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Abstract
Purpose: The study is to describe the clinical characteristics, outcomes and follow-up of cancer patients
with COVID-19.
Methods: Clinical records, demographic data, signs and symptoms, laboratory results, cytokine pro les,
chest CT scans, comorbidities, treatments, clinical outcomes, and RT-PCR of SARS-CoV-2 after discharge
were retrospectively collected for fty-six cancer patients with laboratory-con rmed COVID-19 pneumonia
who were admitted to Tongji Hospital of Huazhong University of Science and Technology, Wuhan, China,
from Feb 1 to Apr 1, 2020. Evidence of cytokine pro les were assessed by testing for the IL1β, IL2R, IL6,
IL8, IL10, and TNF - α in the peripheral blood of severe acute respiratory syndrome corona virus 2 (SARSCoV-2) infected cancer patients.
Results: Of 2143 patients with COVID-19, 56 cancer patients were included. The patients were divided into
two groups, as cancer survivors, and cancer non-survivors. 12 (21%) patients with lymphopenia (0.5 [0.30.7]) had died during hospital stay. In non-survivors, IL2R, IL6, and IL10 were higher. 3(6.8%) cancer
survivors with COVID-19 had positive RT-PCR test results again shortly after discharge.
Conclusion: The mortality rate of COVID-19 among cancer patients are considerable. Cancer nonsurvivors are characterized by more severe lymphopenia and a higher levels of cytokines. Recovered
cancer survivors still may be virus carriers.

Introduction
Cases of a novel coronavirus known as SARS-CoV–2 are rst reported in Wuhan, Hubei province, China,
in December 2019 and have since spread rapidly worldwide[1]. Currently, the world is facing a medical
emergency[2]. As of this writing, more than 2 million patients are known to have been infected around the
world. Thousands of cases have died every day due to lack of adequate medical resources, speci
treatments, and lack of approved vaccine [3].

c

Previous studies report clinical characteristics, course and outcomes mainly focused on non-cancer
adults[4]. However, there are only few studies about the effects of COVID–19 on the cancer patients[5–7].
According to previous reports in the literature, patients with cancer are suggested to have a higher risk of
severe complications caused by the SARS-CoV–2[8]. Although patients with cancer represented a
heterogeneous population, most studies tend to show they were more susceptible to infection than
general patients because of their systemic immunosuppressive state due to cancer itself, cancer
treatment, or both[9, 10].
However, these studies do not nd enough differences in the probability of developing severe adverse
events among the various types of cancers[11]. Liang et al is questioned for its small sample size and
method, making it di cult to extrapolate any correctly and speci cally results to the cancer patient
population[5]. Taken altogether, the current evidence remains insu cient to elucidate a conclusive
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association between cancer and COVID–19[12]. What are the main risk factors affecting the prognosis of
patients with cancer, and how different cytokine pro les change in patients with cancer during COVID–19
is remain largely obscure[13]. Therefore, more speci c information need to be known include whether
cancer survivors with COVID–19 pneumonia will develop distinct clinical manifestations from cancer
non-survivors, whether cancer patients are more likely to reduce immunity or to have a poorer prognosis,
and whether recovered cancer patients still may be virus carriers. At present, there is no relevant literature
report about the occurrence of positive RT-PCR after discharge in cancer patients with COVID. Make these
issues clear contribute to the surveillance or treatment decision-making.
In this study, we investigated cancer patients with con rmed SARS-CoV–2 pneumonia who were admitted
to Tongji Hospital of Huazhong University of Science and Technology. Cancer non-survivors are
characterized by a higher levels of multiple cytokines than cancer survivors. Cancer patients with COVID–
19 who met criteria for discharge may have recurrent positive RT-PCR test results out of hospital later.

