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Abstract

Numerous studies have been published regarding outcomes of cancer patients infected with
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus causing the coron-
avirus disease 2019 (COVID-19) infection. However, most of these are single-center studies
with a limited number of patients. To better assess the outcomes of this new infection in this
subgroup of susceptible patients, we performed a systematic review and meta-analysis to
evaluate the impact of COVID-19 infection on cancer patients. We performed a literature
search using PubMed, Web of Science, and Scopus for studies that reported the risk of infec-
tion and complications of COVID-19 in cancer patients and retrieved 22 studies (1018 cancer
patients). The analysis showed that the frequency of cancer among patients with confirmed
COVID-19 was 2.1% (95% confidence interval [CI]: 1.3–3) in the overall cohort. These patients
had a mortality of 21.1% (95% CI: 14.7–27.6), severe/critical disease rate of 45.4% (95% CI:
37.4–53.3), intensive care unit (ICU) admission rate of 14.5% (95% CI: 8.5–20.4), and mechan-
ical ventilation rate of 11.7% (95% CI: 5.5–18). The double-arm analysis showed that cancer
patients had a higher risk of mortality (odds ratio [OR] = 3.23, 95% CI: 1.71–6.13), severe/-
critical disease (OR = 3.91, 95% CI: 2.70–5.67), ICU admission (OR = 3.10, 95% CI: 1.85–
5.17), and mechanical ventilation (OR = 4.86, 95% CI: 1.27–18.65) than non-cancer patients.
Furthermore, cancer patients had significantly lower platelet levels and higher D-dimer levels,
C-reactive protein levels, and prothrombin time. In conclusion, these results indicate that
cancer patients are at a higher risk of COVID-19 infection-related complications. Therefore,
cancer patients need diligent preventive care measures and aggressive surveillance for earlier
detection of COVID-19 infection.
� 2020 King Faisal Specialist Hospital & Research Centre. Published by Elsevier Ltd. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
Introduction

Life has dramatically changed since the global pandemic of
the coronavirus disease 2019 (COVID-19) caused by the
novel severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) [1]. Lockdowns, social distancing, and curfews
have become the new norm. Currently, there are no
approved therapies (exception being Tocilizumab in China,
and Remdesivir in the United States and Japan) and many
uncertainties exist. Patients with comorbidities, including
cancer patients, seem to be at a higher risk of a complicated
course resulting in higher mortality [2–4]. The number of
cancer patients with COVID-19 in published literature so
far is small, with significant heterogeneity in studies, such
as cancer types, different comorbidities, and treatment
phases. Moreover, only a few reports compared COVID-19
patients with cancer to COVID-19 patients without cancer.
Despite the limited evidence, hematological and oncologi-
cal societies/organizations have promptly responded to
these reports and provided detailed guidance or recommen-
dations on the management of COVID-19 patients with dif-
ferent cancers [5,6]. To better assess the impact of
COVID-19 infection on cancer patients, we performed a
pooled analysis of the published data regarding cancer
patients suffering from COVID-19 infection.
Methods

This systematic review and meta-analysis was performed in
compliance with the MOOSE statement (Supplementary File
1) [7].
ary, S. Hashmi, J. Styczynski et al.
ematol Oncol Stem Cell Ther, htt
Literature search

We used the following search strategy [‘‘COVID-19” OR
‘‘SARS-CoV-2” OR ‘‘2019-nCov” AND ‘‘Cancer” OR ‘‘Neo-
plasm” OR ‘‘Carcinoma” OR ‘‘Tumor” OR ‘‘Malignancy”]
to retrieve relevant results from Medline (via PubMed), Sco-
pus, and Web of Science databases on April 20, 2020
(Updated May 27, 2020). We applied no restrictions to our
electronic search process. Furthermore, we manually
searched for the references of relevant articles, reviews,
and guideline statements of major oncological societies/or-
ganizations for any relevant articles potentially missed dur-
ing the online search. We did not restrict this analysis to a
specific type of cancer.
Screening and data extraction

