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1. Introduction

In early December 2019, the coronavirus family again became a con-
troversial andmajor public health issue all over theworld, because of its
newest member, called severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), which caused coronavirus disease 2019 (COVID-19)
[1,2]. Members of the coronaviridae family are large, enveloped,
single-stranded RNA viruses. They have a spherical morphology, with
numerous large glycoprotein spikes on their envelope [3,4]. As noted
in earlier reports, COVID-19 originated in Wuhan, Hubei Province in
China, where bats were considered to be the possible primary host.
Studies are currently ongoing to shed light on this issue, and to find
the intermediate host through which COVID-19 was transferred to
humans. A high rate of human to human transmission was established
at the beginning of the outbreak [5]. In humans, the respiratory tract is
usually affected by Human Coronaviruses (HCoV), while themost com-
mon reported symptoms, are fever, cough, rhinorrhea, sore throat, and
loss of sense of smell [6,7]. Patients with cancer are thought to be at
higher risk of infection with SARS-CoV-2, and for developing more se-
vere phenotypes of COVID-19 [8]. Therefore, patients with cancer
need emergency treatment for COVID-19. Meanwhile, there are several
ongoing clinical trials for the management of COVID-19 in cancer
patients.

2. T cell count in patients with COVID-19

T lymphocytes play an essential role to attack and destroy tumor
cells and virus infected normal cells [9,10]. Tumor-associated antigens
(TAA) are expressed on tumor cells, and can be derived from any pro-
tein or glycoprotein, which T cells are able to recognize as foreign [11].
CD8+ cytotoxic T cells play a key role in antitumor immune response,
while CD4+ T cells play a complementary role in the recognition of
tumor cells [10]. The tumor microenvironment (TME) can suppress
the immune system via a variety of mechanisms. For instance, alter-
ations in the numbers of peripheral T cells are one consequence of sig-
naling by the TME. As the cancer progresses, the percentage of
exhausted T cells expands, and since they are no longer able to produce
effector cytokines, the expression of inhibitory receptors is increased
[12]. The interaction between inhibitory receptors such as PD-1/PD-L1
expressed on Treg cells within the TME, and CD8+ T cells inhibits the
proliferation of cytotoxic T cells [13]. On the other side, recent evidence
has shown critical alterations in T cell function and numbers during
COVID-19 infection. It has been shown that patients with COVID-19 dis-
play lymphopenia, which is leads to a low total number of T cells, in-
cluding CD8+ T cells and CD4+ T cells [14]. Furthermore, T cells with
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an exhausted phenotype have been observed during both acute and
chronic viral infections, and the percentage of PD-1 and Tim-3
expressed on the T cell surface is increased in symptomatic stages of in-
fection . Detailed studies have shown that >70% of patients in the initial
stage of COVID-19 infection experienced a reduction in CD4+ and CD8

decrease of up to 95% in total T cell counts [9] (Fig. 1).
According to the results of previous studies the major immunologi-

cal abnormalities in patients with severe COVID-19, include depletion
of CD4+, CD8+ T cells, and natural killer (NK) cells leading to lympho-
penia [15]. Therefore poor outcomes such as mortality, ARDS, and ICU
admission could be expected in severe COVID-19 patientswith lympho-
penia [16,17]. On the other hand, lymphopenia may increase the risk of
hospitalization and emergency medicine [18]. Some therapeutic ap-
proaches have been recommended to prevent lymphopenia in COVID-
19 patients. IL-7 therapy is one example, which could be used to restore
the lymphocyte count (more than 2-fold) in COVID-19 patients [19].
Based on previous clinical trials, administration of recombinant
human IL-7 (rhIL-7) is now available for patients with cancer, which
leads to an increase in peripheral CD3+, CD4+, and CD8+ lymphocytes
[20]. it is well known that some types of cancer treatment, like chemo-
therapy or radiation therapymay cause lymphopenia in cancer patients
[21-23]. For example, severe treatment-related lymphopenia (TRL) has
been reported inmore than 40% of patients receiving combined chemo-
radiation treatment, which negatively influenced survival because of
further tumor progression [15]. Hence, it is considered likely that the
risk of COVID-19 infection may be higher in cancer patients.
3. COVID-19 in patients with cancer

