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a  b  s  t  r  a  c  t

The  outbreak  of  the  new  coronavirus  disease  (COVID-19),  caused  by  the  severe  acute  respiratory  syn-
drome  coronavirus  2 (SARS-CoV-2),  has  rapidly  become  a public  health  emergency  of  international
concern,  especially  affecting  the  elderly  people  and  patients  with  chronic  disease,  such  as  hyper-
tension  and  respiratory  syndromes.  Patients  undergoing  chemotherapy  treatment  (e.g.,  bleomycin,
cyclophosphamide,  methotrexate,  monoclonal  antibodies,  and  paclitaxel  therapy)  are  vulnerable  to  the
development  of respiratory  syndromes  induced  by chemotherapeutic  agents  and  are  also  more  suscepti-
ble to  viral  infections  as they  are  immunosuppressed.  Neutropenia  is  an  important  risk factor  for  increased
vulnerability  to infections,  as a respiratory  syndrome  involves  an  array  of immune  cells  maintaining  the
balance  between  pathogen  clearance  and  immunopathology.  However,  the  differential  diagnosis  of  pul-
monary  symptoms  in  cancer  patients  is  broad,  with  complications  being  related  to  the  malignancy  itself,
treatment  toxicity,  and infections.  The  risk  factors  depend  on the  specific  type  of  cancer,  chemother-

apy,  patient  characteristics,  and  comorbidities.  Thus,  this  review  discusses  the main  events  implicated  in
immunosuppression  caused  by chemotherapy  and  radiation  therapy  and  the  association  of  immunosup-
pression  and  other  factors  with  SARS-CoV-2  infection  susceptibility  in  cancer  patients;  and,  importantly,
how  to  deal  with  this  situation  in  face  of  the  current  pandemic  scenario.

© 2021  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of  King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
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SARS-CoV-2 infection

The outbreak of coronavirus disease (COVID-19), caused by a
novel coronavirus severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), was first reported in the Hubei Province, China.
Since then, COVID-19 has rapidly spread around the world. The
increasing number of cases and deaths worldwide has forced many
countries to go into lockdown in an attempt to contain the spread
of the virus. As of August 10th, 2020, more than twenty million con-
firmed cases of the disease have been globally recorded, with nearly
700 thousand deaths. Owing to the markedly high transmission
capacity, the World Health Organization declared COVID-19 a pub-
lic health emergency of international concern, and every country
implemented community mitigation strategies to slow the spread
of the pandemic.

The disease caused by SARS-CoV-2 is pathogenically similar to
that caused by the severe acute respiratory syndrome coronavirus
(SARS-CoV) and Middle East respiratory syndrome coronavi-
rus (MERS-CoV) [1]. A phylogenetic analysis of the coronavirus
genomes indicated that SARS-CoV-2, SARS-CoV, and MERS-CoV,
were all members of the �-coronavirus genus and were included in
the �-coronavirus 2b lineage, which includes viruses that generally
infect the mammals and humans [2].

The viral attachment to the host’s cell membrane is a critical
initial step. A homotrimer spike glycoprotein on the virus surface
mediates the coronavirus entry by binding to the metallopeptidase
angiotensin-converting enzyme 2 (ACE2) receptors [3] which are
expressed in the kidney, heart, blood vessels, gastrointestinal tract
cells, and alveolar epithelial cells, which are particularly susceptible
to viral infection [4]. Additionally, ACE2 was previously recog-
nized as the functional receptor for SARS-CoV. Besides, atomic-level
structural information has shown that SARS-CoV and SARS-CoV-2
display similar spikes and receptor binding domain sequences [5].

COVID-19 spreads by direct contact, respiratory secretion, and
droplets. The rapid and persistent viral replication contributes
to cellular apoptosis and subsequent cytokine storm [6]. Patients
with severe COVID-19 generally have a hyperactivated inflam-
matory status, with increased interleukin 1� (IL-1�), IL-4, IL-6,
interferon � (IFN-�) and interferon-inducible protein 10 (IP-10)
levels, for example, associated with interstitial pneumonia, alve-
olar damage, and respiratory failure [7]. Indeed, studies on host
immune responses to COVID-19 shown that approximately 80% of
the patients develop peripheral blood lymphopenia, which sug-
gests cellular infiltration and lung injury through apoptosis [8].
By analyzing the cytometric data, a study reported that patients
with COVID-19 showed decreased CD4/CD8 levels in addition to
increased CCR6+ Th17 cell counts among the CD4 + T cells and lym-
phocyte lung infiltration [9]. However, the disease progression, as
well as the cellular ratios, can change depending on the infection
complexity. Nonetheless, evidence regarding infection susceptibil-
ity and disease development is growing.

