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A B S T R A C T

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a highly contagious zoonotic pathogen that
has exacted heavy public health, social and economic tolls. In February 2020, the World Health Organization
acronymed the disease caused by SARS-CoV-2 as COVID-19, for coronavirus disease 2019. The number of
confirmed COVID-19 infections, which has been detected in at least 103 countries, has reached 1,970,225
worldwide as of April 14, 2020 with 124,544 deaths, according to the U.S. Centers for Disease Control and
Prevention (CDC).
Many cases of COVID-19 resolve quickly. However, the disease, which, like other respiratory pathogens that

cause common cold symptoms is believed to be transmitted through respiratory droplets. Infection with COVID-
19 can also lead to significant morbidity and death; this is particularly the case for cancer patients. Moreover,
because the signs and symptoms of COVID-19 are easily misattributed to the sequelae of cancer itself, such as
pulmonary embolism, or its treatment, such as nausea and diarrhea, diagnosis may be delayed or missed.
Potential COVID-19 rule out criteria, based on the Wells' criteria for pulmonary embolism, another protean
disease entity, are provided as a decision-making aid. This review summarizes the current understanding of the
transmission, clinical presentation, diagnosis and differential diagnosis, pathogenesis, rationale to treat the
cancer or not, treatment and prevention of COVID-19 with an emphasis on implications in cancer.

1. Introduction

SARS-CoV-2, the RNA virus responsible for the illness, which has
been named COVID-19 for Coronavirus Disease-2019, the year it was
diagnosed, has sent shockwaves and dominated the news cycle due to
its pandemic spread from the point of origin in Wuhan, China, to the
rest of the world. Declared a public health emergency of international
concern (PHEIC) by the World Health Organization (WHO) [1], SARS-
CoV-2 is the third highly pathogenic, novel zoonotic (bat) coronavirus
(so-named because of the crownlike spikes on its surface) to have
emerged: the first was SARS coronavirus (now named SARS-CoV-1) in
2002 with a fatality rate of 10.87% and the second was Middle East
respiratory syndrome (MERS) in 2012 with a fatality rate of 34.77%

where the camel was the intermediate host [2]. SARS-CoV-1, MERS-
CoV, and SARS-CoV-2 belong to the Betacoronavirus genus, which are
enveloped, positive-stranded RNA viruses whose approximately 30,000
nucleotide genome serves as an mRNA template for the translation of
viral proteins [3]. The virion contains four proteins (Spike, Envelope,
Membrane, and Nucleocapsid) and the host receptor with which the
Spike surface glycoprotein of SARS-CoV-2 engages is angiotensin con-
verting enzyme 2 (ACE2) [4]. The biology of SARS-CoV-2 is described
in more detail in Fig. 1.
A zinc metallopeptidase enzyme, ACE-2, which is abundantly pre-

sent in lung and gastrointestinal epithelial cells [5], not only mediates
viral entry through receptor-mediated endocytosis [6] but also the ef-
ficiency of viral replication [7]. Its expression is upregulated with older
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age, smoking, the antihypertensives, angiotensin converting enzyme
(ACE) inhibitors and angiotensin receptor blockers (ARBs), thiazolidi-
nediones (TZDs), a class of oral antidiabetic drugs, and ibuprofen, risk
factors, which may increase susceptibility to the COVID-19 virus in-
fection and which are common in generally elderly multimorbid cancer
patients [8].
The clinical spectrum of SARS-CoV-2 ranges from mild upper re-

spiratory tract infection with fever, sore throat, headache, cough and
potentially nausea and diarrhea (the majority of cases recover without
serious complications) to severe pneumonia with sequelae that include
acute respiratory distress syndrome (ARDS), cytokine storm and death
[9]. Because SARS is an acronym for Severe Acute Respiratory Syn-
drome, digestive manifestations including inappetence, nausea, ab-
dominal pain and diarrhea of COVID-19, resulting from binding of the
virus to the ACE-2 receptor in the GI tract may precede respiratory
symptoms [10]. Gastrointestinal manifestations are potentially under-
appreciated and overlooked as sentinel symptoms that herald the onset
or persistence of disease, especially in cancer patients, and may con-
tribute to delayed or missed opportunities for testing, diagnosis and
containment.
Unlike SARS-CoV-1, which seems to have disappeared/died out

