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Abstract

Background: Cancer patients are at a high risk of being infected with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), and are more likely to develop
severe illness and have higher mortality once infected. In the COVID-19 pandemic,
it is urgent to understand the effects of antitumor therapy on the prognosis of patients
with COVID-19.

Methods: A systematic literature search was conducted in PubMed, Cochrane
Library, Embase, MedRxiv, and Chinese National Knowledge Infrastructure (CNKI)
until 21 June 2020. Odds ratios (ORs) and 95% confidence intervals (95% CIs) were
evaluated using a random effects model to analyze the effects of antitumor therapies
on COVID-19 patients.

Results: For cancer patients with COVID-19, the death events related to antitumor
treatment were higher than those with no antitumor treatment (OR = 1.55; 95% CI
1.07-2.25; p = 0.021). Compared with patients in the survival group, the non-survival
group showed no significant differences in patients who received antitumor therapy.
Compared with patients in the non-severe group, the severe group was more likely to
receive antitumor therapy (OR = 1.50; 95% CI 1.02-2.19; p = 0.037) and there was a
significant difference. The incidence of severe events was higher in the subgroup of
chemotherapy (OR = 1.73; 95% CI 1.09-2.73).

Conclusion: The synthesized evidence suggests that cancer patients with COVID-19
who received antitumor treatment shortly before symptom onset are more likely to
experience severe symptoms and have high mortality. Receiving chemotherapy is an

unfavorable factor for the prognosis of cancer patients with COVID-19.
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1 | INTRODUCTION

InDecember 2019, a highly infectious beta-coronavirus which
causes the novel coronavirus disease 2019 (COVID-19) was
identified and named as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).'* Almost the entire popu-
lation lacks specific immunity to SARS-CoV-2 and can be
infected by inhaling droplets containing coronavirus or by
touching contaminated surfaces.* Subsequently, COVID-19
spread rapidly across the world over the following months
and was then recognized as a pandemic.6 As of 16 August
2020, there were 21,294,845 confirmed cases including
761,779 deaths, involving 216 countries.’

During the COVID-19 pandemic, cancer patients still need
to visit the oncology department for the timely diagnosis and
treatment to avoid deterioration of their condition, which dramat-
ically increases their risk of potential exposure to SARS-CoV-2.
Multiple studies have shown that comorbidities are import-
ant risk factors for the morbidity and mortality of COVID-19,
among which the most challenging one may be immunosup-
pression.>™! Most patients with cancer tend to be old, and often
suffer from immune dysfunction incurred by cancer or antican-
cer therapies.'> Therefore, the management strategy of cancer
patients is incredibly essential in the COVID-19 pandemic. A
retrospective study by Liang et al. first pointed out that the inci-
dence of COVID-19 in cancer patients was higher than that in the
general population.]3 Subsequently, multiple studies with larger
sample sizes have indicated that COVID-19 patients with cancer
are more likely to require mechanical ventilation, be admitted to
the intensive care unit (ICU), and die.!*" However, further in-
depth investigations on the relationship between the antitumor
treatment and the prognosis of COVID-19 are limited and the
conclusions are controversial. Our study aims to systematically
review the present evidence on the relationship between antitu-
mor therapy and the clinical outcomes of COVID-19 and to an-
alyze and summarize the available studies in this meta-analysis.

2 | METHODS

2.1 | Literature search and study eligibility

This meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. We explored the literature database
for studies published from 1 January 2020 to 21 June 2020,
without language restrictions. The following search terms
(“COVID-19” OR “SARA-CoV-2” OR “severe acute respira-
tory syndrome coronavirus 2 OR “2019 novel coronavirus”
OR “2019-nCoV” OR “novel coronavirus”) AND (“Tumor”
OR “cancer” OR “malignancy” OR “neoplasm”) were used in
the databases including PubMed, Embase, Cochrane Library,
Chinese National Knowledge Infrastructure (CNKI), and
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MedRxiv. We also examined the reference lists of related arti-
cles that described cancer patients with COVID-19. The selec-
tion criteria for inclusion in this meta-analysis were as follows:
(a) the reported results included the death events of cancer
patients who received antitumor treatment before diagnosis of
COVID-19; (b) the patients could be divided into severe and
non-severe groups, or survivors and non-survivors groups; (c)
the total number of patients included exceeded 10; and (d) the
diagnosis of COVID-19 was through an RT-PCR test from a
nose or throat swab and not from a radiological or clinical di-
agnosis. In the included articles, the severe group comprised
patients with severe or critical COVID-19, and the non-severe
group formed patients with mild or moderate COVID-19. Two
researchers independently completed the screening process by
reviewing the abstracts and the full text of the articles. If there
was a disagreement, a third researcher was consulted, and the
controversy was resolved by consensus.

