ONCOIMMUNOLOGY
2020, VOL. 9, NO. 1, e1824646 (9 pages)
https://doi.org/10.1080/2162402X.2020.1824646

Taylor & Francis
Taylor &Francis Group

ORIGINAL RESEARCH

8 OPEN ACCESS ’ W) Check for updates

Immunotherapy or other anti-cancer treatments and risk of exacerbation and
mortality in cancer patients with COVID-19: a systematic review and meta-analysis

b

Bolin Wang® and Yan Huang

2School of Clinical Medicine, Weifang Medical University, Weifang, China; ®Department of Oncology, Affiliated Hospital of Weifang Medical University,
Weifang, China

ABSTRACT

Background: This study was designed to investigate whether COVID-19 patients with recently received
immunotherapy or other anti-cancer treatments had more severe symptoms and higher mortality.
Methods: A literature search was performed using the electronic platforms to obtain relevant research
studies published up to June 28, 2020. Odds ratio (OR) and 95% confidence intervals (Cl) of research
endpoints in each study were calculated and merged. Statistical analyses were performed with Stata 12.0
(Stata Corp LP, College Station, TX).

Results: A total of 17 studies comprising 3581 cancer patients with COVID-19 were included in this meta-
analysis. SARS-CoV-2-infected cancer patients who recently received anti-cancer treatment did not
observe a higher risk of exacerbation and mortality (All p-value >0.05). We also found that surgery,
targeted therapy, chemotherapy, immunotherapy, and radiotherapy were not associated with increased
risk of exacerbation and mortality (All p-value >0.05). Chemotherapy within 28 d increased the risk of
death events (OR 1.45, 95% Cl 1.10-1.91, P = .008, p-value = 0.015 for test of interaction), and immu-
notherapy within 90 d increased the risk of exacerbation (OR 2.53,95%1.30-4.91, P = .006, p-value = 0.170
for test of interaction).

Conclusion: Cancer patients recently under anti-cancer treatment before diagnosed with COVID-19,
including surgery, targeted therapy, immunotherapy, and radiotherapy, were not associated with
increased risk of exacerbation and mortality. Chemotherapy within 28 d increased the risk of mortality,
and chemotherapy was not associated with increased risk of severe COVID-19. The role of anti-cancer
therapy in cancer patients with COVID-19 still needs further exploration, especially chemotherapy and
immunotherapy.
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1. Introduction

COVID-19 is a life-threatening disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoX-2)."* Since
the COVID-19 outbreak in China at the end of 2019 and
until the 7 July 2020, the pandemic has infected more than
11 million people worldwide. Due to routine anti-cancer treat-
ments and examination in the hospital, patients with cancer are
at higher risk of contracting COVID-19.>" Besides, patients
with cancer patients are more susceptible to infections due to
overall poor health status and systemic immunosuppressive
states, which has attracted increasing attention from
clinicians.®™'* Currently, a key question in oncology practice
amidst the COVID-19 pandemic is whether anti-cancer ther-
apy affects COVID-19 severity and mortality.

Patients with cancer recently received anti-cancer treat-
ments have been generally assumed to be at a higher risk of
exacerbation.'"'? Early studies suggested that anti-tumor treat-
ment within 14 d before COVID-19 diagnosis increased the
risk of developing severe events.'> However, recently published
studies have reached different or even opposite conclusions.'*”
'® Oncologists hold different notions and continue to receive
mixed messages regarding whether cancer patients should

receive anti-tumor treatments as usual.”’ "'’ In light of this,
a systematic review is needed to summarize the best available
evidence of the impact of anti-cancer therapy in cancer patients
with COVID-19.

Knowledge of anti-cancer therapy’s role is essential for risk
assessment, monitoring, disease prevention, and control in
cancer patients with COVID-19. To date, there has been no
systematic review that comprehensively explores the role of
anti-cancer treatment in cancer patients with COVID-19 to
guide clinical practice better. Therefore, we performed a meta-
analysis of the available studies to explore whether COVID-19
patients with recent immunotherapy or other anti-cancer treat-
ments had more severe symptoms and higher mortality.

