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ABSTRACT

Anti-COVID-19 vaccination may have functional
implications for immune checkpoint inhibitor treatment

in patients with cancer. This study was undertaken to
determine whether the safety or efficacy of anti-PD-1
therapy is reduced in patients with cancer during
COVID-19 vaccination. A large multicenter observational
study was conducted in 83 Chinese hospitals between
January 28, 2021 and September 30, 2021. A total of 3552
patients were screened and 2048 eligible patients with
cancer receiving PD-1 inhibitor treatment were recruited.
All enrolled patients had received camrelizumab treatment
alone or in conjunction with other cancer therapies.
Among these, 1518 (74.1%) patients received the
BBIBP-CorV vaccine and were defined as the vaccinated
subgroup. The remaining 530 (25.9%) patients did not
receive anti-COVID-19 vaccination and were defined

as the non-vaccinated subgroup. For all participants,
Response Evaluation Criteria in Solid Tumor and Common
Terminology Criteria for Adverse Events criteria were

used to evaluate the efficacy and safety of camrelizumab
treatment, respectively. Propensity score match analysis
with the optimal pair matching was used to compare
these criteria between the vaccinated and non-vaccinated
subgroups. A total of 2048 eligible patients with cancer
were included (median age 59 years, 27.6% female). Most
patients (98.8%) had metastatic cancer of the lung, liver
or intestinal tract. Aside from the PD-1 inhibitor treatment,
55.9% of patients received additional cancer therapies.
1518 (74.1%) patients received the BBIBP-CorV vaccine
with only mild side effects reported. The remaining
patients did not receive COVID-19 vaccination and had

a statistically greater percentage of comorbidities. After
matching for age, gender, cancer stage/types, comorbidity
and performance status, 1060 patients (530 pairs) were
selected for propensity score match analysis. This analysis
showed no significant differences in overall response

rate (25.3% vs 28.9%, p=0.213) and disease control

rate (64.6% vs 67.0%, p=0.437) between vaccinated

and non-vaccinated subgroups. Immune-related adverse
events (irAEs) were reported in both subgroups after
camrelizumab treatment. Among vaccinated patients

who experienced irAEs, the median interval between

the first dose of camrelizumab treatment and the first
vaccine shot was <16 days. Compared with the non-
vaccinated subgroup, irAEs in vaccinated patients were
more frequently reported as mild (grade 1 or 2 irAEs;

33.8% vs 19.8%, p<0.001) and these patients were

less likely to discontinue the PD-1 inhibitor treatment
(4.2% vs 20.4%, p<0.001). Severe irAEs (grade 3 irAE or
higher) related to camrelizumab treatment were reported,
however no significant differences in the frequency of such
events were observed between the vaccinated and non-
vaccinated subgroups. The COVID-19 vaccine, BBIBP-CorV,
did not increase severe anti-PD-1-related adverse events
nor did it reduce the clinical efficacy of camrelizumab

in patients with cancer. Thus, we conclude that patients
with cancer need not suspend anti-PD-1 treatment during
COVID-19 vaccination.

BACKGROUND

PD-1 inhibitors have been widely used for
treatment of multiple types of cancer.
With the ongoing coronavirus pandemic,
the effect of anti-COVID-19 vaccination on
PD-1 safety and efficacy has become a crit-
ical question for oncologists and patients
with cancer alike.” To avoid potential treat-
ment complications, some physicians have
opted to suspend PD-1 inhibitor treatments
for recently vaccinated patients with cancer.
However, little data exist to support such a
decision. Recent studies have found that anti-
COVID-19 vaccines such as BNT162b2 (Pfizer
BioNTech, New York, New York, USA) and
mRNA-1273 (Moderna, Cambridge, Massa-
chusetts, USA) are well tolerated in patients
with Cancer,g_5 and side-effect profiles from
these vaccines were similar between healthy
volunteers and patients with cancer.’® One
recent meta-analysis summarizing multiple
COVID-19 vaccine trials studies concluded
that patients with cancer have a significantly
lower likelihood of attaining acceptable
immune response to COVID-19 immuniza-
tion when compared with the general popula-
tion given compromised cancerous immune
system.7 However, whether anti-COVID-19
vaccines have any functional impact on the
efficacy of immune checkpoint inhibitor
(ICI) treatment was unknown. Thus, we
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conducted a large multicenter study to explore the effects
of COVID-19 vaccination on PD-1 inhibitor treatment in
patients with cancer.

