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Abstract: Since late December 2019, the 2019 coronavirus disease (COVID-19) caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and its rapid international 
spread have posed a global health threat. The World Health Organization has declared the 
outbreak of COVID-19 as “public health emergency of international concern”. COVID-19 
not only brings tremendous pressure to the medical system but also brings new challenges to 
the global economy. The occurrence and development of cancer has always been an area of 
active research, and COVID-19 also has a long-lasting impact on the diagnosis, treatment, 
and research of cancer. In the context, we review the adverse effects of COVID-19 on the 
screening, diagnosis, treatment and prognosis of cancer patients and the countermeasures in 
this situation, and provide solutions for improving the quality of life of cancer patients in the 
normalized prevention and control of COVID-19. 
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Introduction
Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV)-2 (SARS-CoV-2) is 
a new type of coronavirus belonging to the same β-coronavirus genus as SARS- 
CoV and Middle East Respiratory Syndrome Coronavirus (MERS-CoV).1 

Coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2 infection has 
spread worldwide. According to an investigation on 2878 patients with COVID- 
19 conducted by Prof. Nanshan Zhong’s team, fever (83.0%) was the most common 
symptom, and 63.4% of the patients presented fever as onset symptom.2 Besides 
serious respiratory symptoms, COVID-19 also causes several extrapulmonary man
ifestations, such as thrombosis complications, myocardial dysfunction and arrhyth
mia, acute coronary syndrome, acute kidney injury, gastrointestinal symptoms, liver 
cell injury, hyperglycemia and ketosis, neurological diseases, ocular symptoms, and 
dermatological complications.3 It shows flu-like symptoms with high contagion rate 
and severe pathogenicity. COVID-19 has been included in the Law of the People’s 
Republic of China on the Prevention and Control of Infectious Diseases as a Class 
B infectious disease, and preventive and control measures for Class A infectious 
diseases have been adopted.4 As of January 5, 2021, the total number of confirmed 
cases worldwide is about 83.33 million, and the cumulative number of deaths is 
about 1.83 million.5 It has brought a heavy burden to the public health system, 
which not only severely retarded social development but also affected the diagnosis 
and treatment of other diseases. Cancer is a complex group of diseases whose 
prognosis is affected by the timely diagnosis, treatment, and intervention. For one 
thing, due to the existence of COVID-19, the diagnosis and treatment of cancer is 
delayed and the condition of cancer is deteriorated. Further, due to the 
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immunosuppressive status of cancer patients, they are 
more susceptible to SARS-CoV-2 infection, and recipro
cally, SARS-CoV-2 increases the poor prognosis of 
patients with cancer.6 The Lancet Oncology calls for 
great attention to the diagnosis and treatment of cancer 
during the normalized prevention and control of COVID- 
19,7 and emphasizes the need to maximize the treatment 
benefits of patients with cancer under this background. To 
address these issues, we summarize the research on cancer 
and COVID-19 to clarify the impact of COVID-19 on 
cancer.

The Impact of Covid-19 on Cancer 
Diagnosis and Treatment
The shortage and busyness of medical staff due to the 
admission of a large number of COVID-19 patients have 
reduced the interaction frequency between patients and 
oncologists by 20% in the United States, which postpones 
more than 22 million malignant tumor screening tests.8,9 

Currently, the challenges faced by oncology nursing staff 
include shortage of manpower, lack of specialized training, 
occupational safety issues (including the impact of 
COVID-19) and burnout. The European Society of 
Medical Oncology (ESMO) investigated the COVID-19 
pandemic’s impact on the burnout, work performance 
and health status of global oncology workers. In the first 
survey conducted from April 16 to May 3, 2020, there 
were 1520 participants from 101 countries. 38% of respon
dents reported the feeling of burnout while 78% of respon
dents were increasingly concerned about their personal 
safety since the onset of the pandemic. More seriously, 
in the second survey conducted from July 16 to August 6, 
2020, the proportion of respondents who reported burnout 
has risen to 49%.10 Bakouny et al’s research further 
showed that during the COVID-19 pandemic, the number 
of patients undergoing cancer screening and the number of 
those who subsequently diagnosed with cancers or precan
cerous lesions both decreased significantly in Brigham, 
Massachusetts, that is the largest health care system in 
the northeastern United States.11 Routine physical exam
ination of the human body plays an important role in the 
early diagnosis of various cancers.12 On March 16, 2020, 
the United Kingdom postponed routine screening for can
cer in response to the COVID-19 pandemic. According to 
Maringe et al’s estimation of the postponement’s influence 
on cancer diagnosis, compared with the data before the 
pandemic, the number of deaths caused by breast, 

