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ABSTRACT
Currently, many companies around the world are actively developing COVID-19 vaccines. Fourteen 
vaccines with reliable safety and effectiveness are being successfully distributed to the public. However, 
there is no specific clinical trial data of the vaccines currently on the market on cancer patients at various 
stages, so the safety and effectiveness on cancer patients is unknown. This mini-review aims to discuss the 
impact of COVID-19 on cancer patients, and the urgent need of COVID-19 vaccines for cancer patients. In 
this review, we described the current status of the COVID-19 vaccine usages in cancer patients, as well as 
discussed potential problems in the use of vaccine. In addition, we included an original survey of the 
acceptance of the COVID-19 vaccines in 209 cancer patients and their family members. COVID-19 vaccine 
can provide cancer patients with social and medical benefits; therefore, clinical trials of vaccines on cancer 
patients are in great need.
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Introduction

COVID-19 is one of the most devastating pandemics in history, 
to which all people are generally susceptible. Cancer patients are 
more susceptible to infection than healthy people due to the 
compromised immune status caused by malignant tumors and 
the treatments they receive.1 Therefore, in the era of economic 
globalization, we cannot respond to the COVID-19 pandemic by 
simply reducing going out, avoiding gatherings, wearing masks 
and other control measures. The Advisory Committee on 
Immunization Practices (ACIP) has found through studies of 
multiple groups that cancer patients are at higher risk of severe 
COVID-19, and it is recommended that cancer patients should 
be given priority to be vaccinated.2 According to the current 
global situation of COVID-19, the development of safe and 
effective COVID-19 vaccine is essential to reduce morbidity 
and mortality. Although clinical trials of various vaccines have 
proven their safety and effectiveness, there are no specific data 
on cancer patients under various treatment stages. Therefore, the 
aim of this review is to update oncologists with information 
about COVID-19 in cancer patients, describe the potential pro-
blems and current usage of SARS-CoV-2 vaccine for cancer 
patients, discuss the necessity of increasing clinical trials for 
cancer patients, and investigate the acceptance of COVID-19 
vaccine in cancer patients and their families.

The impact of COVID-19 on cancer patients

According to the latest global cancer data released by the 
World Health Organization’s International Agency for 

Research on Cancer (IARC), it is estimated that there were 
about 19.3 million new cancer cases in 2020 and about 
10 million deaths in the world.3 The number of people still 
alive after 5 y of being diagnosed with cancer was 50.6 million. 
Due to the fact that COVID-19 is a new type of disease, 
inevitably the population lacks specific immunity to the virus. 
Everyone has the possibility of being infected, especially 
patients with malignant tumors with a compromised immune 
status.4 In addition to the threats it gave to the health of the 
infected people, the pandemic also caused delay of treatment to 
thousands of cancer patients, making them take the risk of 
incurability or even death.

In order to find out the impact of COVID-19 infection on 
the mortality of cancer patients, we conducted an extensive 
literature search through PUBMED and summarized 13 com-
parative studies5–17 with more than 200 subjects, which com-
pared the mortality of cancer patients versus non-cancer 
patients infected with COVID-19. Among all studies, 12 of 
them showed that the death rate of cancer patients with 
COVID-19 was higher than that of patients without cancer 
infected with COVID-19, as shown in Figure 1. These studies 
came from various countries including the United States, 
Europe, China, Cuba, and India. The sample size of the two 
studies in the United States exceeded 10,000.10,11 Wang et al. 
studied on 17,130 patients from the United States, and the case 
fatality rate (CFR) of cancer patients was 14.8%, while for non- 
cancer patients it was only 4.1%.11 A study of 1308 patients 
from New York showed that the mortality rate of cancer 
patients was 28%, and that of non-cancer patients was 14%.7 

The same result also appeared in Wuhan, China, with 
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a mortality rate of 29.4% for cancer patients and 10.2% for non- 
cancer patients.9

Therefore, the most important thing is to minimize the risk 
of infection for cancer patients, especially those who are receiv-
ing cancer therapy. It is necessary to prevent and control 
COVID-19 for cancer patients by vaccination, and it is urgent 
to actively develop vaccines suitable for cancer patients.18