[11], and MERS, which reappears only sporadically, SARS-CoV-2 is less
lethal with a fatality rate between 2 and 4% (although this number is
highly uncertain and debated) [12] but much more infective. Conse-
quently, public panic and economic disruption have ensued, resulting in
wartime-like mobilization efforts to mitigate its spread. Old age,
smoking and comorbidities such as diabetes, morbid obesity, im-
munosuppression, frailty and cardiovascular disease appear to predis-
pose to worse outcomes, possibly secondary to impaired T and B cell

responses [13]. Notably, COVID-19 infection is associated with lym-
phopenia and delayed development of the adaptive immune response,
which appears to correlate with prolonged virus clearance and more
severe disease progression [14].
The first pillar of defense against infection is hand washing,

avoidance of face touching and minimization of close contact (i.e., so-
cial distancing) with self-quarantine and self-isolation [15] in case of
exposure or evidence of COVID-19 symptoms, respectively. The second
prophylactic pillar is vaccination with specific viral antigens or mRNAs,
which are not yet publicly available, although the company Moderna
has reportedly started testing an mRNA vaccine in healthy volunteers
and multiple other vaccination strategies/platforms appear to be in
progress/under development [16].
The available evidence is limited, but clinical courses and outcomes

of COVID-19 are likely to be worse in patients with cancer especially
given the clear association between severity of disease and older age
and higher levels of comorbidity [17]. The overall case fatality rate
(CFR) for the general COVID-19-infected population is around 3.8%,
but in cancer it rises to 7.6% overall and to 20% in Italy [18]. This CFR
in cancer patients compares to 1.4% for no comorbid conditions, 13.2%
for cardiovascular disease, 9.2% for diabetes, 8.4% for hypertension,
and 8.0% for chronic respiratory disease [19].
The aim of this review is to summarize and condense the current

understanding of the transmission, clinical presentation, diagnosis and
differential diagnosis, pathogenesis, treatment and prevention of
COVID-19 with a special focus on cancer.

Fig. 1. Viral and host factors that influence the pathogenesis of SARS-CoV-2.
Top panel: Viral Factors. Bats are the reservoir of SARS-CoV-like viruses. SARS-CoV-2, an enveloped positive single-stranded RNA coronavirus (ssRNA), may originate
from bats or unknown intermediate hosts and jump the species barrier to humans. The majority of the viral RNA located in the first open reading frame (ORF1a/b)
encodes 16 non-structure proteins (nsp). The rest of the virus genome encodes four essential structural proteins, including the spike (S) glycoprotein, envelope (E)
protein, matrix (M) protein, and nucleocapsid (N) protein and several accessory proteins. The S glycoprotein binds to angiotensin converting enzyme 2 (ACE2), which
facilitates virus entry. Other virus factors may contribute to pathogenesis. Lower panel: The elderly and those with severe underlying comorbid conditions (e.g.,
cancer, immunosuppression, diabetes, cardiopulmonary disease) are more susceptible to SARS-CoV-2 infection and clinical deterioration with hospitalization. RBD,
receptor-binding domain; HR1, heptad repeats 1; HR2, heptad repeats 2.
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2. Transmission and prevention