Methods

Study design and patients
We retrospectively analysed patients with cancer from Feb 1, 2020, to Apr 1, 2020, who had been
diagnosed with SARS-CoV–2 pneumonia, according to the National Health Commission of People’s
Republic of China as previously described[14]. Diagnosis of cancer patients was achieved by reviewing
admission logs and histories from all available electronic medical records.
This study was approved by the Medical Ethical Committee of Tongji Hospital of Huazhong University of
Science and Technology. Written informed consent was exempted due to the unexpected severity of this
infectious disease.

Data collection
We obtained data on demographic, clinical, laboratory, cytokine pro les, radiography, treatment, and
outcome from patients’ electronic medical records. If any data were missing from the records was
needed, we collected data by direct communication with attending doctors, involved health care providers
and their families. All data were checked by two physicians (JM and YW).
As of the data cutoff on Apr 1 2020, we have collected 79 cases from Tongji hospital. All patients were
diagnosed with RT-PCR con rmed COVID–19 disease. We excluded 23 cases because of insu cient
records of previous disease history. We collected data on age, sex, exposure history, malignancy
histories(gastrointestinal cancers, leukemia and lymphoma, lung cancer, kidney and bladder cancers,
breast cancer, gynecological cancer, other cancers), chronic medical histories (smoking, hypertetion,
diabetes, chronic cardiac disease, chronic pulmonary disease, cirrhosis, and central nervous system
diseases), symptoms on admission (fever, cough, sputum, dyspnoea, diarrhea, nausea, vomiting, fatigue,
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muscular pain, and headache), vital signs at hospital admission (heart rate, respiratory rate, blood
pressure, blood oxygen saturation), laboratory values on admission (White blood cell count, lymphocyte
count, platelet count, haemoglobin concentration, D-dimer, transaminase, renal functions, lactate
dehydrogenase, NT-proBNP), and cytokine pro les(IL1β, IL2R, IL6, IL8, IL10, and TNF - α), coexisted
infection, treatment(oxygen therapy, antiviral agents, antibacterial agents, anticoagulant, corticosteroids,
and immuno globulin), complication, living status, as well as positive RT-PCR test results (in cancer
patients recovered rrom COVID–19).

Statistical analysis
Continuous variables were expressed as median (IQR) or mean (SD) and compared with the MannWhitney U test or independent sample t test; We expressed categorical variables as number (%) and
compared data by χ² test or Fisher’s exact test between Survivors and non- Survivors.
Tests were two-sided with statis-tically signi cance set at α less than 0·05. Statistical analyses were done
using the Statistical Package for Social Science (SPSS) software(Version 20.0), unless otherwise
indicated.

Results
As of the data cutoff on Apr 1, 2020, 2143 cases diagnosed with laboratory-con rmed SARS-Cov–2
pneumonia had been collected from Tongji Hospital of Huazhong University of Science and Technology
in Wuhan, Hubei province. 2087 (97.4%) were considered ineligible, including the patients who had no
cancer, incomplete clinical information, or cardiac arrest immediately after admission. 56 (2.6%) patients
with cancer were included and analysed in this study ( gure 1).. Cancer patients with COVID–19 were
divided into two groups, as cancer Survivors and cancer non-Survivors. The median age was 64 years
(IQR 54–71; table 1).. 32 (57%) were men. Less than half had underlying diseases (27 [48%]), including
hypertension (23 [41%]), diabetes (7 [12.5%]), and chronic cardiac disease (5 [9%]). 16 (29%) had direct
exposure to family members with con rmed or highly suspected SARS-CoV–2 infection.
The most common symptoms at onset of illness were fever (47 [84%] of 56 patients), cough (39 [70%]),
dyspnoea (34 [61%]) and fatigue 18 [32%]).The vital signs (heart rate, systolic pressure, and blood oxygen
saturation,table 1) of patients on admission were much less stable in non-survivors. The median duration
from onset to hospitalization was shorter in cancer non-Survivors (4.5 days [IQR 2.3–9.5]) than cancer
Survivors (14.5 days [IQR 6.3–19]).
The blood counts of patients on admission showed lymphopenia (lymphocyte count, 0.5 [0.3–0.7]; table