At present, there are a large number of cancer patients 
in the world, and the age of cancer incidence is younger. 
With various treatment modalities, the 5-y survival rate is 
significantly improved, and many cancer patients were able 
to return to work after treatment. Studies have shown that 
the COVID-19 vaccine can reduce the viral load in naso-
pharyngeal and bronchoalveolar lavage samples, in addition 
to the ability to prevent infection of SARS-CoV-2.19 

Therefore, the vaccination not only can enable active 
immunity to SARS-CoV-2 in cancer patients, but can also 
significantly reduce the social impact of COVID-19 on 
cancer patients. The huge number of cancer patients may 
put tremendous pressure on socio-economic and medical 
resources if the cancer patients cannot be vaccinated.

Vaccine development during the COVID-19 pandemic

There are currently more than 200 COVID-19 vaccines under 
development in the world, of which more than 60 vaccines are 
undergoing clinical trials.20 As of this writing, distribution of 14 
COVID-19 vaccines have been launched through the Emergency 
Use Authorization. At present, the main types and strategies 
adopted in COVID-19 vaccines include inactivated vaccines, 
viral vector vaccines (including adenovirus vectors, attenuated 
influenza virus vectors), mRNA vaccines, and recombinant vac-
cine virus, etc.19,21–25 All these vaccines focus on the immune 
response to the SARS-CoV-2 Spike (S) protein.26,27 Table 1 
summarizes the detailed analysis of the vaccines. Published 
data have shown that the COVID-19 vaccines have short-term 
side effects, including local symptoms (such as pain, redness, 
swelling and induration) and systemic responses (such as fever, 
chills, myalgia, and headache).28

Although the safety and immunogenicity data of Pfizer’s 
COVID-19 vaccine reported in people with chronic diseases 
have shown effectiveness, there are no detailed clinical trial 
data in cancer patients at various stages of treatment and after 
treatment. Pfizer suggested that people who receive the mRNA 
COVID-19 vaccine during chemotherapy or other immuno-

suppressive therapy are not recommended to be vaccinated 
again until their immunity is restored.29 If implemented clini-
cally, it is hard to guarantee that this special group can be 
effectively protected.

In view of the direct and indirect benefits of COVID-19 
vaccination for cancer patients, more detailed clinical trials on 
cancer patients in various treatment stages are urgently needed. 
The key features of these trials will include the dosage, safety, 
reactogenicity and immunogenicity of the vaccine in cancer 
patients, which may be different from the general population 
with chronic disease. Cancer patients are undergoing surgery, 
radiotherapy, chemotherapy, immunotherapy, targeted ther-
apy, etc. which will have varying degrees of impact on the 
immune function of the human body.30 These factors may 
affect the immune response to the vaccine.31 It is suggested 
that clinical trials start with low-dose vaccines on cancer 
patients at various treatment stages and after treatment. With 
the establishment of safety and reaction data, the vaccine dose 
can gradually increase until stabilized.

Current status of COVID-19 vaccination in cancer patients

At present, cancer patients are classified as unsuitable for 
vaccination in some marketed vaccines. The main reason is 
the lack of clear clinical trial data, which makes it impos-
sible to determine the safety and side effects of the COVID- 
19 vaccine for cancer patients. Most vaccines currently on 
the market do not have clinical trial data on cancer patients 
or recovered patients, so their safety and side effects on 
cancer patients are unknown. In addition, the COVID-19 
vaccine also has certain requirements for the physiological 
functions of human body. The most common side effects 
after immunization of the COVID-19 vaccine are fever, 
redness, swelling, and pain at the injection site, which 
usually go away within two to 3 d. Generally, no special 
treatment is required. However, if the symptoms are severe 
or persistent, one should be seen by a doctor.28,32 Due to 
the lack of clinical data, the adverse reactions of cancer 
patients after vaccination cannot be accurately assessed. 
Therefore, to ensure the safety of and the effectiveness of 
the vaccine, some vaccines are not recommended for 
patients with malignant tumors. In order to solve these 
problems, it is necessary to carry out clinical trials of 
COVID-19 vaccines for cancer patients and recovered 

Figure 1. Scatter plot of COVID-19–related CFRs from series comparing rates from patients with cancer (blue dots) with patients without cancer (red dots).
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patients to determine the dosage, safety, reactogenicity and 
immunogenicity of the vaccine in such populations.