So far, it appears that intrinsic host factors may  influence a
patient’s susceptibility to COVID-19 [10]. For example, older peo-
ple, those with comorbidities, such as hypertension and diabetes,
and cancer patients undergoing chemotherapy and radiotherapy,
may  rapidly develop acute respiratory distress syndrome and have
a higher risk of death [11]. On the other hand, many have con-
centrated on examining the role of genetic predisposition, such
as differences in leukocyte antigen genes and blood type, or the
expression levels of tissue proteins, among others, as factors result-
ing in higher SARS-CoV-2 infection susceptibility, and a worse
disease outcome [12]. However, further research is still required.
From this standpoint, several factors typically increase infection
risk in patients receiving cytotoxic chemotherapy and radiother-
apy due to immune system impairment. In general, cancer patients
are more vulnerable to COVID-19 [13]. Furthermore, the rapid
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isease spread and reduced ability to receive hospital and/or med-
cal services required due to the outbreak may be concerning
or patients with cancer. Considering the factors above, and to
etter understand the impact of COVID-19 in patients with can-
er, the mechanisms involved in immunosuppression caused by
hemotherapy and radiation therapy, and its relationship to SARS-
oV-2 infection susceptibility will be discussed.

hemotherapy and radiotherapy-induced
mmunosuppression and lung injury

Cancer is a significant public health issue worldwide, with an
stimated 18.1 million new cancer cases in 2018. Lung cancer is
ne of the most common malignancies in both males and females
nd is associated with a high death rate [14]. In general, the
herapy strategy includes chemotherapy, radiation, and surgery
hen appropriate. The development of the first chemotherapy

gent in 1940, nitrogen mustards [15], improved the cancer treat-
ent protocols regarding tumor development, metastasis, cancer

elapse, and overall mortality. Since then, positive impacts on lifes-
an, quality of life, and life expectancy of cancer patients have
een reported [16]. However, many classes of chemotherapies
nd ionizing radiations have a number of adverse side effects,
ncluding significant acute and/or chronic lung injuries such as
cute bronchoconstriction, interstitial pneumonitis, pulmonary
eno-occlusive disease, pulmonary hypertension, bronchiolitis
bliterans, organizing pneumonia, intra alveolar fibrosis, and res-
iratory failure. Herein, we  will discuss the mechanism under
hemotherapy- and radiotherapy-induced immunosuppression
nd lung injury.

hemotherapy

Chemotherapeutic drugs reported to induce pulmonary toxicity
nclude: (i) antitumor antibiotics; (ii) alkylating agents; (iii) plati-
oids; (iv) antimetabolites; (v) nitrosoureas; (vi) receptor tyrosine
inase inhibitor; (vii) topoisomerase inhibitor; (viii) proteasome
nhibitor; (ix) mTOR inhibitors; (x) taxanes; (xi) monoclonal anti-
odies and (xii) immune checkpoint inhibitors [16].

The main mechanism involved in pulmonary morbidities
nduced by chemotherapy comprises the induction of DNA  dam-
ge, inflammation, oxidative stress, senescence, and cell death. This
eads to an impaired physiological condition with subsequent lung
njury [17]. Some studies have reported the involvement of tumor
ecrosis factor-� (TNF-�), IL-1�, IL-6 and IL-23, T-lymphocytes,
acrophages, neutrophils, and eosinophil infiltration in alveoli

nflammation (alveolitis), in addition to an over-proliferation of
broblasts and excess collagen deposition [18,19]. Fibrosis devel-
pment has been associated with an increase in transforming
rowth factor-� (TGF-�) release due to a sustained pulmonary
nflammatory environment attributed mainly to IL-1� [20].