2.2 | Information extraction and
quality assessment

The following information was extracted: first author, publica-
tion year, country, number of patients, treatment, median age,
percentage of males, and smoking status as current or former.
We used the Newcastle—Ottawa Scale (NOS) to evaluate the
quality of all eligible articles. It included the three aspects of se-
lection, comparability, and exposure, with a full score of 9 points.

2.3 | Statistical analysis

The odds ratios (ORs) and the 95% confidence intervals (CIs)
were used as indicators. We used a random-effects model to an-
alyze antitumor therapy in patients with cancer and COVID-19
in this meta-analysis. Statistical heterogeneity was evaluated
using P and P-values. p < 0.05 was considered statistically
significant. Sensitivity analysis was performed to assess the
reliability of the results. All statistical analyses were conducted
using Stata statistical software (version 12.0; StataCorp LP).

3 | RESULTS

3.1 | Study eligibility and study characteristics
Based on the search terms, a total of 4730 records were iden-
tified by searching the databases and references. A total of
3066 records were selected after removing the duplicate stud-
ies. Thirty-seven articles were assessed based on their full
text. Finally, 16 studies were included in this meta-analysis
(Figure 1). The primary characteristics of the included stud-
ies are shown in Table 1. A total of 3150 patients were
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included in this meta-analysis. There were four studies from
China; three from United States; two from United Kingdom;
three from Italy; two from Spain; one from France; and one
from United States, Canada, and Spain. The antitumor treat-
ments were as follows: chemotherapy, targeted therapy,
radiotherapy, surgery, immunotherapy, and endocrine ther-
apy. All studies were considered high-quality, and the NOS
scores were more significant than 6 points (Table 2).

3.2 | Antitumor treatment-related outcomes

The following treatment-related outcomes were analyzed: the
comparison of the death events between antitumor treatment
and no antitumor treatment groups, the comparison between the
non-survival and survival groups with antitumor treatment, and
the comparison between the severe and non-severe groups with
antitumor therapy in cancer patients with COVID-19. Different
treatment options were also conducted for the subgroup analyses.

3.3 | Antitumor treatment and
survivors and non-survivors of COVID-19

For patients with cancer and COVID-19, there were no sig-
nificant differences between the non-survival and survival

groups with chemotherapy (OR = 1.42; 95% CI 0.86-2.36),
targeted therapy (OR = 1.13; 95% CI 0.45-2.85), radiother-
apy (OR = 0.91; 95% CI 0.62-1.32), surgery (OR = 1.28;
95% CI 0.74-2.21), immunotherapy (OR = 0.89; 95% CI
0.42-1.87), and endocrine therapy (OR = 1.17; 95% CI
0.69-1.96) (Figure 2). Similarly, with antitumor treatment,
the survival and non-survival groups showed no significant
differences (OR = 1.13; 95% CI 0.90-1.43; p = 0.294) in
patients with cancer and COVID-19.

