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A B S T R A C T   

The SARS-CoV-2 (COVID-19) pandemic has particularly serious consequences for cancer patients, as they are at 
high risk for severe complications and mortality due to the virus since cancer patients are immunocompromised. 
Preliminary evidence suggests that patients with hematological, and metastatic malignancies are particularly 
susceptible to developing severe COVID-19 illness, which leads to poor prognosis. Biomarkers including C- 
reactive protein and interleukin-6 may be predictors of outcome and, therefore, crucial in assessing COVID-19 
illness severity in cancer patients. A patient-specific risk and benefit inventory should be completed, and 
expert guidelines consulted when deciding to continue or postpone therapeutic interventions. This review pre
sents preliminary evidence of COVID-19 infection and its impact on cancer, as well as discussion of general 
guidelines for the treatment and management of cancer patients with COVID-19.    
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Introduction 

Since the first outbreak of SARS-CoV-2 (COVID-19) was reported in 
December 2019, there have been over 52 million confirmed cases and 
1282,000 deaths worldwide, with 241,000 deaths occurring in the 
United States [1]. Though scientific understanding of the virus is 
constantly evolving, there are a number of known risk factors for 
COVID-19 infection including male sex, chronic obstructive pulmonary 
disorder, hypertension, obesity, and certain cardiac comorbidities [2-4]. 
Notably, cancer patients also have a higher risk of COVID-19 infection, 
with a recent study reporting a hazard ratio of 3.56 (95% confidence 
interval [CI] 1.65–7.69) when compared to the general population [5]. 
Furthermore, several studies have documented a high rate of 
COVID-19-associated mortality in cancer patients [6, 7]. 

Due to health anxieties and desire to avoid viral exposure, some 
cancer patients have delayed or paused treatments [8]. Certain key 
biomarkers, including C-reactive protein (CRP), interleukin-6 (IL-6), 
and others are being investigated for prognostic capability and treat
ment course determination in cancer patients with COVID-19 [9-11]. 
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Guidelines are currently being developed to determine treatment pri
orities on the basis of risk stratifications [12-14]. This review presents 
preliminary evidence of COVID-19 and its impact on cancer, then dis
cusses general guidelines for the treatment and management of cancer 
patients that have contracted COVID-19. 

Cancer, COVID-19 infection, and mortality 

Though there is some debate about the strength of evidence, reports 
generally suggest that cancer patients are more vulnerable to COVID-19 
infection than the general population, perhaps due to their immuno
compromised state. The previously referenced study by Liang et al., 
which reported a hazard ratio of 3.56 for COVID-19 infection among 
cancer patients [5], has been supported by several other studies. One 
retrospective cross-sectional study found that cancer patients have a 
two-fold higher COVID-19 infection rate in comparison to the general 
population (0.79% and 0.37%, respectively, odds ratio [OR] 2.31, 95% 
CI 1.89–3.02) [15]. Additionally, in their pooled analysis, de las Heras 
et al. found that 1.0–3.9% of COVID-positive patients had an underlying 
diagnosis of cancer; this range increased to 7.3–20.3% for 
COVID-positive patients who died or became seriously ill [6], which is 
much higher than the proportion of cancer patients in the general 
population. 

Among cancer patients, some appear to be more vulnerable than 
others when it comes to COVID-19. A multicenter study showed that 
patients with hematologic, lung, or other metastatic malignancies, and 
those who had undergone surgical procedures were more vulnerable to 
serious COVID-19 illness [16]. This same study found that the general 
population and patients with non-metastatic cancer have a similar pre
disposition to serious COVID-19 illness [16]. In their retrospective 
cohort of 309 cancer patients, Jee et al. similarly found that lung and 
hematologic cancer patients had hazard ratios of 2.0 and 1.90, respec
tively, for severe or critical COVID-19 events [17]. Lee et al. also re
ported higher risk for severe COVID-19 illness for cancer patients with 
hematologic malignancies versus solid tumors [18]. They also found 
that case-fatality rate for cancer patients with COVID-19 rose signifi
cantly with increasing age [18], echoing a trend seen in the general 
population. In sum, COVID-19 does not appear to affect all cancer pa
tients equally. 