2. Materials and methods
2.1. Search strategy

This study followed the recommendations of Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.ZOPubMed, Embase, Web of Science, and
the Cochrane Library were systematically searched for relevant
articles published before June 28, 2020. The search strategy
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included the following specific terms: “2019-nCoV” or
“Coronavirus” or “COVID-19” or “SARS-CoV-2” or “2019-
nCoV” or “Wuhan Coronavirus” and “cancer” or“tumor” or
“carcinoma” or “ malignancy” and “anti-cancer treatment” or
“anti-tumor treatment” or “surgery” or “chemotherapy” or “tar-
geted therapy” or “radiotherapy” or “immunotherapy.” Besides,
the references of the relevant reviews and original articles were
manually searched to find out more potential eligible studies.
The above process was performed independently by two
reviewers.

2.2. Inclusion and exclusion criteria

The inclusion criteria of the study are as follows: (1) Types of
Studies: published studies reported the relationship between
anti-tumor treatment and cancer patients infected by SARS-
CoV-2; (2) Exposure intervention: COVID-19 patients
received anti-cancer treatment (surgery, chemotherapy, tar-
geted therapy, radiotherapy) within 40 d, and the time interval
of immunotherapy was relaxed to six months;*?*(3) Outcome
indicator: the odds ratios (OR) with 95% confidence intervals
(CI) for each type of anti-cancer therapy.

The exclusion criteria: (1) Reviews, summaries of meetings
or discussions; (2) Insufficient data information provided; (3)
Duplicate publications; (4) The sample size was less than 25;
(5) Patients received immunotherapy more than 180 d or other
anti-tumor therapies more than 40 d before diagnosed as
COVID-19.

2.3. Quality assessment and data extraction

Two investigators independently and separately conducted the
data extraction and quality assessment, and any discrepancies
were resolved by discussion or by consulting a third reviewer.
The extracted data included as follows: (1) publication data
were encompassing the first author surname, the year of pub-
lication, country of the population, sample size, study design,
and population size; (2) clinicopathological data such as age,
gender, severe events, death events; (3) statistical data includ-
ing OR and corresponding 95% CI. If the univariate and multi-
variate analysis were both reported, we selected the
multivariate analysis. If the OR was not presented directly,
available data from original articles were used to estimate
the OR.

The quality of the included studies was assessed using the
Newecastle-Ottawa Scale (NOS) tool.?®> The NOS consists of
three parts: selection, comparability, and exposure. A study was
considered of high quality if it had a NOS score of >7.Higher
NOS scores indicated higher literature quality.

2.4. Statistical analysis

The meta-analysis was performed using Statal2.0 software
(Stata Corp, College Station, Texas). We calculated odds ratios
(OR) and corresponding 95% confidence intervals (CI) in each
included study. Then, the OR and 95% CI were used to mea-
sure the association between anti-tumor treatment and severe
and death events. Heterogeneity was assessed with the Cochran
Q statistic and the I® statistic. For moderate heterogeneity

(I* > 50%), random rather than fixed-effects models were
used. Results were considered significant statistically when
the p-value was less than 0.05. We also tested for interaction
between the subgroups and considered the interaction test
significant when its p-value was <0.05.* Publication bias was
assessed using the Begg funnel plot and Egger test linear
regression test (where at least five studies were available). If
P < .05 indicates obvious publication bias.

3. Results
3.1. Study selection

Figure 1 illustrates the search process and the final selection of
relevant studies. Our search found 1,106 studies from PubMed,
Cochrane Library, Web of Science, and Embase databases, and
2 studies were retrieved from reference lists. After removing
duplicates, 208 references were screened for titles and abstracts.
Of these, 168 articles were excluded after the first screening
based on abstracts or titles, leaving 40 articles for full-text
review. After a full-text review, 23 articles were excluded due
to the violation of inclusion criteria and the remaining 17
articles were eligible for inclusion in the current
analysis, >131516:25-37

