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ABSTRACT

Introduction: Immune checkpoint inhibitors (ICIs) can cause inflammatory and immune-related adverse events
(irAEs) that might worsen the course of COVID-19. We conducted a systematic review (PROSPERO ID:
CRD42022307545) to evaluate the clinical course and complications of COVID-19 in patients with cancer receiving
ICI. Methods: We searched Medline and Embase through January 5, 2022. We included studies evaluating patients
with cancer who received ICI and developed COVID-19. Outcomes included mortality, severe COVID-19, intensive
care unit (ICU) and hospital admissions, irAEs, and serious adverse events. We pooled data with random effects meta-
analysis. Results: Twenty-five studies met study eligibility (n = 36,532 patients: 15,497 had COVID-19 and 3220
received ICI). Most studies (71.4%) had a high risk of comparability bias. There were no significant differences in
mortality (relative risk [RR] 1.29; 95% CI 0.62-2.69), ICU admission (RR 1.20; 95% CI 0.71-2.00), and hospital
admission (RR 0.91; 95% CI 0.79-1.06) when comparing patients treated with ICI with patients without cancer
treatment. When pooling adjusted odds ratios (ORs), no statistically significant differences were observed in mortality
(OR 0.95; 95% CI 0.57-1.60), severe COVID-19 (OR 1.05; 95% CI 0.45-2.46), or hospital admission (OR 2.02; 95% CI
0.96-4.27), when comparing patients treated with ICIs versus patients with cancer without ICI therapy. No significant
differences were observed when comparing clinical outcomes in patients receiving ICIs versus patients receiving any
of the other anticancer therapies. Conclusion: Although current evidence is limited, COVID-19 clinical outcomes of
patients with cancer receiving ICI therapy appear to be similar to those not receiving oncologic treatment or other
cancer therapies.
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INTRODUCTION

A novel coronavirus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was identified in December
2019 and disseminated rapidly across the globe, resulting
in a pandemia. Infection with this coronavirus can cause
coronavirus disease 2019 (COVID-19), with symptoms
that range from mild (most commonly) to severe or
critical disease with lung involvement, and with a case
fatality rate of approximately 2-3%.!%!

Patients with cancer and COVID-19 have a higher risk
of developing severe disease and death.?*! In a recent
observational study including over 500,000 patients
with COVID-19, those with cancer who received cancer
treatment within 3 months before COVID-19 diagnosis
had an increased risk of death, hospitalization, and
intensive care unit (ICU) admission. Yet, the type of
cancer treatment received might influence the outcomes
of patients with COVID-19. In a large national cohort
including 398,579 patients with cancer, recent cytotoxic
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therapy was associated with an increased risk of
mortality, whereas immunotherapy or targeted therapy
were not.!!

Immune checkpoint inhibitors (ICIs) enhance tumor
immunity, but their effects are indiscriminate and can
cause inflammatory and immune-related adverse events
(irAEs) in nontarget organs.'® Because some of the
critical complications of COVID-19 are thought to be
caused by an exaggerated immune response resulting in
massive release of cytokines, it is conceivable that
patients with cancer receiving ICI therapy who acquire
COVID-19 might be at risk of developing such compli-
cations. However, the results of previous studies are
inconsistent, with some studies reporting no increased
risk in adverse outcomes, whereas others report a higher
risk compared with other therapies.!>”! Because of these
discrepancies, we conducted a systematic review of
existing literature to evaluate the clinical course and
potential complications of COVID-19 in patients with
cancer receiving ICI therapy.

METHODS

This review was registered in PROSPERO (registration
no.: CRD42022307545) and is reported in accordance
with the PRISMA (Preferred Reporting Items of System-
atic Reviews and Meta-Analysis) guidelines.

