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A B S T R A C T   

The outbreak of Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in Wuhan, China, in December 
2019, and its global dissemination became the coronavirus disease 2019 (COVID-19) pandemic declared by the 
World Health Organization (WHO) on 11 March 2020. In patients undergoing immunotherapy, the effect and 
path of viral infection remain uncertain. In addition, viral-infected mice and humans show T-cell exhaustion, 
which is identified after infection with SARS-CoV-2. Notably, they regain their T-cell competence and effectively 
prevent viral infection when treated with anti-PD-1 antibodies. Four clinical trials are officially open to evaluate 
anti-PD-1 antibody administration’s effectiveness for cancer and non-cancer individuals influenced by COVID-19 
based on these findings. The findings may demonstrate the hypothesis that a winning strategy to combat SARS- 
CoV-2 infection could be the restoration of exhausted T-cells. In this review, we outline the potential protective 
function of the anti-PD-1 blockade against SARS-CoV-2 infection with the aim to develop SARS-CoV-2 therapy.   

1. Introduction 

The coronavirus disease 2019 (COVID-19) is an emerging pandemic 
disease triggered by the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection [1–4]. SARS-CoV-2 affected more than 188, 
655,968 people worldwide as of 7:21 pm CEST, 16 July 2021, contrib-
uting to more than 4,067,517 deaths, with a fatality rate of 2.15% [5]. 
COVID-19 is described by a wide range of clinical symptoms, varying 
from asymptomatic or mild disease to chronic disease involving hospi-
talization and oxygen therapy [6]. Immunological responses to 
SARS-CoV-2 remain critically important for developing effective vac-
cines and appropriate treatments for patients with COVID-19. Because 
patients are immunosuppressed owing to their treatments, such as 
chemotherapy and radiation, and because of the tumor itself, those who 
acquire COVID-19 will likely have a severe infection [7]. The manner in 
which the pathway of viral infection is altered in people receiving 
immunotherapy remains unclear. 

Laura Pala et al. documented the case of a patient with metastatic 
melanoma, who had been diagnosed with SARS-CoV-2 and healed 
without side effects in a long-term response to the anti-PD-1 blockade 
(Fig. 1) [8]. This study and limited findings endorse the likelihood of 
continuity of immunotherapy in patients with and without 
comorbidity-free disease and make a conjecture on the defensive func-
tion of PD-1 blockade against COVID-19 [8]. Since the United States 
Food and Drug Administration (US FDA) approval of the cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4) ipilimumab inhibitor in 
2011, indications for immune checkpoint inhibitors (ICIs) have signifi-
cantly increased [9]. They have been an important therapeutic choice 
for a broad spectrum of cancers, such as melanoma, renal carcinoma, 
lung cancer, urothelial cancer, and head and neck carcinoma [9]. 
Because of the suspected warning of severe pneumonia in the case of 
COVID-19, it is also uncertain how to manage checkpoint inhibitor 
medication in the sense of the present emergency [10]. 

Cancer immunotherapy succeeds by decreasing the effector T cells’ 
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inhibition, respiratory epithelial cells, particularly CD8+, through pre-
serving cellular immunocompetence and enhancing tumor-specific im-
mune responses [9]. One of the major drawbacks of the immune 
checkpoint inhibitor treatments is that they result in many inflammatory 
cytokines, such as IL-6 and TNF-α [9]. In around 3–5% of patients taking 
ICI, immune-mediated lung damage, named checkpoint inhibitor 
pneumonitis, happen; nevertheless, real-world occurrence could be 
higher, particularly now that ICIs are utilized outside clinical trials [11]. 
Therefore, in patients undergoing anti-cancer immunotherapy, a 
possible synergy between ICI lung toxicity and SARS-CoV-2 associated 
interstitial pneumonia has been speculated [10]. Patients undergoing 
ICI are in a hyperimmune situation and may develop unusual reactions 
in the event of COVID-19 infection because of the similarities between 
the two pathogenetic pathways of lung damage [9]. Compared to pa-
tients provided with chemotherapy and the general population, should 
the likelihood of developing diseases of cancer patients receiving 
immunotherapy be estimated? 