colorectal, lung, and esophageal cancer will increase by 
7.9–9.6%, 15.3–16.6%, 4.8–5.3%, and 5.8–6.0% in five 
years, respectively.13 Measures are adopted in many hos
pitals to limit the number of outpatients and inpatients. For 
cancer patients with stable disease, only emergency sur
gery could be performed in time but adjuvant chemother
apy or elective surgery may be postponed to reduce the 
risk of cross-infection.14 The compulsory sudden delay or 
interruption of conventional treatment may increase the 
risk of deterioration in patients with cancer and reduce 
their survival rates.15 Sud et al reported that a six-month 
delay in malignant tumor surgery will cause the life-years 
gained drop from 18.1 to 15.9.16 Riemann et al followed 
up 1080 patients after Ear Nose Throat (ENT) surgery for 
16 weeks and found that due to the impact of COVID-19 
pandemic, the diagnostic procedures for suspected cancer 
were reduced by 41%, and the critical procedures for 
surgery were reduced by 43%; at the same time, due to 
the cancellation of elective surgery, the proportion of 
emergency operations has increased by 90%.17 Besides, 
some anti-cancer agents that require infusion had to be 
changed to oral delivery during COVID-19 pandemic, 
which affected their therapeutic effect. Zhang et al con
ducted a retrospective cohort study of COVID-19 labora
tory-confirmed cancer patients in three designated 
hospitals in Wuhan, China, and found that within 14 
days, anti-cancer treatment was significantly related to 
the occurrence of serious clinical events in COVID-19 
infection (In this study, a serious event was defined as 
admission to an ICU, requiring mechanical ventilation, or 
death).18 Therefore, some oncologists and societies recom
mend that before the symptoms of COVID-19 have com
pletely disappeared and the virus test is negative, 
chemistry should generally not be started treatment.19,20 

Second, the implementation of immunosuppressive che
motherapy in recovered COVID-19 patients may lead to 
disease recurrence. Lancman et al reported a case of a 55- 
year-old woman undergoing treatment for CD20+ B-cell 
acute lymphoblastic leukemia. After recovering from 
COVID-19 pneumonia, she resumed chemotherapy, but 
soon lost COVID-19 antibodies, and her nasal PCR chan
ged to positive, suffering from severe COVID-19 pneumo
nia. Given the short time from leukemia treatment to PCR 
positive, re-infection seems unlikely, and SARS-CoV-2 
reactivation is a possible explanation.21 However, informa
tion on chemotherapy outcomes for cancer patients pre
viously infected with COVID-19 is limited, and further 
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work is needed to prospectively follow these topics in the 
long-term.

COVID-19 is also characterized by elevated cyto
kines, also known as cytokine storm, which manifests 
as uncontrolled systemic overproduction of cytokines, 
leading to a variety of pathologies. Cytokine storm is 
also called cytokine release syndrome (CRS). CRS is 
a non-antigen-specific toxicity, caused by high levels of 
immune activation, and is one of the main risks asso
ciated with cancer immunotherapy.22–24 Immunotherapy 
has become an emerging strategy for the treatment of 
cancer. Although immunotherapy has made significant 
progress, the clinical application of immunotherapy for 
cancer patients has some challenges in terms of safety 
and effectiveness, including autoimmune response, CRS, 
and vascular leakage syndrome.25 Chimeric antigen 
receptor T cell (CAR-T) therapy is an immunotherapy 
that specifically kills cancer cells by transforming the 
patient’s own immune system, bringing a revolutionary 
leap in the treatment of some tumors. However, research
ers have found that in the clinical application of CAR-T, 
CRS will be accompanied by significant side effects. 
Moreover, the more obvious the effect of CAR-T in kill
ing tumor cells, the stronger the CRS. Excessive inflam
mation can cause fever, hypotension, heart problems, 
dyspnea, fatigue and nausea, and coagulopathy and 
other clinical manifestations. In severe cases, it will 
cause huge damage to body tissues and organs and even 
death.26 The incidence of CRS in patients receiving can
cer immunotherapy varies with the type of immunother
apeutic agent. For most traditional monoclonal 
antibodies, the incidence of CRS is relatively low, and 
cancer immunotherapy involving T cells has 
a particularly high risk of CRS.27 Therefore, when 
a cancer patient undergoing immunotherapy treatment is 
infected with COVID-19, the viral infection will aggra
vate the cytokine storm in the patient’s body, which will 
increase the chance of severe clinical symptoms of 
COVID-19 in the cancer patient.