METHODS

A total of 3552 consenting adult patients with cancer were
screened from 83 Chinese hospitals and medical centers
beginning on January 28, 2021. Eligible participants met
the following inclusion criteria: (1) their malignancy
had been histopathologically confirmed; (2) they had
received at least one dose of camrelizumab® (one of the
most commonly used PD-1 inhibitors in China) after the
COVID-19 vaccination program was launched in China
in January 2021. Clinical information, demographic
data, and medical history were collected at enrollment,
and patient treatment, adverse events and outcomes
were followed through September 30, 2021. Efficacy
and safety of PD-1 treatment were evaluated according
to Response Evaluation Criteria in Solid Tumor V.1.1°
and National Cancer Institute Common Terminology
Criteria for Adverse Events V.5.0,'" respectively. Patient
functionality/performance status was evaluated using
Eastern Cooperative Oncology Group (ECOG) criteria.
Categorical variables were described as n (%) and charac-
teristics between subgroups were compared using Fisher’s
exact test. Continuous variables were shown as median
with IQR, and the Mann-Whitney U test was conducted
to compare the variables between subgroups. Propensity
score match analysis was applied with the optimal pair
matching algorithm.

RESULTS

A total of 2048 patients with cancer were included
(median age 59 years, IQR 54-66, range 18-92; 27.5%
female; table 1). Fifteen different types of cancer were
present in this cohort: 722 (35.3%) lung, 469 (22.9%)
liver, 218 (10.6%) intestinal tract, and 639 (31.2%) other
tissues (table 1). The majority of patients had metastatic
disease (n=2048, 98.8%). Aside from PD-1 inhibitor treat-
ment, 1145 (55.9%) patients received additional therapy,
including chemotherapy (908; 44.3%), targeted therapy
(211; 10.3%), and radiotherapy (26; 1.3%). Patients
received first-line (1146; 56.0%), second-line (804;
39.3%), third-line treatment (74; 3.6%), as well as adju-
vant therapy (24; 1.2%). At enrollment, most patients
(1428; 69.7%) had ECOG scores of 0-1 and therefore
were considered to be in a good state of health. However,
462 (22.6%) patients had comorbidities which included
hypertension (208; 10.2%), diabetes (63; 3.1%), and
other conditions (191; 9.3%). Thirteen (0.6%) patients
had a history of COVID-19 infection from which they had
subsequently recovered. Most patients, 1518 (74.1%),
received BBIBP-CorV vaccine!! (an inactivated SARS-
CoV-2 virus), with 1134 patients (74.7%) receiving two
shots, 288 (19.0%) receiving one shot, and 96 (6.3%)
receiving three shots. This subgroup was defined as the

vaccinated subgroup. Among them, 483 (31.8%) patients
experienced only mild side effects related to COVID-19
vaccination, including muscle pain (307; 20.2%), fever
(168;11.1%),and pneumonia (8;0.5%). In this cohort, no
severe side effect of COVID-19 vaccination was reported.
Median interval between the first dose of camrelizumab
treatment and the first shot of vaccination was 42.3 days
(IQR 6.1-81.5). The remaining patients (530; 25.9%) did
not receive COVID-19 vaccination and were defined as
the non-vaccinated subgroup. The main reasons given for
lack of vaccination included medical advice (288;58.3%),
self-willingness (144; 29.3%), and inferior health condi-
tion (16; 3.3%), as reflected in the statistically greater
percentage of comorbidities in this subgroup.