3.4 | Antitumor treatment and
severe and non-severe COVID-19

For the patients with cancer and COVID-19, compared
with the non-severe group, the incidence of severe events
was higher in the subgroup of chemotherapy (OR = 1.73;
95% CI 1.09-2.73) (Figure 3). However, there was no
significant difference between the severe and non-severe
groups with targeted therapy (OR = 1.58; 95% CI 0.55-
4.54), radiotherapy (OR = 1.23; 95% CI 0.19-8.10), sur-
gery (OR = 1.01; 95% CI 0.19-5.48), and immunotherapy
(OR = 1.75; 95% CI 0.91-3.37). The analysis of endo-
crine therapy was not performed due to insufficient data.
However, for antitumor treatment, compared with patients
in the non-severe group, the severe group had a higher
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FIGURE 1 Flow chart of identified
and included studies
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TABLE 1 Summary of all the basic characteristics of the included studies
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Number of Median  Male Current or former
First author Year Country patients Treatment age (%) smoking (%)
M. Montopoli 2020 Italy 118 Endocrinotherapy 73 100 NR
Lennard Y W Lee 2020 UK 800 Chemotherapy 69 56 NR
Mengyuan Dai 2020 China 105 Chemotherapy Targeted 61 56 33
therapy Radiotherapy
Surgery Immunotherapy
Endocrinotherapy
Jia Luo 2020 USA 69 Chemotherapy Targeted therapy 69 48 64
Immunotherapy
Fan Yang 2020 China 52 Chemotherapy Surgery 63 53.8 NR
Immunotherapy
Jianbo Tian 2020 China 232 Chemotherapy Targeted therapy 64 51 6
Radiotherapy Surgery
Immunotherapy
Kunyu Yang 2020 China 205 Chemotherapy Targeted therapy 63 47 NR
Radiotherapy Surgery
Immunotherapy
Nicole M Kuderer 2020 USA 928 Chemotherapy Radiotherapy 66 50 40
Canada Surgery
Spain
Jacobo Rogado 2020 Spain 17 Chemotherapy Targeted therapy 68 76.5 NR
Surgery Immunotherapy
Perrine Vuagnat 2020 France 59 Chemotherapy Targeted therapy 58 NR NR
Radiotherapy Surgery
Endocrinotherapy
Vikas Mehta 2020 USA 218 Chemotherapy Radiotherapy 69 58 NR
Immunotherapy
Elisa Maria 2020 Italy 25 Chemotherapy Immunotherapy 72 80 52
Stroppa
J Rogado 2020 Spain 45 Chemotherapy 71 66.7 NR
Giorgio Bogani 2020 Italy 19 Chemotherapy Surgery 65 NR NR
Jia Luo 2020 USA 102 Chemotherapy Targeted therapy 68 48 27
Immunotherapy
B Russell 2020 UK 156 Chemotherapy Targeted therapy 67 58 32

Immunotherapy

incidence (OR = 1.50; 95% CI 1.02-2.19; p = 0.037) with
significant differences.

3.5 | Death events between
antitumor and non-antitumor therapies

The number of death events in patients receiving chemo-
therapy was higher than that in patients without chemo-
therapy; however, the result was not statistically significant
(OR = 1.81; 95% CI 0.91-3.60) (Figure 4). Meanwhile,
compared with the non-antitumor treatment group, the an-
titumor treatment group demonstrated no significant differ-
ence in death events with targeted therapy (OR = 1.49; 95%
CI10.37-6.07), radiotherapy (OR = 0.89; 95% CI 0.46-1.70),

surgery (OR = 1.76; 95% CI 0.83-3.72), immunotherapy
(OR = 1.10; 95% CI 0.57-2.13), and endocrine therapy
(OR = 0.97; 95% CI 0.14-6.57) in the patients with can-
cer and COVID-19. However, the overall effect was that the
mortality of antitumor treatments was higher than that of no
antitumor treatment in the patients with COVID-19, and the
result was statistically significant (OR = 1.55; 95% CI 1.07-
2.25; p =0.021).

