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Abstract 

Background: Patients with colorectal cancer (CRC) are more likely to develop severe course of severe acute respira‑
tory syndrome coronavirus 2 (SARS‑CoV‑2) infection and experience increased risk of mortality compared to SARS‑
CoV‑2 patients without CRC.

Objectives: To estimate the prevalence of SARS‑CoV‑2 infection in CRC patients and analyse the demographic 
parameters, clinical characteristics and treatment outcomes in CRC patients with COVID‑19 illness.

Methods: For this systematic review and meta‑analysis, we searched Proquest, Medline, Embase, Pubmed, CINAHL, 
Wiley online library, Scopus and Nature for studies on the incidence of SARS‑CoV‑2 infection in CRC patients, pub‑
lished from December 1, 2019 to December 31, 2021, with English language restriction. Effect sizes of prevalence 
were pooled with 95% confidence intervals (CIs). Sub‑group analyses were performed to minimize heterogeneity. 
Binary logistic regression model was used to explore the effect of various demographic and clinical characteristics on 
patient’s final treatment outcome (survival or death).

Results: Of the 472 papers that were identified, 69 articles were included in the systematic review and meta‑analysis 
(41 cohort, 16 case‑report, 9 case‑series, 2 cross‑sectional, and 1 case‑control studies). Studies involving 3362 CRC 
patients with confirmed SARS‑CoV‑2 (all patients were adults) were analyzed. The overall pooled proportions of 
CRC patients who had laboratory‑confirmed community‑acquired and hospital‑acquired SARS‑CoV‑2 infections 
were 8.1% (95% CI 6.1 to 10.1, n = 1308, 24 studies, I2 98%, p = 0.66), and 1.5% (95% CI 1.1 to 1.9, n = 472, 27 stud‑
ies, I2 94%, p < 0.01). The median patient age ranged from 51.6 years to 80 years across studies. The majority of the 
patients were male (n = 2243, 66.7%) and belonged to White (Caucasian) (n = 262, 7.8%), Hispanic (n = 156, 4.6%) and 
Asian (n = 153, 4.4%) ethnicity. The main source of SARS‑CoV‑2 infection in CRC patients was community‑acquired 
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Background
Since its outbreak in China in December 2019, corona 
virus disease 2019 (COVID-19) has spread across the 
world to become a global pandemic. According to the 
World Health Organization (WHO), as of July 21, 2022, 
562,672,324 confirmed cases of COVID-19 have been 
recorded worldwide, with 6,367,793 deaths [1]. Estab-
lished, probable, and possible comorbidities that have 
been associated with severe COVID-19 in at least 1 
meta-analysis or systematic review, in observational stud-
ies, or in case series were: age ≥ 65 years, asthma, cancer, 
cerebrovascular disease, chronic kidney disease, chronic 
lung disease (interstitial lung disease, pulmonary embo-
lism, pulmonary hypertension, bronchiectasis, chronic 
obstructive pulmonary disease), chronic liver disease 
(cirrhosis, non-alcoholic fatty liver disease, alcoholic liver 
disease, autoimmune hepatitis), diabetes mellitus, type 1 
and type 2, heart conditions (such as heart failure, coro-
nary artery disease, or cardiomyopathies), human immu-
nodeficiency virus (HIV), obesity (BMI ≥ 30  kg/m2) and 
overweight (BMI 25 to 29  kg/m2), pregnancy or recent 
pregnancy, primary immunodeficiencies, smoking (cur-
rent and former), sickle cell disease or thalassemia, solid 
organ or blood stem cell transplantation, tuberculosis, 
use of corticosteroids or other immunosuppressive medi-
cations [2–4]. In a systematic analysis that calculated the 
total number of community infections through seroprev-
alence surveys from 53 countries prior to vaccine avail-
ability, the COVID-19 infection mortality rate was 0.005 
percent at 1  year, decreased to 0.002 percent by age 7, 
and increased exponentially after that: 0.006 percent at 
age 15, 0.06 percent at age 30, 0.4 percent at age 50, 2.9 
percent at age 70, and 20 percent at age 90 [5].

Colorectal cancer (CRC) is common and deadly dis-
ease, and globally, CRC still remains the third most 
commonly diagnosed cancer in males and the second in 
females [6]. CRC is the most common gastrointestinal 

malignancy and disproportionately affects medically 
underserved populations [7]. Patients with CRC are more 
likely to develop severe course of severe acute respira-
torcy syndrome coronavirus 2 (SARS-CoV-2) infection 
and experience increased risk of mortality compared 
to SARS-CoV-2 patients without CRC [8–16]. Higher 
mortality rates in CRC patients infected with COVID-
19 case-series and cohort studies were reported; for 
instance, in two small Chinese case-series, rates of 
death reached up to 61.5 to 70% [11, 15], and in a large 
French cohort (a total of 376 CRC patients infected 
with COVID-19 cases), mortality rate was 37.8% [8]; 
and there was a lower proportion of death of all hospi-
talized CRC patients infected with COVID-19 based on 
two different studies in China (5.9%) and Turkey (6.4%) 
[14, 17]. The recent UK Coronavirus Cancer Monitoring 
Project (UKCCMP) prospective cohort study of 2,515 
patients conducted at 69 UK cancer hospitals among 
adult patients (≥ 18  years) with an active cancer and 
COVID-19 reported a 38% (966 patients) mortality rate 
with an association between higher mortality in patients 
with haematological malignant neoplasms, particularly 
in those with acute leukaemias or myelodysplastic syn-
drome (OR, 2.16; 95% CI, 1.30–3.60) and myeloma or 
plasmacytoma (OR, 1.53; 95% CI, 1.04–2.26) [18]. Lung 
cancer was also significantly associated with higher 
COVID-19-related mortality (OR, 1.58; 95% CI, 1.11–
2.25) [18]. A possible reason for increased mortality due 
to SARS-CoV-2 in patients with CRC is because most 
health care systems have been required to reorganize 
their infrastructure and staffing to manage the COVID-
19 pandemic [19]. The pandemic has called for a review 
of healthcare workers daily medical practices, including 
our approach to CRC management where treatment puts 
patients at high risk of virus exposure. Given their higher 
median age, CRC patients are at an increased risk for 
severe symptoms and complications in cases of infection, 

(n = 2882, 85.7%; p = 0.014). Most of those SARS‑CoV‑2 patients had stage III CRC (n = 725, 21.6%; p = 0.036) and were 
treated mainly with surgical resections (n = 304, 9%) and chemotherapies (n = 187, 5.6%), p = 0.008. The odd ratios of 
death were significantly high in patients with old age (≥ 60 years) (OR 1.96, 95% CI 0.94–0.96; p < 0.001), male gender 
(OR 1.44, 95% CI 0.41–0.47; p < 0.001) CRC stage III (OR 1.54, 95% CI 0.02–1.05; p = 0.041), CRC stage IV (OR 1.69, 95% 
CI 0.17–1.2; p = 0.009), recent active treatment with chemotherapies (OR 1.35, 95% CI 0.5–0.66; p = 0.023) or surgical 
resections (OR 1.4, 95% CI 0.8–0.73; p = 0.016) and admission to ICU (OR 1.88, 95% CI 0.85–1.12; p < 0.001) compared to 
those who survived.

Conclusion: SARS‑CoV‑2 infection in CRC patient is not uncommon and results in a mortality rate of 26.2%. Key 
determinants that lead to increased mortality in CRC patients infected with COVID‑19 include older age (≥ 60 years 
old); male gender; Asian and Hispanic ethnicity; if SARS‑CoV‑2 was acquired from hospital source; advanced CRC 
(stage III and IV); if patient received chemotherapies or surgical treatment; and if patient was admitted to ICU, venti‑
lated or experienced ARDS.

Keywords: SARS‑Cov‑2, Cancer, Colon, Colorectal, COVID‑19, Rectum, Meta‑analysis, Systematic review
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especially in the setting of immunosuppression. Con-
sidering that the reduction in CRC screening following 
SARS-CoV-2 pandemic is due to the restrictions imposed 
for the high prevalence of COVID-19 illness and the lack 
of referrals due to the fear of developing SARS-CoV-2 
infection [20–22] (see Fig. 1).

To date, some studies have been performed to evalu-
ate the SARS-CoV-2 infection in CRC patients, but the 
results of these studies were inconsistent because most of 
these are single-centre studies with limited sample sizes 
[23–36]. In light of newer case reports, case-series and 
cohort studies that were done to re-evaluate the develop-
ment of COVID-19 disease in CRC patients, we aimed to 
estimate the prevalence of SARS-CoV-2 infection in CRC 
patients and analyse the demographic parameters, clinical 
characteristics and treatment outcomes in CRC patients 
with COVID-19 illness with larger and better-quality data.

Methods
Design
We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses guidelines (PRISMA) 

in conducting this systematic review and meta-analysis 
[37]. The following electronic databases were searched: 
PROQUEST, MEDLINE, EMBASE, PUBMED, CINAHL, 
WILEY ONLINE LIBRARY, SCOPUS and NATURE with 
Full Text. We used the following keywords: COVID-19 
OR SARS-CoV-2 OR Severe acute Respiratory Syndrome 
Coronavirus 2 OR Coronavirus Disease 2019 OR 2019 
novel coronavirus AND colorectal cancer OR colon OR 
rectal OR rectum OR CRC  OR bowel cancer OR tumor 
OR cancer OR neoplasm. The search was limited to 
papers published in English between 1 December 2019 
and 31 December 2021. Based on the title and abstract 
of each selected article, we selected those discussing and 
reporting occurrence of CRC in COVID-19 patients.

Inclusion–exclusion criteria
Inclusion criteria are as follows: (1) published case 
reports, case series and cohort studies that focused on 
COVID-19 in CRC patients that included children and 
adults as our population of interest; (2) studies of experi-
mental or observational design reporting the prevalence 

Fig. 1 A caricature depicts surgeon’s worriment about contracting the SARS‑CoV‑2 and patient’s possible risk of getting post‑surgical SARS‑CoV‑2 
infection in a CRC patient
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of SARS-CoV-2 infection in patients with CRC; (3) the 
language was restricted to English.

The exclusion criteria are as follows: (1) editori-
als, commentaries, case and animal studies, discussion 
papers, preprints, news analyses, reviews and meta-
analyses; (2) studies that did not report data on CRC and 
SARS-CoV-2; (3) studies that never reported details on 
SARS-CoV-2 identified cases with CRC; (4) studies that 
reported CRC in patients with negative COIVD-19 PCR 
tests; (5) duplicate publications.

Data extraction
Six authors critically reviewed all of the studies retrieved 
and selected those judged to be the most relevant. Data 
were carefully extracted from the relevant research stud-
ies independently. Articles were categorized as case 
report, case series, cross-sectional, case–control or 
cohort studies. The following data were extracted from 
selected studies: authors; publication year; study loca-
tion; study design and setting; age; proportion of male 
patients; patient ethnicity; methods used for CRC diag-
nosis; total number of patients and number of CRC 
patients with positive PCR SARS-CoV-2; source of 
SARS-CoV-2 infection [community-acquired or hospital-
acquired]; CRC staging; treatments received; symptoms 
from tumor; comorbidities; if patient was admitted to 
intensive care unit (ICU), placed on mechanical ventila-
tion, and/or suffered acute respiratory distress syndrome 
(ARDS); assessment of study risk of bias; and treatment 
outcome (survived or died); which are noted in Table 1.

Quality assessment
The quality assessment of the studies was undertaken 
based on the Newcastle–Ottawa Scale (NOS) to assess 
the quality of the selected studies [38]. This assessment 
scale has two different tools for evaluating case–control 
and cohort studies. Each tool measures quality in the 
three parameters of selection, comparability, and expo-
sure/ outcome, and allocates a maximum of 4, 2, and 3 
points, respectively [38]. High-quality studies are scored 
greater than 7 on this scale, and moderate-quality studies, 
between 5 and 7 [38]. Quality assessment was performed 
by six authors independently, with any disagreement to 
be resolved by consensus.

Data analysis
We examined primarily the proportion of confirmed 
SARS-CoV-2 infection in patients with CRC. This pro-
portion was further classified based on source of SARS-
CoV-2 infection (if CRC patient contracted SARS-CoV-2 
from the community or hospital). Community-acquired 
SARS-CoV-2 infection is the infection that CRC patients 
contracted outside the hospital (i.e., SARS-CoV-2 

infection that become clinically apparent within 48  h 
of the hospital admission or CRC patients have had the 
infection when admitted to the hospital for some other 
reason) [39]. Hospital-acquired SARS-CoV-2 infection 
is the infection that CRC patients contracted within the 
hospital, the SARS-CoV-2 infections contracted within 
the hospital but not become clinically apparent until after 
the discharge of the CRC patient, or SARS-CoV-2 infec-
tions contracted by the healthcare workers as a result of 
their direct or indirect contact with the CRC patients 
[39]. Taking a conservative approach, a random effects 
with the DerSimoniane-Laird model was used [40], 
which produces wider confidence intervals (CIs) than a 
fixed effect model. Results were illustrated using forest 
plots. The Cochran’s chi-square (χ2) and the  I2  statistic 
provided the tools of examining statistical heterogeneity 
[41]. An I2 value of > 50% suggested significant heteroge-
neity [42]. Examining the source of heterogeneity, a sub-
group analysis was conducted based on study location (if 
continent of Asia, America, Europe or multi-countries).

Individual CRC patient data on demographic param-
eters and clinical variables and associated treatment 
outcomes (survived or died) were extracted from the 
included studies. Univariate and multivariable logistic 
regression analysis were used to estimate odds ratio (OR) 
and 95% CIs of the association of each variable with the 
treatment outcomes of CRC patients with SARS-CoV-2 
infection. All p-values were based on two-sided tests and 
significance was set at a p-value less than 0.05. R version 
4.1.0 with the packages finalfit and forestplot was used for 
all statistical analyses.