3.2. Study characteristics and quality assessment

Seventeen relevant studies were retrieved, including 15 retro-
spective studies and 2 prospective studies, comprising 3,581
cancer patients infected by SARS-CoV-2.>'>!>102>"%" Detailed
clinical characteristics of the study patients are reported in
Table 1. Seven studies were performed in China,>%!1%25:26:32
five in the USA,'%?”7% two in Spain,”’37 one in France,*® and
the other two in Italy.”"”® Four of the included studies reported
data on patients who diagnosis with COVID-19 while they
received anti-cancer therapy.’’”**>*” Additionally, patients
who recently received anti-cancer treatment before the diag-
nosis of COVID-19 within 4 weeks and 30 d were reported in
four studies and six studies, respectively. The anti-cancer treat-
ment characteristics are summarized in Supplementary Tables
1 and 2. All articles are of high quality because of NOS score no
less than 7.

3.3. Relationship between anti-cancer therapy and the
risk of exacerbation and mortality

Five studies provided the data in terms of anti-cancer therapy
and the risk of exacerbation in cancer patients with COVID-
19.>>1>232% With no obvious heterogeneity (I* = 22.3%,
P = 266) among these studies, so a fixed-effect pattern was
used for assessment. No correlations were observed between
anti-cancer therapy and the risk of exacerbation (OR 1.54, 95%
CI 0.96-2.49, P = .074). Nine studies were evaluated for anti-
cancer therapy and the risk of death events,'®%%731:3234-37
A random-effects model was used since the heterogeneity test
suggested obvious heterogeneity (I* = 68.3%, P = .001). The
result showed no significant correlation between anti-cancer
therapy and the risk of mortality in cancer patients with
COVID-19 (OR 1.33, 95% CI 0.84-2.10, P = .229) (Figure 2).
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Figure 1. PRISMA flow diagram of the meta-analysis.
Table 1. Main characteristics of the included studies in meta-analysis.
M Outcomes Time interval between
/Mean age Non-severe Severe recent anti-cancer treatment
Study Year Country Sample Male (years) Study type (survivor) (death) and diagnosis of COVID-19 NOS
J.Ma 2020 China 37 20 62.0(11.0) Retrospective 17 20 30d 8
L.Zhang 2020 China 28 17 65.0(56.0-70.0) Retrospective 13 15 14 d; 30 d; 7
M.Dai 2020 China 105 57 64.0(14.0) Retrospective 65 40 40d 8
V.Mehta 2020 USA 218 127 69.0(10.0-92.0) Retrospective 157 61 30d 8
F.Yang 2020  China 52 28 63.0(34.0-98.0) Retrospective 33 19 30d 8
K.Yang 2020 China 205 100 63.0(14.0-96.0) Retrospective 165 40 4 weeks 8
H. Zhang 2020 China 107 60 66.0(37.0-98.0) Retrospective 51 56 0 8
N.Kuderer 2020 USA 928 468 66.0 (57.0-76.0) Retrospective 807 121 4 weeks 8
E.Stroppa 2020  ltaly 25 20 71.6(50.0-84.0) Retrospective 16 9 0 8
R.Yarza 2020 Spain 63 29 66.0(63.4-68.8) Retrospective 47 16 4 weeks 9
F.Martin 2020 Spain 34 15 72.5 (35.0-94.0) Retrospective 23 11 0 7
L.Lee 2020 USA 800 449 69.0(59.0-76.0) Prospective 412 226 4 weeks 9
J.Tian 2020 China 232 119 64.0(58.0-69.0) Retrospective 84 148 1 weeks; 1-2 weeks; 9
2-3 weeks; >3 weeks;
M.Garassino 2020 Italy 200 141 68.0(61.8-75.0) Prospective 125 66 0 9
E.Robilotti 2020 USA 423 212 NA Retrospective 372 51 30 d;90 d# 8
S.Assaad 2020 France 55 144 63.8 Retrospective 8 47 30d 8
J.Luo 2020 USA 69 36 69.0 (31.0-91.0) Retrospective 41 24 42d;90d;180d 8

Abbreviation: NOS, Newcastle-Ottawa Scale; #: Immunotherapy within 90 d.