Potential safety and immunogenicity issues of COVID-19 
vaccine in cancer patients

During the Phase III clinical trial of Pfizer’s COVID-19 vac-
cine, cancer patients with immunodeficiency, patients receiv-
ing chemotherapy, radiotherapy, bone marrow or organ 
transplants, and patients with HIV were not allowed to parti-
cipate in the trial due to potential immunosuppression.33 To 
date, there is no published research related to the impact of the 
COVID-19 vaccine on cancer treatment. Moreover, there are 
many COVID-19 vaccines under development, with many 
different strategies. Therefore, further research is needed on 
the safety, reactogenicity and immunogenicity of vaccines in 
cancer patients and the impact of vaccines on cancer treatment.

Vaccines not recommended for cancer patients

Not all vaccines are recommended for cancer patients. Live 
attenuated vaccines are designed to achieve propagation of 
pathogenic microorganisms through multiple generations to 
reduce their toxicity but maintain immunogenicity. The 

vaccination is similar to mild natural infection. Because of 
its certain biological activity and pathogenicity, it can 
reproduce in the body after injection. If it cannot be con-
trolled, it will cause infectious diseases. By then the vaccine 
will become the cause of the disease. The immune function 
of cancer patients is weakened during the cancer treatment; 
thus, the immunity to the virus is reduced.34,35 Therefore, 
vaccination of live attenuated vaccines is not recommended 
for cancer patients.

Time of vaccination for cancer patients

Ideally, cancer patients should be vaccinated prior to cancer 
treatment,36,37 at least 2 weeks in advance. Since patients will 
frequent high-risk places such as hospitals after starting cancer 
treatment, and their immune functions will decline due to the 
treatment, cancer patients are prone to infections of COVID- 
19. The vaccination should also be avoided during chemother-
apy and immunotherapy. Vaccines are biological products, and 
side effects such as fever may occur after vaccination. If the 
vaccine is administered during surgery, radiotherapy or che-
motherapy, it may affect the judgment of the cause of side 
effects such as fever, and may also impair the efficacy of the 
vaccine.

Table 1. Currently approved COVID-19 vaccines.

Manufacturers
Type 

(technology)
Announced 

date

●
First approved 

area Advantage Limitation

Pfizer/BioNTech mRNA 2020.12.11 United 
States

Rapid and strong immunity and rapid 
development

Requires frozen storage

Moderna mRNA 2020.12.18 United 
States

Gamaleya Research 
Institute of 
Epidemiology 
and Microbiology

Adenovirus 
vector

2020.8.11 Russia Mature technology and easy mass 
production

Potential risks of virus replication

AstraZeneca/Oxford Adenovirus 
vector

2020.12.30 United 
Kingdom

Johnson & Johnson Adenovirus 
vector

2021.2.27 United 
States

CanSino Biologics Adenovirus 
vector

2021.2.25 China

Beijing 
Institute of 
Biological 
Products

Inactivated 
SARS-CoV-2

2020.12.30 China Mature technology and easy to transport multiple vaccinations needed and weak 
cellular immunity

Sinovac Inactivated 
SARS-CoV-2

2021.2.5 China

Bharat Biotech Inactivated 
SARS-CoV-2

2021.1.3 India

Sinopharm Inactivated 
SARS-CoV-2

2021.2.25 China

The Chumakov 
Center 
at the Russian 
Academy 
of Sciences

Inactivated 
SARS-CoV-2

2021.2.20 Russia

Research Institute for 
Biological Safety 
Problems

Inactivated 
SARS-CoV-2

2020.12.31 Kazakhstan

Vector  
Institute

Subunit 2020.10.14 Russia No virus genetic material, safe, efficient, 
scale production

Good expression systems are hard to find

Anhui ZhifeiLongcom 
Biopharmaceutical 
Co.Ltd

Subunit 2021.3.10 China
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The impact of various cancer treatments on vaccines