Additionally, the pulmonary toxicity of the immune checkpoint
nhibitors (PD-1 inhibitors: Pembrolizumab and Nivolumab) and
nti-CTLA-4, are related to an overstimulation of the immune sys-
em on the effector T cells and release of cytokines in the lung in
p to 9% of patients [21]. Nevertheless, even after treatment dis-
ontinuation, the risk of pneumonitis extends for up to 24 months
21,22]. Overall, pneumonitis incidence may  be potentially higher
hen the therapeutic strategy includes drug association.

Pneumonitis and fibrosis are the main representative condi-
ions induced by bleomycin, an antitumor antibiotic. Notably, up

o 10% of the patients develop the clinical pulmonary disease, with

 mortality rate of nearly 20% [23]. Patients may  also develop orga-
izing pneumonia and interstitial lung disease, which is clinically
anifested by fever, dry cough, and dyspnea [24].
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Immunological and non-immunological factors are mecha-
nistically involved in taxane-induced pulmonary toxicity. The
impairment of the helper/suppressor T cell ratio in paclitaxel
monotherapy and depletion of CD4+ T, CD8+ T, natural killer cells,
and B cells on the administration of paclitaxel in combination with
radiation can result in susceptibility to infection and pneumonia
[25,26]. These alterations create the basis for the establishment and
progression of opportunistic infections and interstitial pneumo-
nia [26]. Paclitaxel also increases the alveolar capillary membrane
permeability, thus, resulting in several adverse effects, including
pulmonary diffusion dysfunction [27].

Myelosuppression can also occur in patients with cancer who
are undergoing chemotherapy. These drugs are cytotoxic to tumor
cells but often affect the healthy cells under mitosis, includ-
ing the bone marrow cells, which are mitotically active [28].
Decreased neutrophil counts are often accompanied by decreased
hematopoietic cell counts (hemoglobin level and platelet count)
[29]. Immunoglobulin production and the T lymphocytes, mono-
cytes/macrophages, and complement cascade are also negatively
affected by chemotherapy treatment with almost all classes
of anti-cancer drugs [30]. During immune suppression, type
2 macrophages, IL-1, IL-10, TGF-�, and PGE2 are significantly
involved in the local and systemic suppression of the Th1 and Th2
responses, and, consequently in bacterial, viral, and fungal infec-
tions [30].

Radiotherapy

The lung is a radiosensitive organ, thus radiation induce-
pneumonitis and -pulmonary fibrosis are the most common
pulmonary side effects in radiotherapy. Pneumonitis, which is char-
acterized by extensive lung inflammation, is the most common
pulmonary toxicity and affects up to 15% of the irradiated patients
with high doses soon after the termination of treatment. Moreover,
pneumonitis progresses to lung fibrosis in some patients. Many fac-
tors influence the pulmonary toxicities induced by radiotherapy,
such as the volume of lung irradiated, in cases of lung cancer; dose
regimen; and radiation therapy combined with chemotherapy [31].
Patients exposed to radiation may  develop pneumonitis within 2–4
months of treatment [32].

The damage induced by radiation to the epithelial cells induces
the production of oxygen reactive species and DNA damage [33].
This event triggers an early immune response by the secretion of
pro-inflammatory cytokines, such as IL-1 and TNF-�, through acti-
vation of the nuclear factor kappa-B (NF-�B) signaling pathway
[34]. This molecular cascade recruits immune cells such as lym-
phocytes, which were involved in early lung inflammation [33]. If
lung injury persists, it evolves to lung fibrosis. The regulatory t cells
(Treg) play an essential role in the modulation of pulmonary fibrosis
induced by radiation. Treg promotes the accumulation of fibro-
cyte; �-catenin-mediated epithelial-mesenchymal transition; shift
Th1/Th2 cytokine balance, increasing the secretion of pro-fibrotic
cytokines; and suppress Th17 response [31]. Besides, radiation
therapy also stimulates the secretion of TGF-�, which contributes
to the development of lung fibrosis [32].

The clinical management of patients suspected of having pul-
monary disease related to chemotherapeutic drug or ionizing
radiation use involves dose reduction, treatment delay, and drug
withdrawal or drug substitution to avoid permanent complications
[16]. Ideally, the patient’s cancer stage and type must be considered
in therapeutic decision-making. As the host’s defense mechanisms
of patients under chemotherapy and radiotherapy are already com-

promised by the malignancy itself, an infection, together with
pulmonary toxicity, may  be potentially critical and affect the course
of treatment, tumor progression, and patient survival. Accordingly,
this is now to be discussed.
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ARS-CoV-2 infection in patients undergoing chemotherapy
nd radiotherapy

As highlighted previously, patients with cancer who are under-
oing chemotherapy and/or ionizing radiation are more susceptible
o SARS-CoV-2 infection because of their immunosuppressive state.
onsequently, this specific subgroup might be at increased risk of
isease development and poorer prognosis. At present, the cancer
ommunity has gained knowledge, but still, has several concerns
ssentially due to the potential overlap in the number of cases
dmitted to hospitals and treatment prioritization.

