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Preface to “The Challenges of COVID-19 with
Obesity-Related Cancers”

The COVID-19 pandemic has taken place at a time when the worldwide prevalence rate of
overweight and obesity is greater than 39% and 13%, respectively, for adults, and cancer is a leading
cause of death globally. The emergence of COVID-19 has created an unprecedented threat worldwide,
overwhelming health care systems in the majority of countries. COVID-19 had devastating effects on
oncologic patients, with an important number of missed diagnoses and delayed treatments attributed
mainly to patient’s reluctance to seek medical care and to health care systems under pressure.
Throughout the pandemic, particularly during the first phases, there were significant delays in cancer
screening and surveillance that resulted in delayed diagnoses particularly in obesity-associated
cancers, an increased rate of patients diagnosed in an emergency setting, a plethora of diagnoses
of advanced stage malignancies with higher tumor burden, and delays in the treatment of patients
with newly diagnosed cancers.

This reprint emphasizes the perspectives and challenges surrounding COVID-19 and
obesity-related cancers, including but not limited to the risk factors of severe COVID-19 in cancer
patients; the complications of COVID-19 in cancer patients; the challenges in cancer treatment and
surgery; guidelines for cancer care during COVID-19; delayed diagnosis and suboptimal cancer
management; the impact of COVID-19 on cancer screening, early diagnosis and cancer presentation;
immune response after SARS-CoV-2 infection and vaccination in cancer patients; psychological
distress among cancer survivors; telehealth in cancer care; the role of diet and nutraceuticals in the
prevention of severe COVID-19 and cancer; and the effects of COVID-19 pandemic on cancer research.

Overall, this volume on “The Challenges of COVID-19 with Obesity-Related Cancers” represents
a useful tool in providing a valuable addition to COVID-19 research on pathogenesis, prevention and
management in cancer patients. It is useful to all students, researchers and clinicians involved or
interested in the mechanisms by which obesity and cancer contribute to the severity of COVID-19 and
may serve as a foundation for stimulating further research on this subject. We have been fortunate to
assemble articles authored by an international group of authors with expertise in prevention, public
health, infectious diseases, nutrition, oncology /hematology and surgery, and we are grateful for their
contribution. We welcome feedback on this volume and appreciate the support and encouragement
received during the publication of this volume. Finally, without the understanding and support of

our families, the compilation of this encompassing book would have not been possible.

Maria Dalamaga, Narjes Nasiri-Ansari, and Nikolaos Spyrou
Editors
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The emergence of COVID-19 has created an unprecedented threat worldwide, involv-
ing overwhelmed health-care systems in the majority of countries [1,2]. Cancer screening
and delivering care in oncologic patients has been a challenging task based on the balance
between the risk of mortality from untreated malignancy versus the risk of severity of
COVID-19 and death in immunocompromised individuals [3].

The COVID-19 pandemic has taken place at a time when the worldwide prevalence
rate of overweight and obesity is greater than 39% and 13%, respectively, for adults, and
cancer is a leading cause of death globally based on recent WHO data [4,5]. Obesity has
become a major global public health concern related to a variety of disorders, including
metabolic syndrome, type 2 diabetes mellitus, cardiovascular disease, nonalcoholic fatty
liver disease, polycystic ovary syndrome, autoimmune disorders and cancer [6-13].

Interestingly, a growing body of evidence has shown that obesity and increased
visceral fat are strongly and independently linked with adverse outcomes and death due
to COVID-19 [14-18]. Moreover, there is convincing evidence that excess body weight
is associated with an increased risk for cancer of at least 13 anatomic sites, including
endometrial, esophageal, renal and pancreatic adenocarcinomas; hepatocellular carcinoma;
gastric cardia cancer; meningioma; multiple myeloma; colorectal, postmenopausal breast,
ovarian, gallbladder and thyroid cancers [19-21].

Two umbrella reviews and meta-analyses on the association between pre-existing
health conditions and severe outcomes from COVID-19 have shown that other than di-
abetes, obesity, heart failure, chronic obstructive pulmonary disease and dementia, active
cancer was also linked with a higher risk of death, particularly in Europe and North Amer-
ica [22,23]. Oncologic patients may be more susceptible to SARS-CoV-2 infection. Evidence
is mixed regarding COVID-19 severity in cancer patients [24-26], while COVID-19 out-
comes in these patients are improved with an earlier diagnosis, the availability of effective
COVID-19 vaccines, the advent of the omicron outbreak and the timely use of anti-viral
therapy [24,27]. Despite all the abovementioned factors, most studies have highlighted an el-
evated risk of severe COVID-19 in patients with active cancer, particularly in non-vaccinated
individuals [22,23,25,28,29]. The risk may vary by type and stage of cancer and treatment.
Particularly, older age, hematologic malignancies, lung cancer, advanced or progressive can-
cer, active chemotherapy, comorbid conditions, including obesity, and smoking are associated
with severe COVID-19 [30-37].

COVID-19 had devastating effects on cancer patients, with an immense number of
missed diagnoses and delayed treatments attributed mainly to patient’s reluctance to seek
medical care and to health systems under pressure [38]. Throughout the pandemic and
particularly during the first and second phases, there were significant delays in cancer
screening and surveillance that resulted in delayed diagnoses, particularly in obesity-
associated cancers, an increased rate of patients diagnosed in an emergency setting, a
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plethora of diagnoses of advanced stage malignancies with higher tumor burden as well
as delays in the treatment of patients with newly diagnosed cancers [39-44]. In the initial
phase of the pandemic, collective data from 200 sources in 17 European countries have
shown that an estimated 100 million screening tests were not performed while up to 50%
of all cancer patients were affected by treatment delays [45].

Generally, therapeutic management of oncologic patients with COVID-19 is similar to
that used for the general population. In the outpatient setting, available treatment options
comprise antiviral agents, such as nirmatrelvir-ritonavir, remdesivir and molnupiravir, as
well as monoclonal antibodies active against prevalent variants [46,47]. Persistent SARS-
CoV-2 infection may uncommonly occur in immunocompromised patients, particularly
those with severe B-cell depletion due to cancer treatment (e.g., rituximab, hematopoietic
cell transplantation, etc.) [46,48,49].