No significant differences of age, gender, cancer stage,
or history of COVID-19 infection were observed between
the two subgroups. Compared with the non-vaccinated
subgroup, vaccinated patients were statistically more
likely to be in better health (ECOG <2, 73.8% vs 58.1%,
p<0.001, Fisher’s exact test; table 1), have significantly
fewer comorbidities (18.2% vs 34.9%, p<0.001), and
were statistically more likely to experience stable disease
(45.7% vs 38.1%, p=0.003, Fisher’s exact test) following
camrelizumab treatment, resulting in a higher disease
controlrate (DCR, 72.2% vs 67.0%, p=0.026, Fisher’s exact
test). However, vaccinated patients were statistically less
likely to experience partial remission (20.2% vs 24.7%,
p=0.031, Fisher’s exact test). Further, vaccinated patients
were more likely to experience mild immune-related
adverse events (irAE <2) (35.6% vs 19.8%, p<0.001, Fish-
er’s exact test) but less likely to experience severe irAE >3
(3.0% vs 5.5%, p=0.007). No significant differences were
observed in experiencing irAEs following camrelizumab
treatment plus additional therapies including chemo-
therapy, targeted therapy, and radiotherapy between
vaccinated and non-vaccinated subgroups. Median
intervals between the first dose of camrelizumab treat-
ment and the first shot of vaccination in patients expe-
riencing no, mild, and severe irAEs were 45.1days (IQR
7.3-88.2), 16.0days (IQR 4.6-56.5), and Odays (IQR
0-41.0), respectively. The most frequent irAEs following
camrelizumab treatment included reactive cutaneous
capillary endothelial proliferation (29.5%), fever (3.0%),
pancytopenia (1.4%), anthema (1.1%), and dry mouth
(0.9%) (online supplemental table 1). Moreover, vacci-
nated patients were less likely to discontinue their camrel-
izumab treatment (7.4% vs 20.4%, p<0.001, Fisher’s exact
test; table 1), with the main reasons/factors being: irAEs
of camrelizumab (107; 40.8%) and low efficacy of camrel-
izumab (46; 17.6%); no patient discontinued anti-PD-1
treatment due to COVID-19 vaccination.

After 1:1 matching for age, gender, cancer stage/type,
comorbidity, and ECOG in this cohort, 1060 patients (530
pairs) were selected for further analysis. Comparing the
vaccinated and non-vaccinated subgroups, no significant
differences in overall response rate (ORR) or DCR with
camrelizumab treatment were observed (online supple-
mental table 2). However, compared with matched
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Table 1 Clinical characteristics and treatments