Results
Study characteristics and quality
A total of 1076 publications were identified (Fig.  2). 
After scanning titles and abstracts, we discarded 314 
duplicate articles. Another 83 irrelevant articles were 
excluded based on the titles and abstracts. The full 
texts of the 472 remaining articles were reviewed, and 
403 irrelevant articles were excluded. As a result, we 
identified 69 studies that met our inclusion criteria and 
reported SARS-CoV-2 infection in CRC patients [8–17, 
23, 25–36, 43–85]. The detailed characteristics of the 
included studies are shown in Table  1. There were 16 
case report [16, 32, 46, 48–50, 52, 54, 55, 59, 66, 67, 
71, 75, 82, 84], 9 case series, 41 cohort [8–17, 23, 25, 
26, 29, 31, 34, 43–45, 51, 53, 56–58, 60–65, 68–70, 73, 
74, 77, 79, 80, 83, 85], 2 cross-sectional [72, 76] and 
1 case–control [81] studies. These studies were con-
ducted in China (n = 15), Italy (n = 8), United States 
(n = 6), United Kingdom (n = 6), Spain (n = 5), India 
(n = 4), France (n = 3), Turkey (n = 2), Brazil (n = 2), 
Japan (n = 2), Colombia (n = 1), Philippines (n = 1), 



Page 5 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49  

Ta
bl

e 
1 

Su
m

m
ar

y 
of

 th
e 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

in
cl

ud
ed

 s
tu

di
es

 w
ith

 e
vi

de
nc

e 
on

 c
ol

or
ec

ta
l c

an
ce

r a
nd

 S
A

RS
‑C

oV
‑2

 (n
 =

 6
9 

st
ud

ie
s)

, 2
02

0–
20

21

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

A
l‑

Sh
am

si
 

et
 a

l. 
20

20
 

[2
3]

, 
U

ni
te

d 
A

ra
b 

Em
ira

te
s

Pr
o‑

sp
ec

‑
tiv

e,
 

co
ho

rt
, 

si
ng

le
 

ce
nt

re

51
.6

  (
40

‑7
6)

1 
(5

0)
2 

A
ra

bs
Sy

m
pt

om
s, 

en
do

sc
op

y,
 

ra
di

ol
og

ic
al

 
im

ag
in

g,
 

bi
op

si
es

 
an

d 
tu

m
or

 
m

ar
ke

rs

85
2

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

N
ot

 
re

po
rt

ed
2 

C
he

m
o‑

th
er

ap
ie

s
N

ot
 

re
po

rt
ed

N
ot

 re
po

rt
ed

1
0

0
(N

O
S,

 7
) 2

 
su

rv
iv

ed

A
sc

he
le

 
et

 a
l. 

20
21

 
[4

3]
, I

ta
ly

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

68
 (2

8–
89

)
N

ot
 

re
po

rt
ed

38
 W

hi
te

s, 
(C

au
ca

‑
si

an
s)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

40
6

38
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
28

 C
he

m
o‑

th
er

a‑
pi

es
 1

6 
M

on
oc

lo
na

l 
an

tib
od

ie
s: 

[C
RC

 u
se

 
(n

 =
 5

) a
nd

 
CO

VI
D

‑
19

 u
se

 
(n

 =
 1

1)
]

 Im
m

un
o‑

th
er

ap
ie

s
0 

Ta
rg

et
ed

 
th

er
ap

ie
s

3 
H

or
‑

m
on

es

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

(N
O

S,
 7

) 
Tr

ea
tm

en
t 

ou
tc

om
e 

w
as

 n
ot

 
av

ai
la

bl
e

A
yh

an
 

et
 a

l. 
20

21
 

[4
4]

, 
Tu

rk
ey

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

61
.0

 (2
1–

84
)

N
ot

 
av

ai
la

bl
e

11
 W

hi
te

s 
(C

au
ca

‑
si

an
s)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

84
11

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

St
ag

e 
I 

(n
 =

 1
)

St
ag

e 
II 

(n
 =

 3
)

St
ag

e 
III

 
(n

 =
 1

)
St

ag
e 

IV
 

(n
 =

 6
)

8 
C

he
m

o‑
th

er
ap

ie
s

5 
Ta

rg
et

ed
 

th
er

ap
ie

s 
2 

Im
m

un
o‑

th
er

ap
ie

s

N
ot

 
re

po
rt

ed
3 

H
yp

er
te

ns
io

n 
5 

D
ia

be
te

s 
m

el
lit

us
2 

Co
ro

na
ry

 
ar

te
ry

 d
is

ea
se

 
1 

CO
PD

 
1 

C
hr

on
ic

 re
na

l 
fa

ilu
re

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
(N

O
S,

 6
)

Tr
ea

tm
en

t 
ou

tc
om

e 
w

as
 n

ot
 

av
ai

la
bl

e

A
zn

ab
 

20
20

 
[4

5]
, I

ra
n

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
72

 P
er

si
an

s
N

ot
 

re
po

rt
ed

27
9

72
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

St
ag

e 
II 

(n
 =

 1
1)

St
ag

e 
III

 
(n

 =
 3

6)
St

ag
e 

IV
 

(n
 =

 2
5)

72
 C

he
m

o‑
th

er
ap

ie
s

25
 

M
on

oc
lo

na
l 

an
tib

od
ie

s: 
[C

RC
 u

se
 

(n
 =

 9
) a

nd
 

CO
VI

D
‑

19
 u

se
 

(n
 =

 1
6)

]

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
1

(N
O

S,
 6

)
71

 s
ur

vi
ve

d
1 

di
ed



Page 6 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

Be
rg

er
 

et
 a

l. 
20

21
 

(2
5)

, 
A

us
tr

ia

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

N
ot

 re
po

rt
ed

1 
(1

00
)

1 
W

hi
te

 
(C

au
ca

‑
si

an
)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

23
1

H
os

pi
ta

l‑ 
ac

qu
ire

d
N

ot
 

re
po

rt
ed

1 
C

he
m

o‑
th

er
ap

y
1 

Ta
rg

et
ed

 
th

er
ap

y 
1 

Im
m

un
o‑

th
er

ap
y

N
ot

 
re

po
rt

ed
N

o 
co

m
or

bi
di

‑
tie

s
0

0
0

(N
O

S,
 7

)
1 

su
rv

iv
ed

Be
rn

ar
d 

et
 a

l. 
20

21
 [8

], 
Fr

an
ce

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

73
 (6

4–
82

)
N

ot
 

re
po

rt
ed

M
ul

ti‑
et

hn
ic

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

62
01

51
8

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 p

os
si

bl
e 

to
 

ex
tr

ac
t

67
N

ot
 p

os
si

bl
e 

to
 e

xt
ra

ct
N

ot
 p

os
‑

si
bl

e 
to

 
ex

tr
ac

t

(N
O

S,
 8

)
37

6 
su

r‑
vi

ve
d 

14
2 

di
ed

Bi
ne

t 
et

 a
l. 

20
21

 
[4

6]
, 

Be
lg

iu
m

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

62
0 

(0
)

1 
W

hi
te

 
(C

au
ca

‑
si

an
)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

1
1

H
os

pi
ta

l‑ 
ac

qu
ire

d
St

ag
e 

IV
 

(n
 =

 1
)

1 
Co

le
c‑

to
m

y
1 

A
bd

om
i‑

na
l p

ai
n

1 
N

au
se

a 
an

d 
vo

m
it‑

in
g

1 
H

yp
er

te
ns

io
n

1 
D

ia
be

te
s 

m
el

lit
us

1 
D

ys
lip

id
ae

m
ia

1 
A

cu
te

 
is

ch
em

ic
 s

tr
ok

e

0
0

0
(N

O
S,

 6
)

1 
di

ed

Ca
lv

o 
et

 a
l. 

20
21

 
[4

7]
, 

Sp
ai

n

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
‑

se
rie

s, 
si

ng
le

 
ce

nt
re

63
.9

 ±
 (1

0.
2)

3 
(6

0)
5 

W
hi

te
s 

(C
au

ca
‑

si
an

s)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

65
3

5
H

os
pi

ta
l‑ 

ac
qu

ire
d

St
ag

e 
IV

 
(n

 =
 3

)
3 

C
he

m
o‑

th
er

ap
ie

s 
2 

Ra
di

o‑
th

er
ap

ie
s

3 
St

er
oi

ds
3 

A
nt

iv
ira

ls
 

3 
H

CQ
 

3 
Su

rg
ic

al
 

re
se

ct
io

ns
 

1 
Im

m
un

o‑
th

er
ap

ie
s

N
ot

 
re

po
rt

ed
N

ot
 p

os
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

si
bl

e 
to

 e
xt

ra
ct

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

(N
O

S,
 6

)
3 

su
rv

iv
ed

2 
di

ed

CO
V‑

ID
Su

rg
 

Co
lla

bo
‑

ra
tiv

e 
20

21
 [9

], 
40

 c
ou

n‑
tr

ie
s

Pr
o‑

sp
ec

‑
tiv

e,
 

co
ho

rt
, 

m
ul

ti‑
ce

nt
re

 <
 5

0:
 n

 =
 1

74
; 

50
–6

9:
 n

 =
 9

66
; 

A
N

D
 ≥

 7
0:

 
n 
=

 9
33

12
36

 
(5

9.
6)

M
ul

ti‑
et

hn
ic

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

20
73

78
H

os
pi

ta
l‑ 

ac
qu

ire
d

St
ag

e 
I‑I

I 
(n

 =
 8

38
)

St
ag

e 
III

 
(n

 =
 6

53
)

St
ag

e 
IV

 
(n

 =
 1

33
)

38
 S

ur
gi

ca
l 

re
se

ct
io

ns
N

ot
 

re
po

rt
ed

N
ot

 p
os

si
bl

e 
to

 
ex

tr
ac

t
N

ot
 p

os
‑

si
bl

e 
to

 
ex

tr
ac

t

N
ot

 p
os

si
bl

e 
to

 e
xt

ra
ct

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

(N
O

S,
 7

)
63

 s
ur

vi
ve

d 
15

 d
ie

d



Page 7 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

Co
sm

a 
et

 a
l. 

20
20

 
[4

8]
, I

ta
ly

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
1 

W
hi

te
 

(C
au

ca
‑

si
an

)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

1
1

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

St
ag

e 
IV

 
(n

 =
 1

)
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

o 
co

m
or

bi
di

‑
tie

s
0

0
0

(N
O

S,
 5

)
1 

su
rv

iv
ed

Co
st

an
zi

 
et

 a
l. 

20
20

 
[4

9]
, I

ta
ly

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

62
0 

(0
)

1 
W

hi
te

 
(C

au
ca

‑
si

an
)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

1
1

H
os

pi
ta

l‑ 
ac

qu
ire

d
St

ag
e 

IV
 

(n
 =

 1
)

1 
Su

rg
ic

al
 

re
se

ct
io

n 
1 

C
he

m
o‑

th
er

ap
y 

1 
Ile

os
to

m
y

1 
A

nt
iv

ira
ls

1 
A

nt
ib

io
t‑

ic
s 

1 
H

CQ
 

1 
RB

C
 tr

an
s‑

fu
si

on

1 
H

ae
m

a‑
to

ch
ez

ia
 

(b
lo

od
 p

er
 

an
us

)
1 

A
na

em
ia

 
(u

ne
x‑

pl
ai

ne
d 

iro
n 

de
fi‑

ci
en

cy
)

1 
Bl

oo
d 

pe
r 

re
ct

um
 

1 
W

ei
gh

t 
lo

ss

N
o 

co
m

or
bi

di
‑

tie
s

0
0

0
(N

O
S,

 6
)

1 
su

rv
iv

ed

Fi
lip

e 
et

 a
l. 

20
21

 
[2

6]
, T

he
 

N
et

he
r‑

la
nd

s

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

‑
‑

2 
W

hi
te

s 
(C

au
ca

‑
si

an
s)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

21
2

H
os

pi
ta

l‑ 
ac

qu
ire

d
St

ag
e 

II 
(n

 =
 1

)
St

ag
e 

IV
 

(n
 =

 1
)

2 
C

he
m

o‑
th

er
ap

ie
s

2 
Su

rg
ic

al
 

re
se

ct
io

ns

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

(N
O

S,
 7

)
1 

su
rv

iv
ed

1 
di

ed

G
ao

 e
t a

l. 
20

20
 

[5
0]

, 
C

hi
na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

69
0 

(0
)

1 
A

si
an

Sy
m

p‑
to

m
s 

an
d 

ex
pl

or
at

or
y 

la
pa

ro
to

m
y

1
1

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

N
ot

 
re

po
rt

ed
1 

Co
le

c‑
to

m
y 

1 
Ly

m
ph

 
no

de
 d

is
‑

se
ct

io
n

1 
A

bd
om

i‑
na

l p
ai

n
1 

C
ha

ng
e 

in
 b

ow
el

 
ha

bi
ts

1 
W

ei
gh

t 
lo

ss

N
o 

co
m

or
bi

di
‑

tie
s

0
0

0
(N

O
S,

 7
)

1 
su

rv
iv

ed



Page 8 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

G
la

sb
ey

 
et

 a
l. 

