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Abstract
Introduction: Coronavirus disease 2019 (COVID-19) is a rapidly emerging infectious respiratory disease caused by severe acute
respiratory syndrome coronavirus 2. Currently, more than 100 million cases of COVID-19 have been confirmed worldwide, with over
2.4 million mortalities. The pandemic affects people of all ages but older individuals and those with severe chronic illnesses, including
cancer patients, are at higher risk.

Patientconcerns:The impact of cancer treatment on the progression of COVID-19 is unclear. Therefore, we assessed the effects
of chemotherapy on COVID-19 outcomes for 2 cancer patients. On January 24, 2020, a level I response to a major public health
emergency was initiated in Hubei Province, China, which includes Enshi Autonomous Prefecture that has a population of 4.026
million people. As of April 30, 2020, 252 confirmed cases of COVID-19 and 11 asymptomatic carriers were identified in Enshi.

Diagnosis:Among the confirmed cases and asymptomatic carriers, 2 patients were identified who were previously diagnosed with
malignant tumors, including one with hepatocellular carcinoma and the other with cardia carcinoma.

Interventions: These 2 patients were receiving or just completed chemotherapy at the time of their COVID-19 diagnosis.

Outcomes:Both patients were followed and presented favorable outcomes. The positive outcomes for these 2 patients could be
partially explained by their recent chemotherapy that impacted their immune status. Also, their relatively younger ages and lack of
comorbidities were likely factors in their successful recovery from COVID-19.

Conclusions: Anticancer treatment might enhance a patient’s ability to respond favorably to COVID-19 infection. However,
anticancer treatment is likely to impact immune function differently in different individuals, which can influence disease outcomes.

Abbreviations: COVID-19 = coronavirus disease 2019, CT = computed tomography, PCR = polymerase chain reaction, SARS-
CoV-2 = severe acute respiratory syndrome coronavirus 2, TACE = transcatheter arterial chemoembolization.
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1. Introduction

On January 24, 2020, the first confirmed case of coronavirus
disease 2019 (COVID-19) was verified in Enshi, and a level I
major public health emergency response was initiated. The
multifaceted public health interventions resulted in no additional
confirmed cases after February 28, 2020, 36days after the first
confirmed case of COVID-19. The morbidity rate, based on the
whole population including confirmed cases and known
asymptomatic carriers, was 0.00653% (263/4.0261 million).
Therefore, public health intervention measures played a pivotal
role in limiting the spread of COVID-19 in Enshi. In Wuhan, the
implementation of public health interventions also was associat-
ed with a reduction in the reproduction number (Rt) from a peak
of 3.82 to below 1.0 on February 6, 2020, and below 0.3 on
March 1, 2020.[1]

As of April 30, 2020, 252 confirmed cases and 11
asymptomatic carriers were confirmed in Enshi. Seven individu-
als who died were verified to have been infected with COVID-19.
The rapid and effective medical treatment resulted in a relatively
low mortality rate of 2.78% for confirmed COVID-19 cases
(7/252). This result was different from what was observed in the
early stage of the Wuhan outbreak, which exhibited rapid
overcrowding of available medical facilities. The appropriate
public health strategy and timely medical treatment ensured that
Enshi experienced adequate control of the COVID-19 outbreak.
After February 22, 2020, no more confirmed cases of COVID-19
have been reported in Enshi. On March 17, 2020, the last
confirmed COVID-19 case was discharged from the hospital
designated to treat patients diagnosed with COVID-19.
Currently, the number of confirmed cases worldwide has

surpassed 100 million, with more than 2.4 million deaths due to
COVID-19. The pandemic has involved all parts of the global
population, including cancer patients. However, the impact of
cancer treatment on the progression of COVID-19 infections
remains unclear. Herein, we introduced the possible beneficial
effects of chemotherapy on COVID-19 outcomes for cancer
patients. Among the confirmed cases and asymptomatic carriers
in Enshi, 2 patients presented with malignant tumors (1
hepatocellular carcinoma and 1 cardia carcinoma) and were
receiving or just completed chemotherapy at the time of their
COVID-19 diagnosis. Both patients were followed and included
in this case report.
2. Case report

2.1. Case 1

The first case was a 55-year-old male without a history of chronic
disease but had been diagnosedwith liver cancermore than 1 year
previously. This patient underwent 4 transcatheter arterial
chemoembolizations (TACE) in Wuhan on November 16,
2018, and January 18, March 22, and November 29, 2019.
The Seldinger methodwas used each time for the local injection of
the chemotherapy drug (50mg of lobaplatin) (Fig. 1). Starting on
December 2, 2019, the patient took a targeted oral drug for liver
cancer (sorafenib 0.4g bid) until February 9, 2020.
On January 27, 2020, the patient experienced a sudden fever