Overall Vaccinees Non-vaccinees P value
Characteristics
Number of patients 2048 1518 530 -
Median age, years 59.0 (54.0-66.0) 59.0 (54.0-66.0) 59 (52.0-66.0) 0.821
Gender — — — 0.579
Male 1483 (72.4) 1079 (71.1) 404 (76.2) —
Female 565 (27.6) 439 (28.9) 126 (23.8) —
ECOG — — — <0.001
<2 1428 (69.7) 1120 (73.8) 308 (58.1) -
>2 620 (30.3) 398 (26.2) 222 (41.9) —
History of COVID-19 infection 13 (0.6) 7 (0.5) 4(0.8) 0.112
Number of vaccination shots = 2844 = =
1 shot — 288 (19.0) — —
2 shots — 1134 (74.7) — —
3 shots — 96 (6.3) — —
Adverse effect of vaccination — 483 (31.8) — —
Muscle pain - 307 (20.2) - -
Fever — 168 (11.1) — —
Pneumonia - 8 (0.5) - -
Comorbidities 462 (22.6) 277 (18.2) 185 (34.9) <0.001
Hypertension 208 (10.2) 119 (7.8) 89 (16.8) -
Diabetes 63 (3.1) 45 (3.0) 18 (3.4) —
Heart disease 44 (2.1) 31 (2.0) 13 (2.5)
Cerebral infarction 33 (1.6) 22 (1.4) 11 (2.1)
Others 114 (5.6) 60 (6.6) 54 (10.2)
Cancer types
Lung 722 (35.3) 562 (37.0) 160 (30.2) 0.041
Liver 469 (22.9) 337 (22.2) 132 (24.9) 0.208
Intestinal tract 218 (10.6) 189 (12.5) 29 (5.5) <0.001
Urinary system 84 (4.1) 62 (4.1) 22 (4.2) 1.000
Nasopharyngeal 76 (3.7) 58 (3.8) 18 (3.4) 0.790
Others 479 (23.4) 310 (20.4) 169 (31.9) <0.001
Cancer stages - - - 0.815
Non-metastasis stage 24 (1.2 19 (1.3) 5(0.9) —
Metastasis stage 2024 (98.8) 1499 (98.7) 525 (99.1) -
Treatments
Therapy
Camrelizumab (Cam) 903 (44.1) 670 (44.1) 233 (44.0) 0.960
Cam-+chemotherapy 908 (44.3) 711 (46.8) 197 (37.2) <0.001
Cam-+targeted therapy 211 (10.3) 120 (7.9) 91 (17.2) <0.001
Cam-+radiotherapy 26 (1.3) 17 (1.1) 9(1.7) 0.366
Immune-related adverse events 719 (385.1) 585 (38.5) 134 (25.3) —
<2 645 (31.5) 540 (35.6) 105 (19.8) <0.001
>3 74 (3.6) 45 (3.0) 29 (5.5) 0.007
Treatment efficacy
Complete remission 118 (5.8) 96 (6.3) 22 (4.2) 0.066
Partial remission 438 (21.4) 307 (20.2) 131 (24.7) 0.031
Stable disease 895 (43.7) 693 (45.7) 202 (38.1) 0.003
Continued

Mei Q, et al. J Immunother Cancer 2022;10:¢004157. doi:10.1136/jitc-2021-004157 3



Open access

I

Table 1 Continued

Overall Vaccinees Non-vaccinees P value

Progression disease 597 (29.2) 422 (27.8) 175 (33.0) 0.026
Overall response rate 556 (27.1) 403 (38.0) 153 (28.9) 0.308
Disease control rate 1451 (70.8) 1096 (72.2) 355 (67.0) 0.026
Treatment pause 221 (10.8) 113 (7.4) 108 (20.4) <0.001

ECOG, Eastern Cooperative Oncology Group.

unvaccinated patients, a statistically greater percentage
of vaccinated patients had mild irAE <2 (33.8% vs
19.8%, p<0.001) following camrelizumab treatment. The
percentage of patients having camrelizumab-related irAE
>3 was not statistically different between matched vacci-
nated and non-vaccinated subgroups (6.0% vs 5.5%,
p=0.792; online supplemental table 2), indicating that
the safety of camrelizumab treatment was not altered
during COVID-19 vaccination. Finally, matched vacci-
nated patients were statistically less likely to discontinue
the camrelizumab treatment (4.2% vs 20.4%, p<0.001;
online supplemental table 2).