The impact of immunosuppression on vaccination is two-
fold: it may cause derivative diseases, and secondly it may 
weaken the immune response to the vaccine. Vaccine- 
derived diseases only occur when individuals are vaccinated 
with live attenuated vaccines. Vaccination of inactivated 
vaccines and genetically engineered vaccines is safe and 
will not cause vaccine-derived diseases. Secondly, due to 
the impaired immune function of cancer patients, the 
immune response to the vaccine is compromised, and the 
amount of antibodies that may be produced is insufficient, 
which reduces the protection of the vaccine. But this does 
not mean that people with weakened immune systems 
cannot be vaccinated. Currently, we are in urgent need of 
vaccine data on the type of cancer treatment, the timing of 
treatment, past immune dysfunction, and health conditions 
related to vaccine-induced immunity.

Taking influenza vaccine as an example, a study of 51 
lung cancer patients showed that after vaccination with 
trivalent inactivated influenza vaccine, the seroprotection 
rate of lung cancer patients against B strain was signifi-
cantly lower than that of chronic obstructive pulmonary 
disease (COPD) patients (64% vs 92%). Among lung cancer 
patients, patients receiving double-platinum chemotherapy 
showed lower seroprotection rates than patients receiving 
single-drug therapy.35 This study showed that the immune 
response of the vaccine was weakened in an immunosup-
pressed individual.

More and more cancer patients are receiving immunother-
apy now.38 The number of cancer patients receiving immune 
checkpoint inhibitor (ICI) treatment has been increasing, with 
a majority of patients with lung cancer, head and neck cancer, 
kidney cancer and melanoma. ICI tends to increase the 
patient’s immunity rather than reduce the patient’s immune 
response. But considering that patients still have the risk of 
potential infection, they should also be vaccinated appropri-
ately. In patients receiving ICI (PD-1, PD-L1 or CTLA-4 inhi-
bitors, etc.) immunotherapy, due to the activation of immunity 
in the body,39 the vaccine may cause overactive immunity and 
trigger an “inflammatory storm,” which may cause severe 
inflammation and damage to important organs. Therefore, 
for such patients, we need more clinical trials to prove the 
safety of the vaccine.

Although we do not have the data on the clinical use of the 
COVID-19 vaccine on cancer patients for the time being, 
referring to the relevant data of the flu vaccine, it is reasonable 
to presume that COVID-19 vaccine will have clear long-term 
data on safety in cancer patients. When cancer patients 
received PD-1 immunotherapy, vaccination of inactivated 
influenza vaccine did not increase immune-related adverse 
events.40

Similarly, in the study of influenza vaccination in tar-
geted therapy for cancer patients, trastuzumab targeted 
therapy during breast cancer surgery was beneficial to influ-
enza vaccination without increasing the risk of adverse 
events. This result supported patients underwent breast 
cancer surgery in receiving flu vaccine during adjuvant 
trastuzumab treatment.41

Vaccine dosage for cancer patients

The dose of the vaccine may also be different between cancer 
patients and healthy adults. For example, Sodhi et al. reported 
hepatitis B vaccination on 967 uninfected cancer patients 
between 5 months and 85 y old who were going to receive 
chemotherapy. The results showed that cancer patients who 
received double doses of hepatitis B vaccine had a higher 
seroprotection rate than those who received regular doses of 
hepatitis B vaccine (49% vs 75.9%).42 Therefore, the immune 
response and the duration of immunity of the conventional 
dose of the COVID-19 vaccine in cancer patients at various 
stages of treatment still need to be further studied. Moreover, 
studies have shown that TMPRSS2 is one of the pathways for 
SARS-CoV-2 to enter cells.43 But in some prostate cancer 
patients, the TMPRSS2 gene is highly variable. Therefore, it is 
needed to be considered whether patients with such gene 
mutations and patients with orally administered serine pro-
tease inhibitor like camostatinmesylate can be exempted from 
vaccination.

Acceptance of the COVID-19 vaccine in cancer patients

115 cancer patients and 94 family members of Hubei Cancer 
Hospital were recruited in our study to investigate the accep-
tance of COVID-19 vaccine. The staff conducted face-to-face 
question-and-answer surveys by convenient sampling with 
self-designed questionnaires. The demographics of all subjects 
are listed in Table 2. Out of a total of 209 subjects, 40.7% were 
male and 59.3% were female. Among cancer patients, 13.4% 
received surgery, 26.8% received chemotherapy, 5.7% received 
radiotherapy, and 9.1% received targeted drug therapy, immu-
notherapy or other treatments. 24.4% of the subjects were 
younger than 40 y old, and the rest 75.6% were older than 40. 
The education level of most subjects is high school or below, 
accounting for 58.9%.

