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Abstract

Background: Previous studies have indicated coronavirus disease 2019 (COVID-19) patients with cancer have a high fatality
rate. Methods: We conducted a systematic review of studies that reported fatalities in COVID-19 patients with cancer. A com-
prehensive meta-analysis that assessed the overall case fatality rate and associated risk factors was performed. Using indi-
vidual patient data, univariate and multivariable logistic regression analyses were used to estimate odds ratios (OR) for each
variable with outcomes. Results: We included 15 studies with 3019 patients, of which 1628 were men; 41.0% were from the
United Kingdom and Europe, followed by the United States and Canada (35.7%), and Asia (China, 23.3%). The overall case
fatality rate of COVID-19 patients with cancer measured 22.4% (95% confidence interval [CI] = 17.3% to 28.0%). Univariate
analysis revealed age (OR = 3.57, 95% CI = 1.80 to 7.06), male sex (OR = 2.10, 95% CI = 1.07 to 4.13), and comorbidity (OR = 2.00,
95% CI = 1.04 to 3.85) were associated with increased risk of severe events (defined as the individuals being admitted to the in-
tensive care unit, or requiring invasive ventilation, or death). In multivariable analysis, only age greater than 65 years (OR =
3.16, 95% CI = 1.45 to 6.88) and being male (OR = 2.29, 95% CI = 1.07 to 4.87) were associated with increased risk of severe
events. Conclusions: Our analysis demonstrated that COVID-19 patients with cancer have a higher fatality rate compared
with that of COVID-19 patients without cancer. Age and sex appear to be risk factors associated with a poorer prognosis.

Coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has
spread rapidly around the world since it emerged in late 2019 in
China (1-3). In early March 2020, the World Health Organization
declared the COVID-19 outbreak a global pandemic and as of
July 15, this virus has infected nearly 14 million individuals with
580000 deaths (4). As the number of new cases continues to
rise, challenges to the global healthcare system remain.

Cancer is one of the leading causes of death, with an esti-
mated 9.6 million deaths worldwide in 2018 (5). Compared with
the general population, cancer patients are more vulnerable to
infection (6,7). In addition to being in immunosuppressive
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states directly caused by cancer itself as well as cytotoxic treat-
ments, this population presents an overall poorer health status,
tends to be older, and has coexisting medical conditions. These
are all risk factors that could contribute to severe COVID-19 in-
fection (3,8-10) and lead to a potentially poorer prognosis and
an increased risk of death.

The challenges facing the healthcare and research commu-
nity have been unprecedented in response to the COVID-19 pan-
demic, prompting several national and international collective
efforts dedicated to understanding the impact of COVID-19 on
cancer patients (11-13). For instance, the COVID-19 and Cancer
Consortium (CCC19) is a multicenter registry that includes more
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than 90 institutions from the United States, Canada, and Spain
(12). It aims to collect and analyze observational data from can-
cer patients with COVD-19 to inform clinical practice in real
time. In addition, clinicians and scientists from over 28 coun-
tries initiated another global consortium, The Thoracic Cancers
International COVID-19 Collaboration (TERAVOLT) registry, ded-
icated to studying the effects of COVID-19 on patients with tho-
racic malignancies (11).

The effects of the COVID-19 pandemic on patients with can-
cer have been detrimental and profound (12). Current evidence
based on individual reports from China suggests that cancer
patients infected with COVID-19 may be at an increased risk of
severe events, including hospitalization, admission to the in-
tensive care unit, requiring invasive ventilation, or death
(6,14,15). Preliminary analysis of data from the CCC19 and
TERAVOLT cohorts also suggest a higher risk of fatality in can-
cer patients (10,16).

Although these individual reports provide valuable data on
the clinical outcome of cancer patients with COVID-19, the ma-
jority of the studies analyzed have a small sample size or are
limited by geographical regions (eg, either China, Europe, or the
United States) or 1 cancer type (thoracic malignancies in the
TERAVOLT). It is crucial to assess the data collected from these
individual studies and evaluate them in a systematic manner.

Using data from 15 cohort studies involving 3019 patients,
this meta-analysis aims to comprehensively characterize the
clinical features, outcome of cancer patients with COVID-19,
and potential risk factors contributing to higher fatality.
Findings from this analysis will improve our understanding of
the impact of the COVID-19 pandemic on cancer patients and
highlight the urgent need to provide optimal clinical manage-
ment to this vulnerable patient population.

Methods

This systematic review and meta-analysis followed the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses guidelines (17).

Types of Studies

We included all studies that reported case fatality or severe
events in cancer patients with COVID-19. Clinical practice
guidelines and recommendations, editorials, commentaries,
and review articles were excluded. Publications that were not
subject to peer review were also excluded.