Not only are cancer patients at risk for severe COVID-19 illness, they 
are also at high risk for mortality. A mathematical dynamic model from 
researchers in Latin America estimated the COVID-19-related mortality 
rate in cancer patients to be between 18.4–30.4% [19]; yet according to 
some studies, these estimates appear to be somewhat low. Following a 
nosocomial outbreak of COVID-19 in a hematological oncology unit in 
Central Europe, 36.8% of their patients died [7]; nearly a third (30.6%) 
of the 1044 patients in the UK Cancer Coronavirus Monitoring Project 
died, the vast majority of whom (92.5%) had cause of death recorded as 
COVID-19 [18]. Another study by Sanchez-Pina et al., reported that 
patients with hematologic malignancies had COVID-related mortality of 
35.9% versus 13.2% in COVID-positive, non-cancer, age- and 
illness-severity-matched controls (p = 0.003, OR 6.652) [9]; and in a 
retrospective chart review of 1878 COVID-19 patients, 52.3% (9/17) of 
the lung cancer patients died compared to just 10.2% COVID-19 mor
tality in the general population at the same center (p<0.0001), though it 
should be noted that a majority of the lung cancer patients had meta
static malignancy (11/17) and comorbidities such as hypertension 
(10/17) and chronic obstructive pulmonary disorder (COPD) (9/17) 
[20]. Regardless, these numbers illustrate how severe COVID-19 infec
tion can be for cancer patients. 

Cardiovascular complications in COVID-positive cancer patients 

One particular area of concern is cardiovascular complications 
observed in cancer patients with COVID-19. Cardiovascular complica
tions are a common feature of COVID-19 infection [21-24] and include 

conditions such as embolism, stroke, cardiac injuries, and arrythmias 
[21, 25-27]. Likewise, it is well known that cancer and cancer treat
ments promote various cardiovascular complications and coagulo
pathies [28]; indeed, both cancer and COVID-19 infection in isolation 
fulfill Virchow’s triad for thrombosis by involving blood stasis, vascular 
wall damage, and hypercoagulation states [29], so it follows that 
COVID-19 infection further exacerbates these complications in cancer 
patients. One prospective cohort study provides strong evidence in favor 
of this hypothesis, indicating that COVID-positive cancer patients with 
cardiovascular disease have an odds ratio for mortality of 2.32 (95% 
confidence interval of 1.47–3.64) compared to COVID-positive cancer 
patients without comorbidities [30]. 

The mechanism of synergy between COVID-19 infection and cancer 
leading to cardiovascular complication is not clear; but it may be via 
hyperinflammation, which negatively affects the cardiovascular system. 
Excessive activation of innate and adaptive immune cells causes a dys
regulated immune response and can promote cardiovascular and 
endothelial dysfunction [31]. For example, in response to inflammation, 
neutrophils mobilize their chromatin extracellularly to form neutro
philic extracellular traps (NETs), which encourages a thrombophilic 
state [32, 33]. Venous and arterial thrombosis is one of the key risk 
factors for developing critical illnesses in COVID-19 patients and often 
presents as skin rashes [34-37] or chilblain-like lesions on the hands and 
feet [38], sometimes referred to as “COVID toes.” 

In cancer patients, it is necessary to proactively avoid the occurrence 
of life-threatening coagulopathies and hyperinflammation with pro
phylactic therapies. Fibrinolytic interventional therapy using tissue 
plasminogen activator (tPA) has been indicated to be beneficial when 
used as a rescue therapy in patients who have acute respiratory distress 
syndrome (ARDS) due to COVID-19 [39]. Low molecular weight heparin 
and other anticoagulants should also be contemplated as a prophylactic 
measure in cancer patients with COVID-19 infection, as they have been 
effective in preventing thrombosis in cancer patients previously [40-42]. 
Nevertheless, these exploratory measures should be considered in the 
context of mixed evidence, as one retrospective cohort of 398 subjects 
found similar rates of thrombotic and hemorrhagic events in cancer and 
non-cancer cohorts [43]. 

Renin-angiotensin-aldosterone system (RAAS) and COVID-positive cancer 
patients 

The SARS-CoV-2 virus utilizes the angiotensin converting enzyme 2 
(ACE2) receptor for entry by engaging its spike proteins [44]. The ACE2 
receptor is present in a wide variety of cell types and tissues [45] and has 
the primary function of hydrolyzing Angiotensin-II (a vasoconstrictive 
peptide) into Angiotensin (1–7), which then acts as a vasodilator. In this 
way, it acts as a counterbalance for ACE, which cleaves Angiotensin-I 
into Angiotensin-II. During excessive inflammation, ACE2 receptors 
can also be downregulated by metalloproteases called a disintegrin and 
metalloproteinase (ADAM17) [46, 47]. This process may decrease ACE2 
expression from cell surfaces, thus causing an imbalance to the 
renin-angiotensin-aldosterone system (RAAS) and adding to endothelial 
dysfunctions. For this reason, some have proposed that the inhibition of 
ADAM17 may play a protective role in COVID-19 by maintaining the 
surface expression of ACE2 [48]. 