Eligibility Criteria

We included studies (prospective and retrospective)
with at least five patients treated with ICIs and with a
comparison group. For inclusion studies, we considered
where the cancer treatment was administered within 90
days prior to COVID-19 diagnosis. We also included case
series and reports to identify potential unusual adverse
events. Studies were considered if they included adults >
18 years of age with any type of advanced cancer who
were diagnosed with COVID-19. We included any ICI
therapy, i.e., programmed cell death protein 1s (PD-1s;
pembrolizumab, nivolumab, cemiplimab), programmed
death-ligand 1s (PD-L1s; atezolizumab, avelumab, dur-
valumab), and cytotoxic T lymphocyte-associated pro-
tein 4 (CTLA-4; ipilimumab). We considered type of
comparison group (e.g., chemotherapy, chemotherapy
plus immunotherapy, hormone therapy, targeted thera-
py, no treatment). We excluded studies if insufficient
information for analysis was provided, if the type of
immunotherapy received by the participants was not
specified, or if the studies were on pediatric populations.
We also excluded case reports of pneumonitis (and its
complications) because this outcome could not be
considered an unusual adverse event in the context of
SARS-CoV-2 infection.

Finally, we also included studies of patients receiving
ICIs, comparing those who developed COVID-19 with
those who did not, in order to compare the incidence of
irAEs or other serious adverse events in both groups.

Information Sources and Search Strategy

An expert librarian searched two electronic databases
Medline and Embase (through Ovid) from December 1,
2019, to January S, 2022. We also checked the reference
lists of other systematic reviews and retrieved those
studies that were considered appropriate.

Terms were searched using subject headings and
keywords as needed. The search terms were combined
using Boolean operators AND/OR. Search strategies are as
shown in Supplemental Table S1 (available online). The
search was limited to English language articles. We used
EndNote X9 (Clarivate) to manage references.

Two reviewers (JIR and MLO) independently screened
the citations retrieved by the search and selected the
studies of interest. Disagreements were resolved by
discussion and consensus. Data were extracted by one
reviewer (JIR) using the web-based software platform
Covidence (Veritas Health Innovation). The following
information was extracted: (1) general study information
(i.e., year of publication, country, study design); (2)
population characteristics (i.e., age, gender, number of
patients); (3) intervention characteristics (i.e., number of
patients under ICI treatment, number of patients in
comparison group, interval between ICI treatment and
COVID-19 diagnosis, types of ICI, types of comparison
[chemotherapy, chemotherapy + ICI, targeted therapy]);
(4) outcomes (primary outcomes: mortality, ICU admis-
sion, rate of irAEs and type of irAE, hospital admission;
and secondary outcomes: systemic complications [ve-
nous thrombosis/pulmonary embolism (VTE), ischemic
stroke], severe disease [according to the author’s defini-
tion], mechanical ventilation, pneumonitis). We collect-
ed information on COVID-19-related mortality, where
the numerator is the number of COVID-19-related
deaths and the denominator is the number of patients
with COVID-19 infection.

Assessment of Studies and Analysis

The risk of bias was assessed by one reviewer (JIR). We
used the Newcastle-Ottawa Scale (NOS) to assess the
methodological quality of observational studies. This
scale consists of three components: patient selection,
study comparability, and outcome assessment. It ranges
from 0, indicating highest risk of bias, to 9, indicating
lowest risk of bias. We planned a priori to assess and
quantify publication bias using funnel plots and Egger’s
test if more than 10 studies reported on the primary
outcome. However, data were insufficient to perform this
analysis.

We performed the statistical analysis using Review
Manager version 5.3 (RevMan). We presented the
measure of association as RRs and their corresponding
95% CI. If the data were not suitable for pooling, we
synthesized the results narratively. Synthesis was per-
formed according to comparison groups and primary
outcomes.