Search Strategy and Review Method

Databases including PubMed, Embase, and conference proceed-
ings were searched on June 9 2020 using the following terms:
“(coronavirus OR COVID-19 OR SARS-CoV-2 or COVID-2019)
AND (cancer OR carcinoma OR neoplasm OR malignancy).” No
limitation was placed regarding publication language, but publi-
cation date was restricted to 2019 and 2020 considering the
timeline of the COVID-19 outbreak. Duplicate records were ex-
cluded. References from review articles, commentaries, editori-
als, included studies, and conference publications of relevant
medical societies were reviewed and cross-referenced to ensure
completeness. Full-text articles considered eligible in the initial
screening were reevaluated. H.Z. and H.H. performed study se-
lection independently and extracted all the data. T.H. conducted
independent verification.

Study characteristics, including first author, patient number,
age, sex, geographical region of residence, comorbidity (hyper-
tension, cardiovascular disease, and diabetes), common COVID-
19 symptoms (fever, dyspnea and cough), cancer type (lung,
other solid tumor [breast, prostate, gastrointestinal, gynecologi-
cal, renal cell, endocrine, melanoma, head and neck, sarcoma,
nervous system] and hematological malignancies [lymphoid
neoplasms, multiple myeloma, non-Hodgkin lymphoma, mye-
loid neoplasms, acute myeloid leukemia, acute lymphoblastic
leukemia)), cancer treatment type (surgery, radiotherapy, che-
motherapy, immunotherapy, and targeted therapy), and clinical
outcomes (survivor or nonsurvivor or severe events) were
extracted.

Quality Assessment of Study

The quality of included cohort studies was assessed by 2
researchers independently using the Newcastle-Ottawa Scale
(NOS) (18). Specifically, the NOS scale evaluates the following
criteria: Selection: representativeness of the exposed cohort, se-
lection of the nonexposed cohort, ascertainment of exposure,
and demonstration that outcome of interest was not present at
start of study; Comparability: comparability of cohorts on the
basis of the design or analysis; and Outcome: assessment of
outcome, whether the follow-up was long enough for outcomes
to occur, and adequacy of follow up of cohorts. The NOS assess-
ment was performed per each cohort study, which was assigned
scores based on these 3 criteria (selection, comparability, out-
comes). The maximum score was 9 and the minimum score
was 0. A score of 7 or more was reflective of high methodologi-
cal quality, a score of 5 or 6 indicated moderate quality, and a
score of 4 or less indicated low quality.

Statistical Analysis

Meta-analysis was performed using R statistical software (ver-
sion 3.6.1). Random-effects analysis was used for all meta-
analyses due to the clinical heterogeneity inherent in the data
and the different effect sizes of included studies. We used the
DerSimonian and Laird (19) method for the estimator of
between-study variance 7% In the random effects model,
weights are equal to the inverse of the sum of within-study vari-
ance plus the between-study variance; weights are similar
among studies, and therefore large studies lose influence and
small studies gain influence for the overall effect (20). The
Cochran’s Q statistic is a type of ;? test that identifies the pres-
ence of heterogeneity at P less than .05. The statistic I? describes
the percentage of the variability in effect estimates that is due
to heterogeneity rather than sampling error (chance) and was
calculated to quantify the heterogeneity across studies (21). A
value of 0.0% indicates no observed heterogeneity, and larger
values show increasing heterogeneity (21); I greater than 75.0%
is considered high heterogeneity. I? is equal to 100.0% x (Q —
df)/Q, where Q is Cochran’s Q statistic and df the degrees of free-
dom. We report Cochran’s Q statistic, the P value, and I? per
meta-analysis.

Case fatality rate (calculated as the ratio of the number of
deaths to the number of cases) or severe event rate (calculated
as the ratio of the number of patients with severe events to the
number of cases) and its 95% confidence interval (CI) for the
overall population and subgroup analyses in an individual study
were calculated. A composite “severe event” endpoint was de-
fined here based on the individual being admitted to the
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram. Flow chart of screen and study selection.

intensive care unit, or requiring invasive ventilation, or death.
Patients with missing values were excluded from analysis.

Publication bias was assessed by the funnel plots and
Egger’s test (22) (P < .05 was considered to be suggestive of a sta-
tistically significant publication bias). Based on the quality as-
sessment of study, sensitivity analysis was performed
excluding low-quality studies (case series studies) or the cohort
studies with moderate quality. In addition, a separate sensitiv-
ity analysis using “leaving-one-out” per time approach was
performed.