Min-Seok Rha et al. characterized the immunological properties of 
SARS-CoV-2 related CD8+ T cells in acute and healing COVID-19 pa-
tients. In the acute and healing periods of COVID-19, their research of-
fers insights into SARS-CoV-2-specific CD8+ T cell responses and CD8+ T 
cell memory [12]. These findings can fill gaps in current knowledge to 
improve prophylactics and therapeutics toward SARS-CoV-2 infection 
and to monitor the current COVID-19 pandemic, provided that CD8+ T 
cells serve as cardinal sentinels toward viral diseases [12]. It must, 
however, be validated by conclusive stem-like memory cell markers, like 
CD95. In addition, a stronger contrast between SARS-CoV-2-related 
memory T cells and memory T cells specific to other viruses will entail 
future experiments of long-term follow-up of COVID-19 convalescents. 
Min-Seok Rha et al. research focuses on the major histocompatibility 
complex (MHC) class I multimers specific to HLA-A*02-restricted epi-
topes in S protein. However, in phenotypes and function, CD8+ T cells 
specific to other SARS-CoV-2 proteins and epitopes limited by another 

human leukocyte antigen (HLA) class I allotypes may differ, which 
should be discussed in further research. 

Up-to-date awareness of SARS-CoV-2 and COVID-19 is stated in the 
latest review articles. Special attention is given to new study methods to 
discover old and novel compounds for COVID-19 therapy and all 
currently studied therapeutic alternatives. Amidst these, the significance 
of modifying the host immune system is commonly debated, focusing on 
the clinical trial of the ICI anti-programmed death-1 (PD-1) blocking 
antibody and treatment currently utilized in oncology [13]. A study 
conducted by Laura Pala et al., which illustrated the persistence of 
anti-PD-1 therapy even after successful remission of underlying cancer, 
and minimal evidence reported in the literature, shows a preventative 
effect on COVID-19 and PD-1 blockade in cancer patients with and 
without chronic disease remission [8]. Future studies are required on the 
interplay of PD-1/PD-L1 inhibition in patients with cancer and 
COVID-19. 

2. Immune checkpoint inhibitors’ role in the fight against viral 
infections and SARS-CoV-2 

Due to drastic and long-lasting responses in several tumor types, ICIs 
are commonly frequently used in oncology. Still, there is little knowl-
edge on their future application in the treatment of human infectious 
diseases. Aside from cancer immunosurveillance, the immune system’s 
most crucial role is protection against pathogens, bacteria, viruses, and 
fungi [9]. T cells are continually subjected to antigens, including 
recurrent viral infections like human immunodeficiency virus (HIV) and 
Hepatitis B virus (HBV), contributing to T-cell exhaustion. The over-
expression of inhibitory receptors CTLA4 and PD-1/PD-L1 is a typical 
feature of exhausted CD8 T cells, which results in decreased effector 
activity and low proliferative ability (Fig. 2) [14]. The effectiveness of 
monoclonal antibodies against PD-1 and PD-L1 (Programmed 
death-ligand 1), which have revolutionized cancer therapy, means that 

Fig. 1. PD-1 Blocking Antibodies. In patients with severe pneumonia caused by COVID-19, monoclonal antibodies that block PD-1 activity will increase T cell 
proliferation, cytokine production and reduce death. 
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therapeutically attacking these pathways may help prevent and manage 
various infectious diseases [9]. ICIs have been shown in many studies to 
boost T-cell responses and provide immune defenses against a variety of 
persistent infectious, bacterial, and parasitic infections, including ma-
laria, HIV, HBV, and tuberculosis [9]. PD-1-targeted treatment inhibits 
tumor growth and lowers viral load in various cancer and persistent 
infection mouse models. In primates, identical observations were made. 
Many clinical trials, including the use of immune checkpoint blockade in 
managing recurrent viral infections, are planned and administered in 
cancer patients [15]. 

Edward Gane et al. recently conducted a Phase Ib analysis in 
persistent HBV patients contrasting Nivolumab (anti-PD-1) with and 
without GS-477, an HBV therapeutic vaccine. They discovered that 
Nivolumab was well-tolerated, with most patients seeing a decrease in 
hepatitis B surface antigen (HBsAg) levels. They achieved full HBsAg 
seroconversion and HBsAg loss in one patient [16]. In a Phase II trial, 
Cynthia L. Gay et al. documented the function of an anti-PD-L1 antibody 
(BMS-936559) in HIV-infected patients, receiving an enhancement in 
HIV-1-specific immunity in the majority of participants. This is the first 
ICI study in HIV patients who do not have cancer [17]. What’s more, the 
inhibition of the immune checkpoint mechanism CD200-CD200R1 has 
been found to have beneficial effects on coronaviruses, preserving 
Interferon (IFN) output and rising viral clearance [18]. 