Overall, when cancer treatment is indicated according to consensus guidelines, it
should be administered without delay [50]. In most hematologic cancers, the efficacy
of treatment favors the adoption of curative approaches, despite the infectious risk of
COVID-19; however, decisions should be made on a case-by-case basis [51]. In patients
who have tested positive for SARS-CoV-2, immune checkpoint inhibitors (IClIs) should
be postponed until recovery [50]. Transplantation/cellular therapy should be delayed for
2-3 weeks and until patients are asymptomatic; however, decisions should be made on a
case-by-case basis (e.g., prolonged viral shedding should be taken into consideration) [52].
In cases where treatment is not urgent as in indolent lymphomas, treatment can be deferred
until nasopharyngeal sampling is negative and symptoms have resolved; less immunosup-
pressive therapies can also be prioritized [53]. Moreover, in the absence of urgent treatment
indication, an individual treatment deferral after anti-SARS-CoV-2 vaccination (at least one
injection) may be considered [53]. Therapeutic decisions to proceed with systemic therapies
should be preceded by a multidisciplinary discussion, risk/benefit analysis and discussion
with the patient.

Up-to-date COVID-19 vaccination is recommended to all patients with active or
prior malignancy in order to prevent severe SARS-CoV-2 infection. Data have indicated
that vaccine efficacy is relatively diminished in patients with active cancer in compari-
son to individuals without cancer, especially in patients with hematologic malignancies,
and particularly those on anti-CD20 antibody treatment [54-56]. Patients with hemato-
logic malignancies present lower seroconversion rates post-vaccination, potentially lead-
ing to inferior COVID-19 outcomes despite vaccination, and an elevated risk for break-
through infections [57-59]. Figure 1 depicts the main challenges of COVID-19 associated
with cancer.

This Special Issue places emphasis on the challenges surrounding COVID-19 and
obesity-related cancers, including, but not limited to: risk factors of severe COVID-19
in cancer patients; complications of COVID-19 in cancer patients; challenges in cancer
treatment and surgery; guidelines for cancer care during COVID-19; delayed diagnosis and
suboptimal cancer management; impact of COVID-19 on cancer screening, early diagnosis
and cancer presentation; immune response after SARS-CoV-2 infection and vaccination in
cancer patients; psychological distress among cancer survivors; telehealth in cancer care;
role of diet and nutraceuticals in the prevention of severe COVID-19 and cancer as well as
effects of COVID-19 pandemic on cancer research.

Although SARS-CoV-2 mainly affects the lower respiratory tract, it can initiate system-
wide pathophysiological alterations and dysfunctional immune responses. Habibzadeh
et al. reviewed the potential effects of autophagy on cancer development and outcomes [60].
Various SARS-CoV-2 proteins interact with different components of the cellular autophagy
pathway and could lead to long-term defects in the cellular autophagy machinery. The
authors hypothesize that these defects could mediate alterations in cell proliferation, im-
munity against cancer cells, cell metabolism and cancer drug efficacy that could eventually
impact on carcinogenesis and responsiveness to cancer therapy.
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Figure 1. Main challenges of COVID-19 associated with cancer. This image was derived from the
free medical site http://smart.servier.com/ (accessed on 2 March 2023) by Servier, licensed under a
Creative Commons Attribution 3.0 Unported License.

The lack of medications for COVID-19 in the early phases of the pandemic led the
public to seek alternative therapies, including nutraceuticals. Bader-Larsen et al. evaluated
the safety of “anti-COVID-19” nutraceuticals in patients with cancer [61]. They reported
that the use of vitamin C, vitamin D and selenium supplements is likely safe at typically
recommended doses. However, they cast caution on the use of omega-3 fatty acids and
zing, as potential risks may outweigh the benefits derived from their use.

Almasri and colleagues reviewed the evidence on the immune response rates and
safety profiles of COVID-19 vaccines in patients with hematologic and solid malignan-
cies [62]. In comparison to the general population, lower seropositivity following vaccina-
tion was associated with malignancy as well as with hematologic malignancy compared to
solid cancers. Patients receiving active chemotherapy, radiotherapy and immunosuppres-
sive therapy generally displayed lower seropositivity rates compared to healthy controls,
a phenomenon not observed in patients who received checkpoint inhibitors, endocrine
therapies and cyclin-dependent kinase inhibitors. Nevertheless, cancer patients demon-
strated the ability to mount safe and effective immune responses to COVID-19 vaccines.
Adverse events were comparable to those of the general population; however, inflammatory
lymphadenopathy following vaccination was commonly reported and may be mistaken for
a lymphadenopathy of malignant etiology. Finally, the authors suggested that vaccination
should be promoted, and reluctance to receive it should be addressed in this population.

The SARS-CoV-2 pandemic brought multi-dimensional disruptions in oncology. Ali
and Riches reviewed the changes that affected the care of cancer patients as well as clinical
trials [63]. The pandemic disrupted routine cancer screenings and decreased the potential
for early cancer detection, resulting in many thousands of missed cancer diagnoses. Initially,
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clinical trials were significantly impacted, resulting in the cessation of trial initiation and
recruitment, particularly in oncology clinical trials. Clinical trial practices and protocols
underwent significant changes, including a reduction in in-person appointments, use of
telemedicine and remote monitoring systems, to minimize the risk of exposure to the virus.
Cottenet et al. studied the effect of obesity on the risk of intensive care unit (ICU) admission,
severe complications and in-hospital mortality, in 992,899 cancer patients hospitalized with
or without COVID-19 from the French national administrative database [64]. The authors
found that obese cancer patients had an increased risk of admission to the ICU and severe
complications, regardless of the type of obesity. Severe obesity was associated with an
increased risk of in-hospital mortality, particularly in patients with hematological cancers.
This study showed that among hospitalized cancer patients with or without COVID-19,
increased vigilance is needed for obese patients, both in epidemic and non-epidemic
periods. Lastly, Sereno et al. conducted a retrospective study in 943 cancer patients, of
whom 83 (11.3%) were neutropenic and infected with COVID-19, looking at the effect of
G-CSF treatment on outcomes during the first phase of the pandemic [65]. They observed a
significant effect of the number of days of G-CSF treatment on severe disease and mortality,
suggesting that prolonged treatment could be disadvantageous for these patients.

The management of many diseases was altered after the COVID-19 outbreak. Obesity
has a great impact on COVID-19 patients’ outcome while it affects the etiopathogenesis of
various types of cancers, including melanoma, thyroid (TC) and hematological cancers. Car-
iti et al. critically evaluated whether screening, diagnosis and treatment of melanoma have
been changed by the COVID-19 pandemic as well as the implications of these changes [66].
The authors found that during the pandemic, there was a delay in the diagnosis of new
melanoma cases. After detection, the management of early-stage and advanced melanoma
cases was fully guaranteed, whereas the follow-up visits of disease-free patients were
delayed or replaced by teleconsultation when possible. The authors reported their valuable
experience in the management of patients with melanoma during the COVID-19 pandemic,
in a dermatological clinic in Northern Italy.