3.4. Relationship between different anti-cancer therapy
and the risk of exacerbation

Five anti-cancer treatments, including surgery, chemotherapy,
targeted therapy, immunotherapy, and radiotherapy, were ana-
lyzed to determine the relationship between different anti-
cancer therapy and the risk of exacerbation. As shown in
Figure 3, surgery, chemotherapy, and immunotherapy are not
associated with severe events in cancer patients infected by
SARS-CoV-2 (All P-value >0.05). Only one study reported on

targeted therapy and radiotherapy, and we do not observe
patients who have recently received targeted therapy or radio-
therapy at higher risk of exacerbation (Table 2).*°

3.5. Relationship between different anti-cancer therapy
and the risk of mortality

Associations between different anti-cancer therapies and the
risk of mortality are shown in Figure 4. No statistically
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Study %
D Severe events OR (35% CI) Weight
Anti-cancer therapy VS No anti-cancer therapy
|
J Ma (2020) R aamae 0.99 (0.25, 3.82) 12.26
L Zhang(14 days) (2020) - 6.00 (0.60, 60.16) 429
L Zhang(30 days) (2020) _— 0.43 (0.09, 1.98) 9.54
M.Dai (2020) —— 1.26 (0.55, 2.87) 33.38
F Yang (2020) ——5—0— 413 (0 68, 25 15) 699
H.Zhang (2020) —— 2.19(0.96, 4.99) 3354
Overall (l-squared = 22 3%, p = 0.266) <> 154 (0.96, 2.49) 100.00
| p=0074
i
T * T
0166 1 60.2
Study %
ID Death events OR (95% Cl) Weight
Anti-cancer therapy VS No anti-cancer therapy
M.Dai (2020) * 1.43 (0.42, 4.87) 8.33
) b . .42, 4. .
K Yang (2020) | —— 3.50 (1.62, 7.57) 12.04
H. Zhang (2020) | ———————— 413(157,1083) 10.73
N.Kuderer (2020) —— 0.89 (0.60, 1.33) 17.63
E.Stroppa (2020) . 4 - 0.39 (0.07, 2.13) 5.36
F.Martin (2020) & 1.56 (0.37, 6.62) 6.79
L Lee (2020) —— ! 0.79 (0.58, 1.08) 18.59
M.Garassino (2020) —_——— 1.65(0.82, 3.48) 13.54
S Assaad (2020) - - 0.48 (0.10, 2.27) 6.09
Overall (-squared = 68.3%, p = 0.001) L e 1.33 (0.84, 2.10) 100.00
! =0.229
NOTE: Weights are from random effects analysis ! P
T T
07 1 143

Figure 2. Relationship between anti-cancer therapy and the risk of exacerbation and mortality in cancer patients with COVID-19.

Study %
D Severe events OR (95% Cl) Weight
Surgery VS No-surgery
M.Dai (2020) - 2.95 (0.67, 13.10) 23.13
F.Yang (2020) . 4 1.78 (0.10, 30.17) 10.25
J.Tian (2020) _— 0.32 (0.13, 0.80) 32.70
E.Robilotti (2020) —_—T 1.24 (0.53, 2.84) 33.92
Overall (l-squared = 63.3%, p = 0.043) <> 1.01(0.35, 2.87) 100.00
p=0.986
NOTE: Weights are from random effects analysis
T T
0331 1 302
Study %
ID Severe events OR (95% CI) Weight
Chemotherapy VS No-chemotherapy
T
M.Dai (2020) — - 117 (0.41, 3.36) 829
F.Yang (2020) & 0.85 (0.14, 5.16) 2.82
R.Yarza (2020) : - 1.36 (0.40, 4.56) 6.20
J.Tian(1-2 weeks) (2020) - - 1.71 (0.49, 5.99) 5.86
J Tian(2-3 weeks) (2020) L 4 - 0.41(0.15,1.18) 863
J.Tian(> 3 weeks) (2020) o« = : 0.35 (0.13, 0.96) 9.18
E.Robilotti (2020) —— 1.04 (0.70, 1.54) 59.03
overall (--squared = 23.7%, p = 0.248) <= 0.91 (0.67.1.24) 100.00
T
: p =0.555
T * T
13 1 7.69
Study %
ID Severe events OR (95% CI) Weight
Immunotherapy VS No-immunotherapy )
M.Dai (2020) - s 2 3.50 (0.61, 20.06) 6.78
F.Yang (2020) < L 4 : 0.56 (0.02, 14.32) 191
i
H. Zhang (2020) — 0.91 (0.17. 4.70) 7.50
R.Yarza (2020) - . 0.26 (0.03, 1.88) 4.83
E_Robilotti (2020) —:—0— 284 (1.24,6.72) 28.95
J.Luo(42 days) (2020) —_—— 0.77 (0.23, 2.64) 13.88
J.Luo(90 days) (2020) —_— 2.10 (0.41, 3.48) 18.08
J.Luo(180 days) (2020) —_—— 1.20 (0.41, 3.48) 18.08
Overall {l-squared = 14.9%, p=0.313) <> 1.54 (0.98, 2.43) 100.00
! p=0.061
T ! T
.02 1 50