DISCUSSION AND CONCLUSION
Patients with cancer can be immunocompromised owing
to multiple factors.'” By design, ICI treatment such as
camrelizumab modulates immune responses in these
patients and can be associated with irAEs of varying
severity. Similarly, active immunization against SARS-
CoV-2 generates a robust immune response which could,
theoretically, increase the frequency and/or severity of
such events and/or reduce the efficacy of PD-1 inhibi-
tors. Such concerns have prompted some physicians and
patients to discontinue anti-PD-1 therapy during anti-
COVID-19 vaccination. Although studies have shown that
anti-COVID-19 vaccination in patients with cancer is safe'”
and because ICI treatment does not increase the severity
of COVID-19 infection,14 until now, little data existed
regarding the implications of anti-COVID-19 vaccination
on the safety and efficacy of PD-1 inhibitor treatment.
Our large multicenter study showed that the efficacy of
camrelizumab treatmentwas notreduced in the anti-SARS-
CoV-2-vaccinated (BBIPB-CorV) subgroup, compared
with the non-vaccinated subgroup, although vaccinated
patients were statistically more likely to experience mild
irAE following camrelizumab treatment. Interestingly,
one recent study suggested that mild irAEs following
anti-PD-1 treatment may be associated with improved
clinical benefit."” Considering our findings that the DCR
significantly increased in the vaccinated subgroup (72.2%
vs 67.0%, p=0.026), anti-COVID-19 vaccination might
increase immune-related responses to checkpoint inhib-
itor therapy. Moreover, receiving additional anti-cancer
therapy did not statistically correlate with the occurrence
of irAEs following camrelizumab in these subgroups.
Comparing the median intervals between the first dose

of the camrelizumab and the first shot of vaccination in
this cohort, it appeared that the optimal window for anti-
COVID-19 vaccination for patients receiving anti-PD-1
treatment might be >16 days in order to avoid possible
irAEs. As demonstrated in other studies, irAEs from anti-
PD-1 treatment were attributable to general dysfunction
of T cell function.'® Administrating both anti-COVID-19
vaccines and anti-PD-1 agents in a close temporal prox-
imity (eg, <16 days), may simultaneously enhance co-stim-
ulatory'” and reduce co-inhibitory regulation'® between
antigen-presenting cell (in context of major histocom-
patibility complex (MHC)) and T cell receptor. This may
result in an additive effect of immune response, associ-
ated with increased frequency of serious irAEs in such
patients. However, future studies are warranted to clarify
this issue and determine an optimal timespan between
anti-COVID-19 vaccination and anti-PD-1 treatment.

When patients were matched on age, gender, cancer
stage/type, comorbidity, and ECOG in this cohort, and
data interrogated by propensity score match analysis, no
significant differences in DCR or ORR were observed
between the vaccinated and non-vaccinated subgroups.
In this matched analysis, the vaccinated subgroup was,
again, statistically more likely to experience mild irAEs
following camrelizumab therapy. No significant differ-
ence in severe anti-PD-l-related adverse events (irAE
>3) was observed between these matched subgroups. In
summary, the BBIPB-CorV vaccine did not reduce the
safety of camrelizumab in patients with cancer.

This study has its limitations. First, ours is a cohort study,
not a prospective randomized clinical trial, which reduces
its clinical impact. Second, laboratory findings of this
cohort were not collected for detailed immune functional
analysis. Third, the PD-1 inhibitor treatment’s impact on
the efficacy of COVID-19 vaccination was not studied,
although no patient with cancer in the vaccinated group
was infected with SARS-CoV-2 during this study. Fourth,
multiple studies showed that patients with hematological
malignancies are less likely to develop an appropriate
immune response after COVID-19 immunization.
Our study did not include patients with hematological
malignancies, therefore the functional implication of
COVID-19 vaccines and anti-PD-1 treatment in these
patients remains elusive. Future studies are warranted
to investigate these issues. Lastly, additional studies are
warranted in patients with cancer with lower functionality
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(higher ECOG) scores and/or non-metastatic stage, and
with other COVID-19 vaccines (eg, mRNA vaccines).