20
21

 
[5

1]
, 5

5 
co

un
tr

ie
s

Pr
o‑

sp
ec

‑
tiv

e,
 

co
ho

rt
, 

m
ul

ti‑
ce

nt
re

‑
‑

M
ul

ti‑
et

hn
ic

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

23
10

13
4

H
os

pi
ta

l‑ 
ac

qu
ire

d
N

ot
 

re
po

rt
ed

13
4 

Su
rg

ic
al

 
re

se
ct

io
ns

N
ot

 
re

po
rt

ed
N

ot
 p

os
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

si
bl

e 
to

 e
xt

ra
ct

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

(N
O

S,
 7

)
Tr

ea
tm

en
t 

ou
tc

om
e 

w
as

 n
ot

 
av

ai
la

bl
e

H
aq

ue
 

et
 a

l. 
20

21
 

[5
2]

, 
U

ni
te

d 
Ki

ng
do

m

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

69
1 

(1
00

)
1 

W
hi

te
 

(C
au

ca
‑

si
an

)

Sy
m

pt
om

s, 
C

T 
an

d 
co

lo
no

s‑
co

py

1
1

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

N
ot

 
re

po
rt

ed
1 

RB
C

 tr
an

s‑
fu

si
on

s
1 

A
nt

ib
io

t‑
ic

s
1 Tr

an
ex

am
ic

 
ac

id
 

1 
Pa

lli
at

iv
e 

ha
em

o‑
st

at
ic

 ra
di

o‑
th

er
ap

y

1 
M

el
en

a 
(b

la
ck

 ta
rr

y 
st

oo
ls

)
1 

A
na

em
ia

 
(u

ne
x‑

pl
ai

ne
d 

iro
n 

de
fi‑

ci
en

cy
)

1 
Ly

nc
h 

Sy
n‑

dr
om

e
1 

Pa
nc

ol
ec

to
m

y 
1 

Ile
o‑

re
ct

al
 

an
as

to
m

os
is

1 
A

de
no

ca
rc

i‑
no

m
a 

1 
N

ep
hr

ou
re

te
r‑

ec
to

m
y

1 
Re

cu
rr

en
t V

TE

0
0

0
(N

O
S,

 7
)

1 
su

rv
iv

ed

H
ua

ng
 

et
 a

l. 
20

20
 

[1
41

], 
C

hi
na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

48
1 

(1
00

)
1 

A
si

an
Sy

m
pt

om
s, 

an
d 

C
T

1
1

H
os

pi
ta

l‑ 
ac

qu
ire

d
St

ag
e 

II 
(n

 =
 1

)
1 

Si
gm

oi
d‑

ec
to

m
y 

1 
Co

lo
ni

c 
de

co
m

pr
es

‑
si

on
 

1 
A

na
st

o‑
m

os
is

 
1 

Ile
os

to
m

y

1 
A

bd
om

i‑
na

l p
ai

n
1 

Co
ns

tip
a‑

tio
n

1 
H

ep
at

iti
s 

B 
vi

ru
s

0
0

0
(N

O
S,

 6
)

1 
su

rv
iv

ed

Jo
ha

ra
t‑

na
m

‑
H

og
an

 
et

 a
l. 

20
20

 
[5

3]
, 

U
ni

te
d 

Ki
ng

do
m

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

76
 (7

2–
77

.5
)

4 
(8

0)
4 

W
hi

te
s 

(C
au

ca
si

an
s)

 1
 

Bl
ac

k

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

69
9

5
H

os
pi

ta
l‑ 

ac
qu

ire
d

N
ot

 
re

po
rt

ed
2 

C
he

m
o‑

th
er

ap
ie

s
1 

Co
le

c‑
to

m
y

2 
Su

rg
ic

al
 

re
se

ct
io

ns
1 

Ra
di

o‑
th

er
ap

y

3 
A

na
em

ia
 

(u
ne

x‑
pl

ai
ne

d 
iro

n 
de

fi‑
ci

en
cy

)

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
(N

O
S,

 6
)

 5
 s

ur
vi

ve
d



Page 9 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

Jo
hn

so
n 

et
 a

l. 
20

20
 

[5
4]

, 
U

ni
te

d 
St

at
es

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

63
1 

(1
00

)
1 

A
si

an
Sy

m
pt

om
s, 

en
do

sc
op

y,
 

ra
di

ol
og

ic
al

 
im

ag
in

g,
 

bi
op

si
es

 
an

d 
tu

m
or

 
m

ar
ke

rs

1
1

H
os

pi
ta

l‑ 
ac

qu
ire

d
St

ag
e 

IV
 

(n
 =

 1
)

1 
C

he
m

o‑
th

er
ap

y 
1 

H
ep

at
ec

‑
to

m
y

N
ot

 
re

po
rt

ed
1 

Ly
nc

h 
sy

n‑
dr

om
e 

1 
Co

lo
n,

 li
ve

r, 
an

d 
th

yr
oi

d 
ca

nc
er

1 
H

ep
at

iti
s 

C
 

vi
ru

s

0
0

0
(N

O
S,

 6
)

1 
su

rv
iv

ed

Ka
ra

m
 

et
 a

l. 
20

20
 

[5
5]

, 
A

us
tr

al
ia

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

66
1 

(1
00

)
1 

W
hi

te
 

(C
au

ca
‑

si
an

)

Sy
m

pt
om

s, 
an

d 
C

T
1

1
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
1 

A
nt

ib
io

t‑
ic

s 
1 

Su
rg

ic
al

 
de

br
id

e‑
m

en
t 

1 
Co

lo
s‑

to
m

y

1 
H

ae
m

a‑
to

ch
ez

ia
 

(b
lo

od
 p

er
 

an
us

)
1 

A
na

em
ia

 
(u

ne
x‑

pl
ai

ne
d 

iro
n 

de
fi‑

ci
en

cy
)

1 
C

ha
ng

e 
in

 b
ow

el
 

ha
bi

ts

1 
D

ia
be

te
s 

m
el

lit
us

1 
Re

na
l i

m
pa

ir‑
m

en
t 

1 
C

hr
on

ic
 

an
ae

m
ia

1 
D

ia
be

tic
 

ke
to

ac
id

os
is

0
0

0
(N

O
S,

 6
)

1 
su

rv
iv

ed

Kh
an

 
et

 a
l. 

20
21

 
[2

7]
, 

U
ni

te
d 

Ki
ng

do
m

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
‑

se
rie

s, 
si

ng
le

 
ce

nt
re

78
1 

(1
00

)
1 

W
hi

te
 

(C
au

ca
‑

si
an

)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

8
1

H
os

pi
ta

l‑ 
ac

qu
ire

d
St

ag
e 

IV
 

(n
 =

 1
)

1 
Co

ns
er

va
‑

tiv
e 

tr
ea

t‑
m

en
t

1 
A

bd
om

i‑
na

l p
ai

n
1 

C
ha

ng
e 

io
n 

bo
w

el
 

ha
bi

ts

1 
H

ea
rt

 fa
ilu

re
 1

 
C

hr
on

ic
 k

id
ne

y 
di

se
as

e

1
1

1
(N

O
S,

 6
)

1 
di

ed

Ku
ry

ba
 

et
 a

l. 
20

21
 

[5
6]

, 
U

ni
te

d 
Ki

ng
do

m

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

60
–7

4:
 4

3.
05

%
; 

A
N

D
50

–6
9:

 2
6.

3%

54
 (5

5.
6)

M
ul

ti‑
et

hn
ic

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

32
27

97
H

os
pi

ta
l‑ 

ac
qu

ire
d

St
ag

e 
I 

(n
 =

 3
0)

A
nd

 
St

ag
e 
≥

 II 
(n

 =
 2

3)

83
 S

ur
gi

ca
l 

re
se

ct
io

ns
 

33
 C

ol
ec

to
‑

m
ie

s 
6 

H
ar

t‑
m

an
n’

s 
pr

oc
ed

ur
e

5 
St

om
as

 
2 

St
en

ts

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

(N
O

S,
 6

)
Tr

ea
tm

en
t 

ou
tc

om
e 

w
as

 n
ot

 
av

ai
la

bl
e



Page 10 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

Ku
m

ar
 

et
 a

l. 
20

20
 

[6
8]

, 
In

di
a

A
m

bi
‑

sp
ec

‑
tiv

e,
 

co
ho

rt
, 

si
ng

le
 

ce
nt

re

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
10

 In
di

an
s

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

10
7

10
H

os
pi

ta
l‑ 

ac
qu

ire
d

N
ot

 
re

po
rt

ed
4 

Ra
di

o‑
th

er
ap

ie
s

8 
C

he
m

o‑
th

er
ap

ie
s

10
 S

ur
ge

r‑
ie

s
2 

Pa
lli

at
iv

e 
m

an
ag

e‑
m

en
ts

1 
St

om
a 

cl
os

ur
e

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

(N
O

S,
 6

)
10

 s
ur

vi
ve

d

La
rf

or
s 

et
 a

l. 
20

21
 

[1
0]

, 
Sw

ed
en

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
M

ul
ti‑

et
hn

ic
Sy

m
pt

om
s, 

en
do

sc
op

y,
 

ra
di

ol
og

ic
al

 
im

ag
in

g,
 

bi
op

si
es

 
an

d 
tu

m
or

 
m

ar
ke

rs

54
,6

51
50

H
os

pi
ta

l‑ 
ac

qu
ire

d
N

ot
 

re
po

rt
ed

22
 C

he
m

o‑
th

er
ap

ie
s

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
50

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

(N
O

S,
 6

)
50

 d
ie

d

Li
an

g 
et

 a
l. 

20
20

 
[5

7]
, 

C
hi

na

Pr
o‑

sp
ec

‑
tiv

e,
 

co
ho

rt
, 

m
ul

ti‑
ce

nt
re

67
.5

 (5
3.

7–
85

)
4 

(1
00

)
4 

A
si

an
s

N
ot

 
re

po
rt

ed
15

90
4

H
os

pi
ta

l‑ 
ac

qu
ire

d
N

ot
 

re
po

rt
ed

3 
Su

rg
ic

al
 

re
se

ct
io

ns
 

3 
C

he
m

o‑
th

er
ap

ie
s

N
ot

 
re

po
rt

ed
1 

D
ia

be
te

s 
m

el
lit

us
 

1 
H

yp
er

te
ns

io
n

1 
CO

PD

2
2

N
ot

 
re

po
rt

ed
(N

O
S,

 7
)

2 
su

rv
iv

ed
2 

di
ed

Li
u 

et
 a

l. 
20

20
 

[2
8]

, 
C

hi
na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
‑

se
rie

s, 
si

ng
le

 
ce

nt
re

65
.5

 
(5

4.
5–

73
.0

)
3 

(6
0)

6 
A

si
an

s
Sy

m
pt

om
s, 

en
do

sc
op

y,
 

ra
di

ol
og

ic
al

 
im

ag
in

g,
 

bi
op

si
es

 
an

d 
tu

m
or

 
m

ar
ke

rs

52
5

H
os

pi
ta

l‑ 
ac

qu
ire

d
N

ot
 

re
po

rt
ed

5 
Su

rg
ic

al
 

re
se

ct
io

ns
2 

Si
gm

oi
d‑

ec
to

m
ie

s
1 

Co
le

c‑
to

m
y

1 
H

ar
t‑

m
an

n’
s 

pr
oc

ed
ur

e

1 
A

bd
om

i‑
na

l p
ai

n
2 

D
ia

rr
ho

ea

3 
H

yp
er

te
ns

io
n

1 
D

ia
be

te
s 

m
el

lit
us

1 
Tu

be
rc

ul
os

is

1
1

1
(N

O
S,

 6
)

4 
su

rv
iv

ed
1 

di
ed



Page 11 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

Li
u 

et
 a

l. 
20

21
 

[5
8]

, 
C

hi
na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

A
ll 

pa
tie

nt
s 

w
er

e 
>

 6
0

3 
(6

0)
5 

A
si

an
s

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

18
9

5
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
5 

Su
rg

ic
al

 
re

se
ct

io
ns

2 
C

he
m

o‑
th

er
ap

ie
s 

1 
Ta

rg
et

ed
 

th
er

ap
y

1 
A

bd
om

i‑
na

l p
ai

n
3 

C
ha

ng
e 

in
 b

ow
el

 
ha

bi
ts

1 
N

au
se

a 
an

d 
vo

m
it‑

in
g

2 
D

ia
rr

ho
ea

2 
H

yp
er

te
ns

io
n

2 
D

ia
be

te
s 

1 
Co

ro
na

ry
 

he
ar

t d
is

ea
se

1
1

1
(N

O
S,

 6
)

4 
su

rv
iv

ed
1 

di
ed

Li
u 

et
 a

l. 
20

21
 

[1
7]

, 
C

hi
na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

65
.0

6 
±

 (1
1.

51
)

23
 (6

3.
9)

36
 A

si
an

s
Sy

m
pt

om
s, 

en
do

sc
op

y,
 

ra
di

ol
og

ic
al

 
im

ag
in

g,
 

bi
op

si
es

 
an

d 
tu

m
or

 
m

ar
ke

rs

81
36

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

St
ag

e 
I 

(n
 =

 5
)

St
ag

e 
II 

(n
 =

 7
)

St
ag

e 
III

 
(n

 =
 1

1)
St

ag
e 

IV
 

(n
 =

 7
)

21
 C

on
‑

se
rv

at
iv

e 
tr

ea
tm

en
t 

4 
C

he
m

o‑
th

er
ap

ie
s

4 
Su

rg
er

ie
s

32
 A

nt
iv

ira
ls

28
 A

nt
ib

io
t‑

ic
s 

16
 S

te
ro

id
s

10
 Ig

G

7 
C

ha
ng

e 
in

 b
ow

el
 

ha
bi

ts
9 

D
ia

rr
ho

ea

9 
D

ia
be

te
s 

m
el

lit
us

18
 H

yp
er

te
n‑

si
on

3 
Ca

rd
io

va
sc

u‑
la

r d
is

ea
se

4 
Ce

re
br

ov
as

cu
‑

la
r d

is
ea

se
3 

CO
PD

6
5

8
(N

O
S,

 6
)

34
 s

ur
vi

ve
d 

2 
di

ed

Li
u 

et
 a

l. 
20

21
 

[5
8]

, 
C

hi
na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
‑

se
rie

s, 
si

ng
le

 
ce

nt
re

 >
 6

5:
 n

 =
 3

; 
A

N
D

 ≤
 6

5:
 

n 
=

 2

3 
(6

0)
5 

A
si

an
s

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

13
5

5
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

St
ag

e 
I 

(n
 =

 2
); 

St
ag

e 
II 

(n
 =

 2
); 

an
d 

St
ag

e 
III

 
(n

 =
 1

)

4 
A

nt
ib

io
t‑

ic
s

 3
 A

nt
iv

ira
ls

3 
Im

m
u‑

no
m

od
u‑

la
to

r 
4 

Sy
st

em
ic

 
gl

uc
oc

or
ti‑

co
id

s

N
ot

 
re

po
rt

ed
1 

D
ia

be
te

s 
m

el
lit

us
3 

H
yp

er
te

ns
io

n
1 

Co
ro

na
ry

 
he

ar
t d

is
ea

se
1 

Re
na

l d
is

ea
se

1
1

1
(N

O
S,

 8
)

4 
su

rv
iv

ed
1 

di
ed

M
a 

et
 a

l. 
20

20
 

[1
1]

, 
C

hi
na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

62
 (5

9–
70

)
6 

(5
4.

