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Abstract

Background: Although research on the effects of comorbidities on coronavirus disease 2019 (COVID-19) patients is
increasing, the risk of cancer history has not been evaluated for the mortality of patients with COVID-19.

Methods: In this retrospective study, we included 3232 patients with pathogen-confirmed COVID-19 who were
hospitalized between January 18th and March 27th, 2020, at Tongji Hospital in Wuhan, China. Propensity score
matching was used to minimize selection bias.

Results: In total, 2665 patients with complete clinical outcomes were analyzed. The impacts of age, sex, and
comorbidities were evaluated separately using binary logistic regression analysis. The results showed that age, sex,
and cancer history are independent risk factors for mortality in hospitalized COVID-19 patients. COVID-19 patients
with cancer exhibited a significant increase in mortality rate (29.4% vs. 10.2%, P < 0.0001). Furthermore, the clinical
outcomes of patients with hematological malignancies were worse, with a mortality rate twice that of patients with
solid tumors (50% vs. 26.1%). Importantly, cancer patients with complications had a significantly higher risk of poor
outcomes. One hundred nine cancer patients were matched to noncancer controls in a 1:3 ratio by propensity
score matching. After propensity score matching, the cancer patients still had a higher risk of mortality than the
matched noncancer patients (odds ratio (OR) 2.98, 95% confidence interval (95% Cl) 1.76-5.06). Additionally,
elevations in ferritin, high-sensitivity C-reactive protein, erythrocyte sedimentation rate, procalcitonin, prothrombin
time, interleukin-2 (IL-2) receptor, and interleukin-6 (IL-6) were observed in cancer patients.
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(Continued from previous page)

Conclusions: We evaluated prognostic factors with epidemiological analysis and highlighted a higher risk of
mortality for cancer patients with COVID-19. Importantly, cancer history was the only independent risk factor for
COVID-19 among common comorbidities, while other comorbidities may act through other factors. Moreover,
several laboratory parameters were significantly different between cancer patients and matched noncancer patients,
which may indicate specific immune and inflammatory reactions in COVID-19 patients with cancer.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) can cause the infectious respiratory illness
known as coronavirus disease 2019 (COVID-19), which
was first identified in December 2019 and has since
spread globally [1-3]. As of May 16, 2020, there have
been more than 4,500,000 confirmed cases worldwide.
While the majority of patients experience mild symp-
toms, some patients may progress to pneumonia, multi-
organ failure, or even death. To date, more than 300,000
patients have died from COVID-19. The overall mortal-
ity rate of diagnosed cases is 3.4%, [4] ranging from 0.2
to 22.7%, depending on age group and other health
problems [5, 6]. It has been reported that the majority of
those who die of COVID-19 have pre-existing condi-
tions, including cancer, hypertension, diabetes, and car-
diovascular disease [5]. Although research on the effects
of comorbidities in COVID-19 patients is increasing,
most related studies have reported the unadjusted risk of
comorbidities with a relatively small sample size [7-10].
Age, comorbidities, lymphocytopenia, and specific ele-
vated laboratory parameters were reported to be associ-
ated with intensive care unit (ICU) admission [7-9].
Moreover, several published works with relatively small
sample sizes have reported the risk factors for mortality
in patients with COVID-19 [7, 11-13]. However, studies
focusing on the association of cancer history with mor-
tality in hospitalized patients with COVID-19 are rare.
To evaluate the survival outcomes and prognostic fac-
tors in cancer patients with COVID-19, we conducted a
single-center retrospective analysis in Tongji Hospital, a
designated hospital for severe COVID-19 patients in
Wuhan, China. The strengths of our study include a
large sample size and accurate baseline and complete
clinical outcome data.