In COVID-19 patients, a study with another ICI anti-PD1 drug, 
Camrelizumab, is also underway. Checkpoint inhibitors show tremen-
dous promise in managing viral infections and reducing viral load, 
considering the absence of evidence from clinical trials of infectious 
diseases. Though checkpoint blockade can lead to the ‘fueling’ of the 
cytokine storm in the presence of COVID-19, the recovery of immuno-
competence may perform a defensive or even therapeutic function in the 
face of viral infection [9]. We may thus hypothesize two strategies; The 
first ‘pre-infectious state’: the people treated with ICI is more ‘resistant’ 
to the attack of COVID-19; The other ‘infectious state’: patients taking 

immunotherapy, when getting the COVID-19, might develop more res-
piratory severe symptoms and complications, sustained concurrently by 
the ‘cytokine storm,’ and the ICI-immune mediated injury. 

Since ICIs have only been investigated in a limited number of human 
infectious diseases, it is possible that they could quickly revolutionize 
the treatment of infectious agents, like COVID-19. Regrettably, in the era 
of ICIs, the clinical progress in the oncology field is yet to be matched 
with those in the infectious. Still, there are broad viewpoints for studies 
and development in the future [9]. 

3. Clinical result of cancer patients with SARS-CoV-2 Infection 
treated by immune checkpoint inhibitors 

A lack of up-to-date reporting exists on the clinical effects of anti- 
cancer treatment on SARS-CoV2 infection [20–25]. Compared to pa-
tients without cancer, patients with cancer and COVID-19 are at higher 
risk of severe illness and death. Both treatments, such as chemotherapy 
and radiotherapy, and the tumor itself, can contribute to overall 
immunosuppressive status [7]. Of the cancer patients who were given 
ICIs, especially anti-PD1 and anti-CTLA-4 treatments, nothing is known 
about the spread of SARS-CoV-2 infection. It is unclear whether 
PD-1/CTLA-4 suppression improves or worsens the effectiveness of 
COVID-19 in cancer patients. Immunogenicity has been shown to be 
increased when ICIs are administered [26]. ICIs, on the other hand, may 
adversely interact with virus pathogenesis, contributing to a systemic 
inflammatory disorder correlated with hyperactivation of the immune 
system identified as cytokine release syndrome (CRS), recorded as an 
undesirable effect of anti-PD-1 and other immunotherapy dependent on 
T cells, also worsening the impact of viral infection [27]. Pending 
further information, this immunization would pose an additional risk of 
developing immune-related pneumonitis in patients who have received 
anti-PD-1 [28]. 

The deterioration of immunotherapy-related lung function may 

Fig. 2. Blockade of PD-1 or CTLA-4 signaling in tumor immunotherapy. T cells use their T-cell receptor (TCR) to detect antigens provided by the MHC on cancer 
cells’ surfaces. This first signal is insufficient to activate T cells; therefore, the B7 costimulatory molecules B7–1 (or CD80) and B7–2 (or CD86) must send a second 
signal. CTLA-4 (cytotoxic T-lymphocyte–associated antigen 4) is upregulated shortly after T-cell activation and initiates negative control signaling on T cells 
throughout ligation with antigen-presenting cells’ B7 costimulatory molecules. These molecules have activation signals when they bind to CD28 and inhibitory 
signals when they bind to CTLA-4. CTLA-4 interacts with costimulatory molecules mainly during the priming process of a T-cell response within lymph nodes. T cells 
release the programmed death 1 (PD-1) inhibitory receptor during long-term antigen exposure, and ligation with PD-L1 and PD-L2, which are mainly expressed in 
inflamed tissues and the tumor microenvironment, results in the negative control of T cells. In peripheral tissues, the PD-1 association occurs during the effector 
process of a T-cell response. When antibodies to PD-1 or PD-L1 are used to inhibit it, T cells with cancer specificity are preferentially activated [19]. 
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correlate with infection-related symptoms and thus exacerbate the 
outcome. We can’t say with certainty that the outcome of infection will 
be different for other forms of cancer because of varying risk factors or 
abnormal conditions connected with a specific kind of cancer, such as 
lung cancer associated with smoking [8]. Previously released results 
indicate that those with hypertension (Odds Ratio, OR: 2.29, 95% 
Confidence Interval: 1.69–3.10) and diabetes (OR: 2.47, 95% Confi-
dence Interval: 1.67–3.66) had a higher likelihood of developing severe 
COVID-19 disease [29]. The absence of lung disease or other risk factors 
and the full therapeutic response of cancer, and no indication of radio-
logical disorder correlated with a weak or even missing immunosup-
pressive condition, may have led to the infection’s positive path [8]. 
Additionally, an anti-PD-1 blocking function may act as a virus defense 
mechanism in the early stages of infection. 