3.6 | Sensitivity analysis

The results of sensitivity analysis confirmed that the out-
comes were not influenced by eliminating any one specific
study in chemotherapy, targeted therapy, radiotherapy,
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FIGURE 2 Forest plots of different treatments. (A-F) Forest plot between non-survivor and survivor groups for patients receiving
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Lennard Y W Lee
Mengyuan Dai
Fan Yang

Kunyu Yang
Nicole M Kuderer
Jacobo Rogado
Perrine Vuagnat
Vikas Mehta
Elisa Maria Stroppa
J. Rogado

Jia Luo

Subtotal (I-squared =66.1%, p =0.001)

Targeted therapy
Lennard Y W Lee
Mengyuan Dai
Kunyu Yang
Jacobo Rogado
Perrine Vuagnat
Jia Luo

Subtotal (I-squared =45.8%, p =0.101)

Radiotherapy
Lennard Y W Lee
Mengyuan Dai
Kunyu Yang
Nicole M Kuderer
Perrine Vuagnat
Vikas Mehta

Subtotal (I-squared =0.0%, p =0.578)

Surgery

Lennard Y W Lee
Mengyuan Dai
Fan Yang

Kunyu Yang
Nicole M Kuderer
Jacobo Rogado
Perrine Vuagnat

Subtotal (I-squared =0.0%, p =0.743)

Immunotherapy
Lennard Y W Lee
Mengyuan Dai
Jia Luo

Fan Yang

Kunyu Yang
Jacobo Rogado
Vikas Mehta

Jia Luo

Subtotal (I-squared =43.5%, p =0.089)

Endocrinotherapy
Lennard Y W Lee
M. Montopoli
Perrine Vuagnat

Elisa Maria Stroppa 4% &
Subtotal (I-squared =0.0%, p =0.542)
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Study %
ID OR (95% Cl) Weight
(A) Chemotherapy :
Mengyuan Dai —— 1.17 (0.41,3.36) 6.83
Fan Yang ~— 0.85(0.14,5.16)  3.40
Jianbo Tian —Y—— 3.04 (1.13,8.16) 7.32
Jia Luo e 1.66 (0.66,4.16) 7.84
Russell B ——— 1.79 (0.76,4.20)  8.37
Subtotal (I-squared =0.0%, p = 0.666) <> 1.73(1.09,2.73) 33.76
I
(B) Targeted therapy :
Mengyuan Dai * + 0.17 (0.01, 3.22) 1.49
Jianbo Tian :—4— 3.03(1.20,7.66) 7.79
Jia Luo —_—t 214 (0.57,797) 5.29
Russell B *> L 0.39 (0.02, 7.33) 1.51
Subtotal (I-squared =37.2%, p =0.189) -:i> 1.58 (0.55, 4.54) 16.08
]
(C) Radiotherapy :
Mengyuan Dai —-0-——:- 0.45 (0.11, 1.73) 5.09
Jianbo Tian - 3.04 (1.13,8.16) 7.32
Subtotal (I-squared =80.2%, p = 0.025) {:I> 1.23 (0.19, 8.10) 12.41
. I
(D) Surgery |
Mengyuan Dai : = 2.95(0.67,13.10) 4.48
Fan Yang +& 1.78 (0.10, 30.17) 1.60
Jianbo Tian —_— ! 0.32 (0.13,0.80) 7.81
Subtotal (I-squared =70.7%, p = 0.033) {}— 1.01 (0.19, 5.48) 13.89
]
(E) Immunotherapy :
Mengyuan Dai : * 3.50 (0.61,20.06) 3.57
Fan Yang <+ T 0.56 (0.02, 14.32) 1.25
Jianbo Tian —— 3.03(1.20,7.66) 7.79
Jia Luo —++ 0.84 (0.32,2.19) 7.54
Russell B - 1.89 (0.35, 10.29) 3.73
Subtotal (I-squared = 15.3%, p =0.317) -<> 1.75 (0.91,3.37)  23.87
: I
Overall (I-squared =40.0%, p =0.037) Q 1.50 (1.02, 2.19) 100.00
NOTE: Weights are from ralndom effects a:'\alysis : I I

.01 A

-

10 100

FIGURE 3 Forest plots of different antitumor therapies. (A-E) Forest plot between severe and non-severe groups for patients receiving

chemotherapy, targeted therapy, radiotherapy, surgery, and immunotherapy; OR, Odds ratio

surgery, immunotherapy, and endocrine therapy between
non-survival and survival groups (Figure 5).