Figure 3. Relationship between different anti-cancer treatments and the risk of exacerbation in cancer patients with COVID-19.



Table 2. The results of meta-analysis.
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Heterogeneity

P-value of
No.of studies OR (95%Cl) P-value 12 Py Model used Begg’s test Egger’s test interaction test
Severe events
Anti-cancer therapy 6 1.54 (0.96-2.49) 0.074 22.3% 0.266 Fixed 0.707 0.791
Surgery# 4 1.01 (0.35-2.87) 0.986 63.3% 0.043 Random NA NA
Chemotherapy 7 0.91 (0.67-1.24) 0.555 23.7% 0.248 Fixed 0.764 0.658 0.168
Within 28 d 4 0.66 (0.38-1.15) 0.146 49.5% 0.114 Fixed NA NA
Within 40 d 3 1.05 (0.73-1.50) 0.807 0 0.953 Fixed 0.624 0.534
Targetedtherapy 1 0.17 (0.01-3.22) 0.229 NA NA NA NA NA
Radiotherapy 1 0.45 (0.11-1.73) 0.243 NA NA NA NA NA
Immunotherapy 8 1.54 (0.98-2.43) 0.061 14.9% 0.313 Fixed 0.368 0.144 0.170
Within 28 d 2 0.56 (0.15-2.03) 0.376 0 0.355 Fixed NA NA
Within 42 d 3 1.18 (0.45-3.07) 0.734 7.30% 0.340 Fixed NA NA
Within 90 d 2 2.53 (1.30-4.91) 0.006 0 0.664 Fixed NA NA
Within 180 d 1 1.20 (0.41-3.48) 0.738 NA NA Fixed NA NA
Death events
Anti-cancer therapy 9 1.33 (0.84-2.10) 0.229 68.3% 0.001 Random 0.754 0.284
Surgery 4 1.17 (0.65-2.08) 0.604 0 0.488 Fixed NA NA 0.275
Within 28 d 3 1.04 (0.56-1.92) 0.902 0 0.539 Fixed NA NA
Within 40 d 1 2.90 (0.51-16.34) 0.229 NA NA NA NA NA
Chemotherapy 9 1.28 (0.99-1.66) 0.056 40.6% 0.096 Fixed 0.754 0.810 0.015*
Within 28 d 6 1.45 (1.10-1.91) 0.008* 6.5% 0.375 Fixed 0.573 0.220
Within 40 d 3 0.56 (0.27-1.13) 0.105 0.1% 0.367 Fixed NA NA
Targetedtherapy 5 1.16 (0.72-1.85) 0.546 43.4% 0.132 Fixed 0.806 0.673 0.545
Within 28 d 3 1.52 (0.55-4.16) 0.417 71.0% 0.032 Random NA NA
Within 40 d 2 0.81 (0.14-4.84) 0.820 0 0.990 Fixed NA NA
Radiotherapy 4 0.81 (0.53-1.23) 0.317 0 0.518 Fixed NA NA 0.545
Within 28 d 2 0.89 (0.53-1.49) 0.615 47.6% 0.167 Fixed NA NA
Within 40 d 2 0.68 (0.34-1.38) 0.284 0 0.916 Fixed NA NA
Immunotherapy 1 1.00 (0.65-1.53) 0.983 16.3% 0.289 Fixed 0.436 0.976 0.690
Within 28 d 5 0.81 (0.47-1.42) 0.463 48.2% 0.103 Fixed 0.624 0.787
Within 42 d 4 1.20 (0.47-3.10) 0.705 0 0.430 Fixed NA NA
Within 90 d 1 1.38 (0.28-6.92) 0.694 NA NA Fixed NA NA
Within 180 d 1 1.67 (0.47-5.90) 0.427 NA NA Fixed NA NA

