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ABSTRACT
Introduction: Immune checkpoint inhibition (ICI) is a novel cancer immunotherapy, which is adminis
tered in patients with metastatic, refractory, or relapsed solid cancer types. Since the initiation of the 
Coronavirus Disease 2019 (COVID-19) pandemic, many studies have reported a higher severity and 
mortality rate of COVID-19 among patients with cancer in general.
Areas covered: The immunomodulatory effects of ICI can modify the patients’ immune system function 
in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. There is controversy over 
whether the severity of COVID-19 in cancer patients who previously received ICI compared to other 
patients with cancer has increased. There is evidence that the upregulation of immune checkpoint 
molecules in T cells, lymphopenia, and inflammatory cytokine secretion are associated with the severity 
of COVID-19 symptoms.
Expert opinion: ICI can interrupt the T cell exhaustion and depletion by interrupting the inhibitory 
signaling of checkpoint molecules in T cells, and augments the immune system response in COVID-19 
patients with lymphopenia. However, ICI may also increase the risk of cytokine release syndrome. ICI 
can be considered not only as a cancer immunotherapy but also as immunotherapy in COVID-19. More 
studies are needed to assess the safety of ICI in COVID-19 patients with or without cancer.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is an infection, caused by 
a beta-coronavirus, named severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). Acute respiratory distress syn
drome (ARDS) and multi-organ failure are among the most 
prevalent causes of death in severe COVID-19 cases [1,2]. The 
data imply a higher risk of mortality in patients with cancer. 
This could be due to immune suppression in these patients. 
Moreover, receiving chemotherapy, radiotherapy and targeted 
therapy may have even more immunosuppressive effect in 
this group of patients. Patients with hematological and lung 
malignancies are at a higher risk of severe COVID-19 infec
tion [3].

2. Immune checkpoint inhibition

Immune checkpoints are regulatory molecules on the surface 
of the immune cells. Their immunosuppressive function is 
crucial to provide the balance of co-stimulatory and co- 
inhibitory signals in the process of T-cell’s primary and sec
ondary activation. Consequently, a defect in their function 
may cause autoimmunity [4]. As a result, checkpoint ligands 
such as programmed death-ligand 1 (PD-L1) are widely 
expressed on the surface of non-hematopoietic cells in body 
tissues [5]. Some more specific checkpoint ligands are only 
expressed on the antigen-presenting cells (APCs) and other 

target cells [6,7]. Although checkpoint signals have an out
standing role in maintaining ‘immune-tolerance,’ cancer cells 
and many pathogens induce the upregulation of these check
point molecules, which further leads to augmentation of their 
inhibitory signals. This results in T cells exhaustion and target 
cells’ escape from their immune surveillance.

In recent years, immune checkpoint inhibition (ICI) has 
made a tremendous improvement in the treatment of cancer. 
Using human monoclonal antibodies inhibits the engagement 
of checkpoint receptors and their ligands; ICI subsequently 
inhibits the checkpoint signal transduction. As programmed 
cell death protein 1 (PD-1) upregulation and T cell exhaustion 
are also observed in several chronic, as well as acute infectious 
diseases like malaria, HIV infection, HBV infection, and 
Tuberculosis, ICI has been suggested as a relevant therapy to 
improve the outcome in the treatment of infectious diseases 
[8]. The immune checkpoints are upregulated to facilitate the 
escape of the virus from the immune surveillance, especially, 
in chronic viral infections (HIV, HBV, or HCV), which lead to 
a persistent infection. Therefore, targeting one or more types 
of checkpoint receptors can result in viral elimination in pre
clinical studies, and ongoing clinical investigations [9].

