.” The VOICE study (‘vaccination against
COVID-19 in cancer; ClinicalTrials.gov identifier,
NCT04715438) is a longitudinal, Dutch, multi-cohort study
to evaluate immune response and adverse events after
COVID-19 vaccination in subjects with solid malignancies
undergoing immunotherapy, chemotherapy, or
immunochemotherapy.® Recent studies evaluating the robust-
ness of immune response to SARS-CoV-2 vaccination after ICI
therapy in cancer subjects have shown that responses to SARS-



Table 4. irAE characteristics for subjects who experienced severe irAE.

Nee Gyn H&N Total

HCC

Bladder

Melanoma

RCC
1

11.0 (7.5-15.5)

29
15.5 (10.0 to 23.0)

10
19.5 (11.8-22.5)

Number of subjects

NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

121 (121.0-121.0) 8 (8.0-8.0)

(15.8-36.5)

1(16.7)
3 (50.0)
2 (33.3)

22

Time between vaccine dose and ICl dose closest to severe irAE (days) Median (IQR)

Vaccine dose preceding SirAE

5(17.2)
15 (51.7)
9 (31.0)

0(0.0)
1(100.0)

0 (0.0
7 (70.0)

4 (36.4)

3(27.3)

4 (36.4)

6 (54.5)
6.5 (3.5-14.8)

1 (100.0)
0(0.0)

0(0.0)
1 (100.0)

3 (3.0-3.0)

3 (30.0)

5 (50.0)
5.0 (3.0-6.0)

18 (62.0)
3.0(3.0t0 7.5)

6 (100.0)
3 (2.2-3.0)

No. (%)

Hospitalization for severe irAE
Length of hospitalization

NA
1 (100.0)
20 (20.0-20.0)

Median (IQR)
No. (%)

23 (79.3)
103 days (42.0-179.0).

3 (50.0)
64 (47.0-83.5)

9 (90.0)
128 (94.0-232.0)

10 (90.9)
85.5 (36.8-176.0)

Requirement for immunosuppressive therapy
Duration of immunosuppressive therapy

Discontinuation of ICl

Median (IQR)
Discontinued
Resumed

15 (51.7)
4(13.8)

1 (100.0)

5(83.3)

3 (30.0)
1(16.7)

3 (30.0)

6 (54.5)

without

interruption

Held/dose

10 (34.5)

NA NA

1 (100.0)

4 (40.0)

5 (45.5)

interrupted

Renal cell carcinoma.

RCC=

Hepatocellular carcinoma.

HCC
Nee

Squamous cell carcinoma (skin).

Gynecological cancers.

Gyn =

Head and neck cancers.

H&N
irAE
ICI

Immune-mediated adverse effect.

Immune checkpoint inhibitor.
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CoV-2 vaccinations may be reduced with certain groups
(hematologic cancer subjects receiving anti-CD20 antibodies,
solid tumor subjects on immunosuppressive chemotherapy)
but were not diminished in other groups, including cancer
subjects receiving ICI therapy.”*>® A retrospective study of
84 subjects receiving ICI monotherapy by Chen and colleagues
showed that after a minimum of 30 days of follow-up from
the second dose of vaccine, zero of the 84 (95% CI, 0.0%-4.5%)
subjects had exacerbation of previous irAEs or diagnosis of
new irAEs.*

All the subjects in our retrospective study received either
Pfizer Bio-N-Tech, Moderna, or Johnson and Johnson
COVID-19 vaccines. In the absence of prospective con-
trolled trials, our retrospective study adds to the current
body of evidence, supporting the safety of these COVID-19
vaccines in subjects with cancer receiving ICIs. No subject
received Astra Zeneca, Sinopharm, or other vaccines; there-
fore, we are not able to comment on the safety of these
vaccines in the setting of immunotherapy. There are still
many areas of uncertainty in the interactions between
COVID-19 vaccines and checkpoint inhibitor immunothera-
pies; therefore, additional preclinical and clinical investiga-
tions are needed.