Individual patient data on demographic or clinical character-
istics including age, sex, comorbidities (hypertension, diabetes,
or cardiovascular disease), cancer type (hematological malig-
nancy, lung, or other solid cancer) and treatment (chemother-
apy, immunotherapy, targeted therapy, radiotherapy, or
surgery), and associated outcomes (survivor or nonsurvivor, or
severe events) were extracted from 3 available studies (6,14,15).
In the individual patient data analyses, univariate and multivar-
iable logistic regression analysis were used to estimate odds ra-
tio (OR) and 95% ClIs of the association of each variable with the
outcomes of cancer patients with COVID-19. The variables

(demographic and clinical characteristics as listed above) were
prespecified by investigators. Variables with P less than .05
from univariate analysis are considered as candidates for the
multivariable logistic model, which assessed their association
with outcome. All reported P values are 2-sided, and P less than
.05 was used to indicate statistical significance.

Results

Literature Search Results

The literature search identified 4051 references through data-
base mining and 2 from conference proceedings. After a full-
text review of 21 studies, we identified 15 relevant studies, in-
cluding 2 from the 2020 American Association for Cancer
Research (AACR) Annual Meeting proceedings for the meta-
analysis (Figure 1). These 15 studies, comprising of 5 case series
(7,15,23-25) and 10 cohort studies (6,10,14,16,26-31), included pa-
tient data from institutions located in Europe, the United States,
and Asia. Patients included in these 15 studies were with active
or previous malignancy, including solid tumors or
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Table 1. Demographic characteristics of the 15 studies included in the meta-analysis

Study Patients, No. Age, median (range or IQR), y Female/male, No. Region of residency
Yu et al., 2020 (7) 12 66 (48-78) 2/10 Asia

Barlesi et al., 2020 (23) 137 61 (21-90) 79/58 Europe

Garassino et al., 2020 (10) 200 68 (62-75)% 59/141 Europe, USA, Asia
Dai et al., 2020 (14) 105 64 (55-69)% 48/57 Asia

Martin-Moro et al., 2020 (24) 34 73 (59-83)* 15/19 Europe

Liang et al., 2020 (6) 18 62 (56-68)% 6/12 Asia

Mehta et al., 2020 (26) 218 69 (10-92) 91/127 USA

Yang et al., 2020 (25) 52 63 (34-98) 24/28 Asia

Ma et al., 2020 (27) 37 62 (59-70)* 17/20 Asia

Zhang et al., 2020 (15) 28 65 (56-70)% 11/17 Asia

He et al., 2020 (28) 13 35 (23-53)2 6/7 Asia

Tian et al., 2020 (29) 232 64 (58-69)% 113/119 Asia

Yang et al., 2020 (30) 205 63 (56-70)* 109/96 Asia

Kuderer et al., 2020 (16) 928 66 (57-76)% 412/516 USA, Canada, Europe
Lee et al., 2020 (31) 800 69 (59-76)% 349/449 UK

@ Denotes IQR used to determine median age, otherwise shown as range. IQR = interquartile range.

Table 2. Reported comorbidities and COVID-19 symptoms of individuals included in the meta-analysis?®

Comorbidity, No. (%) Symptoms, No. (%)

Study Hypertension Cardiovascular disease Diabetes Fever Dyspnea Cough
Yu et al., 2020 (7) NR NR NR 12 (100.0) 3(25.0) 3(25.0)
Barlesi et al., 2020 (23) 47 (34.3) 19 (13.9) 27 (19.7) 65 (47.4) 45 (32.8) 63 (46.0)
Garassino et al., 2020 (10) 93 (46.5) 30 (15.0) 29 (14.5) 127 (63.5) 106 (53) 103 (51.5)
Dai et al., 2020 (14) 30 (28.6) 12 (11.4) 7 (6.7) 68 (64.8) NR 57 (54.3)
Martin-Moro et al., 2020 (24) NR NR NR 31(91.2) 19 (55.9) 20 (58.8)

- Liang et al., 2020 (6) 2(11.1) 0(0.0) 2(11.1) NR 8 (44.4) NR

B Mebhta et al., 2020 (26) 147 (67.4) 43(19.7) 80 (36.7) NR NR NR

i Yang et al., 2020 (25) 17 (32.7) 5(9.6) 7 (13.5) 13 (25) 3(5.8) 9(17.3)

g Ma et al., 2020 (27) NR NR NR 28 (75.7) 12 (32.4) 21 (56.8)
Zhang et al., 2020 (15) 4(14.3) 4(14.3) 23 (82.1) 14 (50.0) 22 (78.6)
He et al., 2020 (28) 0(0.0) 3(23.1) 0(0.0) 12 (92.3) 10 (76.9) 12 (92.3)
Tian et al., 2020 (29) 96 (41.4) 22 (9.5) 55 (23.7) 150 (64.7) 63 (27.2) 119 (51.3)
Yang et al., 2020 (30) 67 (32.7) 16 (7.8) 22 (10.7) 159 (77.6) 39 (19.0) 151 (73.7)
Kuderer et al., 2020 (16) NR NR NR NR NR NR
Lee et al., 2020 (31) 247 (30.9) 109 (13.6) 131 (16.4) NR NR NR

aNR = not reported.

hematological malignancies, which have either a laboratory-
confirmed SARS-CoV-2 infection or a presumptive diagnosis of
COVID-19.

