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Aim: We aimed to quantify the effects of immune checkpoint inhibitors (ICls) on the prognosis of COVID-
19. Materials & methods: A meta-analysis was conducted and the hospitalization, severe disease and
mortality rates were assessed. Thirteen studies comprising of 4614 cancer patients with COVID-19 were
included. Results: When compared with cancer patients without prior ICl exposure, patients with prior ICl
treatment exhibited a higher rate of hospitalization (odds ratio [OR] 2.0, 95% Cl 1.19-3.38, p = 0.01).
However, the OR of severe disease and mortality in ICl exposed cases was similar to non-ICl exposed
patients (OR 1.55, 95% C10.69-3.51, p = 0.29; OR 1.12, 95% CI 0.85-1.48, p = 0.42, respectively). Conclusion:
It is uncertain whether prior exposure to ICls increases the risk of severe disease and death, however
the observed OR suggest a higher rate of hospitalization.

Lay abstract: COVID-19 is an infectious disease caused by a virus which affected people worldwide in
2020. It mainly attacks the lungs and causes symptoms such as, fever, dry cough and fatigue. However,
there is currently are no definite therapies for its treatment. Cancer patients are more vulnerable due to
both the tumor itself and the anticancer treatment. At the same time, they are at higher risk of COVID-19
exposure due to the need for regular treatment and testing in hospitals. In this systematic review and
meta-analysis we enrolled 13 studies. Firstly, we analyzed the rate of hospitalization, severe disease and
death. Additionally, we studied the impact of immune checkpoint inhibitors on the outcome of cancer
patients infected with COVID-19. Finally, our discussion focuses on what we can learn from the pandemic
to provide guidance for clinical practice.
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COVID-19 has already spread quickly on a global scale, evolving into a pandemic and threatening global health 1-
3]. The rapid rise of the disease, and the resultant hospitalizations and deaths have strained public health systems [4].
It mainly attacks the lungs and causes related symptoms, including fever, dry cough and fatigue etc., (5. In addition
to lung injury, COVID-19 is associated with hepatitis, gastrointestinal symptoms (such as diarrhea) and damage
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to other organs [6]. However, there currently are no effective therapies for its treatment. Cancer patients are often
at higher risk of COVID-19 exposure due to the need for regular treatment and testing in hospitals [7]. To make
matters worse, cancer patients are more vulnerable due to both the tumor itself and the anticancer treatment [8,9]. It
remains to be seen whether the application of anticancer drugs results in differential prognoses for patients infected
with COVID-19 [10]. It is critically important for clinicians to identify risk factors associated with severity and
mortality and take appropriate interventions.

Currently, immunotherapy has raised major concerns amid different therapeutic strategies in cancer treatment,
due to its intrinsic and extensive influence on the immune system [11]. Immunotherapy primarily consists of several
immune checkpoint inhibitors (ICls), including inhibitors targeting the CTLA-4, PD-1 and PD-L1. Anti-CTLA-
4 and anti-PD-1/-PD-L1 antibodies reactivate cytotoxic CD8" T cells for antitumor activity through targeting
T-cell exhaustion pathways [12]. In patients with malignancy, ICIs sometimes induces adverse events, including liver
injury, pneumonia and colitis [13]. Given the convergence of the downstream effects on innate immunity and organ
damage caused by both ICIs and COVID-19 infections, we investigated whether patients present worse prognosis
due to prior exposure to ICls.

Aeppli et al. performed an online survey among clinicians involved in the treatment of renal cell carcinoma [14].
The results reflected that over 80% of experts choose pilimumab/nivolumab outside the pandemic, however this
figure has fallen by half during the COVID-19 pandemic. Given that ICI therapy represents an important treatment
choice for some patients, whether this has an impact on the prognosis of COVID-19 infection in cancer patients
should be elucidated. However, whether COVID-19 patients receiving ICI therapy are prone to poorer prognosis
remains unknown. In light of this, this systematic review and meta-analysis aimed to assess the safety of ICI
application in COVID-19 patients and to make reasonable recommendations by reviewing available publications.