According to the World Health Organization (WHO) [20], SARS-
CoV-2 is spread person-to-person mainly via aerosol inhalation from
sneezing, coughing or exhalation [21] and via fomite-to-face contact
since depending on the surface material the virus may remain viable
and infectious for hours to days (Fig. 2) [22,23]. Fecal-oral transmission
has also been hypothesized because diarrhea was a common feature
with SARS and MERS, and diarrhea and other digestive issues have also
been reported in patients with COVID-19 [24,25]. Notably, transmis-
sion of SARS-CoV-2 is not limited to symptomatic individuals i.e., those
with fever, cough, sore throat, myalgias or dyspnea but also to
asymptomatic or subclinically infected carriers of the virus, which is
problematic from the perspective of disease control [26] and highlights
the importance of containment measures, including isolation and
quarantine. The basic reproduction number, R0, of SARS-CoV-2 is
2.2–3.8, which means that, on average, for every patient an additional
2.2–3.8 individuals are infected [27]. Because coronaviruses may per-
sist on inanimate surfaces like metal, glass or plastic for up to 9 days,
careful disinfection with ≥70% or greater ethanol for small surfaces
or ≥ 0.1% sodium hypochlorite for larger surfaces is recommended.

3. Diagnosis and clinical features

In the United States, the test of choice for SARS-CoV-2 is a naso-
pharyngeal swab specimen (or sputum if a productive cough is present)
on which a reverse-transcriptase PCR (RT-PCR assay) or an enzyme-
linked immunoassay (EIA) directed particularly at the envelope (E),
RNA-dependent RNA polymerase (RdRp), spike protein (S) and nu-
cleocapsid (N) genes is performed. The FDA has also approved an an-
tibody test [28]. A positive test for SARS-CoV-2 in a symptomatic pa-
tient generally confirms the diagnosis of COVID-19, with the caveat that
false positive and false negative tests have been documented. If initial
testing is negative but a high index of suspicion and pretest probability
for COVID-19 remains on the basis of patient signs and symptoms, then
retesting is indicated. In patients with high indexes of clinical suspicion
and equivocal or negative test results, the WHO recommends that lower

respiratory tract specimens, which contain the highest viral loads,
should be obtained since nasopharyngeal swabs may miss some infec-
tions [29]. According to CDC guidelines, disease is excluded on the
basis of two consecutive negative tests respiratory tests separated by
≥24 h, however, in the presence of suggestive symptoms, rectal swabs
may also be indicated since the ACE2 enzyme to which the virus binds
is abundantly present in rectal epithelia cells [30].
The differential diagnosis for SARS-CoV-2 in cancer is extremely

broad and includes conditions such as foreign body aspiration, toxi-
cities from chemotherapy and radiation, tumor progression, post-ob-
structive pneumonia, malignant obstruction, atelectasis, pulmonary
embolism, pneumonitis, pulmonary edema/fluid overload, im-
munotherapy-related pneumonitis, COPD exacerbation, Q fever, ade-
novirus, bocavirus, coronavirus 229E (HCoV 229E), coronavirus HKU1
(HCoV HKU1), coronavirus NL63 (HCoV NL63), coronavirus OC43
(HCoV OC43), human metapneumovirus (HMPV), influenza A, influ-
enza A subtype H1N1/pdm09 influenza A subtypes H1 and H3, influ-
enza B, parainfluenza virus 1–2–3–4 (PIV 1–4), respiratory syncytial
virus A/B (RSV A/B), rhinovirus/enterovirus, (HRV/EV), Bordetella
pertussis, Legionella pneumophila, and Mycoplasma pneumoniae [31].
The diagnosis of SARS-CoV-2 is complicated by the possibility of

simultaneous coinfection with other respiratory viruses [32], which is
especially true for immunosuppressed cancer patients whose suscept-
ibility to microorganisms is increased. The heightened infectious risk
for cancer patients underscores the importance of screening them at
presentation with extended viral respiratory panel testing given that
coinfection may impact management decisions since, conceptually at
least, the morbidity of COVID-19 and the risk of severe illness should
increase in the presence of a second or third virus.
Unlike infection with influenza, for example, COVID-19 signs and

symptoms may vary considerably depending on the dose of viral in-
oculum, route of inoculation, concomitant medications and underlying
health status [33] to include fever (87.9%), dry cough (67.7%), fatigue
(38.1%), sputum production (33.4%), shortness of breath (18.6%), sore
throat (13.9%), headache (13.6%), myalgia or arthralgia (14.8%), chills
(11.4%), nausea or vomiting (5.0%), nasal congestion (4.8%), diarrhea
(3.7%), hemoptysis (0.9%), and conjunctival congestion (0.8%) [34].