Characteristics of Identified Studies

Tables 1-4 list the main characteristics and clinical outcomes
(survivor or nonsurvivor) of the 15 studies. In total, 3019 patients
were included, of which 1628 (54.0%) were men and 1388 (46.0%)
were women; more than one-half were over 65years of age
(Table 1). All cohorts enrolled patients within the past 6 months
since the outbreak of COVID-19, and all studies were published in
the past 4 months. The most common geographical region of res-
idence was the United Kingdom and Europe (41.0%), followed by
the United States and Canada (35.7%), and Asia (China, 23.3%)
(Table 1). Among the patients with reported comorbidity data, the
3 most common were hypertension (37.7%), diabetes (18.1%), and
cardiovascular disease (13.1%) (Table 1). The most common

presenting symptoms at time of hospital admission were cough
and fever (Table 2). Two of the 15 studies (24,28) included patients
with hematological malignancy only, whereas 3 of them (7,10,15)
were comprised of patients with solid tumor only (Table 3). The
rest were mixed with both cancer types (Table 4). All 15 studies
reported at least 1 clinical outcome of cancer patients with
COVID-19 as either survivor or nonsurvivor (14 studies) or severe
events (1 study) (Table 4). Of note, 3 of 15 studies reported both
clinical outcomes (survivor or nonsurvivor and severe events)
(Table 4). Severe events were defined by investigators as a com-
posite endpoint defined based on the individual being admitted
to the intensive care unit, requiring invasive ventilation, or death
(6,14-16).

The funnel plot (Supplementary Figure 1, available online)
and Egger’s test (P = .17) showed no publication bias in the over-
all population. The quality of the cohort studies was assessed
according to the NOS tool, which showed that 8 studies had
high quality (score ranging between 7 and 9) (Supplementary
Table 1, available online), whereas 2 studies were of moderate
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Table 3. Cancer types and cancer treatment of individuals included in the meta-analysis

Cancer type, No. (%) Cancer treatment, No. (%)

Lung  Othersolid Hematological Targeted

Study cancer cancer cancer Surgery Radiotherapy Chemotherapy therapy Immunotherapy
Yu et al., 2020 (7) 7 (58.3) 5(41.7) 0(0.0) 0(0.0) 3(25.0) 3(25.0) 1(8.3) 2(16.7)
Barlesi et al., 2020 (23) 12(8.8) 107 (78.1) 24 (17.5) 0(0.0) 0(0.0) 48 (35.0) 18 (13.1) 12 (8.8)
Garassino et al., 2020 (10)> 200 (100)  0(0.0) 0(0.0) 0(0.0) 0(0.0) 68 (34.0) 28 (14.0) 54 (27.0)
Dai et al., 2020 (14) 22(21.0) 74 (70.5) 9(8.6) 8(7.6) 13 (12.4) 17 (16.2) 4(3.8) 6 (5.7)
Martin-Moro et al., 2020 (24)  0(0.0) 0(0.0) 34 (100) NR NR NR NR NR
Liang et al., 2020 (6) 5(27.8)  12(66.7) 1(5.6) 1(5.6) 0(0.0) 2(11.1) 2(11.1) 1(5.6)
Mehta et al., 2020 (26) 11(5.0)  153(70.2) 54 (24.8) 0(0.0) 49 (22.5) 42 (19.3) 0(0.0) 5(2.3
Yang et al., 2020 (25) 10 (19.2)  42(80.8) 0(0.0) 2(3.8) 0(0.0) 6 (11.5) 0(0.0) 0(0.0)
Ma et al., 2020 (27) 8(21.6)  29(78.4) 0(0.0) NR NR NR NR NR
Zhang et al., 2020 (15) 7(250)  21(75.0) 0(0.0) 5(17.9) 4(14.3) 10 (35.7) 3(10.7) 1(3.6)
He et al., 2020 (28) 0(0.0) 0(0.0) 13 (100.0) 0(0.0) 0(0.0) 6 (46.2) 1(7.7) 0(0.0)
Tian et al., 2020 (29) 23(9.9) 197 (84.9) 12 (5.2) 197 (84.9) 214 (92.2) 32 (13.8)
Yang et al., 2020 (30) 24(11.7) 159 (77.6) 22 (10.7) 4(2.0) 9 (4.4) 31(15.1) 12 (5.9) 4(2.0)
Kuderer et al., 2020 (16) 654 (70.5) 167 (18.0) 32 (3.4) 12 (1.3) 160 (17.2) 75 (8.1) 38 (4.1)
Lee et al., 2020 (31) 584 (73.0) 169 (21.1) 29 (3.6) 76 (9.5) 281 (35.1) 72 (9.0) 44 (5.5)

@ This study included other types of thoracic cancer such as thymic carcinoma (n = 8), mesothelioma (n = 8), and carcinoid (n = 4). NR = not reported.