Patients and methods

Study design and participants

In this retrospective study, we included 3232 consecutive
patients with COVID-19 who were hospitalized between
January 18 and March 27, 2020, at Tongji Hospital in
Wuhan, China. All patients included in the present study
were diagnosed with moderate to severe pathogen-
confirmed COVID-19. As of March 27, 2020, 299 of the

3232 patients had died, and 2408 patients had recovered
and been discharged. The remaining 525 patients were
still in the hospital receiving medical care. After exclud-
ing these 525 patients with incomplete outcomes and 42
patients with missing information, a total of 2665 pa-
tients (82.5%, 2665/3232) with complete follow-up data
reached the endpoints of observation (died or discharged
from the hospital). The diagram of patient participation
is shown in Fig. 1. This study was approved by the Eth-
ical Committee of Tongji Hospital of Tongji Medical
College at Huazhong University of Science and Technol-
ogy. Written informed consent was not obtained because
the data were analyzed retrospectively and anonymously.

Procedures

Medical records were reviewed retrospectively for the
following information: patient characteristics, physical
examination, laboratory data, radiologic findings, treat-
ments, and clinical outcomes. The demographic and
clinical characteristics were systematically collected up
to March 27, 2020, the final date of follow-up. All pa-
tients were identified according to the latest diagnosis
and treatment protocol for COVID-19 (trial version 7)
issued by the General Office of the National Health
Commission. Symptomatic patients were verified as
positive for SARS-CoV-2 infection by oropharyngeal or
nasopharyngeal swabs. The specific operation methods
for SARS-CoV-2 RNA with real-time reverse transcript-
ase polymerase chain reaction (RT-PCR) were followed
as previously described [14, 15]. In the present study, the
primary clinical endpoints were defined as death or dis-
charge from the hospital. In clinical practice, patients
meeting the following criteria could be discharged: (a)
afebrile for > 3 days, (b) improved respiratory symptoms,
(c) pulmonary imaging showing visible absorption of in-
flammation, and (d) nucleic acid tests negative for re-
spiratory tract pathogens twice consecutively (sampling
interval > 24 h).

Statistical analysis

Analyses were conducted using SAS version 9.4 (SAS
Inc.) and R version 3.6.2 (R Foundation for Statistical
Computing). The measurement data are expressed as
the mean and standard deviation (SD) or median and
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Fig. 1 Flowchart for the inclusion of patients

interquartile range (IQR). The enumeration data are
summarized as frequencies and percentages. The clinical
endpoints were compared between cancer patients and
noncancer patients using propensity score (PS) match-
ing. We performed PS matching using a 1:3 ratio with
the nearest neighbor matching procedure without re-
placement. The comparison between the two groups was
performed by independent group ¢ tests when the meas-
urement data were normally distributed; otherwise,
Mann-Whitney U tests were applied. Intergroup com-
parisons of the enumeration data were performed using
chi-squared tests or Fisher’s exact tests. Univariate and
multivariate logistic analyses were adopted to explore
the risk factors for COVID-19 patients with cancer.
Kaplan-Meier curves were plotted for the length of hos-
pital stay for discharged patients and the time from ad-
mission to death for patients who died. The difference
was assessed using log-rank tests. P < 0.05 was consid-
ered statistically significant.

Results

Baseline clinical characteristics and assessment of risk
factors for mortality

From January 18, 2020, to March 27, 2020, 3232 hospi-
talized patients with COVID-19 were included in the
present study. After necessary exclusion, 2665 patients
were included in our analysis (Fig. 1). Of these patients,
293 patients died from COVID-19, and 2372 patients
were discharged from the hospital. The impacts of age,
sex, and comorbidities were evaluated separately using
binary logistic regression analysis (Additional file 1:
Table S1). Significant factors that increased the risk
of mortality were male sex, older age, and cancer

history (P < 0.0001). For other comorbidities, the re-
sults showed that hypertension, coronary heart disease
(CHD), chronic obstructive pulmonary disease
(COPD), and cerebrovascular disease were risk factors
for mortality (P = 0.0005, 0.0037, 0.0008, and 0.0003,
respectively), while the effects were nonsignificant
after adjustment (P > 0.05).