5)
11

 A
si

an
s

N
ot

 a
va

il‑
ab

le
13

80
11

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

N
ot

 
re

po
rt

ed
4 

Su
rg

er
ie

s
3 

Ra
di

o‑
th

er
ap

ie
s

7 
C

he
m

o‑
th

er
ap

ie
s 

2 
Ta

rg
et

ed
 

th
er

ap
ie

s
2 

Im
m

un
o‑

th
er

ap
ie

s

2 
H

ae
m

a‑
to

ch
ez

ia
 

(b
lo

od
 p

er
 

an
us

)
3 

D
ia

rr
ho

ea

3 
D

ia
be

te
s 

m
el

lit
us

2 
H

yp
er

te
ns

io
n

1 
CO

PD

4
4

4
(N

O
S,

 7
)

 7
 s

ur
vi

ve
d

4 
di

ed



Page 12 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

M
an

lu
‑

ba
ta

n 
et

 a
l. 

20
21

 
[5

9]
, P

hi
l‑

ip
pi

ne
s

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

75
1 

(1
00

)
1 

A
si

an
Sy

m
pt

om
s, 

an
d 

C
T

1
1

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

St
ag

e 
IV

 
(n

 =
 1

)
1 

A
bd

om
i‑

no
tr

an
sa

na
l 

re
se

ct
io

n
1 

To
ta

l 
m

es
or

ec
ta

l 
ex

ci
si

on
 

1 
In

te
r‑

sp
hi

nc
te

ric
 

re
se

ct
io

n 
1 

St
om

a 
w

as
 c

re
at

ed

1 
H

ae
m

a‑
to

ch
ez

ia
 

(b
lo

od
 p

er
 

an
us

)
1 

M
el

en
a 

(b
la

ck
 ta

rr
y 

st
oo

ls
)

1 
C

ha
ng

e 
in

 b
ow

el
 

ha
bi

ts
1 

Bl
oo

d 
pe

r 
re

ct
um

1 
W

ei
gh

t 
lo

ss

N
o 

co
m

or
bi

di
‑

tie
s

0
0

0
(N

O
S,

 6
)

 1
 d

ie
d

M
an

si
 

et
 a

l. 
20

21
 

[2
9]

, 
Fr

an
ce

Pr
o‑

sp
ec

‑
tiv

e,
 

co
ho

rt
, 

m
ul

ti‑
ce

nt
re

70
.5

 (6
9–

70
.5

)
1 

(5
0)

2 
W

hi
te

s 
(C

au
ca

‑
si

an
s)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

28
2

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

St
ag

e 
III

 
(n

 =
 1

)
St

ag
e 

IV
 

(n
 =

 1
)

2 
C

he
m

o‑
th

er
ap

ie
s

1 M
on

oc
lo

na
l 

an
tib

od
y:

 
[C

RC
 u

se
 

(n
 =

 1
)]

N
ot

 
re

po
rt

ed
1 

D
ys

lip
id

em
ia

1
1

1
(N

O
S,

 7
)

1 
su

rv
iv

ed
1 

di
ed

M
ar

tín
‑

Br
av

o 
et

 a
l. 

20
21

 
[6

0]
, 

Sp
ai

n

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

64
 (5

2–
64

)
1 

(5
0)

2 
W

hi
te

s 
(C

au
ca

‑
si

an
s)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

67
3

2
H

os
pi

ta
l‑

ac
qu

ire
d

St
ag

e 
IV

 
(n

 =
 2

)
2 

C
he

m
o‑

th
er

ap
ie

s
 2

 S
ur

gi
ca

l 
re

se
ct

io
ns

 
2 

Pa
lli

at
iv

e 
tr

ea
tm

en
ts

1 
Im

m
un

o‑
th

er
ap

y 
1 

Ta
rg

et
ed

 
th

er
ap

y
1 

Ra
di

o‑
th

er
ap

y

N
ot

 
re

po
rt

ed
N

o 
co

m
or

bi
di

‑
tie

s
1

1
1

(N
O

S,
 6

)
1 

su
rv

iv
ed

1 
di

ed



Page 13 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

M
ar

tín
ez

 
et

 a
l. 

20
21

 
[6

1]
, 

Sp
ai

n

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

77
  (

57
‑8

0)
2 

(6
6.

7)
3 

W
hi

te
s 

(C
au

ca
‑

si
an

s)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

32
3

H
os

pi
ta

l‑
ac

qu
ire

d
St

ag
e 

II 
(n

 =
 3

)
1 

Si
gm

oi
d‑

ec
to

m
y

1 
H

ar
tm

an
n 

pr
oc

ed
ur

e
1 

Co
lo

s‑
to

m
y

 1
 L

ap
a‑

ro
sc

op
ic

 
ap

pr
oa

ch
1 

St
om

a 
cr

ea
tio

n

1 
M

el
en

a 
(b

la
ck

 ta
rr

y 
st

oo
ls

)
1 

D
ia

rr
ho

ea

1 
D

ia
be

te
s 

m
el

lit
us

1 
H

yp
er

te
ns

io
n

1 
CO

PD

0
0

0
(N

O
S,

 7
)

3 
su

rv
iv

ed

M
ar

tín
ez

‑
M

ar
‑

do
ne

s 
et

 a
l. 

20
21

 
[3

0]
, 

C
hi

le

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
‑

se
rie

s, 
si

ng
le

 
ce

nt
re

72
1 

(1
00

)
1 

H
is

pa
ni

c
Sy

m
pt

om
s, 

en
do

sc
op

y,
 

ra
di

ol
og

ic
al

 
im

ag
in

g,
 

bi
op

si
es

 
an

d 
tu

m
or

 
m

ar
ke

rs

16
1

H
os

pi
ta

l‑
ac

qu
ire

d
St

ag
e 

IV
 

(n
 =

 1
)

N
ot

 
re

po
rt

ed
1 

H
ae

m
a‑

to
ch

ez
ia

 
(b

lo
od

 p
er

 
an

us
)

1 
W

ei
gh

t 
lo

ss

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
(N

O
S,

 5
)

 1
 s

ur
vi

ve
d

M
cC

a‑
rt

hy
 e

t a
l. 

20
20

 
[1

2]
, 2

 
co

un
tr

ie
s

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

80
 (7

1.
5–

86
.5

)
‑

M
ul

ti‑
et

hn
ic

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

N
ot

 re
po

rt
ed

15
64

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

(N
O

S,
 6

)
11

39
 

su
rv

iv
ed

 
42

5 
di

ed

M
eh

ta
 

et
 a

l. 
20

20
 

[6
2]

, 
U

ni
te

d 
St

at
es

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

50
–6

0:
 n

 =
 1

; 
60

–7
0:

 n
 =

 3
; 

70
–8

0:
 n

 =
 1

; 
80

–9
0:

 n
 =

 2

6 
(8

5.
7)

M
ul

ti‑
et

hn
ic

N
ot

 
re

po
rt

ed
21

8
21

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
2 

M
or

bi
d 

ob
es

ity
2 

Co
ng

es
tiv

e 
he

ar
t f

ai
lu

re
2 

H
yp

er
te

ns
io

n
1 

D
ia

be
te

s 
m

el
lit

us
1 

Co
ro

na
ry

 
ar

te
ry

 d
is

ea
se

1 
C

hr
on

ic
 k

id
‑

ne
y 

di
se

as
e 

1 
H

ep
at

iti
s 

C
 

vi
ru

s
1 

CO
PD

1 
M

al
ab

so
rp

‑
tio

n

5
5

7
(N

O
S,

 6
)

13
 s

ur
vi

ve
d

8 
di

ed



Page 14 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

M
iy

as
hi

ta
 

et
 a

l. 
20

20
 

[6
3]

, 
U

ni
te

d 
St

at
es

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
M

ul
ti‑

et
hn

ic
N

ot
 

re
po

rt
ed

33
4

16
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 p

os
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

si
bl

e 
to

 e
xt

ra
ct

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

(N
O

S,
 7

)
Tr

ea
tm

en
t 

ou
tc

om
e 

w
as

 n
ot

 
av

ai
la

bl
e

M
on

‑
to

po
li 

et
 a

l. 
20

20
 

[6
4]

, I
ta

ly

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
M

ul
ti‑

et
hn

ic
N

ot
 

re
po

rt
ed

92
80

65
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 p

os
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

si
bl

e 
to

 e
xt

ra
ct

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

(N
O

S,
 7

)
Tr

ea
tm

en
t 

ou
tc

om
e 

w
as

 n
ot

 
av

ai
la

bl
e

N
ag

ar
ka

r 
et

 a
l. 

20
21

 
[6

5]
, 

In
di

a

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
53

 In
di

an
s

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

45
8

53
46

 C
om

‑
m

un
ity

‑
ac

qu
ire

d
7 H

os
pi

ta
l‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 p

os
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

si
bl

e 
to

 e
xt

ra
ct

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

(N
O

S,
 6

)
Tr

ea
tm

en
t 

ou
tc

om
e 

w
as

 n
ot

 
av

ai
la

bl
e

N
ak

a‑
m

ur
a 

et
 a

l. 
20

21
 

[3
1]

, 
Ja

pa
n

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

70
.5

 (5
4–

70
.5

)
1 

(5
0)

2 
A

si
an

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

32
2

H
os

pi
ta

l‑
ac

qu
ire

d
St

ag
e 

IV
 

(n
 =

 1
)

2 
A

nt
iv

ira
ls

 
2 

St
er

oi
ds

2 
C

he
m

o‑
th

er
ap

ie
s 

2 
Su

rg
ic

al
 

re
se

ct
io

ns

N
ot

 
re

po
rt

ed
2 

H
yp

er
te

ns
io

n
1 

Co
ro

na
ry

 
he

ar
t d

is
ea

se
1 

D
ia

be
te

s 
m

el
lit

us
1 

A
st

hm
a

1
1

1
(N

O
S,

 6
)

1 
su

rv
iv

ed
1 

di
ed

O
sp

in
a 

et
 a

l. 
20

21
 

[1
3]

, 
Co

lo
m

‑
bi

a

A
m

bi
‑

sp
ec

‑
tiv

e,
 

co
ho

rt
, 

m
ul

ti‑
ce

nt
re

50
–6

0:
 2

3.
34

%
; 

61
–7

0:
 2

2.
24

%
; 

A
N

D
 >

 7
0:

 
27

.2
2%

N
ot

 
re

po
rt

ed
92

 H
is

pa
n‑

ic
s

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

74
2

92
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

St
ag

e 
I 

(n
 =

 3
7)

St
ag

e 
II 

(n
 =

 2
1)

St
ag

e 
III

 
(n

 =
 1

0)
St

ag
e 

IV
 

(n
 =

 2
4)

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 

re
po

rt
ed

19
N

ot
 

re
po

rt
ed

(N
O

S,
 6

)
64

 s
ur

vi
ve

d 
28

 d
ie

d

O
tt

ai
an

o 
et

 a
l. 

20
21

 
[3

2]
, I

ta
ly

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
s, 

si
ng

le
 

ce
nt

re

60
 (5

8–
60

)
2 

(6
6.