Table 4. Cancer status and outcomes of individuals included in the meta-analysis

Severe event, No. (%) Fatality, No. (%)

Study Cancer status Yes No Survivor Nonsurvivor

Yu et al.,, 2020 (7) Active NR NR 9 (75) 3(25)

Barlesi et al., 2020 (23) Mixed? NR NR 117 (85.4) 20 (14.6)

Garassino et al., 2020 (10) Active NR NR 125 (62.5) 66 (33.0) 2
Dai et al., 2020 (14) Mixed 40 (38.1) 65 (61.9) 93 (88.6) 12 (11.4) @
Martin-Moro et al., 2020 (24) Active NR NR 23 (67.6) 11 (32.4) >
Liang et al., 2020 (6) Mixed 9 (50.0) 9 (50.0) NR NR ~
Mehta et al., 2020 (26) Mixed NR NR 157 (72.0) 61 (28.0)

Yang et al., 2020 (25) Active NR NR 41 (78.8) 11 (21.2)

Ma et al., 2020 (27) Active NR NR 32 (86.5) 5 (13.5)

Zhang et al., 2020 (15) Mixed 15 (53.6) 13 (46.4) 20 (71.4) 8(28.6)

He et al., 2020 (28) Active NR NR 5 (38.5) 8(61.5)

Tian et al., 2020 (29) Active NR NR 186 (80.2) 46 (19.8)

Yang et al., 2020 (30) Mixed NR NR 165 (80.5) 40 (19.5)

Kuderer et al., 2020 (16) Mixed 611 (65.8) 317 (34.2) 807 (87.0) 121 (13.0)

Lee et al., 2020 (31) Active NR NR 574 (71.8) 226 (28.2)

@ Mixed status included patients with active and previous malignancies. NR = not reported.

quality (score ranging between 5 and 6). The 5 case series stud-
ies were considered low quality.

Primary Analysis

The meta-analysis of 14 of the 15 studies with reported death as
outcome demonstrated the overall case fatality rate among
COVID-19 patients with cancer was 22.4% (95% CI = 17.3% to
28.0%) (Figure 2). We next sought to compare the case fatality rate
of COVID-19 patients with cancer with that of COVID-19 patients
without cancer by using 3 studies where death was recorded in
both of these populations (14,28,29). Our analysis revealed that
the case fatality rate of COVID-19 patients with cancer was 23.4%
(95% CI = 9.7% to 40.5%) (Supplementary Figure 2, A, available on-
line), whereas that of COVID-19 patients without cancer was 5.9%
(95% CI = 1.9% to 11.7%) (Supplementary Figure 2, B, available on-
line). COVID-19 patients with cancer have a higher case fatality

rate than COVID-19 patients without cancer (Supplementary
Figure 2, A and B, available online) as well as higher than that of
the general patient population with COVID-19 from recent pub-
lished work (1,32,33).

Of note, the case fatality rate in COVID-19 patients with can-
cer in Asia (China) is 20.0% (95% CI = 14.5% to 26.2%)
(Supplementary Figure 2, C, available online), which is similar to
that of the rest of the world (Europe, the United Kingdom, and
the United States) at 24.1% (95% CI = 16.1% to 33.2%)
(Supplementary Figure 2, D, available online). There was no dif-
ference observed in case fatality rate between Asia and the rest
of the world. Statistically significant heterogeneity was demon-
strated among the case fatality rates (Q=113.5, P <.001, I* =
88.5%). The case fatality rate of 61.5% (95% CI = 31.6% to 86.1%)
in He et al. (28) was the highest among all the individual studies.
Potential contributing factors identified through this cohort in-
clude hematological malignancy, severe COVID-19 disease clas-
sification, and coinfections.
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Figure 2. Forest plot of overall case fatality rate of patients with cancer and Coronavirus disease 2019 (COVID-19) from 14 individual studies analyzed. The Cochran’s Q
test was used to identify heterogeneity and to calculate the P values. Heterogeneity was further quantified using I as described in the Methods. CI = confidence

interval.