Materials & methods

Search strategy

We searched the PubMed, Embase, and Web of Science databases, limiting our search to papers written in English
from the inception of each database until 4 January 2021. The search terms were as follows: ’severe acute respiratory
syndrome coronavirus 2’ or ’'SARS-CoV-2’ or 2019-nCoV’ or ’'COVID-19’ and ’cancer’ or ‘malignancy’ or ‘tumor’
and immune checkpointinhibitors’ or 'PD-1/PD-L1’ or’'CTLA-4’ or immunotherapy’. Articles were also retrieved
by screening the reference lists of included studies and from related review papers. One reviewer (Y Tian) with
experience in database searches designed the search, and two reviewers (W Qian and Y Tian) independently screened
the titles, abstracts and full text according to these eligibility criteria, assessing the eligibility of publications.

Inclusion criteria

We included randomized controlled trials, observational studies and case series that reported ICI use in cancer
patients and their prognosis in the context of COVID-19. Exclusion criteria were as follows: the same patients
enrolled in different studies, studies such as clinical reviews, summaries of meetings, or erratum that did not report
original data; and studies containing less than four ICI users. When data was inadequate in some studies, attempts
were made to contact the investigators for the missing data.

Data extraction & definitions

Two researchers (W Qian and Y Tian) independently extracted data from the included studies in a double-
blind manner. Any disagreements were resolved by a third investigator (L Zuo) or by consensus. The following
variables was extracted: name of first author, country, date of COVID-19 diagnosis, study type, age, gender, total
number of patients, number of patients receiving ICI, treatment interval before diagnosis of COVID-19 and
outcome of infection, such as hospitalization and/or severity and/or mortality (Table 1). Severe disease was defined
according to the original studies, primarily based on the symptoms present during treatment — for example,
admission to the intensive care unit, development of severe or critical symptoms and utilization of invasive
mechanical ventilation [8]. To ensure high-quality evidence, this study was performed in accordance with the
Preferred Reporting Items of Systematic Reviews and Meta-analysis statement.

Quality assessment
The Newcastle-Ottawa Scale (NOS) was used for observational studies to evaluate the methodological quality
of the original study (Table 1) [15]. The NOS consists of three parts: patient selection, study comparability and
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Literature search results: 1508

A 4

375 duplicate records were excluded

1133 records were title reviewed

985 were excluded as they were
not relevant

A 4

148 records screened carefully
based on abstract

110 were excluded because they did
v not meet the detailed criteria

38 articles were full text reviewed

One excluded as it reported coronavirus HKU1(non-COVID-19)

A 4

Three excluded as they were surveys

21 excluded as the number of included patients was fewer than 4

A 4

13 articles met the inclusion criteria
and were included in quantitative
synthesis (meta-analysis)

Figure 1. Flow chart for study selection.

outcome assessment and produces scores ranging from 0 to 9. Studies with NOS scores of >7 were regarded as
high quality. The risk of bias was independently assessed by two authors (W Qian and Y Tian).

Data synthesis & statistical analysis

All statistical analyses in this study were performed using R (version 4.0.2). Odds ratios (OR) were used to describe
the ratio of the probability of events occurring in cancer patients treated with different therapies. The q-test was used
to calculate heterogeneity among the included studies and I? test was used to describe the percentage of variation
across studies that is due to heterogeneity. p < 0.05 or I* > 50% indicated substantial heterogeneity across the
articles [16], and a random effects model was used [17]. Otherwise, a fixed-effects model was used. Publication bias
was assessed using the Begg funnel plot and the Egger test linear regression test (where at least five studies were
available). A p < 0.05 was considered statistically significant.

Results

Search results

The search strategy identified 1508 articles (Figure 1). Among these studies, 375 were duplicates. After screening
the title and abstract, 1085 were excluded, and the full text of the remaining 38 articles was reviewed. Among
these, one study about coronavirus, three surveys and 21 researches that included less than four patients were
excluded after full text review. Finally, 13 studies reported ICI use in cancer patients and prognosis of COVID-19
infection [8,18-29]. The 13 articles consisted of ten cohort studies and three case series and were included for the
meta-analysis.