An investigation conducted by UK Lung Cancer 
Coalition (UKLCC) found that there are overlapping 
symptoms between lung cancer and COVID-19, such as 
persistent coughing and dyspnea, leading to the suspicion 
of SARS-CoV-2 infection in many early-stage lung can
cer patients; they may self-quarantine without seeking 
medical screening and lose the opportunity for early 
diagnosis and treatment of cancer.28 Furthermore, 
ground-glass opacity is the most common CT 

manifestation of COVID-19, especially in the early 
stage, which may cause confusion with the diagnosis of 
early lung cancer.29 In addition, because antiviral therapy 
disrupts the conventional treatment and the regular fol
low-up of cancer patients, the proportion of patients with 
advanced disease has increased. Therefore, the COVID- 
19 epidemic has delayed the diagnosis and treatment of 
cancer.

Patients with Cancer are 
Susceptible to Covid-19
Westblade et al’s investigation found that the SARS-CoV 
-2 viral load is an independent predictor of the in-hospital 
mortality of patients with cancer.30 Among the cancer 
patients with COVID-19, the in-hospital mortality rates 
of patients with high, middle, and low viral load were 
45.2%, 28%, and 12.1%, respectively (p = 0.008).30 

Patients with cancer have a weakened immune system 
and are often comorbid with type 2 diabetes, obesity, or 
cardiovascular disease, which leads to the overall poor 
health status and increases their susceptibility to SARS- 
CoV-2.31–36 The burden of additional health loss varies in 
cancer patients with COVID-19, making it more challen
ging to predict disease progression and to manage disease 
symptoms in these patients.37 Furthermore, most anti- 
cancer drugs are cytotoxic, which inhibit the hematopoie
tic and immune systems and predispose the body to an 
immunosuppressive status, making cancer patients more 
susceptible to COVID-19 infection.38 Lee et al compared 
the data of cancer patient cohorts with or without COVID- 
19 in the UK, and they found that, after multivariate 
adjustment of age- and gender-related clinical confound
ing factors, the condition of the patients with hematologi
cal malignancies was more serious after COVID-19 
infection (odds ratio [OR] 1.57, 95% CI 1.15–2.15; p < 
0.0043) and the risk of death during hospitalization of the 
patients with hematological malignancies who have 
recently received chemotherapy were also increased after 
COVID-19 infection39 (OR 2.09, 95% CI 1.09–4.08; 
p=0.028). In addition, Jee et al found that both the sever
ity of hematological malignancies (HR, 1.90; 95% CI, 
1.30 to 2.80; P < 0.01) and the severity of lung cancer 
(HR, 2.00; 95% CI, 1.20 to 3.30; P = 0.01) were asso
ciated with the increase in COVID-19 severity.40 Kong 
et al found that lung adenocarcinoma patients are more 
likely to be infected with SARS-CoV-2 than lung squa
mous cell carcinoma patients, indicating that individuals 
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with different malignant tumors may have distinct sus
ceptibility to COVID-19.41 The clinical advisory team of 
UKLCC pointed out that if lung cancer patients are 
infected with COVID-19 after surgery, their mortality 
rates will increase by 40–50%, and the risk of death of 
lung cancer may increase most severely among all 
cancers.28 COVID-19 patients with lung cancer patients 
are at higher risk of serious events than their counterparts 
without cancer.

Angiotensin-converting enzyme 2 (ACE2) is the recep
tor for SARS-CoV to enter the cell.42 SARS-CoV-2 is 
a new type of coronavirus of the same genus as SARS- 
CoV. ACE2 which is considered to be the SARS-CoV 
receptor, is also necessary SARS- CoV-2, and the expres
sion of ACE2 in different tissues is closely related to the 
susceptibility and severity of viral infection.43,44 Ren et al 
used the GEPIA database to compare the mRNA expres
sion of ACE2 in cancer and normal samples, and the 
results showed that almost all cancer tissues can express 
ACE2.45 Chai et al found in biometrics analysis that ACE2 
is overexpressed in colon adenocarcinoma (COAD), renal 
papillary cell carcinoma (KIRP), pancreatic adenocarci
noma (PAAD), rectal adenocarcinoma (READ), gastric 
adenocarcinoma (STAD) and lung adenocarcinoma 
(LUAD).46 The susceptibility of cancer patients to SARS- 
COV-2 may be closely related to the expression of ACE2. 
In addition, SARS-CoV-2 infection can reduce the activity 
of ACE2 receptors because the virus occupies these recep
tors, intervening in their normal function. In cancer 
patients with COVID-19, the ACE2 promoter is hypo
methylated, and the level of hypomethylation is lower 
than that of their cancer counterparts without COVID- 
19.47 DNA hypomethylation is related to gene activation 
during cancer progression.48 Hypomethylation can cause 
genome instability. The tumor tissues infected with SARS- 
CoV-2 have a decrease in ACE2. ACE2 has a potential 
protective effect on cancer progression. The decrease in 
ACE2 leads to a decrease in immune infiltration and leads 
to disturbances in the tumor microenvironment, which 