We calculated the RRs when studies provided raw data
from the frequency of events and sample sizes. We used
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the Mantel-Haenszel method for meta-analysis of di-
chotomous raw data. We converted reported ORs into
log ORs to quantify the variable’s effect in studies
reporting ORs, using generic inverse-variance method
with random effects model to pool them (when needed,
1 OR used for consistency of the referent group in pooled
estimates). Adjusted estimates were used for primary
analyses where possible to decrease potential confounder
bias. Data were pooled using random effects models. For
meta-analysis with only two studies, we also used fixed
eff[%]cts models following the recommendation of Chen et
al.

We assessed heterogeneity using I? statistics. We
considered that heterogeneity was present when the I*
was higher than 40%. We grouped studies by type of
effect estimate used (unadjusted versus adjusted) and
type of design (prospective versus retrospective) to
determine the potential effect on the results.

Sensitivity analysis was performed for the main
comparisons (i.e., ICI versus no cancer treatment and
ICI versus chemotherapy), excluding studies with high
risk of bias (NOS score lower than 6) for the outcome
“mortality” to determine differential effects of the
quality of the primary studies. To evaluate the occur-
rence of unusual adverse events of ICIs in patients with
COVID-19 diagnosis, we identified and summarized data
from case reports and case series that reported adverse
events.

We evaluated the quality of the evidence for each
outcome using the Grading of Recommendations As-
sessment, Development, and Evaluation (GRADE) frame-
work, which considers risk of bias, indirectness,
inconsistency, imprecision, and publication bias."”! We
created summary of findings tables for the comparison of
ICI versus no ICI using the adjusted ORs and rating the
certainty of the evidence as high (indicating that further
research is very unlikely to change our confidence in the
estimate of effect), moderate (indicating that further
research is likely to have a significant effect on our
confidence in the estimate of effect and may change the
estimate), low (indicating that further research is very
likely to have a significant effect on our confidence in
the estimate of effect and is likely to change the
estimate), or very low (indicating that any estimate of
effect is very uncertain).

RESULTS

The search strategy identified 621 unique citations
(Fig. 1). After review, 25 studies were included for
analysis.”"1933] Overall 36,532 patients were included:
15,497 subjects had COVID-19 and 3220 received ICI.

Cohort studies’ characteristics are described in Table 1.
There were 21 cohort studies (three prospective and 18
retrospective), one case series, and three case reports.
With regard to the outcomes reported, 16 studies
reported mortality; seven reported hospital admission;
four reported severe COVID-19 infection; one reported
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Figure 1. PRISMA flow diagram of study selection.

clinical worsening; one reported mechanical ventilation;
one reported venous thromboembolism; one reported
the composite outcome respiratory failure or death; one
reported the composite outcome of ICU admission,
intubation, or do not intubate (DNI) order; two reported
irAEs; and one study reported serious adverse events. ICI
theraoply was compared with chemotherapy in 13 stud-
es;[10/11,13-15,17,18,20-23,26.33] t31geted therapy in 11 stud-
jes;[10,13-17,20,22-24,33] hormone therapy in six
studies;[1915:16:20.26,331 hatients with cancer without
therapy in six studies;!!!141517:19241 chemotherapy +
immunotherapy in three studies;'*'%?2! and healthy
subjects in one study."®! Additional characteristics are
shown in Supplemental Table S2 (available online). The
median age of participants ranged between 61 and 80
years old.

Most of the studies had high risk of bias in several
domains (Supplemental Table S3, available online); 71%
of the studies (n = 15) had high risk of confounding bias
due to no adjustment for confounding factors.

Results of Cohort Studies

The reported rates of people worsening, deaths,
hospital and ICU admissions, and other outcomes per
intervention group are shown in Supplemental Table S4
(available online).