Patient characteristics

Finally, 13 relevant studies were enrolled, including eight retrospective studies and five prospective studies, compris-
ing more than 4600 cancer patients infected by COVID-19. Detailed patient characteristics of the included studies
are shown in Table 1. The studies were from eight countries, including China (n = 2), Germany (n = 2), Italy (n = 2),
France (n = 2), Spain (n = 2), the UK (n = 3) and the USA (n = 3). These studies included more than four ICI users,
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Table 2. The results of the meta-analysis.

Studies (n) OR (95% CI) p-value Heterogeneity Model used Begg’s test Egger’s test
12 p-value
Single proportions
- Hospitalization 5 0.45 (0.15-0.78) NA 87% <0.01 Random 0.33 0.45
- Severe disease 8 0.34 (0.26-0.44) NA 35% 0.13 Fixed 0.62 0.88
- Mortality 1" 0.26 (0.17-0.38) NA 64% 0.20 Random 0.43 0.36
Binary outcome
Hospitalization
—ICl vs non-ICI 4 2.00 (1.19-3.38) <0.01 45% 0.14 Fixed NA NA
Severe disease
—ICl vs non-ICI 5 1.55 (0.69-3.51) 0.29 55% 0.06 Random 1.00 0.79
Mortality
—ICl vs Non-ICI 7 1.12 (0.47-1.54) 0.42 42% 0.11 Fixed 0.65 0.85
—1Cl vs chemotherapy 6 1.09 (0.54-1.97) 0.56 0% 0.46 Fixed 0.85 0.73
—1Cl vs hormone therapy 5 1.45 (0.70-2.97) 0.32 53% 0.08 Random 1.00 0.80
—ICl vs radiotherapy 4 1.13 (0.74-1.74) 0.57 26% 0.26 Fixed NA NA
—ICl vs surgery 4 1.69 (0.95-2.98) 0.57 0% 0.64 Fixed NA NA
- ICl vs targeted therapy 6 2.13(1.44-3.14) <0.01 15% 0.32 Fixed 0.85 0.65

ICl: Immune checkpoint inhibitor; NA: Not available; OR: Odds ratio.

and the median age of study participants was 61-67 years old. Of these 13 studies, clinical outcomes were defined
as hospitalization in five studies, severity in eight studies and mortality in 11 studies (Table 1). However, there was
nonuniformity in the criterion of the time interval from last dose to COVID-19 diagnosis (Table 1) (8,18,19,21,23-25].
Results of the quality assessment of the included studies assessed by NOS scores are presented in Table 1.

ICl use & risk of hospitalization in COVID-19 patients

We combined five studies [20,23,25,27,28] reporting the hospitalization of COVID-19 infection in patients on ICI
treatment, and a random effects model was used since the heterogeneity test suggested obvious heterogeneity
(I = 87%, p < 0.01). The pooled estimate of the rate of hospitalization was 0.45 (95% CI 0.15-0.78; Table 2).
Four of the five studies [20,23,25,27] contained hospitalization information of patients without ICI exposure. The
proportion of hospitalization was markedly increased in patients treated with ICI therapy compared with those
without ICI treatment (OR 2.00 [95% CI 1.19-3.38], p = 0.01; I* = 45%; Figure 2A).

ICl use & influence on COVID-19 severity

Eight studies (8,18,20,23,24,27-29] that included 111 COVID-19 cases with ICI exposure reported on COVID-19
severity in relation to ICI exposure. The combined proportion of severe disease was 0.34 (95% CI 0.26-0.44,
I? = 35%; Table 2). Out of these eight studies, five studies (8,18,20,23,27] included 83 COVID-19 cases with ICI
exposure and 809 COVID-19 cases unexposed to ICI. A random-effects model was used (I* = 55%; p = 0.06) and
the pooled OR of COVID-19 severity was 1.55 (95% CI, 0.69-3.51, p = 0.29; Figure 2B).