Abbreviation: NA: not available; #: All within 40 d; *: P < 0.05.

significant correlation was shown between anti-cancer therapy
(including surgery, chemotherapy, targeted therapy, immu-
notherapy, and radiotherapy) and the risk of death events in

cancer patients with COVID-19 (All P-value >0.05).16-26-2931-
33,35,36

3.6. Subgroup analysis

To further verify the correlation of different anti-cancer thera-
pies and the risk of exacerbation and mortality, subgroup
analysis was conducted. The results of the subgroup analysis
are presented in Table 2. The subgroup analysis results further
support the results of surgery, targeted therapy, and radio-
therapy. In the result of subgroup analysis, we further observed
that chemotherapy within 28 d increased the risk of death
events (OR 1.45, 95% CI 1.10-1.91, P = .008, p-value = 0.015
for test of interaction), and immunotherapy within 90 d
increased the risk of exacerbation (OR 2.53,95%1.30-4.91,
P = .006, p-value = 0.170 for test of interaction). Subgroup
analyses showed no statistically significant tests of interaction,
except for the subgroup of the association between chemother-
apy and the risk of mortality.

3.7. Publication bias

Table 2 shows the results of publication bias, which were
evaluated by funnel plots and Eggers test. The publication

bias showed no significant publication bias in the included
studies (All p > .05).