Cancer patients with chronic viral infections were usually 
excluded from ICI treatments. For example, HIV-infected patients 
were excluded due to concerns for the unfavorable effect of 
T-cell dysfunction in HIV patients on ICI efficacy [10], or viral 
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replication and immune reactivation inflammatory syndrome 
[11]. However, in a systematic review on 73 cancer patients 
infected with HIV, less than 10% of patients experienced grade 
III or higher immune-related adverse events, and in more than 
90% of patients, HIV was suppressed and CD4+ cell count was 
improved. Moreover, the efficacy of ICI in these patients was 
reported to be acceptable [12]. As a consequence, the 
American Society of Clinical Oncology (ASCO) recommended 
enrolling HIV patients with CD4+ counts higher than 350 cells/ 
µL in clinical trials of anti-cancer therapy, such as ICI trials [13]. 
The administration of ICI in patients with HBV or HCV chronic 
infections is also reported to be safe and efficient [14,15]. 
However, patients are recommended to be frequently monitored 
for viral load and liver function, as there is still a low risk of viral 
reactivation or (virus- or immune-related) hepatotoxicity [16].

An important challenge is the performance of the modified 
immune system of patients with cancer who have undergone 
ICI therapy during the COVID-19 pandemic. Cancer patients 
have been identified as a high-risk group for COVID-19, mostly 
because of their immunosuppressive state after chemotherapy 
or surgery [17,18]. However, it should be considered that 
patients with cancer, undergoing ICI therapy, have 
a remodeled immune system compared to other cancer 
patients. This question that if the immune checkpoint therapy 
acts as a risk or protective factor in COVID-19, has not been 
thoroughly answered yet.

3. Immunological manifestations of COVID-19

Recent studies on severe COVID-19 cases report a decrease in 
the number of CD4+ and CD8 + T cells, and the association of 
this T-cell depletion with clinical outcomes [19–21]. 
Lymphopenia can be a result of T-cell exhaustion, as over
expression of checkpoint molecules PD-1 and T cell immuno
globulin and mucin domain 3 (Tim-3) was associated with 
lymphopenia, and also the severity of COVID-19 [22]. Sharif- 
Askari et al. provided a detailed analysis of several immune 
inhibitory receptors’ transcription in COVID-19 nasopharyngeal 
swabs (NPS), lung autopsies, cells from bronchoalveolar fluid 

(BALF), and peripheral blood mononuclear cells (PBMCs) [23]. 
They observed the upregulation of 31 out of 38 investigated 
receptors in NPS samples, while only the transcription of 9 
(mostly lymphoid) receptors were upregulated in autopsies. 
Interestingly, the expression of 7 out of 8 shared receptors 
between NPS and lung autopsies (B and T lymphocyte- 
associated (BTLA), lymphocyte-activation gene 3 (LAG3), Fc 
fragment of IgG receptor IIb (FCGR2B), PD-1, cytotoxic 
T lymphocyte-associated protein 4 (CTLA-4), CD72, and sialic 
acid-binding Ig-like lectin 7 (SIGLEC7)) were significantly 
higher in autopsy samples compared. The authors concluded 
that this observation may be a result of extended exposure to 
viral antigens in the lower respiratory tract. Furthermore, the 
study demonstrated a correlation between the level of inhibi
tory receptors’ transcription and the viral load. This is consis
tent with the result of the previously mentioned study [22], 
and further confirms the role of immune checkpoints over
expression as biomarkers and even prognostic factors of 
severe COVID-19. Moreover, the concentration of soluble 
immune checkpoints such as sIDO, sGITR, s4-1BB, sTIM-3, 
sCD27, sLAG-3, sPD-1, and sCD28 are reported to be positively 
correlated with the expression of their membrane-bound 
counterparts, and also their concentration has been associated 
with COVID-19 severity [24].

As ICI boosts the number and also function of cytotoxic 
T cells, we may conclude that patients with cancer, who 
receive ICI, may have a more successful recovery in the case 
of COVID-19. However, some studies on severe cases of 
COVID-19 reported that although the T cells are decreased in 
number, they are in a hyperactive state: the ratio of pro- 
inflammatory CCR4+ CCR6+ Th17 in CD4 T cells, and the 
concentration of cytotoxic granules in CD8 + T cells and NK 
cells were increased [25,26]. Thus, the reactivation of T cells in 
cancer patients undergoing ICI may not be enough to protect 
this group of cancer patients against severe COVID-19 
symptoms.