7)
3 

W
hi

te
s 

(C
au

ca
‑

si
an

s)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

3
3

H
os

pi
ta

l‑
ac

qu
ire

d
St

ag
e 

III
 

(n
 =

 2
)

St
ag

e 
IV

 
(n

 =
 1

)

3 
C

he
m

o‑
th

er
ap

ie
s

3 
Co

le
ct

o‑
m

ie
s

1 M
on

oc
lo

na
l 

an
tib

od
y:

 
[C

RC
 u

se
 

(n
 =

 1
)]

N
ot

 
re

po
rt

ed
1 

Pe
rit

on
ea

l 
di

se
as

e 
1 

Lu
ng

 d
is

ea
se

0
0

0
(N

O
S,

 6
)

3 
su

rv
iv

ed



Page 15 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

Ö
zd

em
ir 

et
 a

l. 
20

21
 

[1
4]

, 
Tu

rk
ey

A
m

bi
‑

sp
ec

‑
tiv

e,
 

co
ho

rt
, 

m
ul

ti‑
ce

nt
re

61
 (1

9–
94

)
77

1 
(5

0.
6)

16
5 

W
hi

te
s 

(C
au

ca
‑

si
an

s)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

15
23

16
5

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

N
ot

 
re

po
rt

ed
N

ot
 p

os
‑

si
bl

e 
to

 
ex

tr
ac

t

N
ot

 
re

po
rt

ed
N

ot
 p

os
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

si
bl

e 
to

 e
xt

ra
ct

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

(N
O

S,
 6

)
15

5 
su

r‑
vi

ve
d

10
 d

ie
d

Pa
w

ar
 

et
 a

l. 
20

20
 

[6
6]

, 
In

di
a

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

28
0 

(0
)

1 
In

di
an

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

1
1

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

N
ot

 
re

po
rt

ed
1 

La
pa

‑
ro

sc
op

ic
 

an
te

rio
r 

re
se

ct
io

n

1 
Bl

oo
d 

pe
r 

re
ct

um
N

o 
co

m
or

bi
di

‑
tie

s
0

0
0

(N
O

S,
 5

) 
 1

 s
ur

vi
ve

d

Pe
rt

ile
 

et
 a

l. 
20

21
 

[3
3]

, I
ta

ly

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
‑

se
rie

s, 
si

ng
le

 
ce

nt
re

76
1 

(1
00

)
1 

W
hi

te
 

(C
au

ca
‑

si
an

)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

25
1

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

St
ag

e 
IV

 
(n

 =
 1

)
1 

RB
C

 tr
an

s‑
fu

si
on

s
 1

 L
ap

a‑
ro

to
m

y
1 

Re
ct

al
 

re
se

ct
io

n
1 

Ra
di

ca
l 

cy
st

ec
to

m
y 

1 
Ri

gh
t u

re
‑

te
ro

st
om

y 
1 

Se
gm

en
‑

ta
l s

m
al

l 
bo

w
el

 
re

se
ct

io
n

1 
Lu

m
ba

r‑
ao

rt
ic

 
ly

m
ph

ad
‑

en
ec

to
m

y
1 

H
CQ

 
1 

A
nt

ib
io

t‑
ic

s

1 
A

na
em

ia
 

(u
ne

x‑
pl

ai
ne

d 
iro

n 
de

fi‑
ci

en
cy

)
1 

Bl
oo

d 
pe

r 
re

ct
um

1 
C

hr
on

ic
 re

na
l 

fa
ilu

re
 

1 
Bi

la
te

ra
l u

re
‑

te
ra

l s
te

nt
in

g
1 

H
yp

er
te

ns
io

n
1 

Pa
ro

xy
sm

al
 

at
ria

l fi
br

ill
at

io
n

1
1

1
(N

O
S,

 6
)

 1
 d

ie
d

Po
rd

án
y 

et
 a

l. 
20

20
 

[6
7]

, 
H

un
ga

ry

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

75
0 

(0
)

1 
W

hi
te

 
(C

au
ca

‑
si

an
)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

1
1

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

St
ag

e 
IV

 
(n

 =
 1

)
1 

Co
le

c‑
to

m
y

N
ot

 
re

po
rt

ed
1 

Ca
rd

ia
c 

ar
re

st
1

1
1

(N
O

S,
 5

)
1 

su
rv

iv
ed



Page 16 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

Q
ua

‑
qu

ar
in

i 
et

 a
l. 

20
20

 
[3

4]
, I

ta
ly

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

60
1 

(1
00

)
1 

W
hi

te
 

(C
au

ca
‑

si
an

)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

7
1

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

St
ag

e 
IV

 
(n

 =
 1

)
1 

C
he

m
o‑

th
er

ap
y

N
ot

 
re

po
rt

ed
1 

H
yp

er
te

ns
io

n
1 

Ca
rd

ia
c 

fa
ilu

re
1 

Re
na

l f
ai

lu
re

1 
Rh

eu
m

at
oi

d 
ar

th
rit

is

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
(N

O
S,

 7
)

Tr
ea

tm
en

t 
ou

tc
om

e 
w

as
 n

ot
 

av
ai

la
bl

e

Ro
bi

lo
tt

i 
et

 a
l. 

20
20

 
[6

9]
, 

U
ni

te
d 

St
at

es

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

M
os

t p
at

ie
nt

s 
w

er
e 

ad
ul

ts
 

ov
er

 th
e 

ag
e 

of
 

60
 y

ea
rs

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

20
35

37
H

os
pi

ta
l‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
N

ot
 p

os
‑

si
bl

e 
to

 
ex

tr
ac

t

N
ot

 
re

po
rt

ed
N

ot
 p

os
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

si
bl

e 
to

 e
xt

ra
ct

N
ot

 
re

po
rt

ed
(N

O
S,

 8
)

Tr
ea

tm
en

t 
ou

tc
om

e 
w

as
 n

ot
 

av
ai

la
bl

e

Ru
iz

‑G
ar

‑
ci

a 
et

 a
l. 

20
21

 
[7

0]
, 

M
ex

ic
o

Pr
o‑

sp
ec

‑
tiv

e,
 

co
ho

rt
, 

m
ul

ti‑
ce

nt
er

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
56

 H
is

pa
n‑

ic
s

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

59
9

56
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
N

ot
 p

os
‑

si
bl

e 
to

 
ex

tr
ac

t

16
 A

bd
om

i‑
na

l p
ai

n
11

 N
au

se
a 

an
d 

vo
m

it‑
in

g

N
ot

 p
os

si
bl

e 
to

 
ex

tr
ac

t
N

ot
 

re
po

rt
ed

N
ot

 p
os

si
bl

e 
to

 e
xt

ra
ct

N
ot

 
re

po
rt

ed
(N

O
S,

 6
)

Tr
ea

tm
en

t 
ou

tc
om

e 
w

as
 n

ot
 

av
ai

la
bl

e

Se
rr

an
o 

et
 a

l. 
20

20
 

[7
1]

, 
Sp

ai
n

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

78
1 

(1
00

)
1 

W
hi

te
 

(C
au

ca
‑

si
an

)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

1
1

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

N
ot

 
re

po
rt

ed
1 

A
nt

iv
ira

ls
1 

H
CQ

1 
In

te
rf

er
on

 
be

ta
‑1

b

N
ot

 
re

po
rt

ed
1 

H
yp

er
te

ns
io

n
1 

C
hr

on
ic

 k
id

‑
ne

y 
di

se
as

e

0
0

0
(N

O
S,

 6
)

1 
su

rv
iv

ed

So
br

ad
o 

et
 a

l. 
20

21
 

[7
2]

, 
Br

az
il

Re
tr

o‑
sp

ec
‑

tiv
e,

 
cr

os
s‑

se
c‑

tio
na

l, 
si

ng
le

 
ce

nt
re

72
 (6

7–
72

)
3 

(6
0)

5 
H

is
pa

n‑
ic

s
Sy

m
pt

om
s, 

en
do

sc
op

y,
 

ra
di

ol
og

ic
al

 
im

ag
in

g,
 

bi
op

si
es

 
an

d 
tu

m
or

 
m

ar
ke

rs

10
3

5
H

os
pi

ta
l‑

ac
qu

ire
d

St
ag

e 
III

 
(n

 =
 2

)
St

ag
e 

IV
 

(n
 =

 3
)

4 
Su

rg
ic

al
 

re
se

ct
io

ns
 

2 
Co

le
ct

o‑
m

ie
s

1 
A

dr
en

al
‑

ec
to

m
y

1 
Co

lo
s‑

to
m

y 
cl

os
ur

e
1 

H
ar

t‑
m

an
n’

s 
pr

oc
ed

ur
e 

re
ve

rs
al

1 
A

bd
om

i‑
na

l p
ai

n
1 

C
ha

ng
e 

in
 b

ow
el

 
ha

bi
ts

2 
D

ia
be

te
s 

m
el

lit
us

 
1 

H
yp

er
te

ns
io

n
1 

M
es

en
te

ric
 

is
ch

em
ia

1 
Pu

lm
on

ar
y 

em
bo

lis
m

3
3

3
(N

O
S,

 6
)

2 
su

rv
iv

ed
3 

di
ed



Page 17 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

So
rr

en
‑

tin
o 

et
 a

l. 
20

20
 

[7
3]

, I
ta

ly

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
3 

W
hi

te
s 

(C
au

ca
‑

si
an

s)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
H

os
pi

ta
l‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

(N
O

S,
 6

)
 2

 s
ur

vi
ve

d
1 

di
ed

Su
ku

m
ar

 
et

 a
l. 

20
20

 
[7

4]
, 

In
di

a

Pr
o‑

sp
ec

‑
tiv

e,
 

co
ho

rt
, 

si
ng

le
 

ce
nt

re

N
ot

 re
po

rt
ed

63
 (7

0)
1 

In
di

an
Sy

m
pt

om
s, 

en
do

sc
op

y,
 

ra
di

ol
og

ic
al

 
im

ag
in

g,
 

bi
op

si
es

 
an

d 
tu

m
or

 
m

ar
ke

rs

90
1

H
os

pi
ta

l‑
ac

qu
ire

d
St

ag
e 

II 
(n

 =
 1

)
1 

Su
rg

ic
al

 
re

se
ct

io
n

1 
C

he
m

o‑
th

er
ap

y

N
ot

 
re

po
rt

ed
1 

D
ia

be
te

s 
m

el
lit

us
1 

H
yp

er
te

ns
io

n

0
0

0
(N

O
S,

 6
)

1 
su

rv
iv

ed

Ta
te

no
 

et
 a

l. 
20

21
 

[7
5]

, 
Ja

pa
n

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

63
1 

(1
00

)
1 

A
si

an
Sy

m
pt

om
s, 

en
do

sc
op

y,
 

ra
di

ol
og

ic
al

 
im

ag
in

g,
 

bi
op

si
es

 
an

d 
tu

m
or

 
m

ar
ke

rs

1
1

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

St
ag

e 
II 

(n
 =

 1
)

1 
Co

le
c‑

to
m

y 
1 

A
nt

ib
io

t‑
ic

s
1 

A
nt

iv
ira

ls

N
ot

 
re

po
rt

ed
1 

D
ia

be
te

s 
m

el
lit

us
0

0
0

(N
O

S,
 6

)
1 

su
rv

iv
ed

Ta
ya

 e
t a

l. 
20

21
 

[7
6]

, 
U

ni
te

d 
St

at
es

Re
tr

o‑
sp

ec
‑

tiv
e,

 
cr

os
s‑

se
c‑

tio
na

l, 
si

ng
le

 
ce

nt
re

63
 (6

3–
68

)
3 

(3
0)

7 
W

hi
te

s 
(C

au
ca

‑
si

an
s)

 3
 

Bl
ac

ks

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

74
5

10
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

(N
O

S,
 6

)
Tr

ea
tm

en
t 

ou
tc

om
e 

w
as

 n
ot

 
av

ai
la

bl
e

Te
je

do
r 

et
 a

l. 
20

21
 

[7
7]

, 
Sp

ai
n

Pr
o‑

sp
ec

‑
tiv

e,
 

co
ho

rt
, 

m
ul

ti‑
ce

nt
re

76
.5

 (6
9–

76
.5

)
3 

(1
00

)
3 

W
hi

te
s 

(C
au

ca
‑

si
an

s)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

30
1

3
H

os
pi

ta
l‑

ac
qu

ire
d

St
ag

e 
II 

(n
 =

 2
)

St
ag

e 
IV

 
(n

 =
 1

)

1 
C

he
m

o‑
th

er
ap

y
1 

Su
rg

ic
al

 
re

se
ct

io
n

1 
Si

gm
oi

d‑
ec

to
m

y
1 

Co
le

c‑
to

m
y

N
ot

 
re

po
rt

ed
1 

D
ia

be
te

s 
m

el
lit

us
1 

H
yp

er
te

ns
io

n

2
0

1
(N

O
S,

 6
)

 2
 s

ur
vi

ve
d

1 
di

ed



Page 18 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

To
lle

y 
et

 a
l. 

20
20

 
[3

5]
, 

U
ni

te
d 

Ki
ng

do
m

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
‑

se
rie

s, 
si

ng
le

 
ce

nt
re

67
.5

 (5
5–

84
)

2 
(6

6.
7)

3 
W

hi
te

s 
(C

au
ca

‑
si

an
s)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

21
3

H
os

pi
ta

l‑
ac

qu
ire

d
St

ag
e 

III
 

(n
 =

 2
)

St
ag

e 
IV

 
(n

 =
 1

)

3 
Su

rg
er

ie
s

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

(N
O

S,
 6

)
2 

su
rv

iv
ed

1 
di

ed

To
lle

y 
et

 a
l. 

20
20

 
[7

8]
, 

U
ni

te
d 

Ki
ng

do
m

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
‑

se
rie

s, 
si

ng
le

 
ce

nt
re

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
21

3
H

os
pi

ta
l‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

(N
O

S,
 6

)
 2

 s
ur

vi
ve

d
1 

di
ed

Tu
ec

h 
et

 a
l. 

20
21

 
[7

9]
, 

Fr
an

ce

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
46

1
6

H
os

pi
ta

l‑
ac

qu
ire

d
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

3 
H

yp
er

te
ns

io
n

2 
D

ia
be

te
s 

m
el

lit
us

1 
CO

PD
1 

C
hr

on
ic

 k
id

‑
ne

y 
di

se
as

e

0
0

0
(N

O
S,

 6
)

 6
 s

ur
vi

ve
d

Vi
ce

nt
e 

et
 a

l. 
20

21
 

[8
0]

, 
Br

az
il

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

64
 (6

2–
64

)
1 

(5
0)

2 
H

is
pa

n‑
ic

s
Sy

m
pt

om
s, 

en
do

sc
op

y,
 

ra
di

ol
og

ic
al

 
im

ag
in

g,
 

bi
op

si
es

 
an

d 
tu

m
or

 
m

ar
ke

rs

41
2

H
os

pi
ta

l‑
ac

qu
ire

d
St

ag
e 

II 
(n

 =
 2

)
2 

Si
gm

oi
d‑

ec
to

m
ie

s
1 

C
he

m
o‑

th
er

ap
y

1 
Ra

di
o‑

th
er

ap
y

1 
Ile

os
to

m
y

N
ot

 
re

po
rt

ed
1 

M
or

bi
d 

ob
es

ity
1 

D
ia

be
te

s 
m

el
lit

us
 

1 
H

yp
er

te
ns

io
n

0
0

0
(N

O
S,

 6
)

2 
su

rv
iv

ed

W
an

g 
et

 a
l. 