(38.8°C), chills, cough, and expectoration that was accompanied
by shortness of breath after physical activity. The fever and cough
were not relieved after taking ibuprofen at home. On January 28,
2020, the patient went to the hospital and was admitted the same
day (Day 0, D0). A routine blood examination revealed the
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following parameters, leukocytes at 6.64�109/L, lymphocytes at
0.79 �109/L, and C-reactive protein at 104.28mg/L. Tests for
influenza A virus antigen and the respiratory 9 joint examination
were negative. Viral pneumonia was diagnosed based on a chest
computed tomography (CT) scan. On D2, a routine blood test
revealed that his leukocyte count was 5.88�109/L, and
lymphocyte count was 0.78�109/L. The chest CT scan showed
that both of the patient’s lungs were severely infected. The patient
exhibited wheezing and dyspnea at 22:36hours and was
immediately transferred to the intensive care unit. Tracheal
intubation was performed, and continuous ventilator-assisted
respiration was initiated. While the patient was in the intensive
care unit, he received the following treatments, anti-infection,
hormone shock, anti-inflammation, antivirus, electrolyte supple-
mentation, and maintenance of body fluids.
On D4, a polymerase chain reaction (PCR) nucleic acid test

(Shanghai Berger Technology Co., Ltd.) on a nasopharyngeal
swab specimen from this patient was positive for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). The patient
was confirmed as having COVID-19 pneumonia (critical type).
On D6, his condition improved and the endotracheal tube was
removed. On D10, a chest CT scan showed that the lung lesions
had continued to be absorbed. OnD11, the patient had recovered
to a mild disease status based on his arterial blood gas analysis.
His oxygenation index was 227mm Hg, and he did not exhibit
any signs of respiratory failure. On D13, a chest CT scan showed
that the lung infection was markedly reduced compared with the
previous images. The patient’s respiratory rate was less than 30
times per minute, his oxygen saturation was maintained above
95% at rest, and his oxygenation index was maintained above
300mm Hg. On D15, the patient’s body temperature had been
normal for more than 3 days, and his respiratory symptoms were
significantly improved. A routine blood test performed on D15 is
seen in Fig. 2. A chest CT scan demonstrated that the pulmonary
lesions were significantly reduced (Fig. 3). Two consecutive (D12,
D14) SARS-CoV-2 nucleic acid tests from nasopharyngeal swab
specimens were negative.
Based on national guidelines, the patient was discharged and

remained in isolation for an additional 14 days. In the second and
fourth weeks after discharge, routine blood and biochemistry
tests showed no abnormalities, and the chest CT revealed that the
lung lesions were completely absorbed. The patient was followed
until April 30, 2020, during which time he did not exhibit fever,
cough, diarrhea, fatigue, or other COVID-19 symptoms. Two
other nasopharyngeal swabs were obtained on D28 and D42,
respectively, and the results were negative for SARS-CoV-2
(Fig. 4).
The epidemiological survey for this patient revealed that he had

3 close contacts, including his wife, daughter, and son-in-law.
None of these individuals developed any clinical signs of SARS-
CoV-2 infection as of the last follow-up day for this patient.
2.2. Case 2

The second case was a 42-year-old male with a history of
tuberculosis for more than fifteen years, which had been cured,
and no other specific chronic diseases were noted. On September
17, 2019, a “lower esophagus and partial gastrectomy” was
performed with a pathology diagnosis of cardia adenocarcinoma
(middle to low differentiation, Luaren type: mixed) (Fig. 5). After
3 cycles of chemotherapy of “docetaxel + lobaplatin,” adminis-
tered in Enshi, the fourth cycle of chemotherapy was given in



Figure 1. Liver images from case 1 A. After the first TACE (December 18, 2018), the liver plain CT scan showed that the liver had multiple high-density shadows. B.
After the second TACE (March 19, 2019), the liver plain CT scan showed that some of the high-density shadows in the liver were smaller than before (December 18,
2018). C. After the third TACE (November 27, 2019), the liver plain CT scan showed that some of the high-density shadows in the liver were smaller than before
(March 19, 2019); D. The fourth TACE (November 29, 2019) angiography showed the superior deposition of lipiodols. The circles indicate the tumors.