Conclusions

In solid tumor cancer subjects receiving ICI therapy, COVID-
19 vaccination is not associated with increased incidence of
severe irAEs compared to historical data. COVID-19 vaccines
may be safely administered during ICI cancer therapy in sub-
jects who do not have contraindications.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the National Cancer Institute (HHS-NIH)
Cancer Center Support Grant [5P30CA046934-30], awarded to the
University of Colorado Cancer Center and by the Health Data Compass
Data Warehouse Project (www.healthdatacompass.org).

Prior presentations

Presented in part at the American Society of Clinical Oncology Annual
Meeting 2022, Virtual Abstract Presentation, June 2, 2022; the American
Society of Clinical Oncology Genitourinary Cancers Symposium 2023,
Poster Session, February 17, 2023; and the American Association for
Clinical Research (AACR) Annual Meeting 2023, Poster Session,
April 14, 2023.

References

1. Patt D, Gordan L, Diaz M, Okon T, Grady L, Harmison M,
Markward N, Sullivan M, Peng J, Zhou A. Impact of COVID-19
on cancer care: how the pandemic is delaying cancer diagnosis and
treatment for American seniors. JCO Clin Cancer Inform.
2020;4:1059-71. doi:10.1200/cci.20.00134.

2. Zhang H, Han H, He T, Labbe KE, Hernandez AV, Chen H,
Velcheti V, Stebbing J, Wong K-K. Clinical characteristics and


https://doi.org/10.1200/cci.20.00134

6 (&) D.GILBERT ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

. Van der

outcomes of COVID-19-infected cancer patients: a systematic
review and meta-analysis. ] Natl Cancer Inst. 2021;113
(4):371-80. doi:10.1093/jnci/djaal68.

. Zarifkar P, Kamath A, Robinson C, Morgulchik N, Shah SFH,

Cheng TKM, Dominic C, Fehintola AO, Bhalla G, Ahillan T,
et al. Clinical characteristics and outcomes in patients with
COVID-19 and cancer: a systematic review and meta-analysis.
Clin Oncol. 2021;33(3):¢180-91. Epub 2020/11/19. doi:10.1016/j.
clon.2020.11.006.

. Dooling K, Marin M, Wallace M, McClung N, Chamberland M,

Lee GM, Talbot HK, Romero JR, Bell BP, Oliver SE. The advisory
committee on immunization practices’ updated interim recom-
mendation for allocation of COVID-19 vaccine — United States,
December 2020. MMWR Morb Mortal Wkly Rep. 2021;69
(5152):1657-60.  Epub ~ 20210101.  do0i:10.15585/mmwr.
mm695152e2.

. American Society of Clinical Oncology. COVID-19 vaccines &

patients with cancer. 2021. www.asco.org/asco-coronavirus-
information/covid-19-vaccines-patients-cancer.

. European Society for Medical Oncology. COVID-19 vaccination

in cancer patients: ESMO statements. 2021. www.esmo.org/covid-
19-and-cancer/covid-19-vaccination.

. The National Comprehensive Cancer Network. NCCN: cancer

and COVID-19 vaccination. 2021. www.nccn.org/docs/default-
source/covid-19/2021_covid-19_vaccination_guidance_v3-0.pdf?
sfvrsn=b483da2b_60.

Veldt AAM, Oosting SF, Dingemans AM,
Fehrmann RSN, GeurtsvanKessel C, Jalving M,
Rimmelzwaan GF, Kvistborg P, Blank CU, Smit EF, et al.
COVID-19 vaccination: the VOICE for patients with cancer. Nat
Med. 2021;27(4):568-9. d0i:10.1038/s41591-021-01240-w.

. Haslam A, Gill J, Prasad V. Estimation of the percentage of US

patients with cancer who are eligible for immune checkpoint
inhibitor drugs. JAMA Netw Open. 2020;3(3):e200423. doi:10.
1001/jamanetworkopen.2020.0423.