4 | DISCUSSION

To our knowledge, this is a relatively comprehensive meta-
analysis that explored the association between different an-
titumor treatments and the prognosis of COVID-19. This
meta-analysis of 16 studies involving 3150 patients with
cancer indicated that COVID-19 patients on antitumor
therapy were more likely to develop severe events and have
an increased likelihood of death. We further analyzed the

impact of different antitumor therapies on the prognosis of
COVID-19. Cancer patients with COVID-19 who recently
received chemotherapy were more likely to develop severe
illnesses. The mortality of patients on chemotherapy was
higher than that of the patients not on chemotherapy; how-
ever, the result was not statistically significant.

So far, the COVID-19 pandemic is still ongoing and con-
stitutes a public health emergency of international concern.'®
Some countries that thought they had effectively curbed the
spread of the virus are now experiencing a resurgence of the
COVID-19 epidemic. Some areas were less affected in the
early stage of the COVID-19 pandemic, but now the num-
ber of cases and deaths are rising sharply. Dr Tedros said
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Study %
ID OR (95% Q) Weight

(A) Chemotherapy vs No chemotherapy ! |
Lennard Y W Lee - | 0.90 (0.65, 1.25) 8.00
Fan Yang . 2.06(032,13.03) 274
Kunyu Yang | —— 5.59(2.46, 12.71) 6.01
Nicole M Kuderer | —— 4.79 (2.58, 8.89) 6.89
Jacobo Rogado -§- - 0.48 (0.06, 399) 225
Perrine Vuagnat -1 0.62 (0.05, 7.41) 177
Vikas Mehta eyt : 0.55(0.24, 1.26) 5.96
Elisa Maria Stroppa : 1.10(0.19, 6.29) 296
J. Rogado | e—— 7.22(191,27.30) 408
Jia Luo 1.99(0.75, 528) 5.36
Subtotal (I-squared =80.5%, p = 0.000) -g 1.81(0.91, 360) 46.03

(B) Targeted therapy No targeted therapy :
Kunyu Yang e 4.68(1.42,15.38) 455
Jacobo Rogado o 0.88(0.05,16.74) 1.34
Perrine Vuagnat -~ 161(0.13,1991) 174
Jia Luo -0~ " 0.31(0.04, 262) 226
Subtotal (I-squared =45.9%, p = 0.136) —l==::==— 1.49 (0.37,6.07) 9.88
: I

(C) Radiotherapy vs No radiotherapy '
Kunyu Yang \ 4 2.15(0.51,8.99) 3.76
Perrine Vuagnat t' 1.10(0.05,2485) 122
Vikas Mehta —_— 0.69 (0.33, 146) 6.33
Subtotal (I-squared =0.0%, p = 0.380) -l 0.89(0.46, 1.70) 11.31
) |

(D) Surgery vs No surgery !
Fan Yang ; & 4.00 (0.23,69.64) 1.41
Kunyu Yang -§- 0.44 (0.02, 840) 1.34
Nicole M Kuderer 1.50 (0.60, 3.73) 564
Jacobo Rogado & 3.00(0.11,8456) 1.08
Perrine Vuagnat L 4 1.45(0.06, 34.16) 1.19
Giorgio Bogani - & 8.67(0.58,130.11) 1.54
Subtotal (I-squared =0.0%,p = 0.742) '¢>' 1.76 (0.83, 3.72) 12.21
. [

(E) Immunotherapy vs No immunotherapy |
Fan Yang .f 1.17(0.04,30.79) 1.12
Kunyu Yang \ . 4 4.29(0.59, 31.43) 247
Jacobo Rogado 7 & 3.00(0.11,84.56) 1.08
Vikas Mehta > 45 B 0.64 (0.07, 582) 212
Elisa Maria Stroppa « -~ 0.15(0.01, 3.06) 1.27
Jia Luo —_— 1.69 (0.51, 554) 455
Jia Luo —— 0.67 (0.22, 2.00) 4388
Subtotal (lI-squared =0.0%, p = 0.491) {:‘1» 1.10(0.57,2.13) 1750