Cancer patients undergoing ICI may have more immune- 
competence, compared to cancer patients undergoing che
motherapy, as a result of their reinvigorated T cells. However, 
this may also raise the risk of cytokine release syndrome (CRS), 
an important mortal manifestation in COVID-19. Increased 
interleukin (IL)-2, IL-6, IL-7, granulocyte-colony stimulating fac
tor (GCSF), interferon-γ (IFN-γ), inducible protein 10 (IP10), 
monocyte chemoattractant protein 1 (MCP1), macrophage 
inflammatory protein 1-α, and tumor necrosis factor-α (TNF- 
α) has been associated with cytokine storm in COVID-19 [27–
27–29]. Although severe CRS has not been systematically 
reported in the literature as a prevalent immune-related 
adverse event (irAE) of ICI, some cases of CRS following ICI 
administration are reported [30,31]. On the other hand, CRS is 
a typical manifestation in some cancer immunotherapies such 
as chimeric antigen receptor-modified T-cell (CAR-T) therapy 
and bispecific T-cell receptor engaging (BiTE) immunotherapy 
[32]. Some studies also relate the CD4+ and CD8+ depletion to 
the increase in inflammatory cytokines, as the administration 
of tocilizumab, an IL-6 receptor antagonist could restore the 
number and cytotoxic activity of lymphocytes [33]. So, ICI can 
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● Immune checkpoint inhibitors provide inhibitory signals in T cells and 
maintain immune-tolerance.

● The expression of immune checkpoint receptors or their ligands is 
upregulated during some malignancies as well as acute or chronic 
infections that leads to evasion of the tumor cells or pathogens from 
immune surveillance.

● Upregulation of immune checkpoint receptors is reported in COVID- 
19, which is associated with lymphopenia and T cell exhaustion and 
subsequently worse prognosis.

● Most of the studies report no additional risk of COVID-19 infection or 
severity in patients with cancer who have recently received immune 
checkpoint inhibition therapy.

● Immune checkpoint inhibition can be used as a potential therapeutic 
approach in COVID-19 patients with lymphopenia.

● Further studies are needed to investigate the potential risks and 
benefits of Immune checkpoint inhibition in COVID-19 patients.
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reactivate the exhausted T cells, but there is a probability that, 
in some cases, it leads to T cell depletion by raising the level of 
inflammatory cytokines and CRS [30]. We will discuss the risk 
of CRS as a result of ICI in detail in the last section.

Another concern regarding ICI administration in patients 
with cancer who were infected with COVID-19 is a probable 
synergy, or most importantly the inability to distinguish 
between COVID-19-pneumonitis and pneumonitis as an 
adverse event of ICI, named checkpoint inhibitor pneumonitis. 
However, as checkpoint inhibitor pneumonitis is a relatively 
rare irAE, ranging from 0.3% to 2% in reported studies [34], 
may not put ICI-treated patients at a high risk of developing 
COVID-19 pneumonitis. Although the prevalence of pneumo
nitis as an adverse event in people with a history of prior lung 
diseases is reported to be higher [35,36], the probability of the 
overlap between ICI- or COVID-19-related pneumonitis should 
be further investigated.

Rossi et al. provide a checklist to manage and estimate the 
risk of pneumonitis in patients undergoing ICI at the time of 
COVID-19 pandemic, regarding the age, experience of prior 
adverse events, probability of exposure to the virus, and ther
apeutic benefit from ICI [37]. The most important challenge is 
to first clarify the actual cause of the pneumonitis, whether ICI- 
or COVID-19-related, and then promptly begin a suitable ther
apeutic strategy. As some concomitant symptoms in these two 
types of pneumonitis such as fever, cough, and dyspnea can 
be similar, differential diagnosis using chest CT scan manifes
tations, serology tests, and RT-PCR is necessary [37,38].