The interplay between obesity, TC and COVID-19 was extensively evaluated by Deli-
giorgi et al. [67]. Obesity is associated with an increased risk of differentiated TC (DTC).
The authors summarized exciting, published data on the association between COVID-19
and TC into four sections: (i) the interrelationship between obesity, immunity, inflamma-
tion and oxidative stress, underlying this association; (ii) the challenging management of
(D)TC in the COVID-19 era; (iii) the impact of COVID-19 on (D)TC and vice versa; and
(iv) the oncogenic potential of SARS-CoV-2. The researchers highlighted the importance
of evidence-based, risk-stratified and consensus-based decision making for providing the
safest premium-quality care for (D)TC patients, with or without COVID-19.

Both obesity and hematological cancers are well-known risk factors for severe SARS-
CoV-2 infection. Tsilingiris and colleagues comprehensively summarized the evidence
linking obesity to the development of hematological cancers as well as their interconnection
with severe COVID-19. They analyzed various challenges associated with the management
of patients suffering from hematological cancers, including prevention, diagnosis and ther-
apeutic approaches [46]. They thoroughly highlighted the unsolved issues and challenges
that need to be overcome in the ongoing COVID-19 pandemic. The co-existence of obesity
and hematological malignancies in the frame of SARS-CoV-2 infection may theoretically
confer an adverse prognosis. Recent global-scale data have shown that the diagnosis of
multiple myeloma has been missed or delayed in the early COVID-19 era compared with
the previous year, while a decreased survival among newly diagnosed cases has been
noted. The field of hemato-oncology has already overcome the initial blow to a great degree
and adjusted to the new reality brought forward by COVID-19. Nonetheless, there is a
need for continued appraisal and update of numerous aspects of therapeutic management.
Many issues need to be determined, including the optimal timing of hematology—oncology
therapy initiation, the post-treatment follow-up and the timely therapeutical planning,
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including allogeneic hematopoietic stem cell transplantation in the case of infections that
emerge during the active medical therapy.

Apart from the abovementioned therapeutic approaches in oncologic patients during
the COVID-19 pandemic, special attention must be given to patients who need oncological
surgery because of the modification of treatment guidelines, the reduced access of patients
to healthcare resources and the postponement of surgery. Prodromidou and colleagues
studied how Enhanced Recovery after Surgery (ERAS) protocols may provide optimal
management of patients with obesity and malignancy during the COVID-19 pandemic,
with a special focus on patients who required surgery for gynecologic malignancy [68].
They highlighted the importance of the establishment of protective measures before surgery
in order to reduce the exposure of cancer patients to SARS-CoV-2 while simultaneously
improving vaccination access. Finally, the authors emphasized that ERAS protocols may
play a crucial role in the management of patients with gynecologic cancer based on their
efficiency in many surgical fields, such as general surgery and orthopedics, during the
COVID-19 pandemic.

Breast cancer patients and caregivers were also tremendously affected by the healthcare
crisis in multiple domains and ways. Petropoulou et al. summarized the challenges in
breast cancer management and the subsequent implications in clinical practice [69]. Similar
to other obesity-related cancers, screening, diagnosis and surgical intervention were the
most affected domains, causing a serious psychological burden to patients. The aftermath of
diagnostic and surgical delays is yet to be assessed, while alterations in the treatment plans
and the introduction of new therapeutic schemes, such as the extensive use of neoadjuvant
hormonal therapy and the significant reduction in the first-line surgical approach, may
open a novel era in the management of breast cancer.

Furthermore, the COVID-19 pandemic resulted in changes in surgical practice involv-
ing colorectal malignancies. In a systemic review and meta-analysis of ten studies including
26,808 patients, Pararas et al. evaluated the impact of the COVID-19 pandemic on the
management of colorectal cancer, the third-most-common cancer worldwide, which is also
associated with obesity [70]. The authors found that the number of patients presenting with
metastases during the pandemic was significantly increased, with no differences regarding
the extent of the primary tumor and the nodal status. In addition, patients with colorectal
cancer during the pandemic were more likely to undergo palliative interventions or receive
neoadjuvant treatment.

Finally, we expect that these manuscripts contributed by experts in this field will
provide useful resources to physicians and scientists interested in the interplay of COVID-
19 and obesity-related cancer, as well as the development of relevant preventive and
therapeutic strategies.
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Simple Summary: Coronavirus disease 2019 (COVID-19) has led to a global crisis. With the increas-
ing number of individuals infected worldwide, the long-term consequences of this disease have
become an active area of research. The constellation of symptoms COVID-19 survivors suffer from is
commonly referred to as post-acute COVID-19 syndrome in the scientific literature. In this paper, we
discuss the potential long-term complications of this infection resulting from the persistence of the
viral particles in body tissues interacting with host cells” autophagy machinery in the context of the
development of cancer, cancer progression and metastasis, as well as response to treatment. We also
propose a structured framework for future studies to investigate the potential impact of COVID-19
infection on cancer.

Abstract: COVID-19 infection survivors suffer from a constellation of symptoms referred to as post-
acute COVID-19 syndrome. However, in the wake of recent evidence highlighting the long-term
persistence of SARS-CoV-2 antigens in tissues and emerging information regarding the interaction
between SARS-CoV-2 proteins and various components of the host cell macroautophagy /autophagy
machinery, the unforeseen long-term consequences of this infection, such as increased risk of ma-
lignancies, should be explored. Although SARS-CoV-2 is not considered an oncogenic virus, the
possibility of increased risk of cancer among COVID-19 survivors cannot be ruled out. Herein,
we provide an overview of the possible mechanisms leading to cancer development, particularly
obesity-related cancers (e.g., colorectal cancer), resulting from defects in autophagy and the blockade
of the autophagic flux, and also immune escape in COVID-19 survivors. We also highlight the
potential long-term implications of COVID-19 infection in the prognosis of patients with cancer
and their response to different cancer treatments. Finally, we consider future directions for further

investigations on this matter.