Assessment of risk factors for mortality in 109 COVID-19-
infected cancer patients

Among all 109 COVID-19-infected cancer patients,
eighteen patients with present cancer had received at
least one kind of antitumor therapy within 3 months,
such as surgery (4/109, 3.7%), chemotherapy (11/109,
10.1%), targeted therapy (1/109, 0.9%), radiotherapy
(2/109, 1.8%), and immunotherapy (1/109, 0.9%); one
of them received treatment combining chemotherapy
and radiotherapy. In addition to cancer, 16 (14.7%)
patients had more than one comorbidity. The most
common comorbidities were hypertension (30/109,
27.5%), diabetes (11/109, 10.1%), and CHD (11/109,
10.1%). Table 1 displays the univariate analysis of risk
factors for mortality in 109 COVID-19-infected cancer
patients. The number of complications was also eval-
uated in these patients. The results indicated a signifi-
cantly increased risk of mortality in cancer patients
with complications (OR 16.80, 95% CI 3.81-74.19),
while patients with at least two complications had a
significantly higher risk of poor outcomes (OR 110.25,
95% CI 22.79-533.29). Cancer cachexia has been de-
fined as a loss of lean tissue mass or as BMI < 20 kg/
m? In the present analysis, an odds ratio (OR) of
2.40 [95% confidence interval (95% CI) 0.44-12.98]
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Table 1 Univariate analysis of risk factors in 109 COVID-19 patients with cancer

Risk factors Death (n = 32) Discharged (n = 77) OR 95%Cl P value
Sex

Male 19 (31.2) 42 (68.9) REF

Female 13 (27.1) 35(72.9) 0.82 0.36-1.89 0.64
Age groups

< 49 years 7(31.8) 15(68.2) REF

50-64 years 8(22.9) 27(77.1) 064 0.19-2.01 046

65-79 years 10(26.3) 28(73.7) 0.77 0.24-2.42 0.65

2 80 years 7(50.0) 7(50.0) 214 0.54-851 0.28

Number of comorbidities

0 25(333) 50 (66.7) REF

1 4(222) 14 (77.8) 057 0.17-1.92 036

> 1 3(1898) 13 (81.3) 0.46 0.12-1.77 0.26
Comorbidities(REF=No)

Hypertension 5(16.7) 25 (83.3) 0.39 0.13-1.12 0.080

Coronary heart disease 2(182) 9 (81.8) 0.50 0.10-247 0.40

Diabetes 2(182) 9(81.8) 0.50 0.10-247 040

Others 1 (50.0) 1 (50.0) 245 0.15-40.43 0.53
Types of tumor

Solid tumors 24 (26.1) 68 (73.9) REF

Hematological malignancies 8 (50.0) 8 (50.0) 283 0.96-8.38 0.06
Lung cancer or not

No 21 (27.6) 55 (724) REF

Yes 3(17.7) 14 (82.4) 0.56 0.15-2.15 040
Number of complications

0 3 (4.6) 63 (95.5) REF

1 8 (44.4) 10 (55.6) 16.80 3.81-74.19 0.0002°

22 21 (84.0) 4 (16.0) 110.25 22.79-533.29 < 0.0001°
Body mass index

> 20kg/m? 5(17.2) 24 (82.8) REF

<20 kg/m2 3((333) 6 (66.7) 240 0.44-12.98 0.31
Smoking history

Yes 11 (22.0) 39 (78.0) REF

No 2011 16 (88.9) 044 0.09-2.23 032
The time since cancer diagnosis to hospitalization
< 1 year 3(214) 11 (786) 2.18 0.19-25.00 0.53

1-4 years 6 (20.7) 23 (79.3) 2.09 0.22-20.08 0.52

5-9 years 22 (386) 35(614) 5.03 0.59-42.97 0.14

2> 10 years 1(11.1) 8 (88.9) REF

Significant at P < 0.05

was observed for cancer patients with BMI < 20 kg/

2

m-. All cancer patients were classified according to
the time from cancer diagnosis to hospitalization (<
lyear, 1-4years, 5-9years, > 10years). In our ana-
lysis, we found a higher risk of mortality in patients

who were diagnosed with cancer within 10 years than
in those who had survived cancer for more than 10
years, though this difference was not statistically sig-
nificant (P > 0.05). The clinical outcomes of patients
with hematological malignancies were worse, with a
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mortality rate twice that of patients with solid tumors
(50% vs. 26.1%, P = 0.06). Although not statistically
significant, the difference may be of clinical signifi-
cance. Table 2 shows the comparison of the clinical
characteristics between patients with solid tumors and
those with hematological malignancies. The age distri-
bution indicated a higher proportion of young and
middle-aged adults in COVID-19 patients with
hematological malignancies (P = 0.0039).