ICl use & risk of mortality in COVID-19 patients

The overall analysis included 11 studies [8,18-24,26,28,29]. Together, 299 COVID-19 cases with ICI exposure and
3188 COVID-19 cases without ICI exposure were included. The pooled proportion of mortality in COVID-19
patients with ICI exposure was 0.26 (95% CI, 0.17-0.38; Table 2). Next, the risk associated with ICI use and
mortality was assessed. Overall, the OR of mortality in ICI-exposed cases was similar to non-ICI exposed COVID-
19 patients (OR 1.12, 95% CI 0.85-1.48, p = 0.42; Figure 2C). Moderate heterogeneity was observed among the
studies (I* = 42%, p = 0.11).

We further examined the mortality between exposure to ICI and other treatments in cancer patients in the
context of COVID-19. However, we did not identify significant differences between ICI and chemotherapy (OR
1.09,95% CI 0.81-1.48, p = 0.56; 12 = 0%; Figure 3A), hormone therapy (OR 1.45, 95% CI1 0.70-2.97, p = 0.32;
I? = 53%; Figure 3B), radiotherapy (OR 1.13, 95% CI 0.74-1.74, p = 0.57; I? = 26%; Figure 3C), surgery (OR

future science group 10.2217/imt-2021-0007
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®

Hospitalization ICl Non-ICI Weight
Study Events Total Events Total Odds ratio OR 95%CI (%)
Lara et al. 5 8 61 113 —_— 1.42 [0.32;6.23] 15.3
Luo et al. 15 20 27 47 B — 2.22 [0.69;7.13] 204
Noguera et al. 2 58 8 106 * 0.44 [0.09;2.13] 27.7
Robilotti et al. 20 31 139 392 ————+——  3.31 [1.54;7.11] 36.6
Fixed-effect model 17 658 —— 2.00 [1.19; 3.38] 100.0
Heterogeneity: 2 = 45%, 12 = 0.2965, p = 0.14 : ' ! '

Test for overall effect: Z =2.60 (p = 0.0093) 01 05 1 2 10

Severe disease ICI Non-ICI Weight
Study Events Total Events Total Odds ratio OR 95% Cl (%)
Albiges et al. 3 19 44 159 |- 0.49 [0.14;1.76] 19.6
Dai et al. 4 6 34 99 —T——+———3.82 [0.67;21.94] 13.8
Lara et al. 3 8 19 113 T 297 [0.65;13.49] 16.4
Luo et al. 6 19 18 46 — 0.72 [0.23;2.23] 21.8
Robilotti et al. 1231 73 392 +—— 2.76 [1.28;5.94] 28.4
Random-effects model 83 809 | I ﬁI:I> | 1.55 [0.69; 3.51] 100.0
Heterogeneity: /* = 55%, 1® = 0.4575, p = 0.06 0.1 051 2 10

Test for overall effect: Z = 1.06 (p = 0.2902)

Mortality ICI Non-ICI Weight
Study Events Total Events Total Odds ratio OR 95% Cl (%)
Albiges et al. 3 19 28 159 —* 0.88 [0.24; 3.22] 5.5
Dai et al. 2 6 10 99 —f——— 4.45[0.72; 27.43] 0.8
Lara et al. 3 8 14 113 4—*— 4.24[0.91; 19.73] 1.3
Lee et al. 10 44 216 756 — 0.74 [0.36;1.51] 19.9
Lievre et al. 40 110 330 1179 :—'—— 1.47 [0.98;2.21] 38.9
Luo et al. 3 19 13 48 —1 0.50 [0.13;2.02] 6.7
Pinato et al. 17 56 282 834 —a 0.85 [0.47;1.54] 26.8
Fixed-effect model 262 3188 : 1.12 [0.85; 1.48] 100.0

Heterogeneity: 2 = 42%, 1> = 0.1283, p = 0.11 : '
Test for overall effect: Z =0.80 (p = 0.4244) '

Figure 2. The pooled prognosis of COVID-19 infections compared between patients with prior immune checkpoint
inhibitor treatment and those without.
ICl: Immune checkpoint inhibitor; OR: Odds ratio.

1.69, 95% CI1 0.95-2.98, p = 0.57; I = 0%; Figure 3D), except for targeted therapy (OR 2.13, 95% CI 1.44-3.14,
p < 0.01; 12 = 15%; Figure 3E).