2).. Haemoglobi (87 [48–126]) and Platelet count level (114 [11–217]) were lower in cancer non-survivors.
Prothrombin time, Lactate dehydrogenase and NT-proBNP were higher in cancer non-survivors (median
prothrombin time 15 s [14–17]; median Lactate dehydrogenase level 453 U/L [179–551]; median NTproBNP 565 pg/mL [370–1418]) than in cancer non-survivors (median prothrombin time 14 s [14–14], p =
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0.03; median Lactate dehydrogenase level 239 U/L [200–318], p = 0.048; median NT-proBNP 137 pg/mL
[48–314], p 0.001). Further comparison between cancer survivors and cancer non-survivors showed that
plasma concentrations of IL2R, IL6, and IL10 were higher in cancer non-survivors than cancer survivors
(table 2)..
All patients had cancer. Major cancer types included gastrointestinal cancers (13[23%] of 56 patients,
table 3),, leukemia and lymphoma (10[18%], p = 0.02), and lung cancer (9[16%]). Half of patients died of
ARDS (6[50%]). Among the 56 patients, 7 (12.5%) patients had a history of anti-cancer therapy including
surgery, chemotherapy or radiotherapy within one month before hospitalization; 3 (6.8%) patients in the
survival group and 4 (33.3%) patients in the non-survival group (p = 0.049) respectively. 14 (25%) patients
were treated with mechanical ventilation, and nine (16%) with renal replacement therapy (table 3).. 46
(82%) patients received antiviral agents, 49 (94%) received antibacterial agents, 19 (34%) received
glucocorticoids, and 12 (21%) patients received immunoglobulin (table 3)..
Among 56 cancer patients with COVID–19, 12 (21%) patients had died within 28 days. Compared with
survivors, non-survivors were more likely to have leukemia and lymphoma( 5 [42%] patients vs 5[11%]
patients). 3(6.8%) cancer patients with COVID–19 who discharged from hospital had positive RT-PCR test
results again.