Propensity score-matched analysis

Compared to COVID-19 patients without a history of
cancer, patients with cancer were older. The baseline
patient characteristics are listed in Additional file 1:
Table S2. The median age (SD) for patients with can-
cer and noncancer controls was 61.7 (16.1) years and
57.9 (15.9) years, respectively (P = 0.015). The
remaining indexes were not significantly different be-
tween the different groups. Overall, this comparison
demonstrated that age was not comparable between
the two groups. The PS approach has gained wide
popularity for balancing patients’ baseline characteris-
tics. Considering the significant impact of older age,
the 109 cancer patients were matched with noncancer
controls in a 1:3 ratio by PS matching. All covariates
were balanced between the groups after matching.
After propensity score matching, the cancer patients
still had a higher risk of mortality than the matched
noncancer patients (OR 2.98, 95% CI 1.76-5.06).

Page 5 of 11

Laboratory parameters and clinical courses in COVID-19-
infected cancer patients and matched noncancer controls
Substantial differences in laboratory findings were ob-
served between COVID-19-infected cancer patients and
matched noncancer controls. As shown in Table 3, sev-
eral laboratory parameters were significantly different
between the two groups. On admission, the routine
blood workup of cancer patients showed significantly
lower lymphocyte counts (1.0 x 10°/L vs. 1.2 x 10°/L),
hemoglobin levels (118g/L vs. 126 g/L), and platelet
counts (196.0 x 10°/L vs. 210.5 x 10°/L). Other labora-
tory parameters with significant differences were mainly
concentrated in coagulation function indicators, inflam-
matory markers, and cytokines (Table 3). Figure 2a dis-
plays the Kaplan-Meier curve for the length of hospital
stay for discharged patients. In the univariate (log-rank)
analysis, there were no significant differences in the dur-
ation of hospitalization in COVID-19-infected cancer
patients and noncancer controls (P = 0.11). Similarly,
Fig. 2b indicates that there were no significant differ-
ences in the time from admission to death for cancer
and noncancer patients who died (P = 0.63).

Discussion

In total, 2665 COVID-19 patients with clinical outcomes
were included in the present study. To the best of our
knowledge, we reported the largest cohort of hospital-
ized patients with COVID-19. This retrospective cohort
study evaluated the effects of different comorbidities and
identified cancer history as an independent risk factor

Table 2 Clinical characteristics of patients with solid tumors and hematological malignancies

Characteristics Solid tumors (n = 92) Hematological malignancies (n = 16) P value

Sex 0.54
Male 50 (54.3) 10 (62.5)
Female 42 (45.7) 6 (37.5)

Age groups 0.0039°
< 49 years 14 (15.2) 8 (50.0)
50-64 years 28 (304) 6 (37.5)
65-79 years 36 (39.1) 2(12.5)
> 80 years 14 (15.2) 0(0.0)

Comorbidities
Hypertension 28 (304) 2(12.5) 0.23
Coronary heart disease 11 (120) 0 (0.0) 0.36
Diabetes 11 (12.0) 0 (0.0) 0.36
Chronic obstructive pulmonary disease 0 (0.0) 0 (0.0) -
Chronic kidney disease 0 (0.0) 0 (0.0) -
Cerebrovascular disease 1(1.1) 0 (0.0) 1.0000
Hepatitis 0 (0.0) 0 (0.0) -
Tuberculosis 1(1.1) 0 (0.0) 1.0000

Significant at P < 0.05



Meng et al. Journal of Hematology & Oncology (2020) 13:75 Page 6 of 11

Table 3 Laboratory parameters, radiology, and treatments of cancer patients and matched noncancer controls