ICI Therapy Versus No Cancer Therapy

Outcomes in patients with cancer treated with ICIs
versus no cancer therapy are presented in Supplemental
Fig. S1.
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Table 1. Characteristics of cohort studies comparing ICIs with other treatments or no treatment in patients with cancer and

COVID-19
Total Patients
No. of on ICI,
Study Patients n (%) Comparison Group Outcomes
Retrospective cohorts
Albiges 2020 178 19 (10.7) Chemotherapy, targeted therapy, hormone Hospital admission, clinical worsening,
therapy ICU admission
Assaad 20201 55 3 (8.5) Chemotherapy, no treatment Mortality
Dai 202013 105 6 (5.7) Chemotherapy, targeted therapy, Mortality
chemotherapy + immunotherapy, healthy
controls
Garassino 20204 200 24 (12) Chemotherapy, targeted therapy, Hospital admission
chemotherapy + immunotherapy, no
treatment
Gonzalez-Cao 2020241 50 22 (44) Targeted therapy, no treatment Mortality
Grivas 20211512 4966 238 (4.8) Chemotherapy, targeted therapy, no Mortality, ICU admission, hospital
treatment, hormone therapy admission, mechanical ventilation
Gulati 2021 4217 199 (4.7) Targeted therapy, hormone therapy Thrombotic complications, ICU admission,
mortality
Hwang 20211710 1267 12 (1) Chemotherapy, targeted therapy, no Mortality
treatment
Jee 2021018 820 51 (6.2) Chemotherapy Mortality, respiratory failure
Klebanov 202111 21,693 1545 (7.1)  No treatment COVID-19, mortality
Lara 20207 121 8 (6.6) Chemotherapy, targeted therapy, hormone Mortality, severe COVID-19
therapy
Lin 202121 106 10 (10) Chemotherapy COVID-19, hospital admission
Luo 2020221 102 26 (25) Chemotherapy, chemotherapy + Hospital admission, ICU/intubation/DNI,
immunotherapy, targeted therapy mortality
Moritz 202129 13 13 (100) NA Mortality, irAEs
Pinato 2020271 890 38 (4.3) No ICI Mortality
Robilotti 202017t 423 31 (7.3) No ICI Hospital admission, mortality
Trojaniello 20213 343 343 (100) NA COVID-19, irAEs
Tyan 20201318 1222 611 (50) No ICI Mortality
Prospective cohorts
Mandala 20213 293 52 (17.7) Chemotherapy, targeted therapy COVID-19, serious adverse events, adverse
events, mortality
Nichetti 2020/ 11 4 (36.4) Chemotherapy, hormone therapy Mortality
Yarza 2020830 63 8 (12.7) Chemotherapy, targeted therapy, hormone Respiratory failure

therapy

Adjusted analysis: age, sex, race, comorbidities, cancer status, cancer type, timing of anticancer therapy, anti-COVID-19; bage, sex, race, income,

comorbidities, malignancy, cancer status, cancer treatment; “age, sex, race and ethnicity, median income, local infection rate, Charlson comorbidity
index; Ysex, smoking status, °sex, age, comorbidities, tumor stage, tumor status, ‘age, lung cancer, hematologic malignancy, metastatic disease, 8age,
sex, anticancer therapy, "age, sex, ECOG, metastasis, chronic obstructive pulmonary disease, previous venous thromboembolism .

COPD: chronic obstructive pulmonary disease; DNI: do not intubate; ECOG: Eastern Cooperative Oncology Group performance status; ICI: immune
checkpoint inhibitor; ICU: intensive care unit; irAEs: immune-related adverse events; NA: not applicable; VTE: previous venous thromboembolism.

Mortality was reported in five studies including 308
patients on ICI therapy and 4069 controls.!'!/141517.24]
No statistically significant differences were observed in
the pooled estimate (RR 1.29; 95% CI 0.62-2.69; P =
79%). Certainty of evidence was very low (rated down for
imprecision, inconsistency, risk of bias). In the sensitiv-
ity analysis (Supplemental Fig. S7) including only studies
with low risk of bias, no statistically significant differ-
ences were observed in the pooled estimate (RR 1.59;
95% CI 0.73-3.48; I = 81%).