Author affiliations

'Department of Oncology, Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan, Hubei, China

2Department of Ophthalmology, Renmin Hospital of Wuhan University, Wuhan,
Hubei, China

%Institute of Molecular Medicine and Experimental Immunology, University Clinic of
Rheinische Friedrich-Wilhelms-University, Bonn, Germany

4Department of Oncology, Wuhan Pulmonary Hospital, Wuhan, Hubei, China
SDepartment of Oncology, The First College of Clinical Medical Science, Yichang,
Hubei, China

®Department of Oncology, Jingzhou Central Hospital, Jingzhou, Hubei, China
"Department of Biomedical and Pharmaceutical Sciences, College of Pharmacy,
Idaho State University, Meridian, Idaho, USA

Acknowledgements We thank participants and their families for the support and
understanding. We thank Professor Jochen Mau for his constructive comments.

Contributors Acquisition, analysis, or interpretation of data—QM, GH, YY, BL,

JY, XY and JL. Drafting of the manuscript—QM, AB, GH, YY and JL. Statistical
analysis—QM, QH, ALB and XT. Critical revision of the manuscript for important
intellectual content—CK, AEB and JL. Obtained funding—QM and JL. Conception of
design—QM, GH, XY and JL. Supervision—XY, GH and JL.

Funding Sino-German Center for Research Promotion's (SGC) rapid Response
Funding for Bilateral Collaborative Proposals Between China and Germany in
COVID-19 Related Research (Project No. C-0065).

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval This study involves human participants and was approved by the
ethics committee of Tongji Medical College of Huazhong University of Science and

Technology ((2021) S019). Participants gave informed consent to participate in the
study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Jian Li http://orcid.org/0000-0001-6388-3179

REFERENCES

1 Duan J, Cui L, Zhao X, et al. Use of immunotherapy with
programmed cell death 1 vs programmed cell death ligand 1
inhibitors in patients with cancer: a systematic review and meta-
analysis. JAMA Oncol 2020;6:375-84.

2 Corti C, Crimini E, Tarantino P, et al. SARS-CoV-2 vaccines for cancer
patients: a call to action. Eur J Cancer 2021;148:316-27.

3 Barriére J, Chamorey E, Adjtoutah Z, et al. Impaired immunogenicity
of BNT162b2 anti-SARS-CoV-2 vaccine in patients treated for solid
tumors. Ann Oncol 2021;32:1053-5.

4 Lasagna A, Agustoni F, Percivalle E, et al. A snapshot of the
immunogenicity, efficacy and safety of a full course of BNT162b2
anti-SARS-CoV-2 vaccine in cancer patients treated with PD-
1/PD-L1 inhibitors: a longitudinal cohort study. ESMO Open
2021;6:100272.

5 Naranbhai V, Pernat CA, Gavralidis A, et al. Immunogenicity and
Reactogenicity of SARS-CoV-2 vaccines in patients with cancer: the
CANVAX cohort study. J Clin Oncol 2022;40:12-23.

6 Waissengrin B, Agbarya A, Safadi E, et al. Short-term safety of the
BNT162b2 mRNA COVID-19 vaccine in patients with cancer treated
with immune checkpoint inhibitors. Lancet Oncol 2021;22:581-3.

7 Becerril-Gaitan A, Vaca-Cartagena BF, Ferrigno AS, et al.
Immunogenicity and risk of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection after coronavirus disease 2019
(COVID-19) vaccination in patients with cancer: a systematic review
and meta-analysis. Eur J Cancer 2022;160:243-60.

8 Luo H, Lu J, Bai, et al. Effect of Camrelizumab vs placebo added
to chemotherapy on survival and progression-free survival in patients
with advanced or metastatic esophageal squamous cell carcinoma:
the ESCORT-1st randomized clinical trial. JAMA 2021;326:916-25.

9 Eisenhauer EA, Therasse P, Bogaerts J, et al. New response
evaluation criteria in solid tumours: revised RECIST guideline (version
1.1). Eur J Cancer 2009;45:228-47.

10 NiJ, Cheng X, Zhou R, et al. Adverse events as a potential clinical
marker of antitumor efficacy in ovarian cancer patients treated with
poly ADP-ribose polymerase inhibitor. Front Oncol 2021;11:3529.