The number of exhausted CD8+ T cells is substantially higher in 
patients with SARS-CoV-2 severe infection than in patients with mod-
erate symptoms. The exhausted CD8+ T phenotype could be reversed by 
functional blockade of PD-1 and CTLA-4, thereby enhancing antigen- 
specific immunity and antiviral activity toward SARS-CoV-2 (Fig. 3) 
[30]. In addition, in vivo studies have demonstrated rapid upregulation 
of PD-1 during lymphocytic choriomeningitis viral (LCMV) infection 
after activating specific virus-naïve CD8 T cells. During the early phase 
of acute illness, blocking of the PD-1 pathway utilizing anti-PD-L1 or 
anti-PD-1 antibodies contributes to activation of the response of CD8 T 
cells specific to the virus due to accelerated clearance of the infection 
[31]. No reliable evidence was found to indicate whether PD-1 inhibi-
tion would have a protective effect against SARS-CoV-2 infection in 
cancer patients. Most of the studies on oncology patients were done on 
patients who had received chemotherapy. Many case reports on patients 
with solid tumors treated with anti-PD-1 have yet to be published [8]. 
Da Costa et al. treated a Merkel cell carcinoma patient with Pem-
brolizumab who experienced a severe infection and respiratory distress 
syndrome that was complicated by acute renal damage, all of which led 

to his admission to intensive care (ICU). The patient was released after 
three months with the aid of extended recovery [32]. 

Two newly released case reports identified two patients with anti- 
PD-1-treated melanoma who had fully healed from COVID-19 after 
exhibiting mild infection symptoms [33]. Recently, the biggest study on 
patients with cancer and COVID-19 has been completed. The research 
team examined results from the COVID-19 and Cancer Consortium 
(CCC19) databases on more than 900 patients with current cancer or 
previous malignancies in order to better understand the results and 
make predictions [34]. Less than 4% of patients were offered any 
treatment that included immunotherapy (including checkpoint in-
hibitors and allogeneic hemopoietic stem-cell transplant and adoptive 
cellular therapy). Of the 928 patients seen, 38 were diagnosed with 
melanoma [34]. Prognostic factors that were significantly associated 
with a 30-day mortality risk of two times higher were: age older. For 
males, the chance ratio is 1.63 (CI: 1.07–2.48). Also, the odds ratio per 
10-year age increment is 1.84 (95% CI: 1.53–2.21) [34]. Regrettably, 
there was no study of the relationship between various kinds of therapies 
obtained (such as immunotherapy) and the incidence of COVID-19 [34]. 

One of the most comprehensive reported series recorded the results 
of 41 of the 69 consecutive lung cancer patients who received anti-PD-1 
treatment [35]. According to the TERAVOLT database, there was no 
connection between the kind of anti-cancer treatment obtained and 
COVID-19-induced death in 147 patients with thoracic cancer. Con-
ventional treatments include, but are not limited to, chemotherapy, 
tyrosine kinase inhibitors (TKIs), chemotherapy coupled with ICIs, and 
ICIs used alone as monotherapy [36]. Mengyuan Dai et al. found that a 
restricted number of patients in a series of 105 cancer patients who were 
administered immunotherapy had significant COVID-19 severity and 
death rates [37]. These contradictory observations from the data 
available to date illustrate the critical need to collect further data in 
order to draw accurate conclusions. In a comprehensive prospective 
study to monitor tumor immune response to SARS-CoV-2, the 

Fig. 3. Using the innate effector lymphocyte natural killer (NK) cell, potential immunotherapeutic techniques for cancer treatment have been identified. 6 major 
strategies are highlighted to increase the effector activity of NK cells and assist in the targeting of cancer cells. Some are clinically licensed, such as cytokines and 
immune checkpoint inhibitors, whereas others are still in the pre-clinical stage. To improve the effectiveness of these therapies in solid tumors, further research is 
required [39]. 
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CAPTURE-COVID-19 antiviral response was measured across all forms 
of cancer. It was shown that in many cancers, the immune response is 
dramatically impaired, and new infections are more common [38]. 