After retrieving citation records, these were imported to
EndNote X9 (Clarivate Analytics, Philadelphia, PA, USA) to
remove duplicates. The citation library was then uploaded
to the Covidence website (Covidence, Melbourne, VIC, Aus-
tralia) to select the eligible studies. We employed the fol-
lowing eligibility criteria: original studies that described
the number/percentage of cancer patients in confirmed
COVID-19 cases. No restrictions were based on country of
origin, gender, type of cancer, or treatment received. We
excluded studies with unavailable raw data for extraction,
studies with fewer than 10 patients, reviews/opinion
pieces, and articles for which the full text could not be
retrieved. We also exerted efforts to ensure no duplicated
data for the same cluster of patients were included in our
analysis (we kept the report with the largest sample size).
, The risk and prognosis of COVID-19 infection in cancer patients: A
ps://doi.org/10.1016/j.hemonc.2020.07.005

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.hemonc.2020.07.005


The risk and prognosis of COVID-19 infection in cancer patients 3
Following these criteria, the screening was executed in two
steps: examining the title/abstract of the retrieved cita-
tions, followed by examining the full text of potentially eli-
gible articles.

Subsequently, relevant data were extracted in a pre-
formatted excel sheet to collect the following:

1. Baseline data, including the number of patients as per
the study, age, gender, cancer site, received oncological
treatment, and reported outcomes.

2. Clinical/epidemiological outcome data: frequency of
cancer diagnosis in COVID-19 cases, risk of mortality,
severe/critical cases, intensive care unit (ICU) admis-
sion, and mechanical ventilation. Severe COVID-19 was
defined as patients having an SpO2 �93% on room air at
sea level, respiratory rate >30 breaths/minute,
PaO2/FiO2 <300, or lung infiltrates >50%. Critical
COVID-19 occurs in severe cases defined (in our study)
as associated with acute respiratory distress syndrome,
septic shock, or cardiac dysfunction [8].

3. Biochemical/hematological test results (whenever avail-
able): counts of white neutrophils (�109/L), lymphocytes
(�109/L), platelets (�109/L), and serum levels of
Fig. 1 PRISMA flow diagram of literature search and study selec
reviews and meta-analyses.
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D-dimer (mg/L), interleukin-6 (IL-6, pg/mL), C-reactive
protein (CRP, mg/L), procalcitonin (ng/mL), and pro-
thrombin time (seconds).

When the data were reported as median (range/in-
terquartile range), they were converted to mean/standard
deviation using the conversion equations provided by Hozo
et al. [9] (only for studies with relatively large sample size).
Whenever possible, the results of hematological and bio-
chemical tests in cancer patients with COVID-19 were com-
pared to non-cancer patients (platelets count, D-dimer,
CRP, and prothrombin time). Otherwise, we performed an
exploratory single-arm analysis to determine changes in
lymphocytes, neutrophils count, and IL-6.
Data analysis

We employed two sets of analyses in the current review:
single- and double-arm meta-analysis. The single-arm anal-
ysis was performed using OpenMeta[Analyst] software (Cen-
ter for Evidence-Based Medicine, Brown University, Rhode
Island, USA), and the double-arm analysis was performed
tion. Note. PRISMA = preferred reporting items for systematic
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Table 1 Characteristics of cancer patients in the included studies with details of our target population.

Study Country N Age (y) Gender
(Male)

Cancer site Treatment Outcomes

Liang
et al. [14]

China 18 63.1 ± 12.1 12 (66.6) 5 lung, 3 breast, 2
bladder, 4
colon/colorectal, other
cancers

Most patients were in
the postoperative
period of tumor
resection, while few
were still undergoing
chemo/targeted
therapy

Severe events
occurred in 9/18
patients

He et al. [4] China 13 35 (23–53) 7.00 All hematological
malignancy (M/C acute
lymphoblastic AND
myeloid leukemias)

6 patients received
chemotherapy, 3
received allotransplant,
among other modalities

4 moderate, 4 severe,
and 5 critical

Martı́n-Moro
et al. [17]

Spain 34 72.5 (35–94) 19 (55.9) 7 acute leukemia, 1
plasma cell dyscrasia, 6
CLL, 5 NHL, among
others (most patients
were in remission)

16 patients were
receiving treatment at
the time of COVID
diagnosis and 3 patients
received most recent
TTT 6 months before
COVID diagnosis

17 patients developed
moderate/severe
ARDS, 4 mechanical
ventilation, and 2 ICU
admission

Miyashita
et al. [3]

USA 334 Most
patients
(50–80)

NA 57, 56, 23, 18, and 16
patients with breast,
prostate, lung,
urothelial, and colon
cancer, respectively

NA Cancer patients had
higher risk of
intubation than non-
cancer patients, while
the death rate was
similar

Zhang
et al. [27]

China 28 65 (56–70) 17 (60.7) Most common were lung
(7), esophagus (4), and
breast (3)