(F) Endocrinotherapy vs No endocrinotherapy :
Perrine Vuagnat &~ 1.40(011,17.17) 175
M. Montopoli \ . 0.58(0.03,11.23) 133
Subtotal (I-squared =0.0%, p = 0.654) -i::’- 0.97 (0.14, 6 57) 3.07
Overall (I-squared = 52.6%, p = 0.000) é 1.55(1.07, 225) 100.00
NOTE: Weights are from random effects analysis : [ |

.01 il 1 10 100

FIGURE 4 Forest plots of odd ratios for death events between patients receiving and not receiving antitumor therapy. (A-F) Forest plot of

analyses of the death events between patients receiving and not receiving chemotherapy, targeted therapy, radiotherapy, surgery, immunotherapy,

and endocrine therapy; OR, Odds ratio

that COVID-19 is a once-in-a-century crisis for humanity
and its impact will last for decades." Although COVID-19
biomedical research is currently being carried out urgently,
till date, there are no vaccines and effective therapies. As the
number of COVID-19 cases and affected regions continue

to increase, special preparations should be made to protect
high-risk groups, especially elderly patients and patients with
underlying diseases.

The incidence and mortality of cancer are increasing rap-
idly worldwide. It has been found that cancer is one of the
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FIGURE 5 Results of the sensitivity analysis

main risk factors for COVID-19 patients.13’14’20_22 A retro-
spective study first indicated that cancer patients had a higher
risk of SARS-CoV-2 infection than those without cancer
and had worse outcomes once infected,'> while subsequent
studies with larger sample sizes yielded the same results.*!"*
These data provide early insights into how COVID-19 may
affect the management of cancer patients. After correcting
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for publication bias and adjusting for heterogeneity, a meta-
analysis drew a conclusion that cancer survivors have a higher
risk of COVID-19, and are related to cases of severe and risk
of death.?* It has been recommended to modify the method of
administration and the intervals between antitumor treatment
according to the condition of cancer patient to reduce the risk
of contracting COVID-19 through the hospital.25 26
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Based on the above findings, multiple studies have fur-
ther explored the effects of antitumor therapies, in-depth,
on COVID-19, yet the conclusions are controversial. Some
studies had shown that there was no evidence of increased
mortality rates among patients with COVID-19 on antican-
cer treatments. %27 A multicenter, retrospective cohort
study showed that receiving chemotherapy within 28 days
before symptom onset was correlated with increased mor-
tality of COVID-19 during admission to hospital.'” A meta-
analysis conducted by Venkatesulu et al. showed that cancer
patients were at an increased risk of mortality and morbid-
ity from COVID-19, but there was no correlation between a
specific type of antitumor treatment and mortality.28 Based
on this study, our study included more recent evidence to
analyze further the relationship between antitumor treat-
ment and the prognosis of COVID-19. Our investigation
indicated that receiving antitumor treatment was associated
with the severity of COVID-19. Among cancer patients
with COVID-19 receiving antitumor treatment, there was a
trend toward higher the non-survival group with patients in
survival group (OR = 1.13; 95% CI 0.90-1.43; p = 0.294).
Notwithstanding, the result was not statistically significant.
However, after dividing different antitumor treatment meth-
ods into subgroups for analysis, we found that only chemo-
therapy showed significant associations with the incidence
of severe illness. We also observed a numerical increase
in mortality among patients who recently received che-
motherapy, and the result was not statistically significant.
Consequently, it is necessary to establish large-scale clin-
ical trials to provide more reliable evidence for the choice
of antitumor treatment for cancer patients with COVID-19.
The immunity of patients with COVID-19 may be a key
factor for their prognosis. Clinically, in non-severe stages
of COVID-19, the adaptive immune response is essential to
clear the SARS-CoV-2 and prevent patients from deterio-
rating.29 At this stage, a healthy host with a useful immune
function can eliminate the virus by developing an endog-
enous protective immune response. Patients undergoing
chemotherapy often suffer from bone marrow suppression
and impaired immunity.’® After being infected with SRS-
CoV-2, they cannot effectively activate the immune system
to eliminate the virus, so they are more likely to experience
severe symptoms or even death.