Discussion
We report here a cohort of 56 cancer patients with laboratory con rmed SARS-CoV–2 infection. In our
study, the infection rate of COVID–19 among cancer patients in the single center is estimated to be 3.6%
(79 of 2143 patients), which is signi cantly higher compared with the general population in previous
research( 2.3% [1023 deaths among 44 672])[15]. This result is also in accordance with other studies that
reported high rates of infection due to impaired immune function caused by by the disease itself or the
treatment[16]. Approximately 21%(12 of 56 patients) of all hospital patients with cancer dying during
their hospital stay. The mortality rate in cancer patients with COVID–19 in our cohort is high. In a cohort
of 37 cancer patients with SARS-CoV–2 infection from a single hospital in China, 5 patients patients had
died, with a mortality rate of 13.5%[8]. 3 (25%) of 12 cancer patients with SARS-Cov–2 infection were also
reported to have died at a Tertiary Care Hospital in Wuhan, China[17].
Compared with the overall population, the average age of all cancer patients with COVID–19 infections is
higher(64 vs 49)[18]. We observe that cancer non-survivors are no older than cancer survivors. In our
cohort, gastrointestinal cancers (23%) are the most commonly encountered tumors. This did not concur
with previous studies, in which lung cancer patients were the most common to be infected[19, 20].
However, oneclinical studyhave reported the samefound[8]. Therefor, more multicenter retrospective
studies with a larger sample size is required. The clinical symptoms of onset included fever, cough,
dyspnea and fatigue. Sputum and broad use of antibiotics were more frequently noted in non-cancer
survivors.
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Of all included cancer non-survivors, 6 (50%) had ARDS and 10 (83%) required mechanical ventilation. It
also supports the notion that patients with cancer were observed to have a higher risk of severe events
caused by the SARS-CoV–2[21]. Notably, leukemia and lymphoma patients have a higher probability of
severe complications compared with patients with other cancer types. Laboratory tests showed severe
lymphopenia, increased levels of lactate dehydrogenase and NT-proBNP in cancer non-survivors
compared to cancer survivors. Apart from this, in comparison with the surviving group, non surviving
group deteriorated more rapidly (4.5 vs 14.5 days).
With more cancer non-survivors have a history of receiving anticancer treatment within one mouth,
suggesting that anti-cancer therapy may have an adverse effects on the severity of COVID–19 among
cancer patients. It is noteworthy, however, that signi cantly more non-survival patients with hematologic
malignancies, such as leukemia or lymphoma, in which severe complications such as anemia,
thrombocytopenia and profound derangements in coagulation function are inherently more expected.
Whether to continue cancer therapy or to delay it is still in controversial, as the risk of cancer progression
after stopping cancer therapy remains unknown[3, 8]. In general, treatment delay is not recommended in
patients who are at high risk of disease progression or patients who are receiving curative cancer therapy
despite the potential risk of COVID–19 infection during anticancer therapy[17]. Thus, more future studies
are warranted before any recommendation can be generalized. Intravenous glucocorticoids and
immunoglobulin were commonly used in cancer patients with severe SARS-CoV–2, however, with no
statistical difference between the two groups,their e cacy remains controversial and their use to treat
SARS-CoV–2 infection is also controversial.
It is well known that COVID–19 is associated with cytokine storm and elevated levels of in ammatory
markers (interleukin–6, IL–6)[22]. Cytokine release syndrome (CRS) is considered to be the main cause of
ARDS in patients infected with SARS-CoV[23]. Similarly, cytokines responses are recognized as important
roles in cancer development, progression and metastasis, and are therefore potential prognostic
factors[24, 25]. In our study, the degree of cytokine elevation correlates well with adverse clinical
outcomes in cancer patients with COVID–19. Moreover, cancer non-survivors had higher concentrations
of IL–2R, IL6, and IL10 than those survivors suggesting that the cytokine storm was associated with
disease severity. Elevated serum IL–2R, IL6, and IL10 are associated with an unfavorable prognosis and a
higher risk of mortality[26, 27]. Therefore, nowadays, the application of drugs that block IL–6 including
tocilizumab and sarilumab to treat critically ill patients with CODIV–19 is an active area for research[28,
29].
To our knowledge, this is the rst study to pay attention to the follow-up of recovered cancer patients with
COVID–19. 3(6.8%) cancer patients with COVID–19 who met criteria for hospital discharge as a
previously described method (asymptomatic, normal radiological images and 2 consecutive negative RTPCR test results) had positive RT-PCR test results(throat swabs) 7 days later. This nding suggests that
individual recovered cancer patients still may be virus carriers[30, 31]. The infection has not yet been
found in contacts, this might be explained by the fact that all reported patients were subject to special
care during home quarantine. Currently, there is lack of reliable relevant data about the general population
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in this respect. Thus, the difference between cancer survivors and general infected individual is worthy of
more attention.
This study has several limitations. First, while the sample size is larger than the previous studies, only 56
cancer patients were included. With the limited number of cases, it is remain di cult to assess the
exactrisk factors and to draw a solid conclusion about disease severity and mortality. At the same time,
ndings of the p-values of the statistical analysis require caution in their interpretation, and nonsigni cant p values do not necessarily exclude difference between cancer survivors and cancer nonsurvivors.We hope the ndings showed here will encourage a larger cohort study or some randomly
controlled trials if possible. Second, some speci c information were incomplete, such as
immunoglobulins and Tcell subsets, which resulted in an incomprehensive analysis in disrupted immune
function and immunosuppression. The data on other clinical information, however, as discussed in text,
are indisputable. Third, this is a retrospective study. This study only describe the clinical course and
outcomes of cancer patients with SARS-CoV–2 pneumonia. However, important data on anti-IL–6
therapy are lacking. More effort should be made to solve these questions correctly in future studies.
In conclusion, the infection rate and mortality of COVID–19 among cancer patients are considerable.
Cancer non-survivors are characterized by more severe lymphopenia and a higher levels of IL2R, IL6 and
IL10. Anti-cancer therapy may have an adverse effects on the severity of COVID–19 among cancer
patients. Recovered cancer survivors still may be virus carriers.
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Tables
Table 1 Demographics and baseline characteristics of cancer patients infected with COVID-19
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Data are median (IQR), mean (±SD) or n (%). p values comparing cancer survivors and non-cancer survivors are
from χ test, Fisher’s exact test, independent sample t test, or Mann-Whitney U test. COVID-19=2019 novel
coronavirus disease.