Keywords: colorectal neoplasms; COVID-19; gastrointestinal neoplasms; immune checkpoint in-
hibitors; neoplasms; oncogenic viruses; oncolytic virotherapy; post-acute COVID-19 syndrome;
reactive oxygen species; tumor escape
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1. Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has led to unprecedented mortality and morbidity at a
global scale. SARS-CoV-2 is a positive-stranded RNA virus belonging to the Coronaviridae
family, members of which interact with different components of the cellular autophagy
machinery [1,2]. A constellation of symptoms, such as fatigue, exhaustion, and shortness
of breath, persisting long after the resolution of the acute phase of infection, has been
reported among some survivors of this infection [3]. The persistence of symptoms beyond
12 weeks after the initial onset is called post-COVID-19 syndrome [3,4]. However, long-term
complications of this infection could extend well beyond these symptoms.

2. Autophagy and Cancer

Autophagy plays a prominent role in maintaining cellular homeostasis through the
removal of damaged organelles, abnormal proteins, and invading organisms. Defects in
autophagy are associated with various pathological conditions, including cancer [5]. It
can lead to accumulation of damaged mitochondria and alter cellular metabolism, leading
to a high oxidative state [6]. Furthermore, impairments in autophagy flux can lead to
ER stress and subsequent accumulation of chaperone proteins and an eventual rise in
the unfolded protein burden [7,8]. This chronic injury to various cellular organelles and
proteins and the accumulation of the genetic damage in cells with defective autophagy can
lead to the development of pathophysiologies, as evidenced by the detection of loss-of-
function mutations in different autophagy genes in various malignancies such as colorectal
cancer [9]. However, despite this significant role of autophagy in the initiation of tumors, it
is a double-edged sword in cancer, and its role is highly context dependent [10]. Cancer
cells are dependent on the cellular autophagy machinery due to their rapid growth and
biosynthetic demands [6,8]. Autophagy also plays a significant role in promoting metastasis
in certain tumors, particularly in RAS-driven cancers [11]. Conversely, autophagy can also
be leveraged to enhance the response to various cancer treatments [12] (Figure 1).

Autophagy

L
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Tissue Development Progression Metastasis Response to

Treatment

Figure 1. Autophagy has a principle role in both the health and disease states, such as malignancies.
This process plays a complex role in various aspects of cancer.
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3. Potential Clues and Mechanisms Supporting the Role of SARS-CoV-2
in Oncogenesis

Several oncogenic viruses exert their carcinogenesis through altering autophagy [13].
Although the oncogenic potential of SARS-CoV-2 has not yet been investigated, two other
positive-sense single-strand RNA viruses, namely, hepatitis C virus/HCV and human
T-cell lymphotropic virus type 1/HTLV-1, exploit the cellular autophagy machinery in
order to cause liver cancer and adult T-cell leukemia/lymphoma/ATLL, respectively [13].

Both ACE2 (the major SARS-CoV-2 receptor) and TMPRSS2 (a transmembrane serine
protease necessary for viral cell entry) display a very high level of expression in the
human gastrointestinal tract [14]. This virus can infect and actively replicate in human
enterocytes [14]. A recent study on the gastrointestinal biopsies of 14 individuals performed
four months after their COVID-19 diagnosis reported persistence of the viral nucleic
acids and antigens in 50% of the cases [15]. Persistent shedding of SARS-CoV-2 viral
particles for months after the resolution of the symptoms has also been reported in the
nasopharyngeal specimens obtained from individuals with previous infection [16,17]. This
continued presence of the viral antigens in different tissues could have serious long-term
consequences for survivors of COVID-19 infection.

Interestingly, various SARS-CoV-2 proteins interact with different components of the
cellular autophagy pathway (Figure 2). For example, viral ORF3a protein interacts with
VPS39, a part of the homotypic fusion and protein sorting/HOPS complex, leading to the
inhibition of the fusion of autophagosomes with lysosomes [18]. In addition, SARS-CoV-2
Nsp15 blocks the induction of autophagy, whereas the viral ORF7a protein decreases
the acidity of lysosomes, which can interfere with autophagosome-lysosome fusion as
well as cargo degradation [19]. Moreover, accumulation of SQSTM1 and an increase in
the processed LC3B (LC3B-1I) levels have been observed upon SARS-CoV-2 envelope (E)
protein overexpression [19,20]. Altogether, these findings indicate that various SARS-CoV-2
antigens block autophagic flux in the infected cells. Conversely, a recent study showed that
the protein encoded by viral ORFS8 leads to major histocompatibility complex I (MHC-I)
degradation in the affected cells by targeting these molecules for lysosomal degradation
through the BECN1-dependent autophagy pathway [21].

The persistence of the SARS-CoV-2 antigens in the enterocytes could lead to long-term
defects in the cellular autophagy machinery, as evidenced by recent studies. The blockage
in the autophagic flux in these cells would lead to the accumulation of SQSTM1/p62
(an autophagic receptor protein), reactive oxygen species, organelle damage, and genetic
alterations in response to different stresses, eventually leading to tumorigenesis [22,23].
An approximate 1.5-fold increase in SQSTM1 levels in the presence of SARS-CoV-2 ORF3a,
ORF7a, or E proteins has been observed [19]. SQSTM1 plays a significant role in tumor
transformation due to its important function as a signaling molecule interacting with
many oncogenic pathways, including those involving NFE2L2/NRF2 and NFKB/NF-
kB [24]. Several studies also reported evidence of mitochondrial dysfunction, excessive
production of reactive oxygen species, ER stress, and unfolded protein responses in the
cells infected with SARS-CoV-2 [25-27]. As mentioned, these pathological events could be,
in part, a result of disturbed autophagy flux in the cells. Furthermore, disrupted cell cycle
regulation due to autophagy defects would lead to the uncontrolled proliferation of cells
carrying defective genetic materials, paving the way for the development of cancer [28].
In addition, activation of compensatory mechanisms in colorectal cancer cells in specific
contexts secondary to the inhibition of autophagy lead to tumor growth [29]. This could in
turn lead to a higher risk of cancer development and more rapid proliferation of tumor
cells among COVID-19 survivors.
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Figure 2. SARS-CoV-2 infects enterocytes through ACE2 receptors and TMPRSS2 expressed on their surface. The release
of the viral genome and production of viral proteins (simplified in this schema) will lead to the interaction of various
SARS-CoV-2 antigens with the host cell autophagy machinery. Overall, this will induce the blockage of the autophagic
flux. The accumulation of reactive oxygen species, damaged cellular proteins and organelles, and acquired genetic defects
due to various stressors can lead to the development of malignancies. Furthermore, infection can also interfere with the
cellular MHC-I antigen-presentation pathway, blunting the ability of host cytotoxic CD8" T cells to recognize potential
oncogenic antigens.