Fig. 2. Illustration of main transmission routes.
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With an incubation period of 2 to 11 days after exposure [35], pre-
symptomatic or minimally symptomatic infection may majorly drive
transmission especially since detected viral loads are similar in both
symptomatic and asymptomatic patients [36,37]. Populations of con-
cern include the elderly, smokers, vapers and dual users, those of any
age with pre-existing chronic medical conditions, those receiving par-
ticular medications or therapies, which upregulate the ACE-2 receptor
or suppress the immune system and those from lower socioeconomic
classes, a conglomeration of factors, which are often present in cancer
patients, as depicted in Fig. 3.
While the surveillance focus for COVID-19 is on the respiratory

tract, enteric symptoms are a potentially underappreciated, overlooked
and misattributed manifestation of disease, as stated earlier, and this is
especially the case for cancer patients, where gastrointestinal toxicity
occurs routinely from chemotherapy i.e., cisplatin/carboplatin/ox-
aliplatin, irinotecan, 5-fluorouracil, ifosfamide, from targeted agents
i.e., erlotinib, imatinib, bortezomib, temsirolimus, sunitinib, regor-
afenib-sorafenib, and bevacizumab [38] and from locally advanced or
metastatic disease. Therefore, abdominal complaints in cancer patients,
which are potentially but not automatically attributable to underlying
disease, justify further investigation, especially if persistent, worsening
or new, particularly because SARS-CoV-2 transmission may occur via

the fecal–oral route [39].
Abnormal laboratory findings in COVID-19 include lymphopenia

(70%), prolonged prothrombin time (58%), elevated lactate dehy-
drogenase (40%), elevated AST and ALT (4–22%), elevated highly
sensitive (hs) CRP and elevated procalcitonin; however, because these
parameters routinely fall well outside of the normal reference range in
cancer patients, it is difficult to confirm or refute the presence of disease
on this basis alone. Chest radiographs and chest CT abnormalities are
similarly non-specific since the most common features, multifocal
ground-glass opacities and consolidation, mimic other pneumonias
[40]. Significant antibody production is observed after infection, but it
is unknown whether this helps or harms since antibody-dependent
enhancement (ADE) may potentiate viral entry and the induction of a
severe inflammatory response [41].
Universal screening of cancer patients for COVID-19 is desirable but

logistically impossible for the foreseeable future since diagnostic tests
are in short supply and simply not always readily available [42]; hence,
COVID-19 rule out criteria are proposed in Table 1 as a potential de-
cision-making aide- mémoire, which separates patients into low- and
high-risk groups, by analogy to the Wells' criteria for pulmonary em-
bolism [43,44].
Preventive measures focus on self-isolation, social distancing with a

6-ft (2-m) separation [45], frequent hand washing with soap and water
and/or use of hand sanitizers, patient isolation during clinical care, use
of masks to help prevent aerosol transmission and flushing with the lid
closed to control so-called “toilet plume” [46]. In an ASCO guidance,
immunocompromised cancer patients are advised to minimize exposure
to sick contacts and large crowds. For healthcare personnel the use of
personal protective equipment such as N95 masks, FFP3 masks, gowns,
eye protection, gloves, and gowns is mandated [47].

4. Vaccination and immunity

Vaccination efforts and the related topic of whether those who have
recovered from COVID-19 develop protective immunity have drawn
great attention. The latter has implications on whether people who test
positive for SARS-CoV-2 antibodies can be safely assumed to be

Fig. 3. Venn diagram depicting risk factors for COVID-19 severity, which overlap with cancer risk factors.

Table 1
Proposed COVID-19 rule out criteria.