Temporal relationship between prior ICl receipt & diagnosis of COVID-19

Given that the receptor can be occupied for months (301 and the initial start of ICI therapy results in a distinct
proliferative burst (31-34], different intervals from the last dose of ICI to the diagnosis of COVID-19 may theoretically
influence the prognosis of COVID-19 infection. Luo ez al. (23] defined five categories of prior PD-1 blockade,
including no prior PD-1, ever received PD-1 blockade, last receipt within 6 months, last receipt within 6 weeks,
and first receipt within 3 months, detecting the outcomes of interest. Overall, there was no significant difference in
prognosis regardless of PD-1 blockade exposure. We extracted data from this study and regrouped patients according
to intervals from last dose of ICI to the diagnosis of COVID-19: no prior PD-1, interval >6 months, interval
between 6 months and 6 weeks, interval <6 weeks and initial dose within 3 months (Figure 4). However, we did
not capture any statistically significant differences between no prior PD-1 group and the other four groups tested
by chi-square test or Fisher’s exact test in terms of prognosis, including hospitalization, severe disease and mortality
(Figure 4). Consistent with the above outcomes, Wu ez a/. [29] observed a similar risk of severity in different intervals
from the last ICI administration to COVID-19 diagnosis (interval >28 days vs interval <28 days, p = 1.00).

10.2217/imt-2021-0007 Immunotherapy (Epub ahead of print) future science group
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ICI Chemotherapy Weight
Study Events Total Events Total Odds ratio OR 95% CI (%)
Albiges et al. 3 19 18 66 — 0.50 [0.13;1.92] 8.5
Dai et al. 2 6 2 17 —1—»— 3.75 [0.40; 35.54] 0.9
Lara et al. 3 8 6 35 I T S— 2.90 [0.54; 15.56] 1.7
Lee et al. 10 44 75 281 —— 0.81 [0.38;1.72] 19.6
Lievre et al. 40 110 183 577 - 1.23 [0.80; 1.88] 46.6
Pinato et al. 17 56 61 206 — 1.04 [0.54;1.97] 22.7
Fixed-effect model 243 1182 1.09 [0.81;1.48] 100.0
Heterogeneity: I? = 0%, > =0, p = 0.46 0.1 051 2 10
Test for overall effect: Z = 0.58 (p = 0.5649)
ICI Hormone therapy Weight
Study Events Total Events Total Odds ratio OR 95% ClI (%)
Albiges et al. 3 19 3 16 = 0.81 [0.14;4.72] 120
Lara et al. 3 8 0 9 ——+——— 12.09 [0.52; 280.40] 4.7
Lee et al. 10 44 21 64 —Wa 0.60 [0.25; 1.45] 26.1
Lievre et al. 40 110 10 57 T 2.69 [1.22;5.89] 28.2
Pinato et al. 17 56 20 92 T 1.57 [0.74; 3.34] 288
Random-effects model 237 238 | | < : | 1.45 [0.70;2.97] 100.0
Heterogeneity: /2 = 53%, t? = 0.3189, p = 0.08 0.01 0.1 1 10 100
Test for overall effect: Z =1.00 (p = 0.3160)
ICI Radiotherapy Weight
Study Events Total Events Total Odds ratio OR 95% CI (%)
Dai et al. 2 6 1 13 —‘—'— 6.00 [0.42; 85.25] 1.1
Lara et al. 3 8 0 9 ————— 12.09 [0.52; 280.40] 0.8
Lee et al. 10 44 18 76 —&%— 0.95 [0.39;2.29] 26.4
Lievre et al. 40 110 48 133 L3 1.01 [0.60; 1.17] 71.7
. : 113 [0.74;1.74] 100.0
Fixed-effect model 168 231 T T T 1 e 1
Heterogeneity: I = 26%, 12 = 0.1176, p = 0.26 001t 01 1 10 100
Test for overall effect: Z = 0.56 (p = 0.5722)
ICI Surgery Weight
Study Events Total Events Total Odds ratio OR 95% CI (%)
Dai et al. 2 6 2 8 : 1.50 [0.15; 15.46] 6.1
Lara et al. 3 8 2 11 ——I‘— 2.70 [0.33; 21.98] 5.6
Lee et al. 10 44 7 29 — 0.92 [0.31;2.79] 34.6
Lievre et al. 40 110 12 56 e 2.10  [0.99; 4.42] 53.7
Fixed-effect model 168 104 [ | O| | 1.69 [0.95; 2.98] 100.0
Heterogeneity: /> = 0%, t* = 0, p = 0.64 0.1 051 2 10
Test for overall effect: Z = 0.56 (p = 0.5722)
ICI Targeted therapy Weight
Study Events Total Events Total Odds ratio OR 95% ClI (%)
Albiges et al. 3 16 2 28 —t— 3.00 [0.44;20.24] 35
Dai et al. 2 6 0 4 —7——+——— 5.00 [0.18; 136.32] 1.1
Lara et al. 3 8 1 13 ——f—'— 7.20 [0.60; 87.02] 1.4
Lee et al. 10 44 16 72 == 1.03 [0.42; 2.53] 27.6
Lievre et al. 40 70 42 139 - 3.08 [1.70; 5.59] 35.5
Pinato et al. 17 56 20 93 L 1.59 [0.75; 3.38] 30.8
0.0
Fixed-effect model 200 349 | | <> | | 2.13 [1.44;3.14] 100.0
Heterogeneity: 12 = 15%, t? = 0.0517, p = 0.32 001 04 1 10 100