Choi ], Lee SY. Clinical characteristics and treatment of
immune-related adverse events of immune checkpoint inhibitors.
Immune Netw. 2020;20(1):€9. doi:10.4110/in.2020.20.€9.

Ceschi A, Noseda R, Palin K, Verhamme K. Immune checkpoint
inhibitor-related cytokine release syndrome: analysis of WHO
global pharmacovigilance database. Front Pharmacol.
2020;11:557. doi:10.3389/fphar.2020.00557.

Kang CK, Kim H-R, Song K-H, Keam B, Choi SJ, Choe PG,
Kim ES, Kim NJ, Kim Y]J, Park WB, et al. Cell-mediated immuno-
genicity of influenza vaccination in patients with cancer receiving
immune checkpoint inhibitors. J Infect Dis. 2020;222(11):1902-9.
doi:10.1093/infdis/jiaa291.

Tran S, Truong TH, Narendran A. Evaluation of COVID-19 vac-
cine response in patients with cancer: an interim analysis. Eur
J Cancer. 2021 Dec;159:259-74. Epub 2021 Oct 25. doi:10.1016/j.
€jca.2021.10.013.

Monin L, Laing AG, Mufioz-Ruiz M, McKenzie DR, Del Molino
Del Barrio I, Alaguthurai T, Domingo-Vila C, Hayday TS,
Graham C, Seow J, et al. Safety and immunogenicity of one versus
two doses of the COVID-19 vaccine BNT162b2 for patients with
cancer: interim analysis of a prospective observational study.
Lancet Oncol. 2021;22(6):765-78. doi:10.1016/S1470-2045(21)
00213-8.

Waissengrin B, Agbarya A, Safadi E, Padova H, Wolf I. Short-term
safety of the BNT162b2 mRNA COVID-19 vaccine in patients
with cancer treated with immune checkpoint inhibitors. Lancet
Oncol. 2021;22(5):581-3. d0i:10.1016/S1470-2045(21)00155-8.
Goshen-Lago T, Waldhorn I, Holland R, Szwarcwort-Cohen M,
Reiner-Benaim A, Shachor-Meyouhas Y, Hussein K, Fahoum L,
Baruch M, Peer A, et al. Serologic status and toxic effects of the
SARS-CoV-2 BNT162b2 vaccine in patients undergoing treatment
for cancer. JAMA Oncol. 2021;7(10):1507-13. doi:10.1001/jamaon
c0l.2021.2675.

Avner M, Orevi M, Caplan N, Popovtzer A, Lotem M, Cohen JE.
COVID-19 vaccine as a cause for unilateral lymphadenopathy

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

detected by 18F-FDG PET/CT in a patient affected by
melanoma. Eur J Nucl Med Mol Imaging. 2021;48(8):2659-60.
doi:10.1007/s00259-021-05278-3.

U.S. Department of Health and Human Services. Common termi-
nology criteria for adverse events (CTCAE) v5.0. https://ctep.can
cer.gov/protocoldevelopment/electronic_applications/docs/ctcae_
v5_quick_reference_5x7.pdf.

R Core Team. R: a language and environment for statistical
computing. Vienna (Austria): R Foundation for Statistical
Computing; 2021. https://www.R-project.org/ .

Wolchok JD, Kluger H, Callahan MK, Postow MA, Rizvi NA,
Lesokhin AM, Segal NH, Ariyan CE, Gordon R-A, Reed K, et al.
Nivolumab plus ipilimumab in advanced melanoma. N Engl
J] Med. 2013 July 11;369(2):122-33. Epub 2013 Jun 2. doi:10.
1056/NEJMoal302369.

Motzer R, Tannir NM, McDermott DF, Frontera OA, Melichar B,
Choueiri TK, Plimack ER, Barthélémy P, Porta C, George S, et al.
Nivolumab plus ipilimumab versus sunitinib in advanced
renal-cell carcinoma. N Engl ] Med. 2018 Apr 5;378(14):1277-90.
Epub 2018 Mar 21. doi:10.1056/NEJMoal712126.