COVID-19 suspicion index (SI) Score

Clinical signs and symptoms e.g., fever, cough, dyspnea of COVID-
19

No 0 Yes +3

COVID-19 is #1 diagnosis OR equally likely No 0 Yes +3
Close or direct contact with a suspected COVID-19 patient No 0 Yes +3
New lab abnormalities e.g., lymphopenia suggestive of COVID-19 No 0 Yes +1
New onset or worsening diarrhea No 0 Yes +1

Clinical probability of COVID-19 Score

Low 0–1
High ≥3
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immune and at negligible risk of contracting or transmitting the dis-
ease. There have been case reports of patients who have recovered from
COVID-19 and had recurrence of RT-PCR positivity approximately one
month after initial diagnosis, with only one patient exhibiting sig-
nificant clinical symptoms and another having a mild intermittent
cough [48]. But while not zero, the risk of transmissibility or recurrence
of symptomatic disease in recovered patients has yet to be quantified,
and the paucity of currently available reports of recurrence in the set-
ting of a pandemic suggests that it is low. A separate practical question
will be whether antibody-based tests prove to have sufficient sensitivity
and specificity to identify people who had asymptomatic infections,
developed immunity, and can return to normal activities without jeo-
pardizing disease containment efforts.
Immunity may be due to antibodies, cell mediated immunity, or a

combination of the two. Previous experience with using plasma from
convalescent patients to treat severe cases of the first SARS and MERS
as well as limited experience with COVID-19 suggests that antibody
mediated immunity alone is clinically beneficial even during acute in-
fection [49]. Safety concerns about antibodies have been raised based
on preclinical studies of SARS-CoV vaccination in ferrets showing he-
patotoxicity [50] and of vaccination against feline infectious peritonitis
virus (another coronavirus) leading to more severe disease when kittens
were subsequently challenged with the virus [51]. Although animal
models may not be representative of human host-pathogen interactions,
the nature of SARS-CoV and SARS-CoV-2 antibodies are likely different
as cross-neutralization was not observed in-vitro [52], and experience
with convalescent plasma has not borne evidence of antibody mediated
enhancement of infection in acutely infected patients, the potential risk
deserves attention if vaccination is proposed for the entire population. T
cell responses are also readily observable in patients who recover from
coronavirus infections [53] and memory T cell responses alone were
protective in mice [54] with the potential advantage of longer persis-
tence of memory T cell responses compared to humoral immunity.
When clinical data on vaccine candidates becomes available, cancer
patients may face different considerations surrounding vaccination than
the general population, particularly patients with hematologic malig-
nancies being treated with agents targeting B cells who would derive
greater benefit from vaccines eliciting cell mediated than antibody re-
sponses.

5. Pathogenesis and pathology relating to ACE2 and RAS signaling

The ACE-2 enzyme, a key regulator of the renin-angiotensin system
(RAS) [55] to which the virus binds through its surface spike proteins is
particularly abundant in the digestive tract, lungs, kidney, heart and
blood vessels, where pathology from SARS-CoV-2 occurs [56]. A pep-
tidase that catalyzes the conversion of angiotensin II (Ang-II), referred
to as “the quintessential perpetrator of inflammation” [57] to angio-
tensin 1–7 (Ang 1–7), ACE-2 mediates antiproliferative and vasodila-
tory functions that oppose the vasoconstrictive and inflammatory
functions of angiotensin converting enzyme (ACE) [58].
The binding of SARS-CoV-2 to ACE-2 leads to downregulation of

ACE-2 expression potentially through increased internalization and
shedding from the cell surface with decreased Ang-(1–7) generation and
increased Ang II levels as a consequence [59]. This unfavorably shifts
the balance of the renin angiotensin system (RAS) from the vasopro-
tective ACE-2/Ang(1–7) axis to the ACE/Ang II/Angiotensin 1 (AT1)
receptor axis and drives a proinflammatory, profibrotic and pro-
liferative response [60], as shown in Fig. 4.
Fang et al. [61] contend that because thiazolidinediones, ibuprofen