RAAS has a role in cancer biology by remodeling the tumor micro
environment and influencing tumor growth and dissemination [49], 
though the exact role is debated; a review by Rosenthal and Gavras in
dicates that evidence for ACE inhibitors’ effect on cancer is mixed, 
though as an adjuvant therapy they may be beneficial for cancer patient 
outcomes [50]. In certain studies, angiotensin system inhibitors have 
been beneficial in treating non-metastatic cancer patients by activating 
the immune response [49, 51]. The dysregulation of RAAS system dur
ing COVID-19 infection can further complicate some of the treatment 
aspects in cancer patients where ACE blockers are anticipated to have 
better prognosis. 
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Key biomarkers for COVID-19 illness in cancer patients 

There may be certain biomarkers that indicate severe COVID-19 
illness in cancer patients, so it is prudent to base treatment guidelines 
on this developing evidence. 

C-reactive protein (CRP) is an important marker of endothelial 
dysfunction during inflammation due to infection and chronic cardio
vascular disorders [52, 53]. CRP levels can be used to indicate the 
severity of the COVID-19 infection, as evidenced by multiple studies [10, 
54-56]. These levels may be especially useful in prognosis for 
COVID-positive cancer patients, as a study by Sanchez-Pina et al. found 
that CRP >10 mg/dl was significantly correlated with significantly 
higher odds of COVID-related mortality (13.56, p = 0.03) in patients 
with leukemia, myeloma, and lymphoma [9]. Therefore, CRP should be 
given consideration as a prognostic marker in cancer patients during the 
course of treatment for COVID-19 illness. 

Interleukin-6 (IL-6) is a proinflammatory cytokine that plays a key 
role in fever and acute immune response, as well as governs the release 
of CRP from the liver [53]. IL-6 has been shown to play a crucial role 
during severe COVID-19 infection and has a reliable prognostic value 
[56-58]. Blocking IL-6 in cancer patients has been demonstrated to be 
beneficial when combined with other conventional therapies [59]. 
Blocking IL-6 can be achieved through an antibody called tocilizumab 
[60], which has also been shown to reduce inflammation and decrease 
the mortality rate in COVID-19 patients [61]. However, blocking this 
pathway may also contribute to the immunocompromised state and 
increase the chances of secondary infection [62], or produce other 
off-target effects. One case report of two COVID-19 patients who 
received tocilizumab cautions against its use, as both patients pro
gressed to hemophagocytic lymphohistiocytosis [63], a highly fatal 
disease characterized by overproduction of immune cells. Due to IL-6′s 
independent correlation with cancer and COVID-19 infection as well as 
its close relation to CRP, IL-6 deserves consideration (and additional 
trials) as a potential prognostic indicator for cancer patients with 
COVID-19 illness. 

Treatment guidelines for COVID-positive cancer patients 

Guidelines are under development for treating cancer patients in the 
COVID-19 era, with researchers proffering methods for both treating 
cancer and treating COVID-19 in cancer patients who already have been 
infected by the virus, as well as methods for reducing risk of virus 
contraction in un-infected cancer patients. 

Evidence regarding initiation of chemotherapy in COVID patients is 
largely mixed. In a retrospective cohort of 309 cancer patients, Jee et al. 
found that cytotoxic chemotherapy administration within 35 days of 
COVID-19 diagnosis was not associated with severe or critical COVID-19 
illness in cancer patients [17]. Another study came to similar conclu
sions, as cancer patients who received chemotherapy within 4 weeks of 
their COVID-19 diagnosis were at no greater risk for mortality than 
cancer patients who had not received chemotherapy in the same time 
period [30]. By contrast, yet another study found that after adjusting for 
age and sex, patients with hematologic malignancies who had recently 
undergone chemotherapy had 2.09 times the odds of in-hospital COVI
D-related death [18]. With varied and limited evidence, it is difficult to 
make definitive suggestions for chemotherapy treatment with confi
dence in this population of cancer patients with COVID infection. 