The sensitivity analysis conducted by excluding 5 case series
studies showed that the case fatality rate of COVID-19 patients
with cancer was 21.6% (95% CI = 15.7% to 28.2%). Because 2 of
the cohort studies had moderate quality based on the NOS
scores (scoring ranging 5 to 6) (Supplementary Table 1, available
online), we performed a further sensitivity analysis excluding
these 2 studies. This showed that the case fatality rate of
COVID-19 patients with cancer was 22.5% (95% CI = 16.2% to
29.4%). Neither of these sensitivity analyses demonstrated an
obvious change in case fatality rate of COVID-19 patients with
cancer. In addition, the sensitivity analysis performed by using
the “leave-one-out” approach did not change our result
(Supplementary Figure 3, available online).

Subgroup Analysis

We performed a number of subgroup analyses on case fatality
or severe event rate according to cancer type (lung, other solid,
or hematological cancer) and treatment type (chemotherapy,
immunotherapy, and radiotherapy). The overall case fatality
rate in the lung cancer patients with COVID-19 was 32.9% (95%
CI = 27.9% to 38.0%) (Figure 3, A), and the severe event rate was
57.2% (95% CI = 31.4% to 81.3%) (Supplementary Figure 2, E,
available online). In other types of solid cancer excluding lung,
the overall case fatality and severe event rates were 17.2% (95%
CI = 12.3% to 22.7%) (Figure 3, B) and 59.7% (95% CI = 53.5% to
65.9%) (Supplementary Figure 2, F, available online), respec-
tively. In addition, the overall case fatality rate in hematological
cancer patients was 34.2% (95% CI = 23.1% to 46.2%) (Figure 3, C).
No statistically significant heterogeneity was demonstrated
among the case fatality rates in lung cancer patients with
COVID-19 (Q=6.3, P = .51, I? = 0.0%), whereas heterogeneity was
observed in other types of solid cancer (Q=21.6, P = .001, I? =
72.3%) or hematological cancer patients (Q=34.6, P < .001, I? =
79.7%). It is worth noting that the case fatality rate in lung can-
cer is comparable with that of hematological cancer patients
with COVID-19, whereas it is lower in other types of solid can-
cer. Furthermore, we examined the case fatality rate in the
patients from individual studies, who underwent chemother-
apy, surgery, immunotherapy, radiotherapy, and targeted

therapy actively or within the past 3 months when diagnosed
with COVID-19. In patients treated with chemotherapy, surgery,
or immunotherapy, the case fatality rate was 25.6% (95% CI =
16.0% to 36.2%) (Figure 3, D), 17.7% (95% CI = 8.1% to 29.1%)
(Figure 3, E), and 24.3% (95% CI = 15.3% to 34.2%) (Figure 3, F).
The case fatality rate for patients under treatment of radiother-
apy or targeted therapy was 20.5% (95% CI = 13.5% to 28.2%)
(Figure 3, G) and 21.3% (95% CI = 9.0% to 35.8%) (Figure 3, H), re-
spectively. In comparison, the case fatality rate was similar
among patients who were given different types of treatment.
Statistically significant heterogeneity was observed among the
case fatality rates in patients treated with chemotherapy
(Q=31.8, P < .001, I? = 78.0%) whereas no substantial heteroge-
neity was demonstrated in patients receiving treatment with
surgery (Q = 2.46, P = .65, I* = 0.0%), immunotherapy (Q=2.52,
P = .77, > = 0.0%), radiotherapy (Q=2.62, P = .62, I = 0.0%), or
targeted therapy (Q=2.52, P = .24, > = 27.5%).

Individual Patient Data Analysis

Next, we extracted the individual patient data of 150 patients
from available studies (6,14,15) and analyzed the associations
between demographic or clinical characteristics and outcomes
(survivor or nonsurvivor, or severe events). Univariate logistic
regression was used to estimate the odds ratios of each variable,
including age, sex, comorbidities (hypertension, diabetes, or
cardiovascular disease), or cancer type (hematological malig-
nancy, lung, or other solid cancer), or treatment (chemotherapy,
immunotherapy, targeted therapy, radiotherapy or surgery)
with outcomes (Table 5). Factors, including age, sex, hyperten-
sion, and diabetes, that showed a statistically significant associ-
ation with outcomes from univariate analysis were included in
the multivariable analysis (Table 5).

Univariate analysis (Table 5) revealed that being older than
65 years (OR = 3.57, 95% CI = 1.80 to 7.06), being male (OR = 2.10,
95% CI = 1.07 to 4.13), the presence of any comorbidity (OR =
2.00, 95% CI = 1.04 to 3.85), single comorbidity hypertension (OR
= 3.10, 95% CI = 1.38 to 6.99), and diabetes (OR = 4.16, 95% CI =
1.31 to 13.20) were associated with increased risk of severe
events (a composite endpoint defined based on the individual
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Figure 3. Forest plot of overall case fatality rate in the subgroup analysis. Overall case fatality rate in different cancer types: (A) lung cancer, (B) other solid cancer, and
(C) hematological cancer; and in different cancer treatment: (D) chemotherapy, (E) surgery, (F) immunotherapy, (G) radiotherapy, and (H) targeted therapy. The
Cochran’s Q test was used to identify heterogeneity and to calculate the P values. Heterogeneity was further quantified using I? as described in the Methods. CI = confi-
dence interval.