20
21

 
[8

1]
, 

U
ni

te
d 

St
at

es

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
–

co
nt

ro
l, 

m
ul

ti‑
ce

nt
re

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
M

ul
ti‑

et
hn

ic
N

ot
 

re
po

rt
ed

12
00

60
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
N

ot
 p

os
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 
re

po
rt

ed
N

ot
 

re
po

rt
ed

N
ot

 
re

po
rt

ed
(N

O
S,

 8
)

Tr
ea

tm
en

t 
ou

tc
om

e 
w

as
 n

ot
 

av
ai

la
bl

e

W
an

g 
et

 a
l. 

20
20

 
[1

5]
, 

C
hi

na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

63
 (5

5–
70

)
26

 (7
6.

5)
34

 A
si

an
s

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

28
3

34
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

M
os

t 
pa

tie
nt

s 
w

er
e 

st
ag

e 
I 

(n
 =

 2
0)

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

11
 C

ha
ng

e 
in

 b
ow

el
 

ha
bi

ts
7 

N
au

se
a 

an
d 

vo
m

it‑
in

g
6 

D
ia

rr
ho

ea

N
ot

 p
os

si
bl

e 
to

 
ex

tr
ac

t
N

ot
 p

os
‑

si
bl

e 
to

 
ex

tr
ac

t

N
ot

 p
os

si
bl

e 
to

 e
xt

ra
ct

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

(N
O

S,
 5

)
20

 s
ur

vi
ve

d
14

 d
ie

d



Page 19 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

W
oź

ni
ak

 
et

 a
l. 

20
21

 
[8

2]
, 

Po
la

nd

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

56
1 

(1
00

)
1 

W
hi

te
 

(C
au

ca
‑

si
an

)

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

1
1

Co
m

‑
m

un
ity

‑
ac

qu
ire

d

St
ag

e 
IV

 
(n

 =
 1

)
1 

C
he

m
o‑

th
er

ap
y 

1 
Si

gm
oi

d‑
ec

to
m

y

1 
A

na
em

ia
 

(u
ne

x‑
pl

ai
ne

d 
iro

n 
de

fi‑
ci

en
cy

)
1 

W
ei

gh
t 

lo
ss

1 
Co

ro
na

ry
 

he
ar

t d
is

ea
se

1 
M

yo
ca

rd
ia

l 
in

fa
rc

tio
n

1 
Co

ro
na

ry
 

ar
te

ry
 a

ng
io

‑
pl

as
ty

1 
Po

ly
ne

ur
op

a‑
th

y

0
0

0
(N

O
S,

 6
)

1 
su

rv
iv

ed

W
u 

et
 a

l. 
20

20
 

[3
6]

, 
C

hi
na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
‑

se
rie

s, 
m

ul
ti‑

ce
nt

er

29
0 

(0
)

1 
A

si
an

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

11
1

H
os

pi
ta

l‑
ac

qu
ire

d
St

ag
e 

IV
 

(n
 =

 1
)

1 
Su

rg
er

y 
1 

Im
m

un
o‑

th
er

ap
y 

1 
A

nt
ib

io
t‑

ic
s 

1 
C

he
m

o‑
th

er
ap

y

N
ot

 
re

po
rt

er
N

o 
co

m
or

bi
di

‑
tie

s
1

1
0

(N
O

S,
 6

)
1 

di
ed

Ya
ng

 
et

 a
l. 

20
20

 
[1

6]
, 

C
hi

na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

er

63
 (5

6–
70

)
N

ot
 

re
po

rt
ed

28
 A

si
an

s
Sy

m
pt

om
s, 

en
do

sc
op

y,
 

ra
di

ol
og

ic
al

 
im

ag
in

g,
 

bi
op

si
es

 
an

d 
tu

m
or

 
m

ar
ke

rs

20
5

28
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

St
ag

e 
I‑I

I 
(n

 =
 2

0)
St

ag
e 

III
‑

IV
 (n

 =
 6

)

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 
re

po
rt

ed
11

 H
yp

er
te

n‑
si

on
8 

D
ia

be
te

s 
m

el
lit

us
1 

Co
ro

na
ry

 
he

ar
t d

is
ea

se
1 

H
ep

at
iti

s 
B 

vi
ru

s

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

N
ot

 p
os

si
bl

e 
to

 e
xt

ra
ct

N
ot

 p
os

‑
si

bl
e 

to
 

ex
tr

ac
t

(N
O

S,
 8

)
22

 s
ur

vi
ve

d 
6 

di
ed

Ya
ng

 
et

 a
l. 

20
20

 
[8

3]
, 

C
hi

na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

N
ot

 re
po

rt
ed

N
ot

 
re

po
rt

ed
11

A
si

an
s

Sy
m

p‑
to

m
s, 

en
do

s‑
co

py
, 

ra
di

o‑
lo

gi
ca

l 
im

ag
‑

in
g,

 
bi

op
‑

si
es

 a
nd

 
tu

m
or

 
m

ar
k‑

er
s

15
75

13
Co

m
‑

m
un

ity
‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
13

 A
nt

iv
ira

ls
 

12
 A

nt
ib

io
t‑

ic
s

5 
C

he
m

o‑
th

er
ap

ie
s

3 
St

er
oi

ds
2 

Su
rg

ic
al

 
re

se
ct

io
ns

1 
Im

m
un

o‑
th

er
ap

y

1 
N

au
se

a 
an

d 
vo

m
it‑

in
g

1 
D

ia
r‑

rh
oe

a

8 
H

yp
er

‑
te

ns
io

n
6 D

ia
be

te
s 

m
el

lit
us

2 Co
ro

na
ry

 
he

ar
t 

di
se

as
e

1 
CO

PD
1 Ce

re
br

o‑
va

sc
ul

ar
 

di
se

as
e

2
2

2
(N

O
S,

 6
)

 1
1 

su
rv

iv
ed

2 
di

ed



Page 20 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, 
st

ud
y 

lo
ca

tio
n

St
ud

y 
de

si
gn

, 
se

tt
in

g

A
ge

 (y
ea

rs
)a

M
al

e,
 n

 
(%

)
Et

hn
ic

it
yb

CR
C 

di
ag

no
se

d 
th

ro
ug

h

N
um

be
r 

of
 p

at
ie

nt
s 

(n
 =

 9
8,

13
1)

N
um

be
r 

of
 S

A
RS

-
Co

V-
2 

pa
tie

nt
s 

w
ith

 
CR

C 
(%

) 
[n

 =
 3

36
2,

 
3.

43
%

]

So
ur

ce
 

of
 S

A
RS

-
Co

V-
2 

in
fe

ct
io

n

CR
C 

St
ag

in
g

Tr
ea

tm
en

t, 
n

Sy
m

pt
om

s 
fr

om
 th

e 
tu

m
or

, n

Co
m

or
bi

di
tie

s,
 

n
A

dm
itt

ed
 

to
 IC

U
, n

M
ec

ha
ni

ca
l 

ve
nt

ila
tio

n,
 

n

A
RD

S,
 n

N
O

S 
sc

or
e;

 a
nd

 
Tr

ea
tm

en
t 

ou
tc

om
e

Ye
 e

t a
l. 

20
20

 
[8

4]
, 

C
hi

na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
ca

se
 

re
po

rt
, 

si
ng

le
 

ce
nt

re

62
1 

(1
00

)
1 

A
si

an
s

Sy
m

pt
om

s, 
en

do
s‑

co
py

, a
nd

 
ra

di
ol

og
ic

al
 

im
ag

in
g

1
1

H
os

pi
ta

l‑
ac

qu
ire

d
N

ot
 

re
po

rt
ed

1 
Co

le
c‑

to
m

y
1 

A
nt

ib
io

t‑
ic

s
1 

A
nt

iv
ira

ls
 

1 
A

nt
ifu

n‑
ga

ls

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
0

0
0

(N
O

S,
 5

)
1 

su
rv

iv
ed

Yu
 e

t a
l. 

20
20

 
[8

3]
, 

C
hi

na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
si

ng
le

 
ce

nt
re

66
 (4

8–
78

)
2 

(1
00

)
2 

A
si

an
s

N
ot

 
re

po
rt

ed
15

24
2

H
os

pi
ta

l‑
ac

qu
ire

d
N

ot
 

re
po

rt
ed

1 
Be

st
 

su
pp

or
tiv

e 
ca

re
1 

N
ew

ly
 

di
ag

no
se

d;
 

tr
ea

tm
en

t 
ye

t t
o 

co
m

‑
m

en
ce

N
ot

 
re

po
rt

ed
N

ot
 re

po
rt

ed
0

0
0

(N
O

S,
 7

)
2 

su
rv

iv
ed

Zh
an

g 
et

 a
l. 

20
20

 
[8

5]
, 

C
hi

na

Re
tr

o‑
sp

ec
‑

tiv
e,

 
co

ho
rt

, 
m

ul
ti‑

ce
nt

re

77
.5

 (7
5–

77
.5

)
2 

(1
00

)
2 

A
si

an
s

Sy
m

pt
om

s, 
en

do
sc

op
y,

 
ra

di
ol

og
ic

al
 

im
ag

in
g,

 
bi

op
si

es
 

an
d 

tu
m

or
 

m
ar

ke
rs

12
76

2
H

os
pi

ta
l‑

ac
qu

ire
d

N
ot

 
re

po
rt

ed
2 

A
nt

iv
ira

ls
2 

A
nt

ib
io

t‑
ic

s
1 

Su
rg

ic
al

 
op

er
at

io
n

1 
C

he
m

o‑
th

er
ap

y
1 

St
er

oi
ds

1 
D

ia
rr

ho
ea

1 
H

yp
er

te
ns

io
n

1 
Co

ro
na

ry
 

he
ar

t d
is

ea
se

1 
CO

PD

1
1

1
(N

O
S,

 6
)

 1
 s

ur
vi

ve
d

1 
di

ed

AR
D

S 
Ac

ut
e 

re
sp

ira
to

ry
 d

is
tr

es
s 

sy
nd

ro
m

e,
 C

O
PD

 C
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e,
 C

RC
  C

ol
or

ec
ta

l c
ar

ci
no

m
a,

 C
T 

Co
m

pu
te

riz
ed

 to
m

og
ra

ph
y,

 H
CQ

 H
yd

ro
xy

ch
lo

ro
qu

in
e,

 IC
U

 In
te

ns
iv

e 
ca

re
 u

ni
t, 

Ig
G

 Im
m

un
og

lo
bu

lin
 

G
, I

V 
In

tr
av

en
ou

s, 
N

O
S 

N
ew

ca
st

le
 o

tt
aw

a 
sc

al
e,

 R
BC

 R
ed

 b
lo

od
 c

el
l, 

SA
RS

-C
oV

-2
, s

ev
er

e 
ac

ut
e 

re
sp

ira
to

ry
 s

yn
dr

om
e 

co
ro

na
vi

ru
s 

2,
 V

TE
 V

en
ou

s 
th

ro
m

bo
em

bo
lis

m
a  D

at
a 

ar
e 

pr
es

en
te

d 
as

 m
ed

ia
n 

(2
5t

h–
75

th
 p

er
ce

nt
ile

s)
, o

r m
ea

n 
±

 (S
D

)

b  P
at

ie
nt

s 
w

ith
 b

la
ck

 e
th

ni
ci

ty
 in

cl
ud

e 
A

fr
ic

an
-A

m
er

ic
an

, B
la

ck
 A

fr
ic

an
, A

fr
ic

an
 a

nd
 A

fr
o-

Ca
rib

be
an

 p
at

ie
nt

s



Page 21 of 36Alhumaid et al. Infectious Agents and Cancer           (2022) 17:49  

Poland (n = 1), Iran (n = 1), The Netherlands (n = 1), 
Belgium (n = 1), United Arab Emirates (n = 1), Mex-
ico (n = 1), Sweden (n = 1), Austria (n = 1), Hungary 
(n = 1), Australia (n = 1), and Chile (n = 1). Few stud-
ies were made within multi-countries (n = 3) [9, 12, 51]. 
The majority of the studies were single centre [11, 16, 
23, 25, 27, 28, 30–35, 44–50, 52, 54, 55, 58, 59, 61–63, 
65–69, 71, 72, 74–76, 78, 80, 82–84] and only 25 studies 
were multi-centre [8–10, 12–17, 26, 29, 36, 43, 51, 53, 
56, 57, 60, 64, 70, 73, 77, 79, 81, 85]. The median NOS 
score for these studies was 6 (range, 5–7). Among the 
69 included studies, 64 studies were moderate-quality 
studies (i.e., NOS scores were between 5 and 7) and 5 
studies demonstrated a relatively high quality (i.e., NOS 
scores > 7); Table 1.

Meta-analysis of SARS-CoV-2 infection in patients with CRC 
The overall pooled proportions of CRC patients who had 
laboratory-confirmed community-acquired and hospital-
acquired SARS-CoV-2 infections were 8.1% (95% CI 6.1 
to 10.1, n = 1308, 24 studies,  I2  98%, p = 0.66), and 1.5% 
(95% CI 1.1 to 1.9, n = 472, 27 studies,  I2  94%,  p < 0.01), 
respectively; (Fig. 3, Fig. 4).