Robert C, Schachter J, Long GV, Arance A, Grob JJ, Mortier L,
Daud A, Carlino MS, McNeil C, Lotem M, et al. Pembrolizumab
versus ipilimumab in advanced melanoma. N Engl ] Med. 2015
June 25;372(26):2521-32. Epub 2015 Apr 19. doi:10.1056/
NEJMoal503093.

Bellmunt J, de Wit R, Vaughn DJ, Fradet Y, Lee JL, Fong L,
Vogelzang NJ, Climent MA, Petrylak DP, Choueiri TK, et al.
Pembrolizumab as second-line therapy for advanced urothelial
carcinoma. N Engl ] Med. 2017 Mar 16;376(11):1015-26. Epub
2017 Feb 17. doi:10.1056/NEJMo0al613683.

Sharma P, Retz M, Siefker-Radtke A, Baron A, Necchi A, Bedke J,
Plimack ER, Vaena D, Grimm M-O, Bracarda S, et al. Nivolumab
in metastatic urothelial carcinoma after platinum therapy
(CheckMate 275): a multicentre, single-arm, phase 2 trial. Lancet
Oncol. 2017 Mar;18(3):312-22. Epub 2017 Jan 26. doi:10.1016/
$1470-2045(17)30065-7.

Motzer R], Escudier B, McDermott DF, George S, Hammers HJ,
Srinivas S, Tykodi SS, Sosman JA, Procopio G, Plimack ER, et al.
Nivolumab versus everolimus in advanced renal-cell carcinoma.
N Engl ] Med. 2015 Nov 5;373(19):1803-13. Epub 2015 Sep 25.
doi:10.1056/NEJMoal510665.

Larkin J, Minor D, D’Angelo S, Neyns B, Smylie M, Miller WH,
Gutzmer R, Linette G, Chmielowski B, Lao CD, et al. Overall
survival in patients with advanced melanoma who received nivo-
lumab versus investigator’s choice chemotherapy in checkmate
037: a randomized, controlled, open-label phase III trial. J Clin
Oncol. 2018 Feb 1;36(4):383-90. Epub 2017 Jul 3. doi:10.1200/
JCO.2016.71.8023.

Weber JS, D’Angelo SP, Minor D, Hodi FS, Gutzmer R, Neyns B,
Hoeller C, Khushalani NI, Miller WH, Lao CD, et al. Nivolumab
versus chemotherapy in patients with advanced melanoma who
progressed after anti-CTLA-4 treatment (CheckMate 037):
a randomised, controlled, open-label, phase 3 trial. Lancet Oncol.
2015 Apr;16(4):375-84. Epub 2015 Mar 18. doi:10.1016/S1470-
2045(15)70076-8.

Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L,
Hassel JC, Rutkowski P, McNeil C, Kalinka-Warzocha E, et al.
Nivolumab in previously untreated melanoma without BRAF
mutation. N Engl ] Med. 2015 Jan 22;372(4):320-30. Epub 2014
Nov 16. doi:10.1056/NEJMo0a1412082.

Hodi FS, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P,
Cowey CL, Lao CD, Schadendorf D, Wagstaff ], Dummer R, et al.
Nivolumab plus ipilimumab or nivolumab alone versus ipilimu-
mab alone in advanced melanoma (CheckMate 067): 4-year out-
comes of a multicentre, randomised, phase 3 trial. Lancet Oncol.
2018 Nov;19(11):1480-92. Epub 2018 Oct 22. doi:10.1016/S1470-
2045(18)30700-9.