and angiotensin converting enzyme (ACE) inhibitors and angiotensin II
type-I receptor blockers (ARBs) substantially increase the expression of
ACE-2, they facilitate SARS-CoV-2 infection and, therefore, the risk of
severe and fatal COVID-19. In contrast, AlGhatrif et al [62]. present a
diametrically opposed hypothesis: that downregulated ACE-2 signaling
is responsible for SARS-CoV-2-induced acute lung injury (ALI)/ acute

respiratory distress syndrome (ARDS) and cytokine storm and that ACE-
Is and ARBs are beneficial precisely because they increase ACE2 ex-
pression and activity. Furthermore, according to AlGhatrif et al, lower
ACE-2 levels and, hence, higher baseline oxidative stress and in-
flammation [63,64], are present in older comorbid individuals, such as
cancer patients, which renders them more susceptible to severe COVID-
19 than younger non-comorbid individuals with increased ACE-2 levels
and lower baseline inflammation, as shown in Fig. 5. Furthermore, low
ACE-2 may promote tumor progression and, conversely, ACE-2 over-
expression is associated with antiangiogenesis and tumor regression
[65]. In summary, then, despite the concerns and controversy [66]
surrounding the use and continuation of ACEIs/ARBs during the SARS-
CoV-2 epidemic, it is likely that the pros outweigh the cons especially in
cancer patients due to their potential antitumor and anti-COVID-19
effects [67].
In line with RAS involvement, emerging data suggest that SARS-

CoV-2 infection may induce serious cardiovascular injury or exacerbate
existing cardiovascular disease. Cardiovascular sequela includes heart
failure, arrythmias, disseminated intravascular dissemination (DIC),
and troponin elevation, which may closely correlate with disease se-
verity and the likelihood of in-hospital death [68].
Liu et al. [69] propose a mechanism whereby the virus, which

lowers hemoglobin (Hb) levels [70], binds to the porphyrin of heme
and displaces iron, thereby compromising the oxygen-carrying capacity
of red blood cells and exacerbating the hypoxemia. Since chloroquine
and the experimental anticancer agent, RRx-001, also bind to por-
phyrins, they may competitively interfere with binding by the virus.

6. Rationale for continuation or discontinuation of cancer therapy

The benefit-risk calculus that informs the decision whether and how
to treat with anticancer therapy falls into a “gray zone” about which no
consensus exists, leading to a therapeutic dilemma. On the one hand,
Zhang et al [71] in Annals of Oncology reported a strong association in
28 patients, 7 of them (25%) with lung cancer, between antineoplastic
therapy in the past 14 days and severe effects of COVID-19
(HR = 4.079, 95% CI 1.086–15.322, P = 0.037); on this basis, the
authors recommend treatment interruption, dose reduction or sub-
stitution of cytotoxic chemotherapy with non-immunosuppressive op-
tions (e.g., checkpoint inhibitors) if available, especially in the case of
lung cancer patients that are already prone to develop respiratory in-
fections and complications [72]. Similarly, heavily immunosuppressed
patients, such as those who have undergone hematopoietic stem cell
transplantation are also particularly susceptible to viral respiratory
infections. These findings are supported by a nationwide analysis of
data [73] in China from 1590 COVID-19 patients, 18 of which were
diagnosed with cancer. This 18 patient cohort experienced a higher
incidence of severe events (39% vs 8%; P = 0.0003) and the admin-
istration of chemotherapy or surgery was found to have increased the
risk of death and/or intensive care unit admission even after adjusting
for age, sex and comorbidities (odds ratio (OR) 5.4, 95% CI 1.8–16.2;
P= 0.0026) [74] While these studies are limited by small sample sizes,
the data suggests that cancer predisposes to more severe disease.
Therefore, since in-person contact increases the risk of transmission,
several institutions have mandated real-time video or telephone inter-
actions, alternatively referred to as telehealth [75], postponed sur-
geries, biopsies, endoscopies scans and routine investigations, when
possible, and in line with ESMO guidelines [76] encouraged conversion
from the intravenous to the oral route e.g., 5-fluorouracil to capecita-
bine, etoposide and vinorelbine.
On the other hand, the immediate existential threat of progressive