Test for overall effect: Z = 3.81 (p = 0.0001)

Figure 3. The pooled mortality of COVID-19 infection. The mortality was compared between patients with prior ICl
treatment and those with (A) chemotherapy; p = 0.56, (B) hormone therapy; p = 0.32, (C) radiotherapy; p = 0.57, (D)

surgery; p = 0.57 or (E) targeted therapy; p < 0.01.
ICI: Immune checkpoint inhibitor; OR: Odds ratio.
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Figure 4. The impact of prior PD-1 exposure on the prognosis of COVID-19 in patients with lung cancer. Patients
were redistributed into five groups: no prior PD-1, interval >6 months (>6 mo), interval between 6 months and

6 weeks (6 mo-6 w), interval <6 weeks (<6 w) and initial dose within 3 months (start <3 mo). (A) Rate of
hospitalization compared between no prior PD-1 and >6 mo (p = 0.48), 6 mo-6 w (p = 026), <6 w (p = 0.17) and start
<3 mo (p = 0.30). (B) Rate of severe disease compared between no prior PD-1 and >6 mo (p = 1.00), 6 mo-6 w

(p = 0.26), <6 w (p = 0.38) and start <3 mo (p = 0.48). (C) Rate of death compared between no prior PD-1 and >6 mo
(p =0.24), 6 mo-6 w (p = 0.24), <6 w (p = 1.00) and start <3 mo (p = 0.68).

mo: Month; w: Week.

Data taken from [23].

ICl-induced lung injury & COVID-19 infection

ICI-induced pneumonitis presents similar clinical and radiological features to COVID-19, challenging the early
diagnosis of COVID-19 (35]. Guerini ¢t al. [36] and Lovly ez al. (37) reported two cases where patients experienced
misdiagnosis caused by ICI-induced pneumonitis and later died due to an uncontrolled COVID-19 infection.
Clinicians should always consider COVID-19 as a differential diagnosis, as few places were spared during the
pandemic. In another report [38], two patients were inidially highly suspected of COVID-19 infection based on
clinical manifestations, imaging findings and epidemiology. Steroids were withheld in one case, and the disease
became worse until a third CT scan was obtained, and a second negative RT-PCR test was released after admission.
Both patients were eventually diagnosed with ICI-induced pneumonitis, and a mean delay of 3 days in steroid
initiation was attributed to the COVID-19 pandemic.

Except for missed window of optimal treatment caused by delayed diagnosis, ICI-induced pneumonitis itself
reduces patient resistance and exacerbates COVID-19 infection. Here, we were curious about the influence of
ICI in lung cancer patients infected with COVID-19. Data showed that ICI application did not significantly
influence the severity of COVID-19 in lung cancer patients (ICI application [7/12] vs no ICI application [8/23],
p = 0.181) [271. Consistently, ICI exposure in lung cancer patients did not exhibit a higher risk for developing
severity than in patients with other solid cancers (lung cancer [7/12] vs other solid cancers [5/19], p = 0.13) [271.