In community-acquired infected SARS-CoV-2 patients, 
subgroup analysis showed some difference in the rates 
between all patients (Asia, Europe and America groups) 
[8, 11, 13–17, 23, 28, 29, 33, 34, 43–45, 58, 62–65, 70, 76, 
81, 86]; and the Asia group [(9.1% (95% CI 6.1 to 12.2, 
n = 252, 10 studies, I2 = 97%)] [11, 15–17, 23, 28, 45, 58, 
65, 86]; Europe group [(7.7% (95% CI 3.9 to 11.4, n = 801, 
8 studies,  I2 = 99%)] [8, 14, 29, 33, 34, 43, 44, 64]; and 
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Fig. 2 Flow diagram of literature search and data extraction from studies included in the systematic review and meta‑analysis
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America group [7.0% (95% CI 3.2 to 10.7, n = 229, 6 stud-
ies, I2 = 96%)] [13, 62, 63, 70, 76, 81], respectively; Fig. 3. 
In the hospital-acquired SARS-CoV-2 infected patients, 
subgroup analysis showed a significant difference in 

the rates between all patients (Europe, multi-countries, 
Asia and America) [9, 10, 25–28, 30, 31, 35, 36, 47, 51, 
53, 56, 57, 60, 61, 65, 68, 69, 72, 74, 77, 79, 80, 83, 85]; 
and Europe only patients [1.1% (95% CI 0.5 to 1.6, 

Fig. 3 Pooled estimate for the prevalence of community‑acquired COVID‑19 infection in colorectal cancer patients stratified by the study location 
type
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Fig. 4 Pooled estimate for the prevalence of hospital‑acquired COVID‑19 infection in colorectal cancer patients stratified by the study location type
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n = 178, 12 studies, I2 = 91%)] [10, 25–27, 35, 47, 53, 56, 
60, 61, 77, 79]; multi-countries only patients [4.7% (95% 
CI 3.6 to 5.9, n = 212, 2 studies,  I2 = 90%)] [9, 51]; Asia 
only patients [0.7% (95% CI 0.0 to 1.4, n = 32, 9 stud-
ies,  I2 = 69%)] [28, 31, 36, 57, 65, 68, 74, 83, 85]; and 
America only patients [2.3% (95% CI 0.9 to 3.6, n = 32, 4 
studies, I2 = 10%)] [30, 69, 72, 80], respectively; Fig. 4.

Demographic and clinical characteristics of CRC patients 
with SARS-CoV-2 infection
The included studies had a total of 3362 CRC patients 
with confirmed SARS-CoV-2 infection as detailed in 
Table  1. Amongst these 3362 patients, all patients were 
adults. The median patient age ranged from 51.6 years to 
80 years across studies. There was an increased male pre-
dominance in CRC patients diagnosed with SARS-CoV-2 
in most of the studies [n = 2243, 66.7%] [9, 11, 14, 16, 17, 
25, 27, 28, 30, 32–35, 47, 52–59, 61, 62, 71, 72, 74, 75, 77, 
81–85] and majority of the patients belonged to White 
(Caucasian) (n = 262, 7.8%), Hispanic (n = 156, 4.6%) and 
Asian (n = 153, 4.5%) ethnicity [11, 13–17, 25–34, 36, 
43, 44, 46–50, 52–55, 57–61, 67, 70–73, 75–78, 80, 81, 
83–85]. Most patients were diagnosed for CRC through 
symptoms, endoscopy, radiological imaging, biopsies 
and tumor markers [8–10, 12–14, 16, 17, 23, 25–36, 43, 
44, 46–56, 58–61, 65–77, 80–85]. The main source of 
SARS-CoV-2 infection in CRC patients was community-
acquired (n = 2882, 85.7%; p = 0.014) [8, 11–17, 23, 28, 29, 
33, 34, 43–45, 48, 50, 52, 55, 58, 59, 62–67, 70, 71, 75, 76, 
81–83]. Most of those SARS-CoV-2 patients had stage III 
CRC (n = 725, 21.6%; p = 0.036) [9, 13, 17, 35, 45, 72, 83]; 
and were treated mainly with surgical resections (n = 304, 
9%) and chemotherapies (n = 187, 5.6%), p = 0.008 [9–11, 
16, 17, 23, 25, 26, 28, 29, 31–36, 43–45, 47, 49, 51, 53, 54, 
56–58, 60, 61, 68, 72, 74, 77, 80, 82, 85]. The most com-
mon tumor symptoms patients experienced were change 
in bowel habits (n = 26, 0.8%), diarrhoea (n = 25, 0.7%), 
abdominal pain (n = 23, 0.7%), and nausea and vomit-
ing (n = 21, 0.6%); p = 0.048 [11, 16, 17, 27, 46, 50, 55, 58, 
61, 70, 72, 81]. Many of the CRC patients infected with 
COVID-19 had pre-existing hypertension (n = 68, 2%) 
and/or diabetes mellitus (n = 49, 1.4%), p = 0.027 [11, 17, 
28, 31, 33, 34, 44, 46, 55, 57, 58, 61, 62, 71, 72, 74, 75, 77, 
79, 80, 83, 85].

Patient treatment outcome and predictors of mortality
Patients were stratified based on treatment outcome 
(mortality or survival). A summary of the demographic, 
source of SARS-CoV-2 infection, CRC staging, treatment 
received, symptoms of tumor, comorbidities and medical 
complications with regards to final treatment outcome in 
2787 patients who had either survived (n = 2056) or died 
(n = 731) is shown in Table 2.

Those patients who died were more likely to have been 
older in age (≥ 60  years old: 90.8% vs 0.7%; p = 0.000); 
and more likely to be men [male gender: 6.8% vs 2.3%; 
p = 0.000]. Majority of patients who died had an Asian 
(n = 37, 5.1%) and Hispanic ethnicity (n = 31, 4.2%; 
p = 0.011). CRC patients who transmitted SARS-CoV-2 
from the community had a higher mortality compared 
to those patients who acquired the SARS-CoV-2 infec-
tion from a hospital source (88.5% vs 11.5%; p = 0.014). 
As expected with the CRC stating, patients with 
advanced stage had a high mortality [death in stage IV 
CRC patients occurred in n = 61 (8.3%), p = 0.036]. CRC 
patients infected with SARS-CoV-2 who received chem-
otherapy had about two-fold increased risk of mortality 
compared to CRC patients with SARS-CoV-2 who had 
surgical resections (39 (5.3%) vs 21 (2.9%); p = 0.008). The 
most common tumor symptoms in CRC patients with 
SARS-CoV-2 infection in whom mortality was reported 
were the change in bowel habits (n = 7, 0.9%) and diar-
rhoea (n = 5, 0.7%); p = 0.048. Patients with a pre-existing 
diabetes mellitus (n = 19, 2.6%) and hypertension (n = 14, 
1.9%) had the highest mortality rate compared to other 
comorbidities; p = 0.027. Mortality rate was significantly 
very high in CRC patients infected with SARS-CoV-2 
who were admitted to the intensive care unit (0.3% vs 
13.1%; p = 0.000), placed on mechanical ventilation (0.1% 
vs 6.4%; p = 0.000) and/or suffered acute respiratory dis-
tress syndrome (0.05% vs 4%; p = 0.000).

Potential determining variables associated in survival 
and death groups were analysed through binary logis-
tic regression analysis and shown in Fig. 5, Fig. 6, Fig. 7, 
Fig. 8 and Fig. 9. As expected, old age (≥ 60 years) (OR 
1.96, 95% CI 0.94–0.96; p < 0.001), male gender (OR 1.44, 
95% CI 0.41–0.47; p < 0.001), CRC patients infected with 
SARS-CoV-2 who came from Asia (OR 1.16, 95% CI 
0.26–0.7; p = 0.01) and Europe (OR 1.14, 95% CI 0.36–
0.44; p = 0.01), or transmitted the SARS-CoV-2 viral 
infection from a hospital source (OR 0.59, 95% CI 0.13–
0.25; p < 0.001) are associated with increased odd ratio for 
death; Fig.  5. Among the CRC staging groups, patients 
who were infected with SARS-CoV-2 and presented with 
CRC stage III (OR 1.54, 95% CI 0.02–1.05; p = 0.041) and 
stage IV (OR 1.69, 95% CI 0.17–1.2; p = 0.009) had a high 
OR of death; Fig.  6. The odd ratios of death were also 
high in CRC patients infected with SARS-CoV-2 who had 
chemotherapy (OR 1.35, 95% CI 0.5–0.66; p = 0.023) and 
surgical resections (OR 1.4, 95% CI 0.8–0.73; p = 0.016); 
Fig.  6. Other predictors for increased risk of succumb-
ing included admission to intensive care unit (OR 1.88, 
95% CI 0.85–1.12; p < 0.001), intubation and placing 
on mechanical ventilation (OR 0.99, 95% CI 0.87–1.11; 
p < 0.001), and suffering from acute respiratory distress 
syndrome (OR 0.63, 95% CI 0.23–1.1; p < 0.001); Fig. 9.
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Table 2 Demographic data of the SARS‑CoV‑2 patients with colorectal cancer, stratified by treatment outcome (n = 69 studies), 2020–
2021

Variable Findingsb

All (n = 3362) Survived (n = 2056) Died (n = 731) p-valuec

Age (years)

 < 60 126 (3.7) 1990 (86.8) 5 (0.7) 0.000*

 ≥ 60 1126 (33.5) 106 (5.1) 664 (90.8)

Gender

Female 236 (7.0) 151 (7.3) 17 (2.3) 0.000*

Male 2243 (66.7) 58 (2.8) 50 (6.8)

Ethnicity

White (Caucasian) 262 (7.8) 185 (9) 20 (2.7) 0.011*

Hispanic 156 (4.6) 69 (3.3) 31 (4.2)

Asian 153 (4.5) 117 (5.7) 37 (5.1)

Persian 72 (2.1) 71 (3.4) 1 (0.1)

Indian 65 (1.9) 12 (0.6) 0

Blacka 4 (0.12) 1 (0.05) 0

Arab 2 (0.06) 2 (0.1) 0

Source of SARS-CoV-2 infection

Community‑acquired 2882 (85.7) 1932 (94) 647 (88.5) 0.014*

Hospital‑acquired 480 (14.3) 124 (6) 84 (11.5)

Colorectal cancer staging

Stage I 524 (15.6) 134 (6.5) 4 (0.5) 0.036*

Stage II 507 (15.1) 51 (2.5) 2 (0.2)

Stage III 725 (21.6) 66 (3.2) 17 (2.3)

Stage IV 227 (6.7) 39 (1.9) 61 (8.3)

Treatment

Surgical resections 304 (9.0) 53 (2.6) 21 (2.9) 0.008*

Chemotherapies 187 (5.6) 111 (5.4) 39 (5.3)

Antibiotics 53 (1.6) 46 (2.2) 7 (0.9)

Antivirals 49 (1.4) 54 (2.6) 5 (0.7)

Colectomies 46 (1.4) 12 (0.6) 2 (0.3)

Monoclonal antibodies 43 (1.3) 26 (1.3) 1 (0.1)

Steroids 29 (0.9) 21 (1) 4 (0.5)

Surgeries (nonspecific) 24 (0.7) 19 (0.9) 3 (0.4)

Conservative (no treatment) 22 (0.6) 19 (0.9) 3 (0.4)

Targeted therapies 20 (0.6) 3 (0.1) 2 (0.3)

Immunotherapies 17 (0.5) 8 (0.4) 3 (0.4)

Radiotherapy 12 (0.3) 10 (0.5) 2 (0.3)

Stoma creation 10 (0.3) 2 (0.1) 1 (0.1)

Immunoglobulin G 10 (0.3) 8 (0.4) 2 (0.3)

Hartmann’s procedure 9 (0.3) 2 (0.1) 1 (0.1)

Sigmoidectomies 8 (0.2) 7 (0.3) 1 (0.1)

Hydroxychloroquine 6 (0.2) 5 (0.2) 1 (0.1)

Palliative treatment 5 (0.2) 4 (0.2) 1 (0.1)

Red blood cell transfusion 3 (0.1) 2 (0.1) 1 (0.1)

Ileostomy 3 (0.1) 3 (0.1) 0

Colostomy 3 (0.1) 3 (0.1) 0

Hormones 3 (0.1) – –

Stoma closure 2 (0.06) 2 (0.1) 0

Stents 2 (0.06) – –

Anastomosis 2 (0.06) 2 (0.1) 0
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Table 2 (continued)

Variable Findingsb

Antifungals 1 (0.02) 1 (0.05) 0

Tranexamic acid 1 (0.02) 1 (0.05) 0

Interferon beta‑1b 1 (0.02) 1 (0.05) 0

Colonic decompression 1 (0.02) 1 (0.05) 0

Symptoms from the tumor

Change in bowel habits 26 (0.8) 10 (0.5) 7 (0.9) 0.048*

Diarrhoea 25 (0.7) 18 (0.9) 5 (0.7)

Abdominal pain 23 (0.7) 5 (0.2) 2 (0.3)

Nausea and vomiting 21 (0.6) 6 (0.3) 4 (0.5)

Anaemia (unexplained iron deficiency) 8 (0.2) 7 (0.3) 1 (0.1)

Haematochezia (blood per anus) 6 (0.2) 5 (0.2) 1 (0.1)

Weight loss 5 (0.05) 4 (0.2) 1 (0.1)

Blood per rectum 4 (0.1) 2 (0.1) 2 (0.2)

Melena (black tarry stools) 3 (0.1) 2 (0.1) 1 (0.1)

Constipation 1 (0.03) 1 (0.05) 0

Comorbidities

Hypertension 68 (2) 51 (2.5) 14 (1.9) 0.027*

Diabetes mellitus 49 (1.4) 25 (1.2) 19 (2.6)

COPD 11 (0.3) 5 (0.2) 3 (0.4)

Coronary heart disease 11 (0.3) 6 (0.3) 2 (0.3)

Cerebrovascular disease 5 (0.1) 2 (0.1) 3 (0.4)

Chronic kidney disease 4 (0.1) 2 (0.1) 2 (0.3)

Chronic renal failure 3 (0.09) – 2 (0.3)

Cardiovascular disease 3 (0.09) 2 (0.1) 1 (0.1)

Morbid obesity 3 (0.09) 2 (0.1) 1 (0.1)

Heart failure 2 (0.06) 1 (0.05) 1 (0.1)

Acute ischemic stroke 2 (0.06) 0 2 (0.3)

Dyslipidemia 2 (0.06) 1 (0.05) 1 (0.1)