Patients with cancer are considered to be more susceptible to
COVID-19 infection, due to the disease itself or to the effects of antican-
cer therapy [8]. Of note, the symptoms of COVID-19 have been shown to
be more severe among patients with cancer [24]. The following patho-
logical features, including alveolar damage with fibrin rich hyaline
membranes, the presence of multinucleated giant cells, chest radio-
graphs showing patchy consolidation in the lungs with ground-glass
opacity (GGO) have been reported in COVID-19 patients with cancer
[8,25]. However, hyaline membrane formation was not observed in
two COVID-19-infected lung cancer patients, which suggested they
could be pre-symptomatic COVID-19 cases [26]. Despite the high sus-
ceptibility of patients with cancer to COVID-19, in a study conducted
at the Institute of Cancer and Genomic Sciences, University of Birming-
ham, there was no difference between the high mortality rates of
COVID-19 in patients who were receiving cancer therapy and those
not on active treatment [27].

Furthermore, a cohort analysis was performed by the National Can-
cer Institute (NCI) to determinehowCOVID-19 affected the outcomes of
patients undergoing cancer treatment, and whether being diagnosed
with cancer affected COVID-19. Two thousand adult patients with can-
cer were included in this trial. The study gathered information and
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Fig. 1. SARS-CoV-2 stimulates lymphocytes and other immune cells to produce pro-inflammatory cytokines, such as IL-6 and IL-1, which produce a condition, named the cytokine storm.
This situation leads to acute respiratory distress syndrome (ARDS) in COVID-19 patients.
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blood samples from patients with hematopoietic and lymphoid cell
neoplasms, malignant solid neoplasms, and metastatic malignant solid
neoplasms [28]. Another clinical study at the Peter MacCallum Cancer
Centre contains 2282 cancer patients who are following a special proto-
col, In that study, three standard agents are being used, including
Interferon-α (IFN-α), Selinexor, and Lenzilumab. The aim of that
study was to provide practical guidelines for prevention and treatment
of COVID-19 in patients with cancer [29].
4. Type of cancer and severity of COVID-19 symptoms

The progression or further deterioration of COVID-19 patients de-
pends on the type of cancer they are suffering from. Hematologic can-
cers and lung cancer are considered the deadliest cancer types, with
the highest severity and death rates in patients who suffer from both
cancer and COVID-19 infection. Hematologic cancer is considered to
be the worst cancer type for concomitant COVID-19 infection, because
of the severe immunosuppression it can produce [30].

Non-small-cell lung cancer (NSCLC) is the most prevalent form of
lung cancer, and is associated with severe hypoxia [31]. Hypoxia is
one of the prominent features of the TME in solid tumors. Cancer cells
show increased consumption of oxygen due to their rapid proliferation,
resulting in reduced oxygen levels in regions of solid tumors. In fact,
hypoxic regions lead to necrosis and tumor progression, and can make
the tumor cells resistant to radiotherapy and chemotherapy [31,32].
Hypoxia not only occurs during lung cancer, but it is also a consequence
of the COVID-19 infection. Some symptoms of coronavirus infection like
pneumonia, result inmore pronounced respiratory failure [33]. Patients
with COVID-19 infection, especially elderly individuals, can also experi-
ence the condition named “silent hypoxia” [34]. Unfortunately, silent
hypoxia in the initial stages of COVID-19 pneumonia can be without
any noticeable signs, since patients often have only mild difficulty in
breathing. When the pneumonia is severe, patients find it difficult to
breathe, and may need hospital admission. Unlike other types of pneu-
monia, the alveoli in COVID-19patient lungs are deflated down to a very
358
small volume and cannot absorb oxygen from the inhaled air. However,
there is no fluid or pus in the lungs which still normally remove carbon
dioxide. Rapid diagnosis of silent hypoxia is critical to prevent the pneu-
monia from progressing to a severe type [35]. According to a study by
Xie et al., severe lymphopenia and high levels of C-reactive protein
(CRP) are related to the severity of hypoxemia and the mortality rate
in these patients [36].