Hospital admission rates were reported in two studies
including 282 patients on ICI therapy and 2859 controls.
No statistically significant differences were observed in
the pooled estimate!'*!3! (RR 0.91; 95% CI 0.79-1.06; I*

= 0%). Certainty of evidence was very low (rated down
for imprecision, risk of bias).

ICU admission rates were reported in one study
including 248 patients on ICI therapy and 2807
controls.'"® No statistically significant differences were
observed (RR 1.20; 95% CI 0.71-2.00). Certainty of
evidence was very low (rated down for imprecision, risk
of bias).

ICI Therapy Versus Chemotherapy

Outcomes in patients with cancer treated with ICIs
versus chemotherapy are presented in Supplemental Fig.
S2.

Mortality was reported in nine studies including 393
patients on ICIs and 1025 controls.[10:11:13-15,17,22,23,26]
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Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

5.1.1 Mortality
Grivas 2021 -009 025 461% 0.91[0.56,1.49] ——
Klebanov 2021 047 037 308% 1.60[0.77,3.30] T
Luo 2020 012 076 104% 1.13[0.25,5.00] —_—
Tyan 2020 102 084 B87% 0.36[0.07,1.87) —
Yarza 2020 -1.89 1.3 39% 015[0.01,193) — 71—
Subtotal (95% CI) 100.0%  0.95[0.57,1.60] <
Heterogeneity: Tau*= 0.09; Chi*= 535, df= 4 (P=0.25), F= 25%
Testfor overall effect: Z=0.18 (P = 0.86)
5.1.2 Severe COVID-18
Grivas 2021 -015 015 497% 0.86[0.64,1.15]
Robilotti 2020 079 038 376% 220[1.05, 4.64]
Yarza 2020 <135 106 127% 0.26[0.03, 2.07]
Subtotal (95% CI) 100.0% 1.05[0.45, 2.46]
Heterogeneity: Tau*= 0.36, Chi*=683,df=2 (P=003), F=71%
Test for overall effect Z=012 (P=0.91)

0.01 100

01 10
Favours ICI Favours control
Testfor subaroup differences: Chi*= 0.04, df=1 (P = 0.85), = 0%

Figure 2. Forest plot comparing patients with cancer treated with IClIs
versus those not treated with ICI. Adjusted ORs. ICI: immune
checkpoint inhibitor; OR: odds ratio.

No statistically significant differences were observed (OR
0.84; 95% CI 0.65-1.07; I* = 1%). Certainty of evidence
was low (rated down for imprecision, risk of bias). In the
sensitivity analysis (Supplemental Fig. S8) including only
studies with low risk of bias, no statistically significant
differences were observed in the pooled estimate (RR
0.87 95%, CI 0.66-1.14; I = 5%).

Hospital admission rates were reported in five studies
including 370 patients on ICIs and 922 controls.!!415:21-23]
No statistically significant differences were observed (RR
0.93; 95% CI 0.81-1.08; I = 0%). Certainty of evidence
was low (rated down for imprecision, risk of bias).

ICU admission rates were reported in two studies
including 274 patients on ICI and 828 controls.!">?? No
statistically significant differences were observed (RR
1.06; 95% CI 0.41-2.75; I = 73%). Certainty of evidence
was very low (rated down for inconsistency, imprecision,
risk of bias).

Severe COVID-19 was reported in three studies
including 35 patients on ICIs and 137 controls.!'%2%33]
No statistically significant differences were observed (RR
0.93; 95% CI 0.38-2.24; > = 58%)). Certainty of evidence
was low (rated down for imprecision, risk of bias).

Respiratory failure or death was reported in one study,
including 51 patients on ICIs and 38 controls,!'®
combined both outcomes. No statistically significant
differences were observed (RR 0.75; 95% CI 0.40-1.37).
Certainty of evidence was very low (rated down for
imprecision, risk of bias).

ICI Therapy Versus Targeted Therapy

Outcomes in patients with cancer treated with ICIs
versus targeted therapy are presented in Supplemental
Fig. S3.