Table 5. Univariate and multivariable models of factors associated with outcomes

Univariate logistic regression analysis Multivariable logistic regression analysis

Variables Odds ratio (95% CI) p2 Odds ratio (95% CI) p?
Age (>657) 3.57 (1.80 to 7.06) <.001 3.16 (1.45 to 6.88) .004
Sex (male) 2.10 (1.07 to 4.13) .03 2.29 (1.07 to 4.87) .03
Comorbidities (all) 2.00 (1.04 to 3.85) .04 — —
Hypertension vs no 3.10 (1.38 t0 6.99) .006 1.37 (0.51 to 3.71) .53
Diabetes vs no 4.16 (1.31 to 13.20) .02 2.73(0.76 to 9.81) 13
Cardiovascular disease vs no 2.13(0.74 to 6.14) .16 — —
Hematological vs lung 0.68 (0.14 to 3.28) .63 — —
Other solid cancer vs lung 0.80 (0.37 to 1.74) .58 — —
Treatment vs no 0.98 (0.51 to 1.90) .95 — —
Chemotherapy vs no 0.94 (0.40 to 2.20) .89 — —
Immunotherapy vs no 4.00 (0.77 to 20.90) .10 — —
Target therapy vs no 0.38 (0.08 to 1.94) 25 — —
Radiotherapy vs no 0.56 (0.18 to 1.71) 31 — —
Surgery vs no 1.00 (0.32t0 3.12) 1.00 — —

2 P values were calculated using the Wald ;? 2-sided test. CI = confidence interval.
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being admitted to the intensive care unit, or requiring invasive
ventilation, or death).

No association was found between cardiovascular disease
and increased risk of severe events from COVID-19 compared
with those with no comorbidity (Table 5). Similarly, there was
no statistically significant difference in the increased risk of se-
vere events comparing patients with lung cancer vs other solid
cancer or hematological cancer, respectively (Table 5). In addi-
tion, cancer patients on chemotherapy or surgery, or other anti-
cancer treatment, were not associated with increased risk of
severe events from COVID-19 compared with those not on ac-
tive treatment (including patients with active tumor or previous
malignancy) (Table 5). Furthermore, in the subgroup of patients
with active tumor only, our analysis demonstrated that treat-
ment (including chemotherapy, immunotherapy, targeted ther-
apy, radiotherapy, or surgery) was not associated with a higher
risk of a poorer prognosis (Supplementary Table 2, available on-
line). In multivariable analysis, only being older than 65 years
(OR = 3.16, 95% CI = 1.45 to 6.88) and being male (OR = 2.29, 95%
CI = 1.07 to 4.87) were associated with increased risk of severe
events (Table 5).

In summary, the occurrence of severe events, including
death, in cancer patients with COVID-19 appears to be primarily
accentuated by age, sex, and coexisting comorbidities.

Discussion

The rapid spread of COVID-19 has a substantial impact on can-
cer patients. Our knowledge of the clinical features and relation-
ship of COVID-19 with cancer and anticancer treatment needs
to progress in real time to meet the unprecedented challenges
facing the healthcare community and this exceptionally vulner-
able population. A systemic review and meta-analysis of indi-
vidual studies improves our understanding of the effects of
COVID-19 on cancer patients and evaluates current evidence to
inform clinicians and guide best practice.

To our knowledge, this is the first meta-analysis that sys-
tematically examined the largest aggregate of patients with
cancer and COVID-19 to date, involving 3019 patients with a
broad geographical distribution. These 15 individual cohorts are
comprised of a diverse population in terms of age and sex distri-
bution, cancer type, presence of comorbidities, and status of ac-
tive anticancer treatment. The findings in this study suggest
that overall case fatality rate was estimated at 22.4% in the
COVID-19 patients with cancer, which is higher than that of the
COVID-19 patients without cancer at 5.9% in this study as well
as that of general patient population with COVID-19 from recent
published work (1,32,33). Age and sex appear to be important
risk factors associated with poorer prognosis.

One of the strengths of our meta-analysis is that we per-
formed an extensive systematic review of 15 individual studies
covering many geographical regions to reflect the global impact
on cancer patients. The patients included in this meta-analysis
are well-represented in ethnicity and geographical regions of
residence, with nearly one-half from the United Kingdom and
Europe (41.0%), followed by the United States and Canada
(35.7%) and Asia (China, 23.3%). It is interesting to note that
there is no difference in case fatality rate in cancer patients
with COVID-19 between China and the rest of the world,
highlighting a need for continuous data sharing and interna-
tional collaboration on a global scale.