Figure 2. The changes in blood cells during the hospitalization of case 1. A. The leukocyte number. B. The lymphocyte ratio and number. C. The neutrophil ratio and
number. D. The platelet count and red blood cell number. The shadows represent the normal ranges for the parameters.
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Figure 3. The changes in the lung plain CT scan of case 1 throughout treatment. D0. Bilateral lung inflammation. D2. Bilateral lung lesions were advanced. D10.
Bilateral lung lesions were decreased. D13. The lesion range was reduced, and the density was light.
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Wuhan on January 10, 2020. Six days later, when the
chemotherapy had ended, the patient was discharged and
returned to Enshi.
Due to his Wuhan travel history, he received 4 consecutive

nasopharyngeal swabs for PCR detection of COVID-19, all with
negative results. However, the fifth swab was positive on
February 22, 2020. The patient was admitted to the hospital that
same day (D0). This patient did not exhibit fever, cough,
diarrhea, fatigue, or other COVID-19 symptoms, and his routine
blood and biochemistry tests remained normal. A lung CT scan
showed no signs of viral infection. Therefore, this patient was
diagnosed as an asymptomatic carrier of COVID-19. He
remained in isolation in the hospital for 14 days and was
discharged after 2 consecutive negative PCR tests for SARS-CoV-
2 nucleic acid (D11, D13). The patient was followed until April
30, 2020, and he never exhibited fever, cough, diarrhea, fatigue,
or other common COVID-19 symptoms. His routine blood and
biochemistry tests and chest CT scans were normal in the second
and fourth weeks after being discharged. The results of 2
additional nasopharynx swabs on D27 and D41 were negative
for SARS-CoV-2 (Fig. 4).
4

The epidemiological survey for this patient showed that he had
5 close contacts (his wife, eldest son, second son, father-in-law,
and mother-in-law). His father-in-law was diagnosed with
COVID-19 pneumonia (moderate type) 12days after the patient
returned home from Wuhan. After treatment in a hospital
designated for COVID-19 patients, the father-in-law was
discharged, and follow-up tests were completed. Except for his
father-in-law, no other close contact of this patient presented
signs of SARS-CoV-2 infection as of the last follow-up day.
3. Discussion

Patients with cancer have a higher risk of adverse consequences
or comorbidities due to their systemic immunosuppression
caused by the malignancy as well as anticancer treatments, such
as chemotherapy. Analysis of 2,007 cancer patients infected with
COVID-19 from 575 hospitals in 31 provincial administrative
regions revealed that patients with cancer exhibited higher risk
and poorer outcomes than infected individuals without cancer.[2]

Also, patients who underwent chemotherapy or surgery within a
month of becoming infected had a significantly higher risk of



Figure 4. The changes in the qPCR cycle threshold (Ct) for SARS-CoV-2 in the
2 cases. The normal reference for the PCR Ct value ranges from 38 to 40. A Ct
value of less than 38 is considered to be positive.

Figure 5. The cardia adenocarcinoma pathology of case 2. A. Electronic gastros
bottom of the cardia and stomach. B. Pathologic diagnosis was cardiac adenocar
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clinically severe adverse reactions than individuals who did not
receive chemotherapy or surgery.[2]

Interestingly, the presence of some exceptions might indicate
specific clues in how to evaluate COVID-19 patients with cancer
better. A female COVID-19 pneumonia patient who had recently
started chemotherapy for recurring breast cancer had a faster
recovery than her spouse, who also was infected with COVID-
19.[3] The 2 patients in this study who experienced malignancy
and were undergoing or just completed anticancer chemotherapy
treatment presented favorable outcomes after being infected with
COVID-19.
The 2 patients in this study were in immunocompromised

states. The patient with cardia carcinoma (case 2) had just
completed a course of chemotherapy in Wuhan, and the patient
with hepatocellular carcinoma (case 1) was still undergoing
chemotherapy. Their immunocompromised state likely enhanced
their susceptibility to SARS-CoV-2. An immunocompromised
state also occurs in transplant recipients who undergo long-term
immunosuppression. During the onset of the COVID-19
epidemic, transplant recipients in China did not exhibit a higher
infection rate compared to the general population due to
clinicians’ awareness of the patients’ need for self-protection.
However, cancer patients lack this awareness in general, even
patients who had received recent anticancer treatments, such as
the 2 cases in this report.
Our work with transplant recipients demonstrated that once

the recipients were infected by SARS-CoV-2, while their clinical
manifestations tended to be more severe, their outcomes were
generally superior to those observed for severe cases who were
not transplant recipients.[4–6] The current patient with hepato-
cellular carcinoma exhibited similar clinical characteristics. He
was diagnosed with a mild COVID19 infection after positive
detection of COVID-19 by qPCR from a nasopharyngeal swab.
The patient exhibited a mild fever, dry cough, and positive
findings on a chest CT scan. By day 2 after admission, he had
rapidly deteriorated into a critical state with bilateral ground-
glass opacity observed in his lungs. He required invasive
ventilation to maintain his blood oxygen levels. To our
astonishment, 4 days later, he was able to maintain his oxygen
saturation after the ventilator was withdrawn. The patient
recovered and was discharged 15days after admission. Even
though cytokine levels were not assessed in this patient, we
copy on August 15, 2019, showed an ulcer from the lower esophagus to the
cinoma (medium low differentiation, luaren type: mixed type, significant �100).