Several clinical studies have begun recruiting patients who have 
been diagnosed with COVID-19 because of the anti-PD-1 drug’s poten-
tial to restore cellular immunocompetence. In patients with COVID-19 
sepsis, the clinical efficacy of anti-PD-1 Camrelizumab will be exam-
ined in combination with thymosin, an immunomodulatory medication, 
rather than using the standard therapy (NCT04268537) [8]. A phase-II 
randomized trial named IMMUNONCOVID (NCT04333914) is con-
ducted in patients with cancer and SARS-CoV-2 illness. It aims to 
examine how well chloroquine analog (GNS561), an anti-PD-1 (Nivo-
lumab), and an IL-6 receptor (Tocilizumab) perform versus the accepted 
standard of care. The standard of treatment of patients with COVID-19 
who require hospitalization is being studied in a phase-II clinical trial 
(NCT04343144) [8]. Nivolumab’s effectiveness in clearing SARS-CoV-2 
in patients with moderate or asymptomatic disease is tested in a pilot 
study (NCT04356508). The COPERNICO study is a multicenter, two-arm 
phase-II trial evaluating Pembrolizumab plus Tocilizumab against the 
standard of treatment (NCT04335305) in patients with 
COVID-19-related pneumonia who have not adapted to frontline medi-
cation [8]. 

4. PD-1 and CTLA-4 

PD-1, or CD279, is a protein that is present on the surface of cells and 
influences T-cell immunological functions, decreasing immune system 
responses while increasing self-tolerance [40]. PD-1 (Programmed cell 
death), or apoptosis, is triggered in the lymph nodes of patients treated 
with PD-1, an immune checkpoint inhibitor while restraining the impact 
on regulatory T-cells (anti-inflammatory, suppressive T-cells) [41]. The 
PD-1 receptor is located on the cell membranes of CD8+ and CD4+

T-cells. In the case of PD-1 and PD-L1/PDL2, the PD-1/PDL1 pathway 
prevents T cells from responding to the threat by tying PD-1 to its ligands 
(PD-L1 and PD-L2), which are found on both the tumor and peripheral 
tissues. The PD-L1 expression is also associated with the induction of 
IFN-secreting T-cells [42]. Moreover, significant increases in the levels 
of GITR, sTim-3, CD27, sPD-1, and sLAG-3 on the surface of CD4 and 
CD8 T-cells were seen in severe cases of the disease, as opposed to milder 
cases [43]. 

When the PD-1/PD-L1 axis is inhibited, the theory is that it will 
enable the T cells to identify better and destroy tumor cells. It is sug-
gested that PD-1, which regulates T-cell responses, is more prevalent on 
CD8+ T-cells in chronic infections or cancers [44]. T-cell exhaustion has 
been demonstrated to result from continuous PD-1 expression, and it 
impairs the ability to combat infectious cells [45]. Because CD8+ T-cells 
produce IFN-γ and CD4+ T-cells secrete Th-1 and Th-2 cytokines, in 
addition to cytotoxic T-cells, the CD8+ and CD4+ effector T-cells must be 
known if COVID-19 patients are to eliminate and remove viral particles 
effectively [46–48]. COVID-19 patients may show a decrease in 
lymphocyte percentage, although it is correlated with an equivalent 
percentage of CD4+ and CD8+ T-cells. There is an abundance of CD8+

T-cells, with high levels of the late activity marker CD25, as well as an 
increase in PD-1 levels when T-cell exhaustion occurs. Since SARS-CoV-2 
has the ability to affect the acquired immune system, including B and T 
cells, the virus may affect these cells [49]. Monocytes express PD-1 on 
their surface, and when PD-L1 binds to it, which happens as a result of 
the PD-L1/PD-1 complex, they release IL-10, which limits the ability of 
CD4+ T cells to respond [50]. Despite the presence of the PD-1/PD-L1 
axis, which is often implicated in chronic viral infections, no studies 
have yet examined the impact of this axis on acute viral infections. It is 
uncertain since checkpoint molecules have not been well controlled in 
T-cell dysfunctions [44,51]. 