While recognizing the daunting fact that cancer patients
have a higher death rate, an important question is which cancer
types might be most vulnerable among all cases presented in
these studies? Subgroup analysis on clinical outcomes in differ-
ent cancer types indicated that case fatality rate is higher in
lung or hematological cancer compared with other solid cancer.
Similarly, some studies have also observed individuals with he-
matological or lung cancer had poorer prognoses than did those
with solid tumors (14,30). Another interesting observation is
that although the severe events rate is similar in lung cancer
patients compared with that of patients with other solid cancer,
the case fatality rate of lung cancer is higher than that of other
solid cancer. This suggests that lung cancer patients with
COVID-19 may experience increased difficulty recovering from
this disease once it has progressed to a severe stage.

However, in our subsequent univariate analysis using avail-
able individual patient data, no statistically significant associa-
tions were found between cancer type and severe events rate,
consistent with a recent report (16). Considering the heteroge-
neity between different tumor subtypes identified as solid tu-
mor in the cohorts analyzed, cautious interpretation of these
results is necessary. Future analysis with a larger cohort of indi-
vidual patient data is worthwhile and might offer new insight
in guiding clinical management in high-risk cancer type
populations.

One of the most important issues to address is whether
patients should be advised to delay any anticancer treatment. It
is inconclusive whether patients who received active chemo-
therapy, targeted therapy, or immunotherapy or underwent
surgery (defined as given within 4 weeks of COVID-19 diagnosis
in many studies) had a higher risk of death or severe events.
Several studies (6,14,30) from China indicated a positive associa-
tion between treatment and increased deaths or severe events.
All these studies are either relatively small cohorts or from a
few hospitals restricted to a specific geographical region.

Based on our statistical analysis, we are not able to identify
evidence supporting that cancer patients on cytotoxic chemo-
therapy are at an increased risk of severe events from COVID-19
disease compared with those not on active treatment. Despite
the smaller sample size of these patients, similar findings were
observed for surgery, immunotherapy, radiotherapy, and tar-
geted therapy. This is consistent with recent reports from sev-
eral larger national or international cohorts including the
CCC19 (16), The TERAVOLT (10), and the UK Coronavirus Cancer
Monitoring Project (31). Further evaluation of individual-level
data from all 3019 patients in the included 15 cohort studies in
this meta-analysis will allow us to draw a clearer conclusion on
the relationship between anticancer treatment and its associa-
tion with cancer and COVID-19. While awaiting further evi-
dence, it might be beneficial to continue curative surgical
resections, chemotherapy, and other cancer treatment based on
a comprehensive evaluation of individual cases with multidisci-
plinary team management.

Another key question is what are the potential risk factors
associated with COVID-19-related severe events in cancer
patients? Of note, recent studies revealed that greater age, being
male, or with comorbidities is associated with higher risk of
death or severe events in the population of general COVID-19
patients (34-36). In line with the findings from these studies, our
univariate analysis revealed being older than 65 years, being
male, or the presence of any comorbidity or hypertension or di-
abetes was associated with an increased risk of severe events.



However, in multivariable analysis, only being older than
65years and being male were at a higher risk of worse out-
comes, supporting that age and sex are important predictors as-
sociated with poorer prognosis. Based on these findings, we
suggest that this high-risk cancer population should be evalu-
ated and treated in a clinical setting equipped with comprehen-
sive medical resources.

There are a number of limitations herein. First, many clinical
characteristics were not available (such as tumor staging) from
individual studies; thus, we were not able to examine the asso-
ciations between some crucial factors and risk of death.
Additionally, given the lack of information on some key charac-
teristics that might affect the baseline prognosis of the patients,
careful interpretation of results is needed. Second, there were
heterogeneities in classifying the same variable in included
studies, reducing the overall statistical power of the meta-
analysis. For instance, 1 study combined chemotherapy and ra-
diotherapy as 1 type of antitumor treatment (29), whereas most
listed chemotherapy as a separate type; all studies reported fa-
tality rate, but one described severe event rate (6). Finally, we
were not able to access the original data from all of the individu-
als in the 15 cohorts analyzed. It was therefore not possible to
answer some key questions with high confidence, including
whether cancer origins or treatment types are important predic-
tors associated with death.

In aggregate, our analysis confirmed that patients with can-
cer are at increased risk of fatality and severe illness due to
COVID-19. The occurrence of severe events and death in cancer
patients with COVID-19 appears to be primarily accentuated by
age, sex, and coexisting comorbidities. Best practice based on
evidence will mitigate the impact of the COVID-19 pandemic on
cancer patients and reduce the risk of morbidity or death from
COVID-19.
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