disease, for which death is an impending, imminent certainty rather
than a remote possibility in the absence of treatment, likely outweighs
the theoretical risk of SARS-CoV-2 infection. Even in lower risk disease,
for example, in situ or localized prostate, breast and head and neck
cancer, delayed treatment is potentially conducive to tumor
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development and progression and thus may unfavorably impact prog-
nosis [77]. Hanna et al. have proposed a triage strategy [78], which
prioritizes treatment for those patients with 1) imminent risk of early
mortality from acute leukemias, aggressive lymphomas, metastatic
germ cell tumors 2) oncologic emergencies such as spinal cord com-
pression 3) chemoradiotherapeutic-responsive cancers such as head and
neck, cervical and anal cancers and 4) neoadjuvant or adjuvant
therapy-responsive tumor types such as stage III colon cancer and de-
prioritizes visits for surveillance and survivorship.
However, in the absence of a “one size fits all” consensus re-

commendation, which is unlikely, since cancer is so genetically diverse
and heterogeneous, the decision-making process and the subsequent
treatment plan are individualized and to be determined (TBD) on case-
by-case basis, taking into account multiple factors including the risk of
cancer recurrence if therapy is delayed, modified or interrupted, the
type of therapy (e.g., surgery, radiation, chemotherapy, checkpoint
inhibitors and stem cell transplantation), extent of comorbidities, con-
comitant medications, patient preferences, physician-patient relation-
ship, race, age, the number of cycles of therapy completed, and treat-
ment tolerance.
In terms of specific cancer-related conditions, ASCO makes the fol-

lowing heavily qualified recommendations:

• Growth factor prophylaxis for neutropenia and neutropenic fever
even at lower levels of risk (~10%) as well as empiric antibiotics for
acute care
• Erythropoietin-stimulating agents for anemia prophylaxis and
transfusion when necessary depending on the patient context and
underlying comorbidities

6.1. Treatment

Based on the high transmissibility of the virus [79], the main non-
pharmacologic countermeasures to mitigate or delay the impact of
COVID-19 include rigorous hand hygiene, use of facemasks, respiratory
etiquette i.e., coughing or sneeze into the upper sleeve or elbow, not the
hands, flushing with the lid down to prevent bioaerosolization, as well
as quarantine, stay at home policies and workplace and school closures,
which have upended the social, cultural, political and economic status
quo.
No specific treatment or vaccine is currently available although

promising activity has been reported for hydroxychloroquine, chlor-
oquine, arbidol, remdesivir, convalescent sera, and favipiravir. The
mainstay of medical therapy includes symptomatic care, such as sup-
plemental oxygen, antibiotics, and hemodynamic and mechanical
ventilatory support, if indicated for septic shock/multiple organ failure

Fig. 4. Alterations in renin-angiotensin system components with SARS-CoV-2 infection and ACEI/ARB use.
+ sign: promotes or upregulates.
– sign: inhibits or downregulates.
ACE1:Angiotension converting enzyme 1.
ACE2: Angiotensin converting enzyme 2.
ACE–I: ACE inhibitor.
ARB: Angiotensin receptor blocker.
ANG: Angiotensin.
AT1R: Angiotensin 1 receptor.
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and respiratory failure, respectively [80]. Over 300 active clinical
treatment trials are underway [81]. These include vaccines as well as a
number of different agents, some with promising preliminary data as
mentioned above and also those with potential anti-cancer activity,
which will hopefully serve a double purpose, first to treat COVID-19
and second as an adjunct to bridge the time gap until the patient is
recovered and the primary antineoplastic is started/restarted as shown
in Table 2.