CD95 (Fas) and PD-1 expression have also been seen in COVID-19 
patients with increased CD4+ and CD8+ T-cells. This connection 
further indicates that regulatory molecules during COVID-19 infection, 

which causes an increase in the percentage of naïve T-cells, are associ-
ated with the cell death of antigen-activated T-cells, which in turn re-
duces the number of CD4+ T-cells [52]. Furthermore, patients diagnosed 
with COVID-19 exhibit lymphocytopenia and low lymphocytes, B cells, 
and T cells. Despite this, they contain high IL-6, IL-10, and TNF-α and 
increase exhaustion markers such as PD-1 and Tim-3, which reduce 
T-cell activity and subsequently memory T-cell function [53,54]. While 
in COVID-19 patients, a rise in the percentage of monocytes, neutro-
phils, and natural killer cells (NK cells) that are essential for cytokine 
storm (CS) has been observed [55]. In chronic viral infections, such as 
HIV, it has been suggested that changes in the PD-1/PD-L1 pathway are 
an indication of monocytes reconfiguring and dendritic cells (DCs) 
responding to viral infection via STAT3-dependent IL-10 production 
[56]. More importantly, the PD-1/PD-L1 axis may be implicated in 
causing severe viral infections and monocyte reconfiguration in 
COVID-19 patients with elevated IL-10 levels [57]. 

In contrast to a healthy human, COVID-19 patients’ neutrophils 
cannot control the release of PD-L1 on the surface of immune cells, 
resulting in low PD-L1 expression. On all monocytes and DCs, patients 
with more extreme conditions had higher PD-L1 expression (Fig. 4) [57]. 
A considerable rise in PD-1, perforin, and granzyme B expression was 
seen in CD4+ or CD8+ T cells after three weeks of initiating treatments in 
those who had the most severe clinical symptoms [58]. A strategy that 
can reduce and inhibit both the inflammatory cascade and the genera-
tion of fatigued T-cells is the best way to treat COVID-19 and target PD-1 
[31]. It is possible to reach this goal by using both anti-PD-1 and 
anti-IL-6R simultaneously. 

CTLA-4 has been identified as an inhibitory immune checkpoint 
molecule, but the mechanisms underlying its function remain unclear 
and may include many overlapping mechanisms [59]. This molecule 
prevents CD28’s excitatory response by linking to CD86 and CD80 li-
gands, which are both active in the initial excitatory phases of immature 
and memory T cells [59]. CTLA-4 is capable of forming stronger bonds 
with these other ligands when ligand density is low. In contrast to 
CD28’s monovalent association with its associated ligands, this attach-
ment is improved by utilizing the B7 ligand to create network structures 
[59]. As a consequence, CTLA-4 casts CD28 out of the immunological 
synapse [59]. This molecule often sends inhibitory messages to T-cells, 
preventing them from activating; this, in turn, causes the ligands to be 
lost by endocytosis on antigen-presenting cells [60,61]. To create 
CTLA-4 signaling, which could then activate ligand-expressing cells and 
block both regulatory and effector T-cells, the CTLA-4 proteins were 
fused to B-7 ligands [62,63]. 

Dendritic cells activate T cells via promoting T-cell activation 
through CTLA-4. When antigen-presenting cells are present, T-cells are 
prompted to act. When two cell types, such as the MHC class I antigen 
complex on dendritic cells and CD28 on T cells, are joined, this prompts 
the T-cell activity to begin [64]. The T cell surface protein CTLA-4 has a 
higher affinity for B7 than CD28 and is associated with suppressing T cell 
responses and stimulating T cell activity [65]. As a result, preventing the 
pathways correlated with CTLA-4 enhances T cell activity by allowing 
B-7 to become available [59]. Ligands are only seen on T-cells expressing 
the CTLA-4 protein, which is found only on T-cells [59]. 