may worsen patients with SARS-CoV-2 tumors49,50 

(Figure 1).

The Impact of Antiviral Therapy on 
Cancer
Viruses maintain their own survival by interfering with cell 
cycle regulatory components, reprogram the host epigen
ome, and promote metabolic pathways and epigenetic path
ways, while cancer cells also choose the same pathways to 
proliferate or to invade other tissues.51 Therefore, some of 
the virus-suppression drugs may also be potential anti- 
cancer agents. At the present time, according to China’s 
COVID-19 diagnosis and Treatment Plan (8th Trial 
Version), the treatment methods used in COVID-19 patients 
include: i) antiviral therapy (such as alpha-interferon, riba
virin, chloroquine phosphate, and arbidol hydrochloride), ii) 
immunotherapy (such as convalescent plasma, intravenous 
injection of COVID-19 human immunoglobulin, and tocili
zumab), iii) glucocorticoid therapy, iv) some Chinese patent 
medicines, such as Qingfei Paidu Decoction, Lianhua 
Qingwen Capsules (granules), and so on.52

According to the regular press conference for COVID-19 
held by the World Health Organization on October 16, dex
amethasone was still considered as the only effective drug 
for severe COVID-19.53 Dexamethasone can inhibit the 
production of interleukin-6 (IL-6), the immune regulation 
driven by which is the main feature of SARS-CoV-2 
infection.54 In the UK RECOVERY trial study, it was 
found that IL-6 level of the patients who received dexa
methasone treatment dropped immediately, and that the 
risk of death for the patients receiving oxygen therapy with 
and without invasive mechanical ventilation were reduced 
by 35% and 20%, respectively, after dexamethasone 
treatment.55 At the same time, IL-6 was found to be the 
driving factor for tumorigenesis and anti-apoptotic signals as 
well as the key biomarker for the diagnosis, and prognosis 
evaluation of malignant tumor.56 Therefore, it will bring 
great significance to investigate not only the protective effect 
of IL-6 inhibitors against the inflammatory damage caused 
by COVID-19 but also their beneficial effects for cancer 
treatment.57 Ham et al studied the gastric cancer cell lines of 
MKN-1 and MKN-45 and found that the anti-IL-6 receptor 
monoclonal antibody tocilizumab can eliminate cancer- 
associated fibroblasts (CAF)-mediated inhibition of 
apoptosis.58 Compared with 5-fluorouracil treatment alone, 
combination treatment with tocilizumab and 5-fluorouracil 
significantly reduced the cancer weight of CAF-mixed xeno
graft mice. At the present time, the interaction rate between Figure 1 The mechanisms of SARS-CoV-2 in cancer progression.
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anti-cancer drugs and anti-COVID-19 drugs is relatively 
modest,38 and the therapeutic effect of anti-COVID-19 
drugs on cancer patients needs to be explored according to 
numerous experimental and clinical data.

Most recently, Challenor et al reported the alleviation 
of lymphadenopathy in a patient with Epstein–Barr virus 
(EBV)-positive classical Hodgkin lymphoma after his 
infection with SARS-CoV-2. No corticosteroid or immu
nochemotherapy was given, and the underlying mechan
ism was probably attributed to the anti-tumor immune 
response induced by SARS-CoV-2 infection. This suggests 
a potential association between anti-viral and anti-tumor 
treatments and sheds light on the immunotherapy of malig
nant disease.59

Cancer Research and Clinical 
Practice in Covid-19 Pandemic: 
Impact and Countermeasures
Impact
The COVID-19 outbreak has affected the progress of 
cancer-related research. As long as there is a high propor
tion of COVID-19 cases, even if the patients with cancer 
return to the pre-pandemic status, they are unlikely to 
participate in cancer clinical trials.60 Due to the COVID- 
19 pandemic, the access of scientific researchers and stu
dents to the laboratories is restricted, many of the scientific 
research projects are temporarily suspended, and field trips 
have to be interrupted.61 Some mice in the research stage 
of cancer models have to be euthanized, years of hard 
work may be ruined, and many studies have no choice 
but to be interrupted.62 Global data shows some of the 
trends seen in three months of interrupted trials by treat
ment area. Since April 2020, the overall share of oncology 
has begun to decline, from 33.3% to 30.1%.70 Since many 
patients have had severe COVID-19, the potential compli
cations and damage to the body caused by the disease may 
have some long-lasting impacts even after their recovery. 
COVID-19 has become a long-term problem.