Hepatitis B virus 2 (0.06) 1 (0.05) 1 (0.1)

Hepatitis C virus 2 (0.06) 1 (0.05) 1 (0.1)

Lynch Syndrome 2 (0.06) 2 (0.1) 0

Congestive heart failure 2 (0.06) 0 2 (0.3)

Asthma 1 (0.03) 1 (0.05) 0

Cardiac arrest 1 (0.03) 1 (0.05) 0

Chronic anaemia 1 (0.03) 1 (0.05) 0

Diabetic ketoacidosis 1 (0.03) 1 (0.05) 0

Tuberculosis 1 (0.03) 0 1 (0.1)

Complications and treatment outcomes

Patient was admitted to ICU 153 (4.5) 7 (0.3) 96 (13.1) 0.000*

Patient was intubated and on mechanical ventilation during the 
ICU stay

51 (1.5) 3 (0.1) 47 (6.4) 0.000*

Patient experienced acute respiratory distress syndrome 36 (1.1) 1 (0.05) 29 (4) 0.000*

COPD Chronic obstructive pulmonary disease, ICU Intensive care unit, SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
a Patients with black ethnicity include African-American, Black African, African and Afro-Caribbean patients
b Data are presented as number (%)
c Chi-square (χ2) test was used to compare between survival and death groups

Percentages do not total 100% owing to missing data

* Represents significant differences
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These variables were considered needing further evalu-
ation and, thus, were included in multivariate regression 
analysis. Nevertheless, multivariate analysis confirmed old 
age (≥ 60  years), male gender, CRC patients with SARS-
CoV-2 infection located in Asia and Europe, who transmit-
ted SARS-CoV-2 from hospital, CRC stage III, who had 
chemotherapy and surgical resections, admitted to inten-
sive care unit, intubated and placed on mechanical ventila-
tion and suffered acute respiratory distress syndrome were 
significantly associated with increased death. Although 
univariate analysis showed CRC stage IV patients with 
SARS-CoV-2 infection was significantly associated with 
increased mortality (p = 0.009), however, this finding was 
not reciprocated by multivariate analysis; Fig. 5.

Discussion
In this large systematic review and meta-analysis, we 
included 3362 patients with laboratory-confirmed 
SARS-CoV-2 infection from 69 observational studies in 

order to estimate the prevalence of COVID-19 disease 
in CRC patients. A better understanding of the preva-
lence of SARS-CoV-2 disease in CRC patients allows the 
development of more specific and more efficient ways 
of prevention and therapy. As expected, overall preva-
lence of community-acquired SARS-CoV-2 infection in 
CRC patients was fivefold higher compared to hospital-
acquired SARS-CoV-2 infection in this group of cancer 
patients (8.1% vs 1.5%). This could be chiefly explained 
by the maintenance of good knowledge and compliance 
of infection prevention and control by healthcare pro-
viders [87], antimicrobial stewardship [88], and robust 
surveillance for hospital-acquired infections and antimi-
crobial resistance [89] within healthcare organizations 
that provide healthcare for CRC patients. Prevalence of 
SARS-CoV-2 infection acquired from the community in 
CRC patients was almost similar in Asia (9.1%, 95% CI 
6.1–12.2), Europe (7.7%, 95% CI 3.9–11.4), and America 
(7.0%, 95% CI 3.2–10.7). However, SARS-CoV-2 infection 

Fig. 5 Predictors of mortality in patients hospitalized for colorectal cancer and SARS‑CoV‑2 (n = 2768)
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rate acquired from the hospital in CRC patients was the 
highest in studies conducted in multiple countries (4.7%, 
95% CI 3.6–5.9). In general, there is an approximately 
ninefold variation in CRC prevalence rates by world 
regions, with the highest rates in European regions, Aus-
tralia/New Zealand, and Northern America; and rates of 
CRC prevalence tend to be low in most regions of Africa 
and in South Central Asia [90]. However, negative impact 
of SARS-CoV-2 infection on CRC patients should be 
considered as the COVID-19 pandemic has led to a sus-
tained reduction in the number of people referred, diag-
nosed, and treated for CRC [22, 91–93]. The findings in 
this meta-analysis showed different results from previous 
systematic meta-analyses that evaluated SARS-CoV-2 
infection among CRC patients [24, 94]. We reported a 
much lower prevalence of SARS-CoV-2 infection in CRC 
patients [3.43%] compared to the previous two system-
atic meta-analyses [45.1% and 20.5%, respectively] [24, 
94]. The current meta-analysis is more comprehensive 

and included a total of 69 studies [8–17, 23, 25–36, 43–
85] including a total of 3362 patients; whose details on 
final treatment outcome were available; in comparison 
to smaller sample size in previous meta-analyses (sam-
ple size: n = 92 and n = 20, respectively) [24, 94]. The 
inclusion of 65 recently published studies [8–10, 12–17, 
23, 25–36, 38, 43, 44, 46–56, 58–84] contributed to the 
refinement on evidence of the demographic and clinical 
characteristics; in addition to final treatment outcome in 
CRC patients with SARS-CoV-2 illness.

We report no paediatric case with SARS-CoV-2 infec-
tion and CRC as the incidence of CRC is rare compared 
with that in adults (prevalence of CRC in patients under 
age 20 was reported to be 0.2%) [95]. Unlike in adults, 
familial cancer history is not strongly associated with 
CRC in children [96]. The lack of childhood cases with 
COVID-19 and CRC in our review can also be justified 
by the fact that most children with SARS-CoV-2 disease 
have mild symptoms or have no symptoms at all [97] and 

Fig. 6 Predictors of mortality in patients hospitalized for colorectal cancer and SARS‑CoV‑2 (n = 2768)
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the high severity of COVID-19 tends to be much lower 
in children compared to adults [98]. However, CRC 
is more likely to be lethal in children and young adults 
than middle-aged adults and was explained by the higher 
incidence of precancerous diseases (such as polyposis, 
colitis) and mucinous adenocarcinoma and/or late CRC 
diagnosis in children [95, 96]. Hence CRC is usually diag-
nosed later and potentially associated with worst progno-
sis in young groups [95, 96], detecting CRC at an early, 
more treatable stage is important for cure and survival.

In our review, males gender predominated develop-
ment of SARS-CoV-2 illness in CRC patients, a finding 
suggested in most of the reports [9, 11, 14, 16, 17, 25, 27, 
28, 30, 32–35, 47, 52–59, 61, 62, 71, 72, 74, 75, 77, 81–
85] and in contradiction with data from other reports 
suggesting an equal proportion of COVID-19 cases in 
CRC patients for both genders [14, 23, 29, 31, 60, 80] or 
patients with CRC and SARS-CoV-2 illness were mostly 
females [11, 36, 46, 49, 50, 66, 67, 76]. This review reflects 

previous studies in showing that the overall incidence of 
CRC is higher in males than in females [99–101]. This 
increased vulnerability of men to developing CRC may be 
due to a number of biological and gender-related (behav-
ioural) factors [99, 102–104]. Men are more likely to have 
a diet high in red and processed meat [105], be heavier 
consumers of alcohol [106], and more likely to smoke 
[107]. Men also have a greater propensity to deposit vis-
ceral fat [108, 109] which is associated with increased 
risk of CRC [99–101, 110]. Moreover, SARS-CoV-2 has 
been known to infect cells via angiotensin-converting 
enzyme 2 receptors for entry which have been found to 
be highly expressed in human males and the angioten-
sin-converting enzyme 2 receptor gene is X-linked [111, 
112]. However, male excess in CRC in our review might 
be attributed mainly to the differences in the inclusion 
criteria and the population age groups included in the 
studies; or can be explained by higher rates of comorbidi-
ties among men [113, 114], higher trend among females 

Fig. 7 Predictors of mortality in patients hospitalized for colorectal cancer and SARS‑CoV‑2 (n = 2768)
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to follow hand hygiene and preventive care [115, 116], 
stronger immune response to infections in females who 
outlive men [117] or lower rates of healthcare service uti-
lization by males [118].

We found development of COVID-19 in CRC patients 
was highest in people of White (Caucasian) [14, 35, 43, 
44, 47, 53, 76, 77], Hispanic [13, 70, 72, 80] and Asian 
ethnicity [11, 15–17, 28, 57, 58, 83] (7.8%, 4.6% and 4.5%, 
respectively). Moreover, we found mortality rate in CRC 
patients infected with COVID-19 was significantly high 
in patients with Asian and Hispanic ethnicity [5.1% and 
4.2%, p = 0.011]. CRC is a substantial public health bur-
den and it is increasingly affecting populations in Asian 
and Hispanic countries [119, 120]. The risk of contract-
ing COVID-19 in people with Asian and Hispanic eth-
nicity is known to be high and clinical prognosis in those 
people has been previously described to be poor [121, 
122]. CRC screening has been playing an important role 
in reducing its disease burden [123]. The surveillance 

system in countries with high burden needed to provide 
facilities for CRC screening and public awareness edu-
cation program should be considered in national and 
international planes to increases the self-participation of 
people [124]. Financial limitation and lack of authorities 
are still the main obstacles in the way of CRC screening 
in most Asian and Hispanic countries with low-income 
status [125, 126]. Because most of the studies included 
in our review that reported the ethnicity of CRC cases 
infected with COVID-19 were either from China, Italy, 
United States of America, or United Kingdom; repre-
sentation of other ethnicities at risk to develop COVID-
19 in CRC patients can be misleading. For instance, we 
report a very low prevalence of SARS-CoV-2 infection in 
CRC patients in Black population (n = 4, 0.12%), yet, in 
the United States, the incidence and mortality rates for 
CRC are higher among Black patients, particularly men, 
than among those in other racial or ethnic groups, and, 

Fig. 8 Predictors of mortality in patients hospitalized for colorectal cancer and SARS‑CoV‑2 (n = 2768)
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among Black patients, CRC occurs at a higher rate below 
age 50 years [127].

During the COVID-19 pandemic, increasing age in com-
bination with male gender might denote seriously sick 
patients who can potentially have more morbidity and 
propensity to die [128, 129]. The majority of CRC patients 
hospitalized with SARS-CoV-2 are older and seemed to 
have underlying medical conditions [11, 27, 29, 31, 33, 
35, 47, 57, 59, 60, 62, 72, 77, 85], with increased age being 
associated with clinical severity, including case fatality. 
Furthermore, comorbidities [11, 16, 17, 27, 28, 31, 33, 46, 
57, 58, 62, 72, 77, 83, 85] and advanced CRC stages (stage 
III and IV) [26, 27, 29, 31, 33, 35, 36, 46–49, 60, 72, 77] 
affect the prognosis of COVID-19. Although chemother-
apies and surgical resections are the primary treatment 
modalities for early stage CRC (stage I through III) [130, 
131], we report active treatment of both chemotherapies 
and surgical resections were associated with an increased 
risk for severe disease and death from COVID-19 in CRC 

patients, a finding which is in line with previous meta-
analyses [132, 133]. Although one meta-analysis found 
chemotherapy was associated with an increased risk of 
death from COVID-19 in patients with cancer but failed to 
show any significant association between other treatments 
like surgery due to the very small number of included stud-
ies [132], our meta-analysis shown the possible increase in 
risks of severe COVID-19 and death in SARS-CoV-2-in-
fected CRC patients receiving surgical resections which is 
in consistent with recent cohort and meta-analysis studies 
[133–135]. Chemotherapies commonly used to treat can-
cer, including CRC, affect not only the tumor but also the 
immune system [136]. Advanced COVID-19 syndrome is 
characterized by the uncontrolled and elevated release of 
pro-inflammatory cytokines and suppressed immunity, 
leading to the cytokine storm [137]. An impaired immune 
system might cause a decreased inflammatory response 
against SARS-CoV-2 and, thus, protecting from cytokine 
storm [138]. The uncontrolled and dysregulated secretion 

Fig. 9 Predictors of mortality in patients hospitalized for colorectal cancer and SARS‑CoV‑2 (n = 2768)
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of inflammatory and pro-inflammatory cytokines in 
SARS-CoV-2 patients with CRC is positively associated 
with the severity of the viral infection and mortality rate 
and this cascade of events may lead to multiple organ 
failure, ARDS, or pneumonia and need for ICU admis-
sion and mechanical ventilation [137, 139]. Furthermore, 
postoperative pulmonary complications was reported to 
occur in half of patients with perioperative SARS-CoV-2 
infection and are associated with high mortality [135], 
therefore, consideration should be given for postpon-
ing non-critical procedures and promoting nonoperative 
treatment in CRC patients to delay or avoid the need for 
surgery [140]. When hospitals recommence routine surgi-
cal treatments, this will be in hospital environments that 
remain exposed to SARS-CoV-2, so strategies should be 
developed to reduce in-hospital SARS-CoV-2 transmis-
sion and mitigate the risk of postoperative complications 
in CRC patients [135].

Limitations
First, while most of the evidence discussed were based 
on many cohorts, case reports, case-series and few cross-
sectional and case–control studies, many of these are 
small and not necessarily generalizable to the current 
COVID-19 clinical environment in patients with CRC 
history. Second, to asses factors associated with mor-
tality, larger cohort of patients is needed. Last, almost 
all studies included in this review were retrospective in 
design which could have introduced potential reporting 
bias due to reliance on clinical case records.

Conclusion
Patients with CRC are at increased risk of severe compli-
cations from SARS-CoV-2 which may include ARDS, or 
pneumonia and need for ICU admission and mechanical 
ventilation. Key determinants that lead to increased mor-
tality in CRC patients infected with COVID-19 include 
older age (≥ 60  years old); male gender; Asian and His-
panic ethnicity; if SARS-CoV-2 was acquired from hos-
pital source; advanced CRC (stage III and IV); if patient 
received chemotherapies or surgical treatment; and if 
patient was admitted to ICU, ventilated or experienced 
ARDS.
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