Variables Cancer (n = 109) Non-cancer (n = 327) P value®

Laboratory parameters
White blood cell count (x10%/L-median[IQR]) 55 (4.3-73) 5.7 (4.6-74) 0.51
Neutrophil count (x10%/L-median[IQR]) 39 (25-5.7) 3.7 (2.7-5.3) 0.88
Lymphocyte count (x10%/L-median(IQR]) 1.0 (0.6-1.5) 1.2 (0.8-1.6) 0.0013°
Monocyte count (x10°%/L-median[IQR]) 0.5 (0.3-0.6) 0.5 (04-0.6) 048
Hemoglobin (g/L-median[IQR]) 118 (95-130) 126 (115-137) < 00001°
Platelet count (x10%/L-median[IQR]) 196.0 (112.0-256.0) 210.5 (164.0-282.0) 0.0071°
Thrombin time (s—=median[IQR]) 16.1 (154-17.7) 164 (15.7-17.2) 033
Prothrombin time (s—median{IQR]) 14.1 (13.5-14.8) 138 (13.2-14.3) 0.015°
Activated partial thromboplastin time (s—median[IQR]) 400 (37.2-45.8) 38.2 (35.5-414) 0.0003°
Antithrombin activity (%o-median[IQR]) 87 (79-97) 93 (84-102) 0.024°
International normalized ratio of prothrombin (median[IQR]) 1.1 (1.0-1.2) 1.1 (1.0-1.1) 0.016°
D-dimer (ug/ml-median(IQR]) 1.0 (04-2.4) 0.7 (04-1.8) 0.17
Fibrinogen degradation products (ug/mL-median[IQR]) 40 (4.0-74) 40 (4.0-6.1) 041
Fibrinogen (g/L-median[IQR]) 45 (3.5-5.6) 43 (3.3-5.6) 0.58
Prothrombin time activity (%-median[IQR]) 87 (80-96) 91 (84-99) 0.015°
Ferritin (ng/mL-median[IQR]) 627.3 (318.7-2225.6) 474.1 (251.3-841.6) 0.0076°
Alanine aminotransferase (U/L-median[IQR]) 19.0 (12.0-36.5) 23.0 (16.0-37.0) 0.064
Aspartate aminotransferase (U/L—median[IQR]) 27 (19-39) 25 (19-37) 0.72
Albumin (g/L-median[IQR]) 34.5 (30.5-38.8) 36.2 (32.0-40.3) 0.073
Total bilirubin (umol/L-median(IQR]) 99 (6.6-13.8) 9.5 (7-124) 0.36
Lactate dehydrogenase (U/L-median[IQR]) 278 (195-401) 245 (199-334) 0.25
Blood urea nitrogen (mmol/L—-median(IQR]) 5.1 (34-79) 46 (3.6-5.9) 0.16
Creatinine (U/L-median[IQR]) 66 (52-92) 70 (60-82) 0.26
High sensitivity C-reactive protein (mg/L-median[IQR]) 376 (59-84.1) 10.8 (1.8-54.0) 0.0003°
Glucose (mmol/L-median[IQR]) 6.0 (54-74) 59 (5.2-7.0) 0.75
Erythrocyte sedimentation rate (mm/h-median(IQR]) 43 (16-72) 27 (14-52) 0.027°
Hypersensitive troponin | (pg/mL-median[IQR]) 3.0 (1.9-104) 29 (1.9-84) 0.39
Procalcitonin (ng/mL-median(IQR]) 0.09 (0.05-0.32) 0.05 (0.03-0.09) <00001°
Immunoglobulin A(g/L-median[IQR]) 2.2 (1.5-3.0) 23 (1.6-2.8) 0.95
Immunoglobulin G(g/L-median[IQR]) 11.1 (80-14.8) 10.8 (9.6-12.8) 1.00
Immunoglobulin M(g/L-median[IQR]) 0.9 (06-1.1) 09 (0.7-1.2) 0.24
Complement 3 (g/L-median(IQR]) 0.8 (0.7-1.0) 0.8 (0.7-0.9) 0.84
Complement 4 (g/L-median[IQR]) 0.2 (0.2-03) 0.2 (0.2-0.3) 061
Interleukin 1B(pg/mL-median[IQR]) 5.0 (5.0-5.5) 5.0 (5.0-5.0) 0.041°
Interleukin 2 receptor (U/mL-median[IQR]) 666 (396-1089) 529 (348-856) 0.030°
Interleukin 6 (pg/mL-medianlIQR]) 13.80 (4.3-38.9) 54 (2.0-17.3) 0.0001°
Interleukin 8 (pg/mL-median(IQR]) 11.9 (6.7-20.6) 11.6 (7.0-22.8) 0.84
Interleukin 10 (pg/mL-median[IQR]) 50 (5.0-84) 50 (5.0-5.2) 0.0073°
Tumor necrosis factor a(pg/mL—median(IQR]) 84 (64-11.1) 7.7 (6.1-10.0) 0.26