However, there is no agreement about the course of COVID-19 infec-
tion in patients with lung cancer. Some studies asserted that it may be
longer and more severe, while others held the opposite view [37-39].
Lung cancer could be more dangerous than other solid tumors in
COVID-19 patients, because of the pre-existing lung dysfunction. Fur-
thermore, primary or metastatic lung tumors could make patients
more vulnerable to rapid decline and death [30].
5. CAR T cell cancer therapy in the COVID-19 setting

Chimeric antigen receptor (CAR) T cell is a promising new treatment
for cancer. Unfortunately, the COVID-19 pandemic has had a negative
impact on CAR T cells, as it has had on other cellular therapies [40]. De-
spite the impressive results of CAR T cell therapy on various types of
cancer, it also has some serious adverse effects, such as cytokine release
syndrome (CRS) and neurotoxicity [41]. CRS, also known as cytokine
storm syndrome (CSS) or hypercytokinemia, is a systemic inflammatory
response that must be managed in order to avoid tissue damage, and to
allow the therapy to continue for a sufficient time [42-44]. CRS is caused
by treatments like CAR T cell therapy and certain other drugs [43]. The
cytokine storm is also able to stimulate the acute respiratory distress
syndrome (ARDS), which is a leading cause of death in patients with
COVID-19 [30]. CRS frequently reaches its peak level some days after
the CAR T cell infusion, along with profound shock and multiple organ
dysfunction syndrome (MODS), which can become a life-threatening
issue [45]. High levels of IL-6, IL-10, and interferon (IFN)-Υ are detected
in the serum of CRS patients, and IL-6 is the most important cytokine
[43]. COVID-19 patients in dire need of ICU support have shown higher
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concentrations of IP10, MCP1, MIP1A, and TNFα. The cytokine storm
would be expected to be correlated with disease severity [46]. Elevated
IL-6 levels in COVID-19 can lead to respiratory failure, ARDS, and ad-
verse clinical outcomes [47]. Some treatment approaches are now
being considered for reduction of CNS toxicity in COVID-19 patients, in-
cluding administration of tocilizumab or Ibrutinib [48,49]. Unfortu-
nately, COVID-19 pneumonia is accompanied by mild or severe
cytokine storms in late-stage disease, which may result in the death of
the patient. IL-6 is important in CRS in COVID-19 patients, because the
treatment outcome of severe COVID-19 patients can be predicted via
the degree of inhibition of the IL-6 signal transduction pathway [50].

Patients treated with CAR T cells are priority candidates for alloca-
tion of healthcare resources, such as ICU beds, dialysis machines, and
ventilators, if they have been exposed to COVID-19. Logistical and trans-
portation resources are potential limitations in the delivery of CAR-T
products, and will restrict the accessibility of CAR T cell therapy for
COVID-19 patients. As a result, alternative cancer treatments should
be suggested for patients who live in countries, regions, or communities
with a high prevalence of COVID-19 [51].

On the other hand, secondary hematophagocytic lymphohistiocytosis
(HLH) is a condition that should be considered, because it may occur in
patients with CRS due to COVID-19. An interleukin-1 (IL-1) receptor an-
tagonist called anakinra, is under study to treat SARS-COV-2 with HLH
[52]. Thus, patients who have been treated with CAR T cells can be faced
with a serious hurdle, if they are infected with COVID-19 [53]. Further-
more, in immunotherapy, treatment-related toxicity is accompanied by
a high release of cytokines that cause an inappropriate environment for
lung epithelial cells. It is important to note that these findings are not
yet conclusive, because larger sample sizes areneeded to confirm the gen-
eralizability of the results [30]. There is an ongoing trial to test the efficacy
and safety of NKG2D-ACE2 CAR-NK cells in COVID-19 patients. A phase I/
II clinical trial is being conducted on a large group of patients (90 partici-
pants). Several features make NKG2D-ACE2 CAR-NK cells ideal for
treating COVID-19 patients. This new CAR T cell preparation seems to
be safe, with less severe side effects such as CRS, and shows increased ac-
tivity, with improved pharmacokinetic properties. NKG2D-ACE2 CAR-NK
cells show longer persistence and enhanced target cytotoxicity compared
to other CAR-T cell types. NKG2D-ACE2 CAR-NK cells can be directed
against the S protein of SARS-CoV-2, and NKG2DL on the surface of in-
fected cells [54]. Efforts are being continued to find an improved solution
for the treatment of COVID-19 in cancer patients.
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