Downregulation of MHC-I is one of the major mechanisms of the immune evasion
by tumor cells through escaping detection by CD8* T-cells and their cytotoxicity [30].
This adaptive immune escape mechanism is observed in many malignancies, including
colorectal cancer, and is associated with a poor prognosis [31]. MHC-I degradation through
the BECN1-dependent autophagy pathway induced by viral ORES8 could, therefore, provide
a fertile soil for carcinogenesis by blunting the ability of the immune system to detect the
cancer cells because their neo-antigens are no longer presented on the MHC-I molecules.

It should be noted that SARS-CoV-2 antigens have also been detected in various other
human organs, such as the lungs, heart, kidneys, hepatobiliary system, and the lymphatic
system [32]. Although most of these findings have been reported in post-mortem studies
and the persistence of the viral antigens in these organs among COVID-19 survivors has
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not so far been assessed due to technical and ethical considerations, it is likely that viral
particles could linger in these tissues, continuing to interact with the host cell autophagy
machinery and therefore inducing carcinogenesis in various organ systems. Chronic SARS-
CoV-2 infection is reported in immunocompromised patients (e.g., due to anti-cancer
therapy) and animal models [33-35]. These immunocompromised patients with chronic
infection might have a higher risk of cancer, as evidenced in other malignancies with
suspected infectious etiology [36].

Interestingly, a recent study has reported that SARS-CoV-2 RNA can integrate into
the genome of cultured human cells through reverse transcription. The authors also
claimed that they were able to detect viral-host chimeric transcripts in the patient-derived
tissues, suggesting that these transcripts are a result of integration of DNA copies of
viral sequences in the human genome [37]. However, a later study by another group did
not find any evidence for such an event in human cells [38]. Clearly, further large-scale
studies are required to investigate if the SARS-CoV-2 genome is able to integrate into the
human genome.

A nation-wide population-based study conducted in Denmark investigating mortality
rates among patients admitted to the hospitals for non-COVID-19 diseases during the
pandemic from March 2019 to January 2021, and found a consistently higher mortality rate
among patients with cancer compared with baseline pre-pandemic mortality rates among
these patients [39]. Although this observation is likely due to a multitude of factors, it is
possible that defects in autophagy and increased tumor immune evasion among patients
with certain malignancies who had previously contracted this infection could have led to
more a rapid progression of their cancer due to the processes described above. In addition,
a 6.9-fold increase in tumor burden has been reported in patients who had been diagnosed
with metastatic colorectal cancer after the first lockdown compared with those diagnosed
prior to the lockdown [40]. Despite the significant role of the delays in the screening and
diagnosis as a result of the COVID-19-related lockdown, the above-mentioned processes
could have also contributed to this observation. Notably, patients with cancer remain a
vulnerable population for COVID-19 [41].

4. Autophagy and Metabolism

Autophagy plays a fundamental role as a catabolic process recycling intracellular
components into breakdown products that could be used in various cellular metabolic
pathways [42]. This, in turn, enables cells to survive under metabolic stress conditions (e.g.,
nutrient deprivation, hypoxia, etc.) [43,44].

Alteration in cellular metabolism is one of the hallmarks of cancer [45]. Unlike normal
cells, which mainly rely on mitochondrial oxidative phosphorylation for energy production,
most cancer cells depend on aerobic glycolysis (the Warburg effect) [45,46]. Despite being
an inefficient pathway for adenosine 5'-triphosphate (ATP) generation, it is thought that
it confers an advantage to tumor cells in incorporating nutrients in tumor biomass and
cellular proliferation [46]. Considering the diverse role of autophagy in feeding different
metabolic pathways through degradation of various cellular substrates, it is not surprising
that elevated basal autophagy is seen in many tumor types [8,47].

Furthermore, mitochondrial metabolism plays an important role in various tumor
types by redox balance, ATP generation, and synthesis of intermediates required for
macromolecule biosynthesis (e.g., nucleotides) [48]. The selective autophagic elimination
of the mitochondria (i.e., mitophagy) is a very important cellular process regulating their
number and also participating in mitochondria quality control [49]. In addition, mitophagy
plays a vital role in the metabolic rewiring of cancer cells aimed at meeting their bioenergetic
needs [50].

Considering the paramount role of autophagy in maintaining tissue homeostasis,
dysregulation in this process has been linked to cancer development and progression in a
context-specific manner [51]. The potential inhibition of the autophagy flux by SARS-CoV-2
antigens can deprive tumor cells of the building blocks essential for unconstrained tumor
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proliferation and could, therefore, limit tumor growth. However, the accumulation of
dysfunctional organelles, particularly dysfunctional mitochondria, as a result of impaired
autophagy can pave the way for the development of cancer [52] (Figure 3).
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Figure 3. Autophagy and cell metabolism in cancer. Autophagy plays an important role in removing defective cellular

organelles and macromolecules and recycling them for further use in different metabolic pathways. Mitochondria are the

primary cellular organelles responsible for various cellular metabolic pathways including fatty acid oxidation (FAO), the

tricarboxylic acid (TCA) cycle, and the electron transport chain (ETC). Impaired production of metabolic intermediates

important for cellular proliferation can lead to a metabolic crisis and subsequently limit tumor growth. Conversely, excessive

production of reactive oxygen species and the resultant oxidative damage can lead to tumorigenesis.

Obesity is correlated with elevated systemic oxidative stress [53]. The excessive
nutrients supply, overwhelming the cellular Krebs cycle and mitochondrial respiratory
chain, leads to mitochondrial dysfunction and increases the formation of reactive oxygen
species (ROS) [54]. Elevation of intracellular ROS is known to lead to the upregulation
of the cellular autophagic response, which subsequently removes defective mitochondria
and therefore limits the generation of ROS [55-57]. The potential inhibition of autophagic
flux as a result of the persistence of SARS-CoV-2 antigens in different tissues could blunt
this protective mechanism and could particularly be more important in the pathogenesis
of obesity-related cancers. ROS levels are higher in colorectal cancer cells compared with
normal non-cancerous tissues [58]. Furthermore, ROS play a critical role in mediating
tumorigenesis and colorectal cancer initiation driven by RAC1 [59]. The effects of ROS
extend beyond the initiation of obesity-related cancers; they are anti-apoptotic factors
promoting the survival of pancreatic cancer cells [60].
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5. Implications for Cancer Treatment

The long-term presence of SARS-CoV-2 antigens in cancer tissues could also have
wide-ranging implications for cancer therapy. MHC-I loss or downregulation is a common
mechanism for the development of resistance to PDCD1/PD-1 inhibitors among patients
with melanoma [61,62]. The same phenomenon could potentially render cancer cells
arising in the presence of SARS-CoV-2 antigens resistant to anti-PDCD1 monotherapy as a
result of MHC-I degradation through BECN1-dependent autophagy. This outcome could
necessitate the use of PDCD1 and CTLA4 blockade combination therapy in such cases,
as this treatment strategy does not require MHC-I expression for exerting its therapeutic
effects [63].