4. COVID-19 in ICI-treated patients with cancer

As previously said, because of the immunosuppressive effect 
of chemotherapy, radiotherapy, and also immunotherapy, the 
COVID-19 prognosis of cancer patients who have recently 
undergone these therapies might be different from their coun
terparts. For example, patients with hematological cancer, 
especially, those who had undergone recent (within 4 weeks 
of COVID-19 symptoms onset) chemotherapy [39], were 
shown to have a higher COVID-19 mortality rate compared 
to patients with solid tumors, probably because they receive 
more myelosuppressive treatments and hence they are more 
immunocompromised [40,41].

A retrospective study on 800 cancer patients with positive 
SARS-CoV-2 PCR test failed to suggest chemotherapy, radio
therapy, immunotherapy, targeted therapy, and hormone 
therapy in the previous 40 days as a risk factor for death in 
COVID-19 infected cancer patients [42]. Also, two other similar 
studies on 218 and 182 COVID-19-positive patients with can
cer, of which 5 and 7 patients have received immunotherapy 
before the assessment, respectively, failed to prove any asso
ciation between immunotherapy and COVID-19 mortality 
[40,41]. However, in these studies, the number of immunother
apy patients was not enough and the types of immunotherapy 
were not specified. Another study on 69 lung cancer patients 
infected with COVID-19 showed no significant difference in 
clinical outcomes of the COVID-19 based on the anti-PD-1 
therapy profile [43]. Also, a study in Spain on Melanoma 

patients with COVID-19 showed that anti-PD-1 therapy does 
not increase the mortality rate of these patients. Moreover, the 
COVID-19 mortality rate of Melanoma patients without active 
anti-cancer therapy was higher than other patients that were 
undergoing immunotherapy. However, the authors acknowl
edged that this observation may be a result of the higher age 
mean in the non-anti-cancer therapy group [44].

In another study on 423 COVID-19 infected cancer patients, 
31 patients have received ICI therapy within 90 days. 
Surprisingly, they found no increased risk of severe COVID-19 
with metastatic disease, toxic chemotherapy, and surgery, but 
with ICI therapy, independent of age, type of cancer, and 
chronic comorbidities were identified as prognostic risk fac
tors. Although ICI therapy increased the risk of severe COVID- 
19 symptoms and hospitalization rate independent of the 
cancer type, ICI receiving patients with lung cancer were 
more affected compared to patients with other solid cancer 
[45]. In a cohort study of 105 cancer patients with confirmed 
COVID-19 infection, a significant difference in the death rate 
and severe symptoms were observed among the 6 patients 
who had received PD-1 inhibitors within 40 days of the initia
tion of their symptoms [46].

The evidence about the effect of immunotherapies such as 
ICI on the COVID-19 clinical outcomes is scarce. Although 
cancer patients are a high-risk group for both COVID-19 diag
nosis and prognosis, the heterogeneity in their immune sys
tem and inflammatory responses based on their cancer type, 
stage of cancer, recent anti-cancer treatments, chronic medical 
comorbidities, and age should also be considered. The guide
lines for cancer treatment at the time of the COVID-19 pan
demic mostly suggest avoiding the contact of cancer patients 
with COVID-19 patients in medical centers. Moreover, their 
visits to medical centers and hospitals should be reduced, 
and hospital admission should be minimized. Telemedicine 
and management from home are suggested. Thus, replacing 
intravenous or subcutaneous anti-cancer drug administration 
with oral drugs is suggested as well [47,48].