Widman AJ, Cohen B, Park V, McClure T, Wolchok J, Kamboj M.
Immune-related adverse events among COVID-19-vaccinated
patients with cancer receiving immune checkpoint blockade.


https://doi.org/10.1093/jnci/djaa168
https://doi.org/10.1016/j.clon.2020.11.006
https://doi.org/10.1016/j.clon.2020.11.006
https://doi.org/10.15585/mmwr.mm695152e2
https://doi.org/10.15585/mmwr.mm695152e2
http://www.asco.org/asco-coronavirus-information/covid-19-vaccines-patients-cancer
http://www.asco.org/asco-coronavirus-information/covid-19-vaccines-patients-cancer
http://www.esmo.org/covid-19-and-cancer/covid-19-vaccination
http://www.esmo.org/covid-19-and-cancer/covid-19-vaccination
http://www.nccn.org/docs/default-source/covid-19/2021_covid-19_vaccination_guidance_v3-0.pdf?sfvrsn=b483da2b_60
http://www.nccn.org/docs/default-source/covid-19/2021_covid-19_vaccination_guidance_v3-0.pdf?sfvrsn=b483da2b_60
http://www.nccn.org/docs/default-source/covid-19/2021_covid-19_vaccination_guidance_v3-0.pdf?sfvrsn=b483da2b_60
https://doi.org/10.1038/s41591-021-01240-w
https://doi.org/10.1001/jamanetworkopen.2020.0423
https://doi.org/10.1001/jamanetworkopen.2020.0423
https://doi.org/10.4110/in.2020.20.e9
https://doi.org/10.3389/fphar.2020.00557
https://doi.org/10.1093/infdis/jiaa291
https://doi.org/10.1016/j.ejca.2021.10.013
https://doi.org/10.1016/j.ejca.2021.10.013
https://doi.org/10.1016/S1470-2045(21)00213-8
https://doi.org/10.1016/S1470-2045(21)00213-8
https://doi.org/10.1016/S1470-2045(21)00155-8
https://doi.org/10.1001/jamaoncol.2021.2675
https://doi.org/10.1001/jamaoncol.2021.2675
https://doi.org/10.1007/s00259-021-05278-3
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://www.R-project.org/
https://doi.org/10.1056/NEJMoa1302369
https://doi.org/10.1056/NEJMoa1302369
https://doi.org/10.1056/NEJMoa1712126
https://doi.org/10.1056/NEJMoa1503093
https://doi.org/10.1056/NEJMoa1503093
https://doi.org/10.1056/NEJMoa1613683
https://doi.org/10.1016/S1470-2045(17)30065-7
https://doi.org/10.1016/S1470-2045(17)30065-7
https://doi.org/10.1056/NEJMoa1510665
https://doi.org/10.1200/JCO.2016.71.8023
https://doi.org/10.1200/JCO.2016.71.8023
https://doi.org/10.1016/S1470-2045(15)70076-8
https://doi.org/10.1016/S1470-2045(15)70076-8
https://doi.org/10.1056/NEJMoa1412082
https://doi.org/10.1016/S1470-2045(18)30700-9
https://doi.org/10.1016/S1470-2045(18)30700-9

31.

32.

33.

34.

35.

Natl Compr Canc Netw. 2022 Oct;20(10):1134-8. doi:10.6004/
jncen.2022.7048.

Dzimitrowicz H, Hwang JK, Shah R, Aschcraft, K, George, DJ,
Salama, AK, Zhang, T. COVID-19 vaccination in patients with
renal cell carcinoma receiving immune checkpoint inhibitors.
IKCS 2021; 2021 Nov 5-6. Abstract N19.

Chun JY, Kim SI, Park EY, Park SY, Koh §J, Cha YJ, Yoo HJ,
Joung JY, Yoon HM, Eom BW, et al. Cancer patients’ willingness
to take covid-19 vaccination: a nationwide multicenter survey in
Korea. Cancers (Basel). 2021 Aug 1;13(15):3883. doi:10.3390/
cancers13153883.

Brest P, Mograbi B, Hofman P, Milano G. COVID-19 vaccination
and cancer immunotherapy: should they stick together? Br
J Cancer. 2022 Jan;126(1):1-3. Epub 2021 Nov 19. doi:10.1038/
541416-021-01618-0.