Most patients
underwent operations
21 (75%) or chemo/
radiotherapy 25 (89.3%)

8 patients died, 8
developed ARDS, 6 ICU
admission, and 15 had
severe events

Mehta
et al. [18]

USA 218 76 (10–92) 117.00 54 hematologic
malignancies and 164
solid malignancies;
metastasis (42) and
active cancer (92)

Most patients were on
active chemotherapy/
radiotherapy and few
were on targeted
immunotherapy

61 patients died, 23
ICU admission, and 45
mechanical ventilation

Yang
et al. [25]

China 52 63 (34–98) 28.00 Lung cancer (19.2%),
breast cancer (17.3%),
rectal cancer (15.4%),
colon cancer (9.6%),
cervical cancer (7.7%),
and thyroid carcinoma
(5.8%)

33 mild cases and 19
severe/critical cases
(11 died)

Guan
et al. [2]

China 18 63.1 ± 12.1 11 (61.1) NA NA 9 severe cases, 3 died,
5 ICU admissions, 2
mechanical ventilation

Yu
et al. [26]

China 12 Most
patients
> 60

10.00 7 lung cancer, 3
gastrointestinal
cancers, 1 breast
cancer, and 1 urothelial
cancer

Most patients were
receiving
radiochemotherapy;
three patients were
receiving best
supportive care only

3 patients died and 6
were discharged alive

Ma
et al. [16]

China 37 62 (59–70) 20 (54.1) 11 colorectal cancer, 8
lung cancer, 7 breast
cancer, and 5
gynecological cancer

13 had received
antitumor therapy
within 1 month of
diagnosis

20 severe/critical
cases, of which 5 died

Dai
et al. [12]

China 105 64 (IQR: 14) 57 (54.72) 22 lung cancer , 13
gastrointestinal cancer,
11 breast cancer, 11
thyroid cancer, and 9
hematologic cancer

12 died, 20 ICU
admission, and 10
mechanical ventilation

Note. ARDS = acute respiratory distress syndrome; CLL = chronic lymphocytic leukemia; ICU = intensive care unit; IQR = interquartile
range; NA = not available; NHL = non-Hodgkin lymphoma.
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using RevMan software version 5.3 (Cochrane Collaboration
Nordic Enter, Oxford, UK). Categorical outcomes were sum-
marized as odds ratios (ORs, 95% confidence interval [CI])
under the Mantel–Haenszel method, whereas continuous
outcomes were summarized as mean differences (MD, 95%
CI) under the inverse variance method. Heterogeneity was
assessed using the Cochrane Q (interpreted that a p value
< .1 indicates significant heterogeneity) and I2 tests to quan-
tify the extent of heterogeneity [10]. When significant
heterogeneity was confirmed, the analysis was conducted
under the random effects model using the DerSimonian
and Laird method. Finally, to identify the source of hetero-
geneity, we conducted a sensitivity analysis using the leave-
one-out method.

Results

Literature search

The initial database search retrieved 312 records, which was
subsequently reduced to 30 after title and abstract screen-
ing. Further scrutiny led to 22 studies (1108 cancer patients
vs. 10,135 non-cancer patients, all patients with confirmed
COVID-19) that were included in our quantitative analysis;
all these studies included patients with different types of
cancers [2–4,11–29]. The details of the literature search
and study selection are summarized in Fig. 1.

Baseline characteristics

Most studies reported only the number of cancer patients
among their overall COVID-19 cohort, whereas 11 studies
presented detailed characteristics of their cancer patients.
The patient characteristics in these 11 studies are illus-
Fig. 2 Forest plot showing single-arm analysis of cancer frequenc
disease 2019.

Please cite this article as: G. M. ElGohary, S. Hashmi, J. Styczynski et al.
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trated in Table 1. To summarize, the number of cancer
patients in these reports ranged from 12 to 334 (8 of these
studies were from China). Lung cancer was the most preva-
lent, followed by hematological, colorectal, and breast can-
cers. Patients were at various stages of receiving
oncological treatments.

Clinical outcomes

Frequency of cancer in patients with COVID-19

Single-arm analysis of 19 studies showed that the proportion
of cancer among confirmed COVID-19 cases was 2.1% (95%
CI: 1.3–3; Fig. 2). Leave-one-out analysis showed risk esti-
mates that ranged between 1.6% and 2.3% upon removal
of individual studies (Supplementary File 2).