7. Conclusions

The alarming spread of the COVID-19 pandemic has dis-
proportionately affected cancer patients, an at-risk population both
from the standpoint of increased disease severity and disruption to care,
which includes widespread suspension of clinical trials in the United
States that are already fraught with barriers to enrollment and parti-
cipation [82] [83].Because the symptoms of COVID-19 are non-specific,

underlying symptoms from the cancer e.g., dyspnea, cough, fever, fa-
tigue, diarrhea etc., which overlap with those from the viral infection,
may obscure and delay the diagnosis. Hence, if the COVID-19-specific
Rapid Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) test
is not readily available and/or in short supply, which is currently the
case, diagnosis will depend on the maintenance of a high index of
clinical suspicion especially in advanced cancer patients who check all
the boxes for risk factors such as older age, frailty, disability, im-
munosuppression, generalized systemic inflammation, and multiple
comorbidities (e.g., hypertension, diabetes, and cardiorenovascular
diseases) that predispose to severe disease and death.
These comorbidities are commonly treated with renin angiotensin

system blockers, such as angiotensin-converting enzyme inhibitors
(ACEIs) or angiotensin-receptor blockers (ARBs), which increase levels
of ACE2. The continued use of ACEIs/ARBs is the centerpiece of an
intense debate because, on the one hand, SARS-CoV-2 co-opts ACE2 for
target cell entry, but on the other, ACE2 overexpression may

Fig. 5. Schematic of inflammatory profile in comorbid cancer patients and non-cancerous non-comorbid patients with regard to COVID-19 infection.

Table 2
Examples of potential treatments of COVID-19 with anticancer activity [88].

Agent Description Anti-COVID Mechanism(s) Anti-cancer Mechanism(s) Toxicities

Chloroquine/
hydroxychloroquine

Approved antimalarials Changes the pH of endosomes and
believed to prevent viral entry,
transport and post-entry events

Autophagy inhibition Retinopathy
Cardiotoxicity

Ribavirin plus interferon Approved nucleoside inhibitor
and cytokine

Inhibition of viral replication Interferon: immunostimulation Leukopenia and anemia
Depression
Influenza-like symptoms

Mesenchymal Stem Cells Experimental non-
hematopoietic progenitor cells

Reduction of cytokine storm Drug delivery Safe

Tocilizumab Approved interleukin 6
receptor inhibitor

Reduction of cytokine storm Apoptosis induction Skin and soft tissue infections
Hepatotoxicity
Hypercholesterolemia
Neutropenia
Anaphylaxis

Thalidomide Approved anti-multiple
myeloma

Reduction of the inflammatory
cytokine surge

Antiangiogenesis Neuropathy
Somnolence
Rash
Fatigue
Constipation

RRx-001 Phase 3 immunomodulator for
SCLC

Hypoxic nitric oxide generation
Nrf2 activation
Reduction of pulmonary hypertension

Tumor associated macrophage
(TAM) stimulation

Localized discomfort on
injection
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counterbalance vasoconstriction and profibrotic processes and thereby
reduce the incidence or mortality associated with COVID-19–associated
ALI or acute respiratory distress syndrome.
Another controversy involves whether or not to continue cancer

treatment given the high transmissibility potential of the virus; how-
ever, since no expert consensus recommendations have been issued to
date and prognosis, stage and responses to therapy are highly hetero-
geneous, the risk-benefit tradeoff and subsequent treatment plan are
highly individualized and context dependent.
Currently the focus of treatment is infection control, appropriate

symptomatic care and oxygen therapy. No approved medication or
vaccine has been developed but promising activity has been reported
for hydroxychloroquine, chloroquine, arbidol, remdesivir, convalescent
sera, and favipiravir and several repurposed agents with antitumor
properties are under investigation including thalidomide and RRx-001
which may hopefully bridge the gap from the time COVID-19 is first
diagnosed until the primary anticancer therapy is restarted.
Finally, multiple comparisons have been made between the all-out

mobilization efforts to combat COVID-19 with the massive scale-up of
human and material resources that occurred during World War II
[84,85]. In the words of Winston Churchill, Prime Minister of Great
Britain from 1940 to 1945, whose intrepid fighting spirit, iron will, and
intransigent defiance of tyranny galvanized the resolve of an entire
nation to fight on in the face of seemingly impossible odds, oncologists
on the frontlines that have answered the call should “never worry about
action only inaction”.
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