Lysosomal sequestration of weak base hydrophobic chemotherapeutic agents decreas-
ing their accessibility to their target sites and the resultant decrease in their cytotoxic
effects is a significant challenge that culminates in treatment failure and subsequent in-
crease in mortality due to cancer [64]. Lysosomal exocytosis facilitating the clearance
of chemotherapeutics accumulated in this organelle is another important component of
lysosome-mediated chemotherapy resistance [65]. A recent study has shown that SARS-
CoV-2 ORF3a not only inhibits the autophagy flux but also promotes lysosomal exocy-
tosis [66]. This could confer drug resistance to the cancer cells arising in the setting of
persistence SARS-CoV-2 ORF3a presence.

Despite the preliminary clues pointing towards the role of the virus in promoting
tumor progression described here, rare instances of tumor burden reduction in three
patients with colorectal cancer and disease remission in a patient with Hodgkin lymphoma
following COVID-19 infection have been reported in the literature [67,68]. Although the
over-exuberant immune response instigated by SARS-CoV-2 attacking the tumor cells
could have led to this phenomenon [69], the complex role of autophagy in cancer (acting
as a double-edged sword) should not be underestimated in interpreting these exceptional
cases. These serendipitous observations may partly be due to the blockage of autophagy
flux, leading to the deprivation of cancer cells of the essential biosynthetic materials
generated by the cellular autophagy machinery required for tumor growth [6,8]. This
in turn highlights the therapeutic potential of SARS-CoV-2 in oncolytic virotherapy via
blockage of autophagic flux in specific tumor types at certain stages of their natural course.
Theoretically, this potential therapeutic strategy could particularly be effective against
tumor cells with high autophagy activity.

6. Future Directions

Notwithstanding significant efforts to unravel the role of autophagy in COVID-19
infection, many questions, particularly those surrounding the role of autophagy in the
long-term complications of COVID-19, remain unanswered [70,71]. A multidisciplinary
approach, involving both clinical and basic science researchers, aimed towards studying the
unforeseen long-term consequences of COVID-19 infection in cancer development, tumor
progression, metastasis, and response to various cancer therapeutics could eventually piece
together different parts of this puzzle, providing a better understanding of the complex
interaction between SARS-CoV-2 and cancer.

The potential long-term oncogenic effects of SARS-CoV-2 antigens that inhibit the
autophagic flux (e.g., NSP15, ORF3a, etc.) could be investigated through in vitro studies
assessing changes in tumor formation following the long-term presence of these antigens
in various human cell lines, such as human KRAS knockout cells. In addition, studies
on patient-derived cancer cell lines could provide valuable insight into the effect of viral
antigens and the subsequent blockade of the autophagic flux and MHC-I downregulation
on tumor cell response to various cancer treatments and its effect on metastatic potential.
Furthermore, although due to the short lifespan of most animal models they may not be
suitable for investigating the long-term effects of viral antigens on cancer development,
patient-derived mouse xenograft models of different human malignancies that have arisen
in the presence of SARS-CoV-2 antigens can provide an ideal framework for exploring
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tumor growth, metastasis, and the response to different cancer treatments. Comprehen-
sive molecular phenotyping of various human tumors arising in the setting of long-term
presence of SARS-CoV-2 antigens and comparing them with malignancies developed in
other settings could shed light on the potential biological processes specifically affected
(Figure 4).
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Figure 4. Proposed framework for laboratory-based investigations. (A) Investigations that could
unravel the potential effects of various SARS-CoV-2 antigens on cellular proliferation and tumor
formation in human KRAS knockout cells. (B) Using patient-derived cancer cells, the effect of these
antigens and the subsequent autophagy blockade and MHC-I downregulation on response to different
cancer treatments and metastasis (migration assays) could be studied. (C) Furthermore, studying
tumor specimens arising in the presence of SARS-CoV-2 antigens using xenograft mouse models and
also advanced molecular phenotyping techniques could unravel tumor biological behavior (growth
rate, metastasis, etc.), its molecular characteristics, and the underlying factors affecting its response
to various cancer therapeutics.

Clinical and epidemiological investigations can also play a principal role in expanding
our understanding of this matter. Cohort studies with sufficient follow-up can assess the
long-term incidence of various malignancies in different populations and would determine
whether prior COVID-19 infection is a risk factor for the development of different cancers
adjusting for well-known cancer risk factors. In addition, studying specific subpopulations,
such as those with severe infection (i.e., ICU admission), and also patients with primary
and secondary immunodeficiency could offer profound insight into the most susceptible
populations. Considering the potential far-reaching implications of the infection for patients
with active cancer, specific studies focused on this vulnerable population assessing the
long-term impact of the infection on the clinical course of their malignancy should be
carried out. Prospective studies investigating if prior COVID-19 infection affects the rate of
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cancer progression, mortality rate, and response to treatment among patients with different
malignancies, adjusting for the traditional contributing factors, could provide insight into
the possible interaction between SARS-CoV-2 antigens and neoplastic cells (Figure 5).
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Figure 5. Proposed framework for clinical and population-based investigations. (A) Studies that can investigate whether
prior COVID-19 infection is a risk factor for development of malignancies in subsequent years. (B) Other investigations could
also shed light on the potential long-term effects of SARS-CoV-2 antigens present in cancer tissues on cancer progression
and mortality rate and the response to different cancer therapeutics. The back icon in (A) represents a patient with a new
diagnosis of cancer. Please note that the numbers of individuals with cancer in both groups have been arbitrarily chosen
and are not based on real-life data. Future investigations will hopefully examine the hypothesis described here.

7. Conclusions

Despite the short amount of time since SARS-CoV-2 was first reported in 2019, scien-
tists around the globe have managed to unravel various aspects of this infectious disease.
However, we are still far from a solid understanding of this emerging infection and many
important questions, particularly those regarding the long-term complications of this
disease, remain unanswered.