5. ICI as a treatment for COVID-19: pros and cons

Up to now, there is no certain anti-viral drug or treatment for 
COVID-19. Most of the drugs that are tested for COVID-19 
treatment are anti-viral agents or respiratory supportive 
drugs. However, studies assessing the efficacy and safety of 
immunotherapies such as convalescent plasma therapy, 
human monoclonal antibodies, interferon, and mesenchymal 
stem cell therapy, suggest that immunotherapies can be admi
nistered to enhance the clinical outcomes in COVID-19 with
out severe adverse events [49]. Also, immunotherapies using 
human monoclonal antibodies are mostly focused on inhibit
ing virus entry via interrupting the interaction of host cells 
angiotensin-converting enzyme 2 (ACE2), and virus spike pro
tein (S protein) [50]. However, due to complex modifications in 
the immune cell count, cytokine secretion, and regulatory 
protein expression, the administration of immune checkpoint 
inhibitors to treat COVID-19 is an option. Table 1 lists the 
clinical trials that are using ICI for COVID-19 treatment. In 
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NCT04268537 randomized controlled trial (RCT), the efficacy of 
anti-PD1 agent and thymosin on COVID-19 patients with lym
phopenia and severe respiratory failure is being assessed. The 
phase II (NCT04333914) RCT is also assessing the outcomes of 
autophagy inhibitor GNS561, anti-NKG2A (monalizumab), and 
the anti-C5aR (avdoralimab) administration in COVID-19- 
positive patients with advanced or metastatic cancer, in four 
arms (three experimental arms for each of the three agents 
and one standard of care), and in two cohorts of patients with 
mild symptoms or asymptomatic patients, and patients with 
moderate or severe symptoms. NKG2A and C5aR are among 
a novel class of immune checkpoint receptors. Their inhibition 
enhances the T-cell expansion and anti-tumor immunity 
[51,52]. NKG2A inhibition promotes both the anti-tumor activ
ity of T-cells and natural killer (NK) cells [51].

As said before, three of the most important immunological 
manifestations known to be associated with worse clinical out
comes in COVID-19 are 1 – lymphocytopenia; 2 – high levels of 
checkpoints expression leading to T cell anergy and impairing 
functional memory; and 3 – increased levels of inflammatory 
cytokines such as IL-6 and TNF-α (Figure 1). The concerns regard
ing ICI administration are mostly about the third manifestation. 
ICI may reactivate the exhausted T cells and augment the cyto
kine secretion which subsequently leads to organ damage. 
However, a study comparing COVID-19-pneumonia with non- 
COVID-19-pneumonia cases suggests that the high level of 
inflammatory cytokines is mostly due to neutrophils and mono
cytes activation rather than T cells, which (in contrast to T cells) 
their count is not significantly reduced in COVID-19-pneumonia 
cases compared to non-COVID-19-pneumonia cases [53]. 
Moreover, markers of T cell activation (CD25 and CD69) on the 
CD8 + T cells isolated from bronchoalveolar fluid in COVID-19 
samples are reported to not be upregulated [23].

In a phase Ib randomized study on sepsis patients, including 
patients with lymphopenia, anti-PD-1 inhibitor (nivolumab) 
administration reversed the depletion in CD4+ and CD8 + T 
cells without causing any symptom or sign of CRS [54]. This result 
was consistent with another phase 1b study of anti-PD-L1 

antibody administration in sepsis patients [55]. So, as there is 
some evidence that ICI administration in the case of acute infec
tions would not increase the risk of CRS, further investigations 
are needed. Figure 2 summarizes the probable risks and benefits 
of ICI administration in patients infected with COVID-19.

Although most of the available information on COVID-19 
infected patients who have undergone ICI, or studies that are 
testing ICI for COVID-19 treatment are focused on PD-1 inhibition, 
the outcomes of CTLA-4 inhibition in this setting should be stu
died as well. Regarding the fact that PD-1 inhibition mostly reacti
vates the effector T cells in the state of anergy in peripheral tissue, 
while CTLA-4 inhibition leads to an increase in the number of CD4 
+ and CD8 + T cells [56], inhibiting CTLA-4 might yield more 
favorable outcomes, especially in patients with lymphopenia. 
However, because of this difference in their mechanism of action, 
the incidence of immune-related adverse events in CTLA-4 inhibi
tion against cancer is reported to be higher [57]. Thus, the safety of 
further therapeutic approaches involving CTLA-4 inhibition or 
a combination of PD-1/PD-L1 and CTLA-4 inhibition should be 
precisely investigated.