Piening A, Ebert E, Khojandi N, Alspach E, Teague RM. Immune
responses to SARS-CoV-2 in vaccinated patients receiving check-
point blockade immunotherapy for cancer. Front Immunol. 2022
Dec 13;13:1022732. eCollection 2022. doi:10.3389/fimmu.2022.
1022732.

Herishanu Y, Avivi I, Aharon A, Shefer G, Levi S, Bronstein Y,
Morales M, Ziv T, Shorer Arbel Y, Scarfo L, et al. Efficacy of the
BNT162b2 mRNA COVID-19 vaccine in patients with chronic
lymphocytic leukemia. Blood. 2021 June 10;137(23):3165-73.
doi:10.1182/blood.2021011568.

36.

37.

38.

39.

40.

HUMAN VACCINES & IMMUNOTHERAPEUTICS e 7

Rouhani SJ, Yu J, Olson D, Zha YY, Pezeshk A, Cabonov A,
Pyzer AR, Trujillo J, Derman BA, O’Donnell P, et al. Antibody
and T cell responses to COVID-19 vaccination in patients receiv-
ing anticancer therapies. ] Immunother Cancer. 2022 June;10(6):
€004766. doi:10.1136/jitc-2022-004766.

Shroff RT, Chalasani P, Wei R, Pennington D, Quirk G,
Schoenle MV, Peyton KL, Uhrlaub JL, Ripperger TJ, Jergovi¢ M,
et al. Immune responses to two and three doses of the BNT162b2
mRNA vaccine in adults with solid tumors. Nat Med. 2021;27
(11):2002-11. Epub ahead of print. doi:10.1038/s41591-021-01542-z.
Massarweh A, Eliakim-Raz N, Stemmer A, Levy-Barda A, Yust-
Katz S, Zer A, Benouaich-Amiel A, Ben-Zvi H, Moskovits N,
Brenner B, et al. Evaluation of seropositivity following BNT162b2
messenger RNA vaccination for SARS-CoV-2 in patients under-
going treatment for cancer. JAMA Oncol. 2021 Aug 1;7(8):1133-40.
doi:10.1001/jamaoncol.2021.2155.

Eliakim-Raz N, Massarweh A, Stemmer A, Stemmer SM.
Durability of response to SARS-CoV-2 BNT162b2 vaccination in
patients on active anticancer treatment. JAMA Oncol. 2021 Nov
1;7(11):1716-18. doi:10.1001/jamaoncol.2021.4390.

Chen YW, Tucker MD, Beckermann KE, Iams WT, Rini BI,
Johnson DB. COVID-19 mRNA vaccines and immune-related
adverse events in cancer patients treated with immune checkpoint
inhibitors. Eur J Cancer. 2021 Sept;155:291-3. Epub 2021 Jul 28.
doi:10.1016/j.ejca.2021.07.017.


https://doi.org/10.6004/jnccn.2022.7048
https://doi.org/10.6004/jnccn.2022.7048
https://doi.org/10.3390/cancers13153883
https://doi.org/10.3390/cancers13153883
https://doi.org/10.1038/s41416-021-01618-0
https://doi.org/10.1038/s41416-021-01618-0
https://doi.org/10.3389/fimmu.2022.1022732
https://doi.org/10.3389/fimmu.2022.1022732
https://doi.org/10.1182/blood.2021011568
https://doi.org/10.1136/jitc-2022-004766
https://doi.org/10.1038/s41591-021-01542-z
https://doi.org/10.1001/jamaoncol.2021.2155
https://doi.org/10.1001/jamaoncol.2021.4390
https://doi.org/10.1016/j.ejca.2021.07.017

	Abstract
	Introduction
	Materials and methods
	Study design, eligibility, and procedures
	Data collection
	End points
	Statistical analysis

	Results
	Participant demographic and clinical characteristics
	Treatment to vaccination interval
	Incidence of severe immune-related adverse events

	Discussion
	Conclusions
	Disclosure statement
	Funding
	Prior presentations
	References