In our study, cancer patients diagnosed with COVID-19
who received immunotherapy tended to have a higher rate
of severe illness than those who did not receive immu-
notherapy; however, there was no significant difference.
In the past decade, tumor immunotherapy has developed
rapidly and become an important antitumor treatment
method.”! During the COVID-19 pandemic, the use of
immune checkpoint inhibitors is a controversial issue, as
they are a class of molecules that directly target and regu-
late the immune response. Immunotherapy can reactivate
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immunity, in particular, T cell-mediated immunity, which
helps to resist viruses.>?* Based on this view, immuno-
therapy may benefit patients with COVID-19.% On the
other hand, theoretically, immunotherapy could induce ex-
cessive activation of the immune system during COVID-19
(i.e., the cytokine storm), which may worsen the outcome
of the COVID-19 infection. Furthermore, immunother-
apy may induce immune-related adverse events, including
interstitial pneumonitis, which may have a negative syn-
ergistic effect on a SARS-CoV-2 infection.’” Clinically,
the immune response of COVID-19 is mainly divided into
two stages.29 In the non-severe stage, useful immune func-
tion helps patients against the virus and prevent deterio-
ration of the condition. However, during the severe stage,
proper immune function may aggravate lung inflamma-
tion. Therefore, immunotherapy may have different effects
at different stages of COVID-19. While further studying
the impact of immunotherapy on COVID-19, it is recom-
mended to conduct more intensive monitoring for patients
receiving immunotherapy during the COVID-19 pandemic.

Our data suggested that targeted therapy, radiotherapy,
and surgery did not affect the clinical outcomes of cancer
patients with COVID-19. However, it is worth noting that
some included studies lack information of different antitu-
mor treatments, so it is impossible to clarify its relationship
with COVID-19. More detailed data with larger numbers of
COVID-19 patients with cancer are needed for an accurate
verdict. It is vital to carefully reduce the number of hospi-
tal visits for cancer patients to protect them from exposure
to SARS-CoV-2. For patients with COVID-19 who recently
received antitumor treatment, especially chemotherapy, clini-
cians should pay attention to disease progression and should
focus on timely intervention. Stopping effective antitumor
therapy for cancer patients during the pandemic may increase
the risk of cancer-related mortality, which may be far greater
than COVID-19 itself. Clinicians should carefully decide on
suspending or extending the antitumor regimens of patients
with cancer.

Large-scale data from multiple centers are needed to
clarify the relationship between tumor, antitumor thera-
pies, and COVID-19. Future studies should investigate the
heterogeneity between different cancer types in COVID-19
infectors, elucidate the impact of specific antitumor therapy
on COVID-19, discover whether scheduling of antitumor
treatment affects the prognosis of COVID-19, and better un-
derstand the interaction between host immune response and
COVID-19 in cancer patients.

4.1 | Limitation

Our study has certain limitations. Firstly, the sample size of
the included studies was relatively small, and much of the
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data were derived from subgroup analyses, which led to
certain biases in the conclusions. Secondly, most of the in-
cluded studies were single-center studies with high selective
reporting of data and publication bias. Thirdly, there was a
lack of detailed information on antitumor treatments for dif-
ferent tumor types in the included studies. Due to limited
data, we had not conducted subgroup analysis of antitumor
treatments in different cancer types. Fourthly, there was also
no information about death from COVID-19 or cancer pro-
gression and cancer treatment-related complications. We did
not classify the causes of death. Meanwhile, the incidence
and mortality of patients with advanced cancer might affect
the severity and mortality of COVID-19. Finally, most of
the studies included in this meta-analysis were retrospective
studies, which weakened the reliability of the conclusions.
However, the sensitivity analysis showed that the results of
this meta-analysis were reliable.

5 | CONCLUSION

Our study indicated that antitumor treatment is associated
with disease severity and risk of death of cancer patients
with COVID-19 infection. The odds of progressing to se-
vere disease in cancer patients with COVID-19 infection
who recently received chemotherapy were higher than those
of patients who did not receive chemotherapy. Our research
aims to explore the effect of cancer treatments on the clinical
outcomes of COVID-19, then to assist clinicians in moni-
toring and evaluating the prognosis of patients with cancer
and COVID-19, and to guide clinicians to make the best
decisions.
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