6. Conclusion

In this review article, we investigated the effect of ICI on the 
performance of the immune system against COVID-19 infec
tion. ICI is currently administered as a standard treatment 
regimen for certain cancer patients. However, further studies 
with an adequate sample size are needed to assess the impact 
of ICI in cancer patients with COVID-19 infection.

Also, ICI can be considered as immunotherapy against 
COVID-19 in non-cancer patients, as it enhances T-cell prolif
eration and activation. The potential of ICI both as an anti- 
cancer treatment at the time of COVID-19 pandemic and also 
as an anti-COVID-19 therapy for non-cancer patients should be 
investigated. More randomized clinical trials are needed to 
assess the risks and also the benefits of an immuno- 
modulatory approach such as ICI.

Table 1. List of clinical trials that administrate immune checkpoint inhibitors for COVID-19 patients.

Identifier Inclusion criteria Experiment treatment Control treatment
The experimental agent 

mechanism of action

NCT04413838 Obese* individuals with COVID-19 infection Nivolumab†† Routine standard of care -Anti-PD1
NCT04356508 Individuals with mild** or moderate*** COVID- 

19 infection
Nivolumab†† Routine standard of care -Anti-PD1

NCT04268537 Individuals with COVID-19 infection, 
lymphopenia† and Severe respiratory 
failure‡

-PD-1 blocking antibody†† 
-thymosin††

Routine standard of care -Anti-PD1 
-stimulate T-cells 
production

NCT04333914 Individuals with COVID-19 infection and 
advanced or metastatic hematological or 
solid tumor

-GNS561†† 
-Monalizumab†† 
-Avdoralimab††

Routine standard of care -autophagy inhibitor 
-anti-NKG2A 
-anti-C5aR

* BMI≥30 kg/m2 
**symptoms with or without lung infiltrates on chest X-Ray or CT imaging 
***lung infiltrates with evidence of type 1 respiratory failure 
†< 0. 6x 109/L 
‡ PaO2/FiO2 < 200 mmHg and supported by positive pressure mechanical ventilation 
†† +Routine standard of care 
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7. Expert opinion

Predicting and assessing the clinical outcomes of a certain 
immune-modulatory agent in cancer patients is challenging. 
The stage and type of cancer, location of the tumor, previous 
treatment lines, age, gender, etc., are among the numerous 
factors that can affect the function and performance of the 
cancer patients’ immune system. Adequate cross-sectional and 
cohort studies are required to determine whether cancer 
patients can proceed with ICI treatment without the concerns 
of increasing the risk of COVID-19 infection or severity, or not. 

In many advanced-stage cancer types, such as unresectable or 
metastatic melanoma [58,59], non-small cell lung cancer 
(NSCLC) [60], advanced renal cell carcinoma [61], metastatic 
squamous head & neck [62], and relapsed or refractory 
Hodgkin lymphoma [63] ICI is an approved anti-cancer treat
ment and yields high rates of tumor regression [64]. Also, in 
contrast to chemotherapy, ICI is administered in a single dose 
once in 2–6 weeks based on the medication and cancer type. 
Thus, besides the high response rates, cancer patients can 
benefit from ICI by the reduced number of visits to health 
centers and subsequently reduced exposure to COVID-19.