Mortality was reported in eight studies including 364
patients on ICIs and 851 controls.1%13-15.17.22,24,33] o
statistically significant differences were observed (RR
1.28; 95% CI 0.93-1.75; I? = 6%). Certainty of evidence
was very low (rated down for imprecision, risk of bias).

Hospital admission rates were reported in three studies
including 308 patients on ICIs and 731 controls.[!415:22]
No statistically significant differences were observed (RR

1.00; 95% CI 0.77-1.28; I = 43%). Certainty of evidence
was very low (rated down for imprecision, risk of bias).

Severe COVID-19 was reported in three studies
including 35 patients on ICIs and 50 controls.1%2%:33]
No statistically significant differences were observed in
the pooled estimate (RR 1.29; 95% CI 0.59-2.82; P =
0%). Certainty of evidence was very low (rated down for
imprecision, risk of bias).

Venous thromboembolism was reported in one study
including 139 patients on ICIs and 675 controls."® No
statistically significant differences were observed in the
pool estimate (RR 1.26; 95% CI 0.80-1.98). Certainty of
evidence was very low (rated down for imprecision, risk
of bias).

ICI Therapy Versus No ICI Therapy

Outcomes in patients with cancer treated with ICIs
versus no ICIs are presented in Supplemental Fig. S4.

Mortality was reported in two studies including 47
patients on ICI therapy and 238 controls.'*?*?" No
statistically significant differences were observed in the
pooled estimate (RR 1.14; 95% CI 0.64-2.04; I? = 33%).
Certainty of evidence was very low (rated down for
inconsistency, imprecision, risk of bias).

Five studies reported adjusted ORs for this out-
come. 15192232331 N statistically significant differences
were observed in the adjusted analysis (OR 0.95; 95% CI
0.57-1.60; I? = 25%). Figure 2 shows the OR for all
studies adjusting for covariates (mortality or severe
COVID-19). The studies ad;usted for the followin
covariates: a e'[7,15,17,19,22,27, 2,33] sex,[15'17'19’22'27'32'3
race,“s'”'lgjg comorbidities,'>17:19271 cancer sta-
tus, 1517271 cancer type,'! timing of anticancer thera-
py,'*! anti-COVID-19 therap}f,[lsl income, 719!
ethnicity,!'” local infection rate,!'” smoking status,**
tumor stage,'*”] metastatic disease,”**! lung cancer,"”
hematologic malignancy,”! anticancer therapy,!'”:3?!
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status scale,*3 chronic obstructive pulmonar
disease,*3! and previous venous thromboembolism.?!
One of the studies did not report the interval between
the cancer treatment and the COVID-19 diagnosis'®*};
therefore, we performed a subgroup analysis with this
study separated from the others (Supplemental Fig. S4).
Certainty of evidence was very low (rated down for
imprecision, risk of bias). See Table 2.

Hospital admission rates were reported in one study
including 25 on ICIs and 25 controls.*?! No statistically
significant differences were observed (RR 0.79; 95% CI
0.63-1.00). Certainty of evidence was very low (rated
down for imprecision, risk of bias).

Two studies reported adjusted ORs for this out-
come.”"??! The pool estimate favored the control group,
although the lower limit of the CI crossed the line of null
effect (OR 2.02; 95% CI 0.96-4.27; I? =0%). Certainty of
evidence was very low (rated down for imprecision, risk
of bias).