http://www.md-journal.com
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inferred that a cytokine storm did not occur, which might explain
why this patient was able to recover from his critical state. An
immunocompromised state is beneficial in that it can inhibit
triggering and exacerbating a cytokine storm. In severe and
critical patients with allo-transplants, we detected only low levels
of IL-2 and IL-6 (data not shown). It is likely that the 2 cases in
this report directly or indirectly benefited from their immuno-
compromised state (low lymphocytes) due to their recent
chemotherapy. Other explanations for the recovery from critical
status include rapid and sufficient medical support, oxygen
supplementation, and no comorbidities.
When the patients were diagnosed with COVID-19, the qPCR

cycle threshold (Ct) for the 2 patients was 30.25 and 33.58,
respectively, indicating a relatively low viral load, which also
could have contributed to their favorable outcomes. Further-
more, concerning the 8 close contacts of the combined 2 cases,
only 1 was confirmed to have been infected with SARS-CoV-2.
The low infection rate of 12.5% (1/8) also could be related to the
low viral load of the 2 patients, in addition to the possibilities of
different viral strains and mutations.[7]

One interesting question is, why were the viral loads relatively
low in the 2 immunocompromised cases? Also, the duration of
viral clearance (based on nasopharyngeal swab specimens) was
short in both cases (5 and 8 days, respectively). As shown in the
first reported case in the US, the oropharyngeal swab specimens
revealed a viral clearance duration of 8 days (from day 4 to day
12).[8] One explanation is that the recent chemotherapy damaged
the general immune function but not the anti-SARS-CoV-2-
specific immunity. Therefore, further analyses of lymphocyte
subsets and specific functions are needed. Moreover, after the
initial viral infection, no viral recurrence was detected in either
patient throughout the follow-up period.
Whether or not asymptomatic carriers possess infectivity

remains a concern. The current cases showed a 20% (1/5)
infection rate. However, only an extensive epidemiological
survey could clarify this question, which is currently underway in
the cities of Enshi and Wuhan in Hubei Province, China. The
surveys of viral infections and titers of sera-specific antibodies are
ongoing.
The 2 cases in this report did not experience any recurrence of

COVID-19 infection during the entire time their cases were
followed. After they recovered, they returned to normal life and
continued their medical consultation for their anticancer treat-
ments.
In conclusion, as pointed out by Liang et al,[2] cancer patients

in general experience higher risk and poorer outcomes with
regard to SARS-CoV-2 infections. However, current or recently
completed anticancer treatment, especially chemotherapy, could
have specific effects on immune function that result in unique
outcomes due to individual variations. These outcomes may
result in more favorable responses to COVID-19 infection in
cancer patients. It also is likely that older cancer patients are likely
to have worse adverse outcomes from COVID-19 infection. Both
individuals discussed in this report were under the age of 60. In
addition to age, the general condition of the patient, and the
presence of little or no comorbidity, as well as prompt and
sufficient medical support, substantially influences the outcome
for the patient. Appropriate public health interventions and
additional specific epidemiological surveys are needed to guide
future strategies to improve the health of our communities.
Immunity is a 2-edged sword for COVID-19 evaluation and

treatment. With a weak immune system, COVID-19 could
6

develop quickly and cause the patient’s health to become severely
compromised. On the other hand, the possibility of a lethal
cytokine storm could be reduced, resulting in an improved
outcome. The current 2 cases received recent chemotherapy for
neoplasias, especially case 1 who was continuing sorafenib
treatment at the time of his COVID-19 infection. In fact, in
immunocompromised COVID-19 cases such as transplant
recipients, a more rapid clinical progression of the disease
compared to the general population has been observed by us and
others,[4,9] which is consistent with the progression of the
COVID-19 infection in case 1. It is generally accepted that the
doses of immunosuppressants for transplant recipients with
COVID-19 are reduced or withdrawn until recovery,[4,9–11] even
though the withdrawal of immunosuppressive therapy can be
associated with exacerbation of the inflammatory response to
viral infection.[10] Therefore, the superior outcomes of these 2
cases and a COVID-19 patient with cancer reported in
Switzerland[3] could be partly explained by their recent
chemotherapy, which impacted their immune status. Also, the
relatively younger age and lack of comorbidities of these 2
patients were likely factors in their successful recovery from
COVID-19.
Therefore, it is essential to examine additional cases of cancer

patients infected with COVID-19 to determine whether current
or recently ended treatment with antineoplastic drugs enhances a
patient’s ability to respond favorably to COVID-19 infection.
Clinicians should note that recent anticancer treatment, especial-
ly chemotherapy, could have specific effects on immune function
that result in unique outcomes due to individual variations, and
they should propose guidelines for diagnosis or treatment that are
specific for individual patients.
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