Countermeasures
To improve cancer research and clinical practice during 
the COVID-19 pandemic, some major cancer research 
centers have decided to continue their trials and consider 
specific preparations. For instance, the researchers at the 
University of Arizona Cancer Center have limited their 
trials to those that are potentially life-prolonging. At the 
Perlmutter Cancer Center in New York, researchers have 

stratified the trials, putting Phase 2 or 3 clinical trials as 
a priority and halting early-phase ones. The researchers at 
the Yale Cancer Center in New Haven have followed 
a similar strategy by continuing the ongoing trials and 
halting the beginning ones.63 During the COVID-19 epi
demic period, the management of drug shortages is com
plicated, especially in the field of oncology. The special 
situation of oncology requires advanced strategies to deal 
with this problem. In 2018, the American Association of 
Health System Pharmacists (ASHP) put forward recom
mendations for managing drug shortages, including the 
rational allocation of drug resources, and the search and 
approval of alternative drugs or therapeutic equivalents. 
By following this guideline, health care institutions can 
mitigate the impact of the pandemic on the provision of 
necessary medicines and reduce its adverse effects on 
patient care.64 The American Society of Clinical 
Oncology (ASCO) organizes recommendations on cancer 
care as well, such as ensuring the fairness of patients’ 
access to high-quality cancer care and solving the health 
problems of cancer patients.65 During the peak period of 
COVID-19, the medical resources should be arranged 
reasonably between the emergency treatment of COVID- 
19 and the regular care of cancer patients. In order to 
reduce the burden of cancer caused by COVID-19, it is 
encouraged to take any measures that can be treated at 
home to minimize the hospitalization of cancer patients. 
Online consultation channels should be open for cancer 
patients to provide medication guidance and symptom 
management. For patients who require surgery, 
a comprehensive evaluation should be carried out to 
determine the appropriate timing of treatment.66 As 
patients with cancer are susceptible to COVID-19, the 
risk–benefit ratio of palliative and adjuvant treatments 
should also be considered. Butler et al have proposed 
some new methods for the treatment of cancer in the 
pandemics of COVID-19, such as running media promo
tion to improve the acceptance of cancer screening, 
encouraging patients to seek medical help when potential 
cancer symptoms occur, investing in technology and 
infrastructure to facilitate virtual consultations, holding 
multidisciplinary team meetings and other innovations, 
and benchmarking international and regional cancer out
comes in the context of COVID-19.67 The American 
Association for Cancer Research (AACR) is trying to 
collect and analyze data from the patients with cancer 
and COVID-19 through the Association for Malignant 
Cancer (CCC19) and to put forward the proposal for 
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reducing the risk of cancer patients with further 
research.68

Conclusion
At present, the epidemic is not over, and the world is still 
invaded by COVID-19. Although the clinical features of 
COVID-19 have been described in detail, the molecular 
and cellular mechanisms of its pathogenesis are still elu
sive. Will COVID-19 change the way cancer grows or 
spreads? How long will COVID-19 harm the quality of 
life of cancer patients? These issues are still waiting to be 
resolved. At the same time, researchers have discovered 
the risk factors and markers of serious diseases related to 
COVID-19 from cancer patients, and conducted detailed 
and in-depth evaluation of the biomarkers that are severely 
related to the results of severe COVID-19. It will enable us 
in the future to identify people who need more aggressive 
treatment or preventive measures. With the inoculation of 
the new crown vaccine, the incidence of COVID-19 has 
been significantly reduced. However, as an infectious dis
ease, COVID-19 is likely to continue to exist, and it will 
also have a continuous impact on the diagnosis, treatment 
and prognosis of tumors. The clinic also needs to pay 
attention to the mutual influence between the two. 
Countermeasures against the impact of the COVID-19 
pandemic on cancer should be seriously considered to 
reduce the mortality rate of cancer caused by the 
COVID-19 pandemic and to improve the quality of life 
of cancer patients.69
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