ICU admission rates were reported in one study
including 25 patients on ICIs and 25 controls.*?! No
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Table 2. COVID-19 outcomes in patients with cancer receiving ICIs compared to those not receiving ICI Therapy

Anticipated Absolute Effects

Certainty
Risk With of the
Risk With ICI Relative Effect, No. of Evidence
Outcomes No ICI (95% CI) OR (95% CI) Studies (GRADE) Comments
Mortality 100 per 1000 95 per 1000 0.95 (0.57-1.60)* 5 Very low™®  There is uncertainty based on the
(60-151) quality of evidence if the risk of
COVID-19 mortality is higher in
patients with cancer exposed to
ICI compared with those not
exposed to ICI.
Hospital admission 300 per 1000 464 per 1000 2.02 (0.96-4.27)* 2 Very low There is uncertainty based on the
(291-647) quality of evidence if the risk of
COVID-19 hospital admission is
higher in patients with cancer
exposed to ICI compared with
those not exposed to ICI.
Severe COVID-19 120 per 1000 125 per 1000 1.05 (0.45-2.46)" 3 Very low™?  There is uncertainty based on the

(58-251)

quality of evidence if the risk of
severe COVID-19 is higher in
patients with cancer exposed to
ICI compared with those not
exposed to ICI.

#Adjusted OR.

PThere is high risk of bias assessed with the Newcastle-Ottawa Scale specifically in the selection and outcome domains.

“There is heterogeneity not explained due to chance.

9The true effect can benefit either the experimental or the control group.

CI: confidence interval; GRADE: Grading of Recommendations, Assessment, Development and Evaluations; ICI: immune checkpoint inhibitor; OR:

odds ratio.

statistically significant differences were observed (RR
0.50; 95% CI 0.20-1.25). Certainty of evidence was very
low (rated down for imprecision, risk of bias).

Severe COVID-19 was reported in three studies
reported adjusted ORs for this outcome.”1533 No
statistically significant differences were observed (OR
1.05; 95% CI 0.45-2.46; I> = 71%) (Fig. 2). Certainty of
evidence was very low (rated down for inconsistency,
imprecision, risk of bias).

ICI Therapy Versus Hormone Therapy

Outcomes in patients with cancer treated with ICIs
versus hormone therapy are presented in Supplemental
Fig. SS.

Mortality was reported in two studies including 252
patients on ICIs and 485 controls.">?%! No statistically
significant differences were observed in the pooled
estimate (RR 1.10; 95% CI 0.42-2.90) in the random
effects model analysis. In the fixed effects model, the RR
was 1.53 (95% CI 1.05-2.22), favoring the control group.
Certainty of evidence was very low (rated down for
inconsistency, imprecision, risk of bias).

Severe COVID-19 was reported in two studies includ-
ing 16 patients on ICIs and 16 controls.**33! No
statistically significant differences were observed in the
random effects model analysis (RR 1.65; 95% CI 0.08-
33.66) and in the fixed effects model (RR 1.08; 95% CI
0.52-2.25). Certainty of evidence was very low (rated
down for inconsistency, imprecision, risk of bias).

ICI Therapy Alone Versus ICIs Plus Chemotherapy

Outcomes in patients with cancer treated with ICI
therapy versus ICI and chemotherapy are presented in
Supplemental Fig. S6.

Mortality was reported in two studies including 32
patients on ICIs and 17 controls.*??! No statistically
significant differences were observed (RR 0.74; 95% CI
0.28-2.00 [random effects model], RR 0.74; 95% CI 0.28-
1.98 [fixed effects model]). Certainty of evidence was
very low (rated down for imprecision, risk of bias).

Hospital admission rates were reported in two studies
including 60 patients on ICIs and 34 controls.['*??! No
statistically significant differences were observed (RR
0.89; 95% CI 0.72-1.11 [random effects model and fixed
effects model]). Certainty of evidence was very low (rated
down for imprecision, risk of bias).

ICI Therapy and COVID-19

Serious adverse events were reported in one study
including patients on ICIs, including 52 SARS-CoV-2
positive, and 107 SARS-CoV-2 negative.*3! Patients with
cancer who received ICI therapy and had COVID-19 had
a higher risk of serious adverse events than those who
did not have COVID-19 (RR 4.63; 95% CI 1.50-14.34),
with pneumonitis being the most common serious
adverse event. Serious adverse events were related to
COVID-19. Certainty of evidence was very low (rated
down for imprecision, risk of bias).
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Two studies including 30 patients reported the rate of
irAEs in patients treated with ICI and diagnosed with
COVID-19.2%3% No irAEs were observed in these studies.