4. Discussion

Oncology patients are considered more susceptible to SARS-
CoV-2 infections due to their immunocompromised status
caused by both cancer and various anti-cancer treatments
such as chemotherapy, immunotherapy, and radiotherapy.”®
*! Given this, with the increasing risk of the COVID-19 pan-
demic, the management of oncology patients undergoing anti-
cancer therapy must be adequately balanced.*” Currently, there
is a lack of knowledge to evaluate the risks and benefits of anti-
cancer treatment in cancer patients with COVID-19.*>**
Several previous studies have shown that SARS-CoV
-2-infected cancer patients who underwent recent anti-cancer
treatment had a higher risk of clinically severe events than
those not receiving treatment.'” Liang first reported that
patients who underwent chemotherapy or surgery in the past
month had a numerically higher risk of clinically severe events
than did those not receiving chemotherapy or surgery by
analyzed data from 18 cancer patients with COVID-19.”
Other scholars only found that patients receiving chemother-
apy within 4 weeks before symptom onset were risk factors for
death during admission to hospital.”> However, some recent
studies have argued that anti-cancer therapy did not affect the
severity of COVID-19 among these cancer patients.”> Due to
the different study endpoints, experimental design, and sample
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Study %
Death events
D OR (95% CI) Weight
Surgery VS No-surgery
M.Dai (2020) - 2.90 (0.51, 16.34) 11.13
K Yang (2020) - - 0.47 (0.02, 8.85) 3.60
M_Kuderer (2020) —— 1.50 (0.60. 3.73) 40.07
L Lee (2020) —_—i— 0.80 (0.34. 1.90) 4519
Overall (l-squared = 0.0%, p = 0.488) <:> 1.17 (0.65, 2.08) 100.00
: p=0604
T T
.02 1 50
Study %
ID Death events OR (95% CI) Weight
Chemotherapy VS No-chemotherapy
M.Dai (2020) —_—————— 1.04 (0.21, 5.23) 253
V_Mehta (2020) —a— 0.55 (0.24, 1.26) 053
K ¥ang (2020) ——— 3.51 (1.16, 10.59) 536
N_Kuderer (2020) 4= — 1.47 (0.84, 2 56) 21.00
E.Stroppa (2020) > 1.10 (0.19, 6.29) 214
R.Yarza (2020) —_— 1.60 (0.40, 6 33) 343
L.Lee (2020) —— 1.18 (0.81, 1.72) 46.19
M.Garassino (2020) —_—— 2.54 (1.09. 6.11) 881
S_Assaad (2020) < - 0.11 (0.01. 2.07) o092
Overall (I-squared = 40 6%, p = 0.096) K> 1.28 (0.99. 1.66) 100.00
' p=0.056
T T
.01 1 100
Study %
D Death events OR (95% Cl) Weight
Targetedtherapy V'S No-targetedtherapy
;
M.Dai (2020) o1 0.80 (0.04, 15.68) 246
K Yang (2020) C— 5.07 (1.52, 16.87) 15.16
H
L Lee (2020) —— 0.83 (0.45, 1.54) 58.01
|
M Garassino (2020) f—_ 1.11(0.38, 3.10) 19.93
S Assaad (2020) - . 0.82 (0.09, 7.70) 4.44
Overall (I-squared = 43.4%, p = 0.132) <:> 1.16 (0.72, 1.85) 100.00
; p=0546
T T
04 1 25
Study %
ip Death events OR (95% CI) Weight
Radiotherapy V'S No-radiotherapy )
M.Dai (2020) o 0.61(0.07. 5.19) 3.76
V_Mehta (2020) — 0.69 (0.33. 1.46) 3156
K Yang (2020) - - 2.29 (0.54, 9.66) 8.39
L Lee (2020) —_— 0.77 (0.44. 1.34) 56.28
Overall (l-squared = 0.0%, p = 0.518) <: 0.81 (053, 1.23) 100.00
H p=0.317
T T
o7 1 143
Study %
o Death events OR (95% CI) Weight
Immunotherapy VS No-immunotherapy
W Dai (2020) —_———— 4.45 (0.72, 27.43) 561
V.Mehta (2020) - 0.64 (0.07, 5.82) 381
K.¥ang (2020) B —— SE—— 4.56 (0.62, 33.61) 467
E.Stroppa (2020) - 0.15 (0.01, 3.06) 227
R.Yarza (2020) - 0.15 (0.01, 1.65) 285
LLee (2020) — 0.59 (0.27, 1.27) 31.03
M.Garassino (2020) —_— 1.39 (0.52, 3.64) 19.65
S.Assaad (2020) L 5 0.70 (0.07, 6.47) 363
J.Luo(42 days) (2020) —_— 0.81 (0.17, 3.87) 762
1.Luo(90 days) (2020) - — 1.38 (0.28, 6.92) 7.23
J.Luo(130 days) (2020) —_—— 1.67 (0.47, 5.90) 1162
Overall (-squared = 16.3%, p = 0.289) <[> 1.00 (0.65, 1.53) 100.00
p=0983
T T

01

100

Figure 4. Relationship between different anti-cancer treatments and the risk of death events in cancer patients with COVID-19.

size, the real impact of anti-cancer treatment on cancer patients
with COVID-19 is still unclear. Therefore, we conducted
a systematic review and comprehensive meta-analysis to eval-
uate the relationship between anti-cancer therapy and the risk
of exacerbation and mortality in cancer patients with
COVID-19.