Publication bias
The results of publication bias was shown in Table 2, which was assessed using the Begg’s funnel plot and Egger’s
test. There was no significant publication bias in the included studies (all p > 0.5).

Discussion

This review included 13 articles that encompassed 409 ICI users infected with COVID-19. It is uncertain whether
prior exposure to ICI increases the risk of severe disease and death but, observed OR suggests a higher rate of
hospitalization. In addition, different intervals from the last dose of ICI to diagnosis of COVID-19 might not
influence the prognosis of COVID-19 infection. Finally, given the unpredictable duration of the pandemic, we
should always keep in mind a differential diagnosis of COVID-19 and rational adjustment of ICI use.

Patients with cancer are theoretically more vulnerable to infection due to poor health status and immunosup-
pressive conditions provoked by both the cancer and antitumor therapies [39-42]. Poorer prognosis in COVID-19
infection has been associated with several factors, including older age, gender and comorbidities such as pulmonary
disease, cardiac disease, hypertension and cancer [26,43]. Liang ez al. collected and analyzed 1590 cases from 575
hospitals (7). In their study, 18 of 1590 (1%; 95% CI 0.61-1.65) COVID-19 cases had a history of cancer, which
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was higher than the overall incidence of cancer in the population (285.83 [0.29%] per 100,000 people). Impor-
tantly, patients with cancer exhibited a higher rate of severe disease than patients without cancer (7/18 [39%)]
vs 124/1572 [8%], p = 0.0003). Here, we pooled the prognostic data from COVID-19-infected cases with prior
exposure to ICI. The rate of hospitalization was 45%, 34% developed severe disease and 26% died.

Physicians worry about the influence of ICI administration on COVID-19 infection for two main reasons [44].
The first is the potential overlap between the two lung injuries: possible pneumological toxicity from ICI use and
COVID-19 pneumonia. The incidence of ICI-related pneumonitis was reported to be 2.5-5% with anti-PD-1/PD-
L1 monotherapy and 7-10% with anti-CTLA-4/anti-PD-1 combination therapy [45]. These fatal immune-related
adverse events accounted for 35% of treatment-related deaths (46]. The second concern is the potential synergy
between ICI mechanisms and COVID-19 pathogenesis, both of which are involved in immune hyperactivation 47—
49]. Integrating multiple studies into the present study, we found that prior receipt of ICI significantly increased
the rate of hospitalization. In contrast, there was no significant difference in severe disease and mortality among
patients with or without prior ICI exposure (OR 1.55, 95% CI 0.69-3.51, p = 0.29; OR 1.12, 95% CI 0.85-1.48,
p = 0.42; Figure 2B & C). We speculate that prior ICI exposure may lead to gastrointestinal and respiratory
symptoms in some patients, which could contribute to more hospitalization.

Most of the included studies focused on the impact of ICI use or not on the prognosis of COVID-19 [s,18-22],
but they did not take other important factors into consideration, including courses of ICI use, intervals from the
last dose to the diagnosis of COVID-19, and the effect of the first dose. Wu ez al. [29] found that patients who
received three or more cycles of ICI were more likely to develop severe COVID-19, albeit this difference was not
statistically significant (6/7 [85.7%] vs 1/4 [25%], p = 0.09). Another study [23] included 69 patients and defined
five groups according to the interval from last ICI receipt to COVID-19 diagnosis. Overall, there was no statistically
significant difference in different groups in terms of the rate of hospitalization, severe disease or death.

As the influence of ICI on cancer patients infected with COVID-19 is not clear, there are no authoritative
guidelines for ICI modifications in the context of COVID-19. Modifications of drug application are often empirical
and based on the mechanism of drug action, taking tumor treatment and epidemic prevention into account [50].
Wang [51] et al. suggested that administration of anticancer drugs should be changed from infusion to oral
administration if available. For maintenance therapy, we could appropriately prolong the infusion intervals according
to patient condition. Aeppli ¢# a/. performed an online survey among physicians involved in the treatment of renal
cell carcinoma [14]. Compared with that outside the pandemic, the use of ipilimumab/nivolumab fell by half
in intermediate/poor-risk patients during the pandemic (80 vs 41%). In patients responding to established ICI-
containing therapies, most participants modified treatment regimen by extending cycle length. Another survey
focused on patient perspective on oncological care [52]. In patients with adjusted treatment, immunotherapy (32%)
was most frequently adjusted. Consistently, in patients with delay and discontinuation of treatment (39 and 33%,
respectively), immunotherapy was the most frequently included modality.