Mortality

The risk of mortality in cancer patients with COVID-19 infec-
tion is 21.1% (95% CI: 14.7–27.6). Leave-one-out analysis
showed risk estimates that ranged between 19.1% and
22.8% upon removal of individual studies. Comparative anal-
ysis using six studies showed that cancer patients had a sig-
nificantly higher risk of mortality (OR = 3.23; 95% CI: 1.71–
6.13; p = .0003; n = 10,841) than non-cancer patients
(Fig. 3). Pooled studies were heterogeneous (p < .0001).
Heterogeneity was resolved by excluding the study by Miya-
shita et al. [3] while maintaining the significance of the
effect estimate (OR = 4.11; 95% CI: 2.28–7.41; p < .00001).

Severe/critical COVID-19 disease

The risk of severe/critical disease in cancer patients with
COVID-19 infection is 45.4% (95% CI: 37.4–53.3). Leave-
one-out analysis showed risk estimates that ranged between
43.1% and 47.9% upon removal of individual studies. Com-
y among patients with COVID-19. Note. COVID-19 = coronavirus

, The risk and prognosis of COVID-19 infection in cancer patients: A
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Fig. 3 Forest plot showing double-arm analysis comparing the risk of mortality between cancer and non-cancer groups. Note.
OR = odds ratio; 95% CI = confidence interval.
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parative analysis using four studies showed that cancer
patients had a significantly higher risk of severe/critical dis-
ease (OR = 3.91; 95% CI: 2.70–5.67; p < .00001; n = 3845)
than non-cancer patients (Fig. 4). Pooled studies were
homogenous (p = .18).

ICU admission

The risk of ICU admission in cancer patients with COVID-19
infection is 14.5% (95% CI: 8.5–20.4). Leave-one-out analy-
sis showed risk estimates that ranged between 13.1% and
16.7% upon removal of individual studies. Comparative anal-
ysis using two studies showed that cancer patients had a sig-
nificantly higher risk of ICU admission (OR = 3.10; 95% CI:
1.85–5.17; p < .0001; n = 2231) than non-cancer patients
(Fig. 5). Pooled studies were homogenous (p = .18).

Mechanical (invasive) ventilation

The risk of requiring mechanical ventilation in cancer
patients with COVID-19 infection is 11.7% (95% CI: 5.5–
Fig. 4 Forest plot showing double-arm analysis comparing the ris
cancer groups. Note. OR = odds ratio; 95% CI = confidence interval.

Fig. 5 Forest plot showing double-arm analysis comparing the risk
OR = odds ratio; 95% CI = confidence interval.

Please cite this article as: G. M. ElGohary, S. Hashmi, J. Styczynski et al.
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18). Leave-one-out analysis showed risk estimates that ran-
ged between 19.1% and 22.8% upon removal of individual
studies. Comparative analysis using four studies showed that
cancer patients had a significantly higher risk of requiring
mechanical ventilation (OR = 4.86; 95% CI: 1.27–18.65;
p = .02; n = 7943) than non-cancer patients (Fig. 6). Pooled
studies were heterogeneous (p = .01). Heterogeneity was
resolved by excluding either the studies by Miyashita et al.
[3] or Dai et al. [12] while maintaining the significance of
the effect estimate.

Biochemical/hematological results

Blood cell counts

In cancer patients with confirmed COVID-19 diagnosis, the
mean counts of lymphocytes and neutrophils (�109/L) were
9.4 (95% CI: �0.48 to 19.2; n = 136 patients/4 studies) and
20.7 (95% CI: �6 to 47.5; n = 136 patients/4 studies),
respectively. The study by He et al. [4] (24 patients) showed
k of severe/critical COVID-19 disease between cancer and non-

of ICU admission between cancer and non-cancer groups. Note.
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Fig. 6 Forest plot showing double-arm analysis comparing the risk of mechanical ventilation between cancer and non-cancer
groups. Note. OR = odds ratio; 95% CI = confidence interval.
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that cancer patients had significantly lower platelet counts
than non-cancer patients (Table 2).

Other biochemical tests

Cancer patients had significantly higher serum D-dimer
(MD = 0.37; 95% CI: 0.06–0.68; p = .02), CRP (MD = 73.44;
95% CI: 37.61–109.27; p < .0001), procalcitonin
(MD = 1.82; 95% CI: 0.50–3.15; p = .007) levels, as well as
prothrombin time (MD = 3; 95% CI: 1.72–4.82; p < .00001)
than non-cancer patients (Table 2). Moreover, single-arm
meta-analysis showed that cancer patients had high serum
IL-6 levels (18.86 pg/mL; 95% CI: 3.43–34.3) compared with
reference values (5–15 pg/mL).