11 Xia S, Zhang Y, Wang Y, et al. Safety and immunogenicity of an
inactivated SARS-CoV-2 vaccine, BBIBP-CorV: a randomised,
double-blind, placebo-controlled, phase 1/2 trial. Lancet Infect Dis
2021;21:39-51.

12 Kalathil SG, Thanavala Y. High immunosuppressive burden in cancer
patients: a major hurdle for cancer immunotherapy. Cancer Immunol
Immunother 2016;65:813-9.

13 Corti C, Antonarelli G, Scotté F, et al. Seroconversion rate after
vaccination against COVID-19 in patients with cancer-a systematic
review. Ann Oncol 2022;33:158-168.

14 Yatim N, Boussier J, Tetu P, et al. Inmune checkpoint inhibitors
increase T cell immunity during SARS-CoV-2 infection. Sci Adv
2021;7:eabg4081.

15 Socinski MA, Jotte RM, Cappuzzo F, et al. Overall survival (OS)
analysis of IMpower150, a randomized pH 3 study of atezolizumab
(atezo) + chemotherapy (chemo) + bevacizumab (bev) vs chemo +
bev in 1L nonsquamous (NSQ) NSCLC. JCO 2018;36:9002

16 Young A, Quandt Z, Bluestone JA. The balancing act between cancer
immunity and autoimmunity in response to immunotherapy. Cancer
Immunol Res 2018;6:1445-52.

17 Teijaro JR, Farber DL. COVID-19 vaccines: modes of immune
activation and future challenges. Nat Rev Immunol 2021;21:195-7.

18 Greenberger LM, Saltzman LA, Senefeld JW, et al. Antibody
response to SARS-CoV-2 vaccines in patients with hematologic
malignancies. Cancer Cell 2021;39:1031-3.

19 Giriffiths EA, Segal BH. Immune responses to COVID-19 vaccines in
patients with cancer: promising results and a note of caution. Cancer
Cell 2021;39:1045-7.

Mei Q, et al. J Immunother Cancer 2022;10:¢004157. doi:10.1136/jitc-2021-004157


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-6388-3179
http://dx.doi.org/10.1001/jamaoncol.2019.5367
http://dx.doi.org/10.1016/j.ejca.2021.01.046
http://dx.doi.org/10.1016/j.annonc.2021.04.019
http://dx.doi.org/10.1016/j.esmoop.2021.100272
http://dx.doi.org/10.1200/JCO.21.01891
http://dx.doi.org/10.1016/S1470-2045(21)00155-8
http://dx.doi.org/10.1016/j.ejca.2021.10.014
http://dx.doi.org/10.1001/jama.2021.12836
http://dx.doi.org/10.1016/j.ejca.2008.10.026
http://dx.doi.org/10.3389/fonc.2021.724620
http://dx.doi.org/10.1016/S1473-3099(20)30831-8
http://dx.doi.org/10.1007/s00262-016-1810-0
http://dx.doi.org/10.1007/s00262-016-1810-0
http://dx.doi.org/10.1016/j.annonc.2021.10.014
http://dx.doi.org/10.1126/sciadv.abg4081
http://dx.doi.org/10.1200/JCO.2018.36.15_suppl.9002
http://dx.doi.org/10.1158/2326-6066.CIR-18-0487
http://dx.doi.org/10.1158/2326-6066.CIR-18-0487
http://dx.doi.org/10.1038/s41577-021-00526-x
http://dx.doi.org/10.1016/j.ccell.2021.07.012
http://dx.doi.org/10.1016/j.ccell.2021.07.001
http://dx.doi.org/10.1016/j.ccell.2021.07.001

	Impact of COVID-­19 vaccination on the use of PD-­1 inhibitor in treating patients with cancer: a real-­world study
	Abstract
	Background
	Methods
	Results
	Discussion and conclusion
	References