In this work, building on the previous investigations demonstrating long-term per-
sistence of the SARS-CoV-2 nucleic acids and antigens in human tissues and also other
research studies showing the interaction of the viral particles with the host autophagy
machinery, we hypothesize that SARS-CoV-2 could potentially be an oncogenic virus by
blocking the autophagic flux, and also leading to immune escape by downregulation of
MHC-I. We also propose that the resultant dysregulation in cellular autophagy could
affect the response to treatment in cancer cells. Further laboratory-based, clinical, and
population-based studies are required to explore this matter.
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Simple Summary: Dietary supplement use has increased more than 35% globally since the COVID-19
outbreak. While some nutraceuticals are potentially efficacious against severe disease from COVID-19,
their indiscriminate use by patients with cancer without medical supervision is concerning. The aim
of this narrative review was to evaluate the data on safety of “anti-COVID-19” nutraceuticals for
patients with cancer. We found that the use of vitamin C, vitamin D, and selenium supplements
is likely safe and even potentially beneficial at typically recommended doses. However, caution is
advised regarding the use of omega-3 fatty acids and zinc, as risks from their use may outweigh
the benefits.

Abstract: Interest in dietary supplements and their efficacy in treating and preventing disease has
increased greatly since the outbreak of the COVID-19 pandemic. Due to the risk of severe COVID-19
in patients with cancer, we conducted a narrative review aiming to better understand the data on the
safety of the most efficacious “anti-COVID-19” nutraceuticals for patients with cancer. We conducted
a PubMed database search aimed at identifying the most effective nutrients for use against COVID-19.
For the identified nutraceuticals, we searched PubMed again regarding their safety for patients with
cancer. Fifty-four total records (52 independent studies) were retrieved, pertaining to vitamin D,
vitamin C, selenium, omega-3 fatty acids, and zinc. Vitamin D results from 23 articles indicated
safe use, but two articles indicated potential harm. All 14 articles for vitamin C and five out of
six articles for selenium indicated the safety of use (one study for selenium suggested harm with
high-dose supplementation). Results for omega-3 fatty acids (seven articles) and zinc (one article),
however, were rather mixed regarding safety. We conclude that vitamin D, vitamin C, and selenium
supplements are likely safe or even beneficial at typically recommended doses; however, caution is
urged with omega-3 fatty acid supplements, and zinc supplements should likely be avoided. More
experimental research is needed, and nutraceutical use by patients with cancer should always be
under the supervision of a healthcare team.

Keywords: cancer; nutraceuticals; supplements; COVID-19; SARS-CoV-2

1. Introduction

In December 2019, a novel virus of unknown etiology was detected in Wuhan,
China [1]. The virus, which most often manifests as a severe respiratory syndrome, quickly
spread from Wuhan, with cases appearing globally by 30 January 2020 [2]. It was quickly
labeled by the World Health Organization as a public health outbreak of international
concern and was later declared a pandemic [2,3]. This novel airborne pathogen, since
named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), causes the disease
now known as COVID-19 [2]. Despite containment efforts and the introduction of a vaccine
in late 2020, by November 2021, over 5 million deaths had been attributed to the virus [4].
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COVID-19 has been shown to manifest heterogeneously across different patient popu-
lations. Mild cases often result in flu-like symptoms, fever, or loss of taste and smell [5].
However, in severe cases, the effects of infection are more significant, resulting in an ab-
normal cytokine and chemokine response that causes systemic inflammation, affecting
multiple tissues and organ systems [6]. Individuals with co-morbidities such as obesity,
diabetes, cardiovascular disease, and cancer have a greater tendency to elicit this cytokine
storm, making infection with COVID-19 particularly dangerous for these at-risk subgroups
of the population [7-11].

Accordingly, attention has focused on protecting these vulnerable individuals, as well
as the general public, from infection. However, the lack of efficacious pharmacological
treatments for COVID-19 has led the public to seek alternative therapies, including nu-
traceuticals [12,13]. Nutraceuticals are foods or substances derived from food that may
have a physiological effect or protect against disease. They have received heightened
interest as some may affect the severity of COVID-19. For example, several observational
studies have been published describing the association between specific nutrient deficien-
cies and COVID-19 severity and mortality [14,15]. A review by Vassiliou et al., which
examined the role of vitamin D status in predicting outcomes in critical illness, concluded
that there is an association between insufficient vitamin D status and infection, severity
of illness, and mortality from COVID-19 [16]. Another review by Lordan et al. found an
association between zinc deficiency and increased COVID-19 complications [17]. In vivo
studies have also pointed to the role of nutraceuticals in the treatment and prevention of
COVID-19, including a study by Corrao et al., which demonstrated an inverse relationship
between C-reactive protein (CRP), a marker of systemic inflammation, and supplemen-
tation with vitamin C, vitamin D, and zinc [18]. Furthermore, there have been several
theoretical papers discussing the potential mechanistic roles of nutraceuticals and how
they might target the SARS-CoV-2 virus [19-21]. For example, for probiotics, one of the
proposed mechanisms is by acting as angiotensin-converting enzyme (ACE) inhibitors,
preventing SARS-CoV-2 from binding to ACE receptors in gastrointestinal cells [22]. For
the keto-carotenoid astaxanthin (a terpene), it has been suggested that it may play a role in
regulating reactive oxygen species formation, and therefore, supplementation may inhibit
oxidative stress caused by SARS-CoV-2 [23]. Additionally, immunomodulatory nutraceu-
ticals, such as glycophosphopeptide AM3, may be beneficial as either prophylactic or
adjuvant therapy for SARS-CoV-2, as they improve the efficacy of action of natural killer
cells and increase the production of anti-inflammatory cytokines [24]. While the use of
most of these nutraceuticals is advocated on the basis of in vitro and in vivo observations
for other similar viruses (e.g., SARS-CoV and MERS-CoV), there is a growing number of
observational studies and randomized controlled trials (RCTs) specifically for COVID-19
that point to the potential efficacy of nutraceuticals in the fight against this novel pathogen.

The potential use of nutraceuticals for the supportive treatment of COVID-19 is
particularly relevant and promising for those who are more susceptible to both infection
and a severe course of the disease. Patients with cancer, in particular, may be at high risk of
severe disease and mortality from COVID-19 depending on their disease stage, treatment,
and type of cancer [25]. Generally speaking, there are numerous mechanisms behind the
increased risk of COVID-19 infection in these patients, including immunosuppression from
cancer therapy and immunosuppression from cancer itself [26]. Chemotherapy, which
limits the growth of cancer cells, also impacts the production of white blood cells, leaving
patients more susceptible to infection [27]. Patients with late-stage cancer are also at
increased risk of infection as bone metastases can trigger an immune response that leads
to bone marrow aplasia, resulting in a reduction of white blood cells, red blood cells, and
platelets, which again leaves these individuals vulnerable to worse outcomes if infected
with COVID-19 [28]. Additionally, patients with cancer tend to be older and have more
co-morbidities, putting them at risk of a severe course of disease with COVID-19 [26].