5. Conclusions 

Concerning the identified cancer entities, our current understanding 
of the mutual effect of cancer and COVID-19 is minimal and inconsis-
tent. ICI was first developed and is now widely utilized as a first-line 
treatment for skin cancer; research on the results of melanoma pa-
tients treated with ICI and COVID-19 is now rising [8,69–72]. As most 
frequently reported experiences, people encounter various kinds of 
cancer, including the aforementioned hematological malignancies and 
gastrointestinal, bladder, and lung cancers. COVID-19 tends to be more 
severe in lung cancer cases and is possibly attributed to preexisting lung 
injury from previous surgical treatments and a lengthy smoking 
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background [36,37,73]. According to our in-depth examination of the 
most recent review, cancer therapies that target PD-1, PD-L1, and/or 
CTLA-4 aren’t likely to help patients become infected with SARS-CoV-2. 
Though ICI use in cancer patients with COVID-19 has not yet been 
shown to cause mortality or morbidity with SARS-CoV-2 infection, it is 
unclear whether the ICI will raise these issues. From a practical stand-
point, and in light of ICI’s mode of action, this strategy tends to be safe 
for cancer patients who already have SARS-CoV-2 infection [22,74–77]. 
Consequently, it may be contraindicated for patients with malignancies, 
particularly those with distant metastases undergoing ICI cancer treat-
ment [72,78]. A newly released study on the NHS England website 
updated the recommended treatments for patients receiving care during 
the COVID-19 epidemic. According to their recommendations, chemo-
therapy should only be used for first-line malignancies if ICI mono-
therapy has already been started [79]. 

ICI may be administered for longer durations if in-label and recom-
mended because the chance of harmful effects on healthcare workers 
and other patients is lower in this case [79,80]. Home-based infusion 
could be an alternative for managing cancer patients throughout this 
pandemic in rare cases. Those who want to go off of ICI treatment for an 
extended period or discontinue ICI care in regions more susceptible to 
COVID-19 may also consider doing so [80]. The European Society for 
Medical Oncology (ESMO), the National Comprehensive Cancer 
Network (NCCN), S.H. Nahm et al., and Brian C. Baumann et al., both 
with an emphasis on melanoma treatment throughout the pandemic, 
have released guidance and suggestions, which were recently outlined 
by Ömer Faruk Elmas et al. [81–85]. The alternative approach to ICI care 
may include supplementary immunosuppressive therapies, which may 
help control the ICI-related immune-related adverse events (irAEs), 
including SARS-CoV-2 infection. Furthermore, asymptomatic COVID-19 
patients may need immunosuppressive therapies. While some 

immunosuppressive drugs (e.g., corticosteroids, TNF-blockers, and 
IL-6-blockers) may cause severe lymphopenia in this instance, there are 
alternatives to these immunosuppressive medicines that don’t nega-
tively impact white blood cell counts. Still, because ICI-associated irAEs 
patients are taking immunosuppressants to treat SARS-CoV-2 infections, 
doctors who care for these patients should be on the lookout for symp-
toms or indications of a SARS-CoV-2 infection or a worsening of un-
derlying COVID-19 [86]. 

Even though ICI is not known to cause immunosuppression in and of 
itself, excluding it from cancer patients’ regimens in order to prevent 
SARS-CoV-2 infection is a missed opportunity [22,23]. If the 
SARS-CoV-2 infection spreads further, the consequences of a lack of 
high-level oncology treatment would undoubtedly outweigh a 
COVID-19 disease in cancer patients [87]. Indeed, epidemiological ex-
trapolations expect a 20% rise in cancer mortality due to the COVID-19 
pandemic, owing mainly to delays in detection and care [88]. As a 
result, the possibility of developing COVID-19 or triggering an existing 
infection must be weighed against the risk of cancer progression [10,22, 
69,89–91]. Finally, there is growing evidence that ICI may help fight 
tumors and SARS-CoV-2 infections. At the moment, the clinical trial 
activity includes those mentioned above. Cases of T-cell exhaustion, 
such as those seen by cancer and SARS-CoV-2 patients, are said to be 
quite common. 
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Fig. 4. A strategy for producing personalized viral-specific T cells as a possible therapeutic for preventing and/or treating SARS-CoV-2 infections in susceptible 
communities, including cancer patients. SARS-CoV-2 peptides are pulsed into an individual’s monocytic-DCs and are then used to prime the same individual’s T cells, 
resulting in SARS-CoV-2-specific T cells. These T cells may be cryopreserved or infused into the vulnerable individual as prevention or treatment against COVID- 
19 [66–68]. 
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