Table 2 Laboratory findings of cancer patients infected with COVID-19 on admission to hospital.
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radiographs

2.7(1.9-8.9)

5.5(1.9-105)

3.0(1.9-13.6)

0.23

137(48-314)
45(6-88)

565(370-1418)
80(41-105)

237(62-451)
54(8-100)

<0·0001
0.67

5.0(5.0-5.3)
597(397-916)
9(2.8-34.9)
13(7-21)
5(5-6.3)
8.7(6.6-12.6)
31(70%)

5.0(5.0-5.0)
1384(678-1823)
42(22-65)
21(8-63)
9.3(5-15.6)
10.2(8.9-13.8)
7(58%)

5.0(5.0-5.0)
628(402-1199)
15.2(3.3-42.9)
12.8(7.4-12.6)
5(5-8)
9.1(6.9-12.9)
38(68%)

0.11
0.02
0.01
0.16
0.03
0.13
1.00

blood cell
× 10 /L
hocyte count,
L
cyte, × 10 /L
oglobin, g/L
tocrit, %
et count, ×
ombin

time,

0.60

Data are median (IQR), mean (±SD) or n (%). p values comparing cancer survivors and non-cancer survivors are
from χ test, Fisher’s exact test, independent sample t test, or Mann-Whitney U test. COVID-19=2019 novel
coronavirus disease.

Table 3 Major cancer type, respiratory complication and treatment of cancer patients infected with COVID-19
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r cancer type
rointestinal
ers
kemia
and
homa
g cancer
ey
and
der cancers
st cancer
cological
er
r cancers
iratory compl
on
e respiratory
ess
rome(ARDS)
tment
umor therapy
hin
one
th)
hanical
lation
al
acement
apy
viral agents
bacterial
ts
ocorticoids
unoglobulin
tive RT-PCR
discharge

Cancer survivors
(N=44)

Cancer
nonsurvivors (N=12)

All patients with
cancer(N=56)

P value

10(23%)

3(25%)

13(23%)

1.00

5(11%)

5(42%)

10(18%)

0.02

7(16%)
4(9%)

2(17%)
2(17%)

9(16%)
6(11%)

1.00
0.82

4(9%)
4(9%)

0
0

4(7%)
4(7%)

0.65
0.65

10(20%)

0

10(18%)

0.16

2(5%)

6(50%)

8(14%)

<0·0001

3(6.8%)

4(33.3%)

7(12.5%)

0.049

4(9%)

10(83%)

14(25%)

<0·0001

7(16%)

2(17%)

9(16%)

1.00

34(77%)
24(55%)

12(100%)
12(100%)

46(82%)
36(64%)

0.07
0.04

13(30%)
7(16%)
3(6.8%)

6(50%)
5(42%)
-

19(34%)
12(21%)
-

0.19
0.054
-

Data are n(%). p values comparing cancer survivors and non-cancer survivors are from χ test, or Fisher’s exact
test. COVID-19=2019 novel coronavirus disease.
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Figure 1
Study ow diagram. COVID-19=2019 novel coronavirus disease
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