Radiology (n[%])
Multiple ground glass opacities and consolidation 25 (22.9) 90 (27.5) 035
Bilateral involvement on chest CT scan 27 (24.8) 98 (30.0) 0.30

Treatment (n[%])
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Table 3 Laboratory parameters, radiology, and treatments of cancer patients and matched noncancer controls (Continued)

Variables Cancer (n = 109) Non-cancer (n = 327) P value®
Ventilator 26 (23.9) 36 (11.0) 0.0009°
Tracheal intubation 9(83) 9(2.8) 0012°
Oxygen therapy 83 (76.2) 235 (719 0.38

2p values comparing tumor and non-tumor patients are from x° test—Fisher’s exact test or Mann-Whitney U test

PSignificant at P < 0.05

for mortality in COVID-19 patients. Additionally, eleva-
tions in ferritin, high-sensitivity C-reactive protein,
erythrocyte sedimentation rate, procalcitonin, prothrom-
bin time, interleukin-2 (IL-2) receptor, and interleukin-6
(IL-6) were observed in cancer patients, which may indi-
cate specific immune and inflammatory reactions in
COVID-19 patients with cancer.

An age-related decline in immune functions has been
widely recognized [16]. Older age has been reported as a
significant independent predictor of mortality in SARS,
MERS, and COVID-19 [7, 8, 11, 17, 18]. According to
the Centers for Disease Control and Prevention (CDC),
people aged > 65years account for 31% of COVID-19
infections, 45% of hospitalizations, and 80% of deaths
caused by COVID-19 [19]. Chronic conditions affect sig-
nificant proportions of older individuals, while specific
cardiovascular drugs may upregulate the angiotensin-
converting enzyme-2 receptor and elevate the risk of de-
veloping COVID-19. The present study also confirmed
that increased age was associated with death in patients
with COVID-19. Additionally, we also recognized sex as
an independent risk factor associated with mortality,
which was consistent with the findings of other studies
[14, 15, 20-23]. However, it should be noted that the ef-
fects of age and sex were no longer significant among

cancer patients. This anomaly indicates the overwhelm-
ing impact of cancer on the systemic immune status.
The age distribution indicated a higher proportion of
young and middle-aged adults in COVID-19 patients
with hematological malignancies. Considering that
patients with hematological malignancies appear more
vulnerable to SARS-COV-2, it may explain the nonsig-
nificant correlation between older age and mortality
among all cancer patients.

To date, there are several published works focused on
the risk factors for mortality in patients with COVID-19,
which have reported that hypertension, diabetes, CHD,
cerebrovascular disease or COPD were not independent
risk factors associated with in-hospital death [7, 11].
These results corroborated the findings of our study.
The current analysis showed that none of the common
comorbidities were independent risk factors for mortal-
ity in hospitalized COVID-19 patients, except for cancer
history. However, a meta-analysis evaluated the un-
adjusted risk of comorbidities in COVID-19 patients and
concluded that several common underlying diseases
might be risk factors for severe patients [8]. Guan et al.
reported the results of an adjusted analysis and claimed
that COVID-19 patients with any comorbidity had a
poorer prognosis than those without [9]. It should be
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noted that in their study, the hazard ratios were calcu-
lated for the risk factors associated with the composite
endpoints of admission to the ICU, invasive ventilation,
and death. Therefore, the endpoints of observation were
different from those in our study. In summary, the
choice of assessing mortality rather than other endpoints
may result in different conclusions between related
studies.