Results of Case Reports

Three case reports!'>?%3% and one case series
reported the characteristics of five patients with cancer
receiving ICIs who developed an unusual adverse event
after having COVID-19, and it was hypothesized that the
infection triggered the event in these patients. Reported
unusual adverse events after havingCOVID-19 in these
patients were (1) acute tubulointerstitial nephritis, (2)
hemophagocytic lymphohistiocytosis, (3) digital ische-
mia, (4) urticarial popular lesions, and (5) erythema
multiforme. A more detailed description of the case
reports is provided in the Supplemental Appendix.

[29]

DISCUSSION

In this systematic review, patients with cancer receiv-
ing ICI therapy who acquired COVID-19 did not have
statistically significantly worse clinical outcomes com-
pared with those not receiving ICI therapy. We examined
several COVID-19 clinical outcomes including mortality,
ICU and hospital admissions, and severe COVID-19. No
statistically significant differences were observed when
comparing patients receiving ICI with patients receiving
no treatment or other oncologic treatments.

A few prior systematic reviews have also examined
COVID-19 outcomes in patients with cancer receiving
ICI therapy; however, our systematic review adds to the
literature with a more recent search through January
2022, including cohort studies and case reports. We
included several clinical outcomes that were not identi-
fied previously, including irAEs. Our results are consis-
tent with other studies. The most recent systematic
review was that published by Liu et al.,*”! with a search
performed through May 2021 reporting incidence and
mortality. In this study, compared with other cancer
treatments, ICI treatment neither increased the inci-
dence of COVID-19 (OR 0.84; 95% CI 0.60-1.18) nor the
mortality (OR 1.22; 95% CI 0.91-1.62).>” Other previous
systematic reviews showed similar results.!***% Lazarus
et al.®® searched through February 2021 and evaluated
other clinical outcomes besides mortality; however, they
included 11 studies for analysis, compared with 21
included in our review. Finally, the other two systematic
reviews (Park et al. and Qian et al.)*?*° searched
through January 2021 and October 2020, respectively.

Unlike other reviews, we also identified irAEs or other
serious adverse events. Two studies evaluated irAEs, and
no events were reported.*>¢ Another study reported a
higher risk of serious adverse events in patients receiving
ICIs who developed COVID-19 compared with those
patients receiving ICI without COVID-19. They consid-
ered serious adverse events to be death, life-threating
toxicity, hospitalization (initial or prolonged), disability,
and permanent organ damage. Although more patients

with COVID-19 had pneumonitis compared to those
without COVID-19, there were no differences in irAEs
between the two groups in other organs.

We also examined case series and reports to identify
potential unusual adverse events that occurred in
patients receiving ICIs who developed COVID-19. The
adverse events reported were acute tubulointerstitial
nephritis, hemophagocytic lymphohistiocytosis, digital
ischemia, urticarial popular lesions, and erythema multi-
forme. While attribution is not possible, small case series
and reports can alert researchers to the occurrence of
serious events that can then be more systematically
evaluated.

The quality of the evidence for many outcomes was
rated as low or very low, largely attributable to all studies
being observational. More than half of the primary
studies had a high risk of bias, and most of the studies
did not provide an adjusted analysis. Therefore, most of
our meta-analyses were unadjusted. Another limitation
is that several studies did not provide specific informa-
tion about the type of immunotherapy given to patients.

CONCLUSION

This systematic review provides an updated synthesis
of evidence about the prognosis of COVID-19 in patients
with cancer receiving ICI therapy. Overall, ICI therapy
was not significantly associated with worse COVID-19
outcomes compared with other cancer therapies or no
therapy. No increase in irAEs was reported, but most
studies did not evaluate immune toxicity secondary to
ICI treatment.

Supplemental Material

Supplemental materials are available online with the
article.
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