In patients with cancer, the lung inflammatory process can
e worse due to alveolar-capillary disruption caused by some
hemotherapy drugs [27]. Alveolar disturbance facilitates the virus
ntry through the ACE2 receptors. This process increases cell infil-
ration (e.g., neutrophils and eosinophils), leading to inflammation
f the lungs through cytokine release; and induces pneumonia and
lveolar damage in some cases. Considering this, the synergism
ypothesis between this condition and the exaggerated release
f pulmonary cytokines in COVID-19 cannot be excluded (Fig. 1).
he differential diagnosis of pulmonary disease in patients with
ancer may  be broad and include aspects related to the malig-
ancy itself, treatment toxicities, or infections. The white blood cell
lterations, including increased neutrophils and eosinophils levels
nd clinical symptoms (cough, fever, dyspnea, and chest discom-
ort) are nonspecific and can be observed in both COVID-19 and
ulmonary toxicity induced by chemotherapy [7,18,19]. In most
ases, the toxicity induced by chemotherapy occurs within the first
ew weeks or months, whereas in COVID-19, it occurs in days.
otable exceptions include bleomycin, busulfan, and nitrosoureas,
hich may  induce pulmonary fibrosis over an extended period

30,35]. Together with COVID-19, lung injury, and myelosuppres-
ion induced by chemotherapy treatment and/or weakness of the
mmune system due to cancer progression, are linked to a poorer
rognosis.

In China, it was observed that patients with cancer had a
igher risk of COVID-19 infection than individuals without can-
er [36,37]. This was  associated with a history of chemotherapy
r surgery in the month preceding the infection [36]. Zhang et al.
38] described the deteriorating condition and poor outcomes of
8 cancer patients with severe COVID-19. Patients undergoing
hemotherapy had an increased risk of developing severe symp-
oms, after 14 days of being diagnosed with COVID-19 [38]. Despite
he small number of patients in these studies, the evidence already
uggests a high susceptibility of cancer patients, particularly those
ith lung cancer, to COVID-19 development.

A study conducted in the Royal Marsden Hospital (London, UK),
lso indicated that the use of systemic anticancer therapy appears
o be associated with a modest risk of severe COVID-19 [39]. Of the
01 patients admitted to the hospital and included in the study,
9 (28%) died due to COVID-19. The patients had site-specific diag-
oses of hematological (37%), gastrointestinal (20%), thoracic (13%),
rological (13%), breast (6%), gynecological (3%), and central ner-
ous system (3%) malignancies. The patients presented infiltrates
n chest imaging, had a lower lymphocyte and platelet count,
esides higher levels of C-reactive protein. Importantly, the mor-
ality was  associated with the presence of inflammatory infiltrates
n chest imaging and with a lower platelet count [39].

An association between the degree of inflammation resulting
rom SARS-CoV-2 infection and disease severity has been observed
n three cases of cancer patients in Wuhan, China. A reduction in all
ymphocyte subsets (CD3+CD4+ helper T cells, CD3+CD8+ cytolytic
 and B cells, and NK cells) was observed. The cell count profile
or CD3+ CD4+ helper T cells was  significantly lower in two severe
OVID-19 cases when compared to the common and mild COVID-
9 cases [40]. Lower lymphocyte counts were also observed during
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Fig. 1. Schematic showing the SARS-CoV-2 infection susceptibility in patients undergoing chemotherapy and/or radiation therapy. Coronavirus disease (COVID-19) is caused
by  severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Disease transmission primarily occurs through direct contact, respiratory secretion, and droplets. The main
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and CD8+ T cells, was strongly associated with COVID-19 sever-
ity and outcome [43,44], whilst T cells reduction was  related to the
infiltration and sequestration of lymphocytes in lungs and other
affected organs, leading to cytokine secretion and disease aggrava-
tion [41,42].
Despite the limited number of cancer patients, the data available
has raised a highly important debate on the importance of cancer
drugs and the immunosuppressive state as influencing factors of
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ained experience during the pandemic, but data are still emerging.
dding to the complexity of this scenario, other factors, such as non-
ancer comorbidities, also play a role during SARS-CoV-2 infection.