This study has important implications for clinical practice. Given that the pandemic may last for another several
months or even years, physicians should balance cancer treatment and COVID-19 infection. Our results indicate
that ICI administration increases the rate of hospitalization, though it is uncertain whether prior exposure to ICI
increases the risk of severe disease and death. This suggests that we should not easily postpone, suspend or alter
our established treatment decisions in clinical practice, especially for patients who are undergoing ICI-containing
regimens, because ICI has irreplaceable performance in certain antitumor treatments [12]. Delay or modification of
therapy should be considered on a case-by-case basis [s3].

This systematic review and meta-analysis has several limitations. The most important limitation is that we could
not rule out unknown confounders. Previous studies reported that age, sex, smoking and comorbidities, including
pulmonary disease, cardiac disease, and hypertension, significantly affect the prognosis of COVID-19 infection.
However, these potential confounders were not considered in most of the included studies. What is more, in the
absence of a head-to-head comparison between ICls, the choice to perform an evaluation as a new pharmacological
class is theoretically unsound. However, among all the researches enrolled in the binary outcome, we found that
none of the studies could provide prognosis information about the different ICI molecules. Second, due to the
relatively small number of studies, we were unable to evaluate the effects of ICI subclasses or line of treatment
or their role in individual tumors. Low proportion of patients treated with immunotherapy would unavoidably
confound the meta-analysis results to some extent. Additionally, the benefit of longer duration of ICI on the overall
survival has been determined, and frequent or early interruption of ICI has been proved to be associated with worse
overall survival [12]. It will be worthwhile to comment on the cancer outcome in this population. However, limited
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by a short follow-up period, we failed to assess the cancer outcome in patients who had delayed or interrupted ICI
treatment through published studies. Further, studies on the association between immune-related adverse events
and COVID-19 risk, and outcome are needed. At last, included studies defined several intervals from the last dose
to the diagnosis of COVID-19 infection, which may have influenced the findings.

Conclusion

The results of this meta-analysis suggest that a higher rate of hospitalization was observed among patients who were
undergoing ICI-containing regimens, although it is uncertain whether prior exposure to ICI increases the risk of
severe disease and death. Additionally, different intervals from last dose of ICI to the diagnosis of COVID-19 may
not influence the prognosis of COVID-19 infection.

Summary points

e The influence of prior exposure to immune checkpoint inhibitors (ICls) on COVID-19 infection remains largely

unknown.

It is necessary to perform a meta-analysis to quantify the effects of ICl on the prognosis of COVID-19.

We systematically searched the PubMed, Embase and Web of Science databases.

We included studies that reported ICI use in cancer patients and their prognosis in the context of COVID-19.

Chi-squared and I? tests were used to calculate heterogeneity among the included studies, and the choice of

random or fixed effects model was made according to the heterogeneity.

e Thirteen studies comprising 4614 cancer patients with COVID-19 were included for the systematic review and
meta-analysis.

e The pooled rate of hospitalization, severe disease, and mortality in patients with prior exposure to ICl was 0.45
(95% C1 0.15-0.78), 0.34 (95% CI 0.26-0.44) and 0.26 (95% CI 0.17-0.38), respectively.

e When compared with cancer patients without prior ICI exposure, patients with prior ICl treatment exhibited a
higher rate of hospitalization (odds ratio 2.0, 95% Cl 1.19-3.38, p = 0.01).

e No statistically significant difference in mortality was observed between patients exposed to ICl and other
antitumor treatments in the context of COVID-19, except for the targeted therapy.

e Itis uncertain whether prior exposure to ICl increases the risk of severe disease and death but observed odds ratio
suggest a higher rate of hospitalization.
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