In this article, the three most important immunological 
manifestations that affect the COVID-19 severity were also 
explained. Over-expression of both membrane-bound and 
soluble checkpoint molecules can result in the induction of 
apoptosis in T-cells and further results in T-cell depletion and 
lymphopenia. The release of pro-inflammatory cytokines can 
also result in T-cell depletion. It seems that targeting these 
three immunological manifestations can resuscitate patients 
with severe COVID-19 infection. The combinatory administra
tion of ICI with anti-inflammatory agents such as tocilizumab, 
or along with stimulatory agents for T-cell expansion, such as 
thymosin or IL-7 [65] might boost the therapeutic outcomes of 
ICI administration in COVID-19. ICI inhibits the engagement of 
checkpoint receptors and ligands, thus lowers the T cells 
death rate, increases the anti-viral T cell function, and subse
quently boosts the viral load clearance. While tocilizumab and 
other anti-inflammatory agents can prevent tissue damage 
and organ failure by inhibiting cytokines function during CRS.

The first immune checkpoint inhibitor (ipilimumab) was 
approved in 2011 for the treatment of melanoma. Since then, six 
more anti-PD-1 and anti-PD-L1 monoclonal antibodies have been 
approved as immune checkpoint inhibitors [64]. Despite about 
10 years of research on ICI, as a cancer treatment to improve the 
rate of tumor regression in cancer patients, a relatively consider
able number of these patients show primary or secondary resis
tance to the therapy, mostly because of the immunosuppressive 

Figure 1. Immunological manifestations of COVID-19.
The 3 most important immunological manifestations of COVID-19 are lymphopenia, over-expression of checkpoint molecules such as PD-1, PD-L1, TIM-3, and GITR in both T-cells and target 
cells, and release of excess amounts of cytokines by Monocytes and Neutrophils. Immune checkpoint inhibition can interrupt the induction of apoptosis, and exhaustion of T-cells, and 
subsequently stimulate the T-cell immunity against COVID-19. Also, agents like Thymosin and IL-7 can promote T-cell survival and proliferation. Thymosin was administered along with an 
anti-PD-1 agent in the NCT04268537 clinical trial to obtain better clinical outcomes. 

PD-1: Programmed cell death protein 1, PD-L1: Programmed death-ligand 1, TIM-3: T cell immunoglobulin and mucin domain 3, GITR: glucocorticoid-induced tumor necrosis factor 
receptor, IL-7: interleukin 7, TNF-α: tumor necrosis factor-α, IFN-γ: interferon-γ, MCP-1: monocyte chemoattractant protein 1 

Figure 2. Risks and benefits of ICI administration in patients with COVID-19.
By interfering with the transduction of inhibitory signals through PD-1/PD-L1 or CTLA-4 or 
other inhibitory receptors, ICI can improve the number and function of T cells in patients 
with COVID-19 and subsequently enhance the rate of viral clearance by T cells. However, 
there is still a probability of inflammatory cytokine release exacerbation by reactivation of 
the exhausted T cells in the immune system. Moreover, potential interference/overlap 
between pneumonitis caused by COVID-19 infection and as an adverse event of ICI should 
be considered and studied. Moreover, detailed guidelines to distinguish these two etiolo
gically different respiratory complications should be provided. 

CRS: cytokine storm syndrome, ir-AE: immune-related adverse event 
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tumor microenvironment, lack of antigen presentation and tumor 
immunogenicity, and/or somatic mutations. As these resistance 
mechanisms are specifically present in tumor cells and tumor 
microenvironment, not in infectious diseases, the resistance rate 
to ICI in COVID-19 is assumed to be lower. However, further clinical 
trials are necessary to evaluate the response and resistance rates of 
ICI for COVID-19 treatment. Also, the abundance and severity of 
adverse events should be considered. Clinical trials of ICI adminis
tration in many cancer types demonstrated an acceptable safety 
profile with manageable adverse events, mostly in grade 1 or 2. 
However, in some cases, severe adverse events are reported. As 
the underlying immune system function in COVID-19 and cancer is 
completely different, ICI might cause some unpredictable irAEs in 
COVID-19 patients.
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