The mortality rate among cancer patients with COVID-19
ppears to be related not only to anticancer therapy but also to age
nd multiple preexisting non-cancer comorbidities [45]. Of impor-

ance, a prospective cohort study showed that 800 patients with
ctive cancer and symptomatic SARS-CoV-2 infection, presented
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majority; diabetes (16%), cardiovascular diseases (14%), and chronic
obstructive pulmonary disease (8%) [36,45].

In this context, comprehensive medical support should be pro-
vided for patients with cancer who are diagnosed with COVID-19,
particularly those that are elderly or have comorbidities [46]. The
decision to discontinue chemotherapy and/or radiotherapy should
be carefully made after other causes are excluded, such as other
infections or cancer progression. If a patient with the acute pul-
monary syndrome is infected by SARS-CoV-2, diagnostics should
be rapidly performed, and a ventilator must be sourced. If ini-
tially, drug-related pulmonary toxicity is considered a symptom,
the adverse effects of chemotherapy may  progress.

Treatment prioritization

The official French guideline suggests that patients with cancer
and COVID-19 should discontinue systemic anticancer treatment
until the complete resolution of their symptoms [37]. Landman
et al. [46] also proposed postponing adjuvant chemotherapy or
elective surgery for patients with stable cancer. Despite the lim-
itations of the study, Zhang et al. [47] reported that those on active
anticancer therapy (chemotherapy, radiotherapy, targeted ther-
apy, and immunotherapy combined with chemotherapy), within 14
days before COVID-19 diagnosis experienced severe events, clearly
showing the vulnerability of cancer patients in the current pan-
demic scenario. The evidence has raised an important debate on
whether cancer treatment should be discontinued or if targeted
treatment should be maintained in patients with cancer who are
diagnosed with COVID-19 [48]. Of course, additional care must be
considered for aggressive cancers, and the risk-benefit of cancer
treatment should be precisely discussed. Additional studies are
required so that a consensus can be reached.

Future perspectives

Cancer patients are at increased risk of COVID-19 serious events
because of their immunocompromised state in comparison to the
general population. Therefore, particular attention should be given
to patients undergoing chemotherapy and radiation. As there is no
universal oncological consensus, and it is hard to predict the res-
olution of the COVID-19 pandemic, identifying the mechanism of
action of employed drugs during cancer treatment, and the pos-
sible adverse effects is crucial. Those with specific comorbidities
that are considered as risk factors of more severe COVID-19 should
be identified by oncologists at an early stage as potentially having
a poor prognosis. Limited access to hospitals and proper isolation
protocols for cancer patients should be considered to mitigate the
risk of COVID-19. Considering these, oncology societies around the
world have developed guidelines to avoid the negative effects of
the COVID-19 pandemic on the management of cancer patients. A
conceptual framework for prioritizing the use of radiotherapy and
systemic treatments during the pandemic was proposed. If alter-
native and palliative treatments exist or if a delay is not expected
to affect the outcomes, patients should be given a lower priority.
However, if an imminent risk of early mortality, potential high mor-
bidity, impaired quality of life, or definitive curative treatments
exist, patients should be given a higher priority for continuing treat-
ment [49]. Thus, to limit viral transmission during the COVID-19
outbreak, meticulous and individualized clinical management of
patients with cancer should be done to protect them in a way that

has the least impact on their cancer treatment and quality of life.
Some strategies may  also be adopted by hospitals, including the
development of a COVID-19 policy for cancer care, reduce clinic
visits, remote care, and use of existing digital health platforms,
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mongst others, to ensure that cancer patient care is not completely
iscontinued during the pandemic [50].

COVID-19 management in the oncology context is not an easy
ask. Data on the subject are still insufficient as it continues to
e collected from hospitals all around the world with the ongo-

ng pandemic. By comprehending which is the best option for the
anagement of cancer patients, it will be easier to direct rules to

void disease contagion and progression and to be more prepared
o handle future pandemics.
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