Discussion

In the current systematic review and meta-analysis, we
identified 22 studies that evaluated the prevalence of can-
cer among patients infected with COVID-19 and COVID-19
complications in this subgroup of patients. Our analysis
shows that cancer patients are at a higher risk of severe/-
critical COVID-19 disease, mortality, ICU admission, and
mechanical ventilation. We performed an exploratory anal-
ysis to understand the differences between cancer and non-
cancer patients in terms of inflammatory (CRP) and coagu-
lopathy (D-dimer, prothrombin time) markers, which are
increasingly recognized as mechanisms of COVID-19-
induced organ injury. We found that CRP, D-dimer, and pro-
thrombin time were significantly higher in cancer patients
than in non-cancer patients, and single-arm analysis showed
high serum IL-6 levels in cancer patients compared with ref-
erence values.

The meta-analysis by Desai et al. [30] showed a similar
prevalence of cancer among patients with COVID-19 (pooled
Table 2 Biochemical outcomes in cancer versus non-cancer grou

Biochemical outcome n

Platelets (�109/L) 24
D-Dimer (mg/L) 24
C-reactive protein (mg/L) 24
Procalcitonin (ng/mL) 24
Prothrombin time (s) 24

Note. Data presented are the mean difference, 95% confidence inter
Analysis was conducted under the fixed effect model, inverse varianc
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prevalence 2%; 95% CI: 2–3). However, the meta-analysis
only assessed the prevalence of cancer among patients with
COVID-19 but did not evaluate the outcomes of these
patients. A report from New York showed that cancer
patients may not be at an increased risk of a severe course
from COVID-19; however, the number of patients was small
and the majority were young patients [3]. Our findings
showed that cancer patients are at an increased risk of a
complicated course. However, drawing robust conclusions
is difficult for many reasons, including but not limited to
the small number of cancer patients, the absence of other
cancer-related information like staging, grading, phase of
therapy, comorbidities, type of cancer therapy, type of
treatment provided for COVID-19 infection, and the capac-
ity of the healthcare system caring for these patients, as
many of these factors will have an impact on the outcomes
of patients. This issue of confounders is highlighted by
another related publication by Wang and Zhang [31].

Several reports recently indicated that D-dimer levels
correlate with COVID-19 severity (especially at levels >2.0
mg/mL) and that it can potentially be used to predict the
outcomes from COVID-19 [32–34]. A recent meta-analysis
showed that early and serial measurements of serum procal-
citonin could predict the evolution of COVID-19 disease
[35]. Another study showed that serum CRP and
interleukin-6 levels correlate with disease severity and can
predict outcomes in patients with COVID-19 [36]. Our find-
ings regarding the poor prognosis of cancer patients can
be further interpreted in light of the altered serum levels
of the aforementioned biochemical parameters.

In addition to the higher severity in cancer patients,
COVID-19 infection may affect this subgroup of patients in
many other ways, such as diagnosis and therapy delays, lim-
ited transfusion support, and saturation of the healthcare
system and supportive services [5,37].
ps infected with COVID-19.

Effect estimate (IV, fixed)

�186.66 (�222.62, �150.70)
0.37 (0.06, 0.68)
73.44 (37.61, 109.27)
1.82 (0.50, 3.15)
3.00 (1.72, 4.28)

val of the comparison between cancer and non-cancer patients.
e method.
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Limitations

Our meta-analysis had several limitations. All the included
studies were retrospective in nature, the number of cancer
patients was small, and many important data were not
reported in these studies (cancer types, stages, and
treatments).

Recommendations

Various cancer organizations worldwide have released
guidelines to care for cancer patients suffering from
COVID-19. Given the findings from our meta-analysis in the
absence of prospective data, we recommend diligent pre-
ventive care measures, full supportive care for immunosup-
pressed patients to minimize the risk of infection, limiting
patient visits to the hospital when possible, and using
telecommunication technology. Future studies should focus
on collecting all the baseline characteristics of cancer
patients suffering from COVID-19, all cancer- and
chemotherapy/radiation-related variables, the detailed
COVID-19 care protocol followed in these patients, and
the dynamic biochemical and inflammatory profile of these
patients during the infection.
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