Another area of concern and debate involves treatment delay for 
cancer patients in the COVID-19 era. One retrospective chart review of 
165 lung cancer patients found that 9.1% had their cancer treatments 
delayed during the COVID-19 pandemic, with further analysis revealing 
that 80.0% of the time, this was at the patient’s request instead of the 
doctor’s or family’s [8]. In July of 2020, additional guidelines developed 
by 32 radiotherapy experts were published regarding best practices for 
treating various types of lung cancer. Despite anxieties patients may feel, 
they generally recommended standard treatments so as not to worsen 

cancer-related prognosis –– making an exception to postpone treatment 
for lung cancer patients infected with COVID-19 [64]. Liao et al. offer 
similar guidance based on their experience, endorsing that delays or 
altered treatment may be beneficial for cancer patients [65]. Notably, 
delays in certain treatments may have unknown effects for cancer pa
tients undergoing multiple therapies at once, such as prostate cancer 
patients who may pause in-hospital radiotherapy at the risk of making 
concomitant androgen deprivation therapy less effective [66]. 

A variety of therapeutic options have been mentioned in other 
studies, though none with overwhelming support. In Rogado et al.’s 
retrospective chart review, they proposed that hydroxychloroquine and 
azithromycin were effective treatments for cancer patients with COVID- 
19, but only 6 patients were treated with this regimen [20]; in contrast, a 
study by the COVID-19 and Cancer Consortium of 1035 cancer patients 
with COVID-19 infection found that hydroxychloroquine and azi
thromycin were independent factors associated with increased 30-day 
mortality, though confounding could not be excluded [67]. Others 
have recommended administration of oral anticoagulants and low mo
lecular weight heparin (LMWH) to avoid thrombotic events [29]. 
Though this recommendation is based on sound reasoning and backed 
by World Health Organization guidelines [68], there is a lack of 
trial-based evidence to support these therapies in COVID-positive cancer 
patients. In the non-malignant section of the American Society of He
matology (ASH) guidelines, they likewise endorses the prophylactic use 
of LMWH but specifies that therapeutic anticoagulation is not necessary 
for COVID-19 patients [69]. For patients with malignancies, ASH rec
ommendations were more varied and often did not specify therapeutic 
anticoagulation measures [69]. Another study noted that countries that 
implemented universal BCG vaccination for tuberculosis had better 
outcomes for COVID-19 prevalence and mortality, which, incidentally, 
is also standard immunotherapy for select types of cancer [70]. Multiple 
trials are underway to investigate whether BCG could be an effective 
COVID-19 prophylactic for the general population, and for cancer pa
tients in particular. Though positron emission tomography (PET) scans 
are not commonly used to manage patients with COVID-19, one study 
asserted based on their experience with a COVID-positive cancer patient 
that this imaging could be useful [71]. All of these therapeutic options 
discussed here merit further investigation. 

There appears to be a consensus based on literature review, 
regarding the adoption of simple screening tools to prevent transmission 
of COVID19 infection in cancer patients. In their report, Assi et al. laud 
their tiered screening tools to identify asymptomatic carriers among 
cancer patients over more “sophisticated” methods such as reverse 
transcriptase PCR and computed tomography (CT) scans, which they say 
can be costly and ultimately less effective [72]. Global evidence of 
screening strategies abounds in the literature, with a study by Tang et al. 
describing high-, intermediate-, and low-risk categories to prevent 
nosocomial infection in Chinese hospitals using brief questionnaires 
[13]; Italian hospitals categorizing cancer patients as “active status” or 
“follow-up” to better prioritize resources and reduce risk of virus 
contraction during non-urgent hospital visits [14]; and a cancer center 
in Singapore detailing nosocomial infection prevention methods in their 
medical, radiation, imaging, and surgical oncology divisions of their 
cancer center [73]. Preliminary evidence from these studies indicates 
that screening and prevention methods have been highly successful in 
reducing viral spread. With various screening tools based on best prac
tices now having been implemented, additional study is needed to now 
determine scientifically which of these methods is most effective at 
preventing COVID-19 infection, especially for cancer patients. 

Amidst the uncertainty, there is reason for optimism. Freeman and 
Mikhael provide a positive perspective on the current and future treat
ment of cancer patients, reporting the changes to cancer treatment 
happening during this pandemic (e.g., increased emphasis on telehealth) 
could result in more effective, less expensive treatment in times beyond 
the current crisis [74]. 
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Conclusion 

Cancer patients have an elevated risk for COVID-19 infection and, if 
contracted, also have high risk of serious complications and death as a 
result. Based on evidence gathered from a number of studies, various 
biomarkers such as CRP and IL-6 should be considered to formulate a 
reliable assessment of COVID-19 illness severity in cancer patients. 
Developing a clearer understanding of the viral pathophysiology and 
effectiveness of various treatments will ultimately ameliorate the impact 
of COVID-19 in cancer patients. Survivors of cancer and COVID illness 
are a true testament to resilience, serving as a reminder that we can face 
uncertainty and accept the challenge to continually improve care for 
cancer patients with COVID-19. 
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