The survey results are listed in Table 3. The data has not 
been published. The results showed that with the assumption 
of free vaccination, about 35% of cancer patients would accept 
the vaccination, and 65% of them refused. 67% of the family 
members of the patients would accept the vaccination, and 33% 
of them refused. Compared with the patient population, family 

Table 2. Demographics of subjects.

Demographic characteristic
Number of 

people
Composition 

ratio (%)

Gender
Men 85 40.7
Women 124 59.3

Cancer patients 115 55
Receive surgery 28 13.4
Receive chemotherapy 56 26.8
Receive radiotherapy 12 5.7
● Other treatments (such as targeted therapy, 

immunotherapy, etc.)
19 9.1

Age
<40 y old 51 24.4
≥40 y old 158 75.6
Educational level
Senior high school and below 123 58.9
● College degree or above 86 41.1
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members were more willing to receive COVID-19 vaccination. 
More than 90% of those who would like to receive the vaccine, 
including patients and their families, implied their intention to 
protect their family members from infection.

According to the analysis of the reasons for refusing vacci-
nation in the questionnaire, the main reason for cancer 
patients to refuse vaccination was fear of the side effects, 
followed by doubts about the effectiveness of the vaccine. The 
main reason for the patient’s family members to refuse the 
vaccine is doubts about its effectiveness.

Therefore, it is necessary to carry out clinical trials for 
cancer patients and obtain test data to answer the concerns of 
cancer patients.

Conclusions

Cancer patients should be vaccinated reasonably under the 
guidance of their doctors taking their own treatment plans 
into account, so as to effectively prevent and control the corre-
sponding infections and improve the quality of life of the 
patients. In theory, cancer patients can be vaccinated, but 
there are exceptions. For cancer patients who are receiving or 
have just finished radiotherapy and chemotherapy, targeted 
therapy, stem cell transplantation or immunosuppressive ther-
apy, or are in an acute response, it is best for them not to get the 
COVID-19 vaccine. For patients who have recovered and do 
not need treatment in the short term, and the cancer is not 
active, they should consider vaccinating with an approved 
vaccine with corresponding indications.

If cancer patients do have contraindications to vaccination, we 
can use the “cocoon” protection strategy.44 The “cocoon” protec-
tion strategy means that people around the susceptible (such as 
family members, friends, colleagues, healthcare providers, etc.) 
should be vaccinated to gain immunity to diseases. Susceptible 
people have no access to the source of infection and are protected 
from pathogen infection like in a cocoon. In addition, during the 
pandemic, cancer patients still need to adopt physical protective 
measures after being vaccinated, such as wearing masks, hand 
disinfection and other hygiene measures.

After cancer patients are vaccinated, because of the particu-
larity of cancer, the side effects of vaccination may be more 
serious than healthy people. It is still unknown whether there 
are potential adverse reactions after vaccination, what is the 
impact on the long-term clinical outcome of tumors, and if 
there is impact between vaccines and cancer treatments. Long- 
term close observation and follow-ups are still in need.

There were some limitations of this study. The survey adopted 
convenience sampling instead of random sampling, which may 

affect the representativeness of research samples. Only vaccines 
announced by the time of writing were listed, as potentially more 
vaccines are being developed. With the changes in the global 
COVID-19 pandemic and the continuous development of vac-
cines, the population awareness and demand for vaccines will 
continue to change. The survey here cannot represent the accep-
tance of vaccines in different periods of the pandemic.

Since cancer patient has a higher risk of being infected with 
SARS-CoV-2 and a worse prognosis, the COVID-19 vaccine 
can provide cancer patients with social and medical benefits. In 
view of the safety and immunogenicity results of recent multi- 
population COVID-19 vaccine clinical trials, it is believed that 
it is necessary and urgent to carry out more detailed phase III 
clinical trials for cancer patients at various treatment stages.
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