Only a few articles have focused on the characteristics
of COVID-19-infected cancer patients [10, 24-27]. In
the present retrospective study, we reported the largest
cohort of cancer patients. One hundred nine patients
with COVID-19 had a history of cancer (4.1%, 109/
2665), which is higher than the incidence of cancer in
the general Chinese population (0.29%, according to
2015 estimates). The proportion was also higher than
the incidence reported by a Chinese nationwide analysis
of cancer patients with SARS-CoV-2 infection [24]. Con-
sidering that Tongji Hospital is a designed hospital for
moderate to severe patients with COVID-19, cancer pa-
tients with COVID-19 may present a higher risk of being
critically ill. Furthermore, the mortality rate of cancer
patients with COVID-19 was as high as 26.4% (32/109),
which was significantly higher than that in the noncan-
cer population.

In the present study, we did not find that age, sex, spe-
cific cancer types, comorbidities, or smoking history
could further increase the mortality risk of patients with
cancer, which was different from our initial expectations
and the findings of previous studies [26, 27]. The incon-
sistent conclusions may be explained by the limited sam-
ple size and inter-institutional and inter-country
differences. It has been reported that the rates of ICU
admission and ventilator use were higher for patients
with hematological malignancies than for those with
solid tumors [26, 27]. In the present study, we found
that the clinical outcomes of patients with hematological
malignancies were worse, with a mortality rate twice that
of patients with solid tumors (50% vs. 26.1%), although
the data did not show statistical significance. Therefore,
we regard these findings as suggestive and believe that
they should be interpreted with caution. Hematological
malignancies, such as leukemia and lymphoma, can
affect the immune system directly. T cell senescence and
exhaustion are dominant aspects involved in immune
dysfunction in hematological malignancies [28]. The dys-
regulation of the immune response in severe patients
with COVID-19 has been emphasized, while the recruit-
ment of immune cell populations may play a crucial role
in the recovery of COVID-19 infection [28, 29].

We also found a higher risk of mortality in patients
who were diagnosed with cancer within 10 years than in
those who had survived cancer for more than 10 years,
though this difference was not statistically significant.
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Patients recently diagnosed with cancer are presumably
at higher risk because of the after-effects of surgery and
the immunosuppressive effects of antitumor therapy,
while the higher risk may also be influenced by the bio-
logical characteristics of the tumor itself, as well as the
inflammatory reaction in the tumor microenvironment.
The number of complications (acute respiratory distress
syndrome, myocardial injury, arrhythmia, kidney injury,
secondary infection, and shock) was also evaluated, and
we observed a significantly increased risk of mortality in
cancer patients with complications. Cancer patients with
> 2 complications had a significantly higher risk of poor
outcomes. The associations of cardiac injury and kidney
function with mortality in hospitalized patients with
COVID-19 have been reported in recent publications
[30-32]. Although the exact mechanisms need to be fur-
ther explored, the need to consider these complications
in COVID-19 management has been highlighted.

Furthermore, the 109 cancer patients were matched to
noncancer controls in a 1:3 ratio by PS matching. While
PS matching can result in the balance of covariates
within the propensity model, the PS relies on the avail-
ability of measured covariates associated with the expo-
sures and outcomes [33]. All covariates were balanced
between the groups after matching. In logistic regression
analysis, the aforementioned association between cancer
history and mortality remained robust. In the propensity
score-matched patients, we also comprehensively de-
scribed the differences in parameter indexes between
cancer and noncancer patients. Laboratory parameters
with significant differences were mainly concentrated in
routine blood examinations, coagulation function indica-
tors, inflammatory markers, and cytokines. Lower
lymphocyte counts were associated with immune sup-
pression, and increased risk of infection, lymphocyte re-
sponses, and proinflammatory cytokine storms were
emphasized in previous studies [34—36].