Compared with patients who had not received anti-cancer
therapy within 40 d of testing positive for COVID-19, those
who had received anti-cancer therapy did not suffer increased
COVID -19 severity and mortality when analyzed by our
meta-analysis. To elucidate this relationship in greater detail,
we analyzed the role of different anti-cancer treatments,
including surgery, targeted therapy, chemotherapy, immu-
notherapy, and radiotherapy. The result of different anti-
cancer treatments obtained further support the above research
findings. The time effect should be kept in consideration when

interpreting the results. According to the current data, we
divided the time interval between recently anti-cancer treat-
ment (surgery, targeted therapy, chemotherapy, and radiother-
apy) and diagnosis of COVID-19 into within 28 d and 40 d for
subgroup analysis. Subgroup analysis showed that different
anti-cancer treatments (surgery, targeted therapy, and radio-
therapy) were not associated with increased risk of exacerba-
tion and mortality, in addition to chemotherapy.

Contrary to early reports, receipt of chemotherapy within
40 d before COVID-19 diagnosis was not associated with
a higher risk of death and severe events from our study.'>**
Nevertheless, in our subgroup analysis, we observed an
increased risk of death events related to chemotherapy within
28 d only. Interaction test results indicated that the association
between chemotherapy and the risk of mortality was signifi-
cantly modified by time interval. These differences might be



explained by Tian et al.’s findings."” Tian et al. found that risk
of COVID-19 severity and death was highest for patients with
last chemotherapy treatment within 2 weeks of admission, and
decreased as the time interval since last chemotherapy
increased, with significantly reduced risk when the last treat-
ment was at least 3 weeks before hospital admission."
Therefore, the time interval between the last chemotherapy
and the diagnosis of COVID-19 should be more accurate
analysis and fully considered in future studies, especially time
interval of fewer than 21 d.

A recent study by Luo et al. suggested that lung cancer
patients’ immunotherapy were not more likely to develop
severe COVID-19 and death than those who were not
received.”® Our meta-analysis show suggested that immu-
notherapy not associated with increased risk of exacerbation
and mortality in cancer patients with COVID-19, similar to the
study by Luo et al. Given the dissipating pharmacodynamic
impact of immune checkpoint inhibitors, we relaxed the time
interval’s inclusion criteria to six months.”>*** Based on the
available evidence, subgroup analysis was also conducted
according to different time intervals (including 28 d, 42 d,
90 d, and 180 d). Subgroup analysis showed that immunother-
apy within 90 d increased the risk of severe events. However,
no statistically significant tests of interaction were observed in
the subgroup of immunotherapy. Therefore, our findings do
not prove an evident influence of immunotherapy on the
development of severe COVID-19. Recently, Wu et al.
observed a higher proportion of severe COVID-19 in cancer
patients who received >3 cycles of immunotherapy.*® These
findings may explain our results on immunotherapy, and
future research should be considered the number of immu-
notherapy cycles received.

To the best of our knowledge, this is the first meta-analysis
evaluating the effect of recent anti-cancer treatment before
diagnosed with COVID-19 for cancer patients. For the pooled
result, we found that cancer patients recently under anti-cancer
treatment days before diagnosed with COVID-19, including
surgery, targeted therapy, immunotherapy, and radiotherapy,
were not associated with increased risk of severe and death
events. We also found that chemotherapy within 28 d increased
the risk of mortality, and chemotherapy was not associated
with increased risk of severe COVID-19. Because of the limited
number of patients and potential confounding factors, whether
immunotherapy and chemotherapy will be harmful to the
patient during the epidemic deserve further evaluation.

The results of this study should be interpreted with caution
due to several limitations. Firstly, the major limitation of the
current study is the small sample size, which may render the
results underpowered. Secondly, the pooled results of anti-cancer
therapy only come from one study. Thirdly, due to insufficient
information in the included study, the different time interval
delimitations are not precise and uniform. Finally, the quality
of different studies was different, which might lead to bias.

5. Conclusion

Cancer patients recently under anti-cancer treatment before
diagnosed with COVID-19, including surgery, targeted therapy,
immunotherapy, and radiotherapy, were not associated with
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increased risk of exacerbation and mortality. Chemotherapy
within 28 d increased the risk of mortality, and chemotherapy
was not associated with increased risk of severe COVID-19.
Given the limitations of the current study, these findings should
be interpreted cautiously but deserve further evaluation in sub-
sequent studies, especially chemotherapy and immunotherapy.
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