It has been reported that SARS-CoV-2 infection can
be associated with coagulopathy, which is related to
infection-induced inflammatory changes. We observed
significant differences between cancer patients and
matched noncancer controls in platelet count, pro-
thrombin time, activated partial thromboplastin time,
antithrombin activity, international normalized ratio of
prothrombin, and prothrombin time activity. However,
D-dimer, fibrinogen degradation products, and fibrino-
gen were similar between the groups, although D-dimer
and consumptive coagulopathy are indicators of mortal-
ity [37, 38]. Cancer is intimately related to thrombosis.
The risk of venous thromboembolism is 4- to 7-fold
higher in patients with cancer than in those without can-
cer [39]. Considering the role of the coagulation profile
in the evaluation of prognosis among COVID-19 pa-
tients, one of the reasons that cancer contributes to poor
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outcomes in COVID-19 patients could be the prothrom-
botic status, which has been confirmed by many pub-
lished studies [37—39]. Further investigations are needed
to clarify the relationships between prothrombotic status
and general patient-related risk factors as well as other
factors that are specific to a particular cancer or treat-
ment. However, close monitoring of blood coagulation is
of great importance for cancer patients with COVID-19.
Early and prolonged pharmacological thromboprophy-
laxis with low molecular weight heparin can be consid-
ered in clinical practice [40].

Significantly elevated inflammatory markers (such as
ferritin, high-sensitivity C-reactive protein, erythrocyte
sedimentation rate, and procalcitonin) were also ob-
served to be different in patients who died and patients
who were discharged [41]. The clinical cytokine pattern
that emerged suggested that specific immune factors
were associated with disease severity, with increased
plasma levels of the cytokines IL-2R, IL-6, IL-10, and
TNE-a [42, 43]. In the current study, the cytokine exam-
ination of cancer patients showed significantly elevated
levels of the IL-2 receptor and IL-6 in COVID-19 pa-
tients with cancer. Generally, IL-2 regulates the activities
of white blood cells, while IL-6 acts as a pro-
inflammatory cytokine. There is compelling evidence
that the immune responses in cancer patients are active
but dysfunctional [44]. Furthermore, it has been re-
ported that the expression of cytokines is dysregulated
in cancer patients, resulting in immune suppression that
protects cancer cells [44]. Therefore, cancer patients
have a weak immune system, which reduces their ability
to fight infectious diseases. The specific pattern of cyto-
kines may represent special immune and inflammatory
reactions in COVID-19 patients with cancer. Currently,
scientists have proposed utilizing IL-6 blockade to man-
age COVID-19-induced cytokine release syndrome. IL-6
is a prototypical protumorigenic cytokine that regulates
various oncogenic processes [45]. The significantly ele-
vated levels of IL-6 in cancer patients with COVID-19
indicated that IL-6 blockade may be effective for this
specific subgroup of patients.

In the univariate (log-rank) analysis, for discharged
COVID-19 patients, there were no significant differences
in the duration of hospitalization between cancer pa-
tients and matched noncancer controls. Similarly, for
COVID-19 patients who died, there were no significant
differences in the time from admission to death between
cancer and noncancer patients. Although the mortality
rate was significantly higher in cancer patients, the re-
sults suggested that the clinical courses between cancer
and noncancer patients were similar. The significant dif-
ference in mortality may reflect the intensity of a disease
process, while similar clinical courses may reflect how
the process has progressed. This phenomenon may
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indicate the pattern of the progression of COVID-19 in-
fection. It is possible that the higher mortality of cancer
patients is due to the course of cancer itself and not the
impact of cancer on the course of COVID-19.

Several limitations should be noted in the present
study. First, because of the limited data availability and
emergency of the COVID-19 outbreak in this study, the
design was not a multicenter prospective study. The
present study was a retrospective analysis that was per-
formed in a single institution, including only patients
who were hospitalized and excluding asymptomatic or
mild patients. More clinical and basic experimental stud-
ies are needed to further confirm our findings. Second,
although the total sample size was relatively large, the
data on the clinical characteristics and outcomes of
COVID-19 patients with certain types of cancers are in-
sufficient. Therefore, we emphasized the need for de-
tailed analyses of each specific cancer. Finally, the long-
term impact of COVID-19 on the prognosis of cancer
and noncancer patients is still unclear in our study
population and needs to be elucidated.

In conclusion, we evaluated prognostic factors with
epidemiological analysis and highlighted a higher risk of
mortality for cancer patients with COVID-19. Import-
antly, cancer history was the only independent risk fac-
tor for COVID-19 among common comorbidities, while
other comorbidities may act through other factors.
Moreover, several laboratory parameters were signifi-
cantly different between cancer patients and matched
noncancer patients, which may indicate specific immune
and inflammatory reactions in COVID-19 patients with
cancer.
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