It is therefore not surprising that the COVID-19 pandemic also resulted in increased
fear and worsened anxiety and depression associated with a cancer diagnosis [29]. As
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such, many individuals, immunocompromised and healthy alike, have sought out ways to
improve immunity [30]. Concurrently, popular media outlets have promoted the use of a
variety of dietary supplements with putative immune-boosting potential that may help
against COVID-19 infection [31,32]. This has led to a major increase in dietary supplement
use during the pandemic, with a roughly 35% increase in North and South America, a
40% increase in Asia, and a 38% increase in Europe [30,33]. Concerningly, only 40% of
these individuals consume supplements at the recommendation of a licensed medical
professional [30].

Increased supplement use during the COVID-19 pandemic, especially without ap-
propriate medical supervision, is troubling for oncologists and other oncology specialists.
Specifically, one concern relates to the potential dampening of the cytotoxicity of chemother-
apy by antioxidants and other supplements. The Diet, Exercise, Lifestyle, and Cancer
Prognosis (DELCaP) study, a correlative study to the phase IIl SWOG S0O221 [34], examined
supplement use in patients with breast cancer and survivorship. This study found that the
use of any antioxidant supplements, before or during breast cancer treatment, was associ-
ated with an increased risk of breast cancer recurrence and that vitamin B12 use during
treatment was associated with poorer survival rates and poorer disease-free survival [34].
Results such as these indicate that nutraceutical use during or around chemotherapy may
not be benign.

Given the rise in oral supplement use during the COVID-19 pandemic, as well as the
increased interest in the efficacy of nutraceuticals in preventing or reducing the severity
of COVID-19, we conducted a narrative review focusing on the safety of the most effica-
cious “anti-COVID-19” oral supplements for patients with cancer. As COVID-19 is still a
present threat, individuals with cancer and their providers need up-to-date, evidence-based
guidance for supplement use around their respective treatments.

2. Methods

We conducted our initial literature search on 8 September 2021 focusing on the efficacy
of nutraceuticals for the treatment and prevention of COVID-19. We performed the search
in the PubMed database and included variations of the search terms “SARS-CoV-2” or
“coronavirus” or “COVID-19” AND “supplement” or “phytonutrient” or “nutraceutical”
AND “review.” There were no restrictions on time period, language, or place of publication,
and only review articles were included. This yielded 137 review articles after removing
duplicates, from which titles and abstracts were reviewed. Sixty-seven articles were then
removed for not pertaining to the research question and 25 for not being review articles,
leaving 45 articles for full-text review and data extraction.

Our data extraction tool at this step focused on determining which nutraceuticals are
most efficacious for the treatment or prevention of COVID-19 and included the name of the
nutraceutical considered, the type of studies included in the review (e.g., in vitro, in vivo,
animal or human studies), and the evidence for use against COVID-19.

For the purpose of our review, a nutraceutical was considered efficacious if our data
extraction tool resulted in two or more reviews in favor of that nutraceutical’s ingestion for
COVID-19, either through food or supplement form, and no reviews indicating harm from
use. Nutraceuticals for which there was only one review in favor were searched again in
PubMed for original articles. If this secondary search yielded two or more original results
in its favor, that nutraceutical was also included. This process resulted in the inclusion
of the following nutraceuticals for review of the safety of single-nutrient supplements
in patients with cancer: vitamin D, vitamin C, zinc, selenium, omega-3 fatty acids, and
quercetin (see Supplementary Materials).

At the next step of the process, for each of the identified “anti-COVID-19” nutrients,
we conducted a new PubMed search regarding safety for use in patients with cancer. The
search was performed using the nutraceutical name (e.g., “vitamin D”) AND “supplement”
AND “cancer” AND “survivorship” or “safety” or “recurrence” or “disease progression”
or “mortality” or “adverse events.” Additional articles were sourced from a hand-search of
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Total
Retrieved

Excluded

Extracted

related literature by the included authors. After duplicate removal, this yielded 470 articles
in total across all included nutraceuticals for review.

3. Results

Out of 470 articles reviewed, 406 were excluded, leaving a total of 52 independent
studies across all included nutraceuticals for data extraction (two of which included data
for two nutraceuticals, resulting in a total of 54 records [35,36]). From those 52 studies,
we extracted information about the authors, type of study, participants, cancer studied,
nutraceutical dosing, and results. The search and selection process is graphically illustrated
in Figure 1, and extracted information from the retrieved studies is shown in Tables 1-5.

Nutraceuticals & COVID-19

\l] *Key:
* RQ: Did not pertain to the
. . research question
Nutrlear;t:ir(::teggt\i"%ff;?cmus « >20y: Data reviewed older than
Vitamin D 20 years _
Vitamin C * Mixed: Nutraceutical was not
Selenium given individually but together
with other nutrients
On;?rgf 3 « Language: Not written in
Quercetin English ) . )
* Method: animal, in vitro or in
\l, silico
« Other
/ Nutraceuticals & Cancer* \
Vitamin D Vitamin C Selenium Omega-3 Zinc Quercetin
177 190 45 21 25 12
Title/abstract: 142 Title/abstract: 155 Title/abstract: 9 Title/abstract: 8 Title/abstract: 14 Title/abstract: 7
Full Text Full Text Full Text Full Text Full Text Full Text
+ RQ:4 + RQ:8 + RQ:12 + RQ:3 « RQ:3 * Method: 5
» Mixed: 3 * >20y:5 * >20y:3 e >20y:2 e >20y:1
+ Other: 2 * Mixed: 4 * Mixed: 10 + Language: 1 * Mixed: 3
+ Language: 1 * Language: 2 « Language: 1
* Method: 1 * Method: 3 ¢ Method: 2
+ Other: 2
Vitamin D Vitamin C Selenium Omega-3 Zinc Quercetin
26 14 6 7 1 0

Figure 1. Search methodology and article selection process.

3.1. Vitamin D

A total of 177 unique articles were retrieved for vitamin D through our PubMed search.
We reviewed titles and abstracts, resulting in 35 for full-text review. After a full-text review,
26 articles remained for data extraction (Table 1).

Of those 26 studies, 23 reported results that indicated benefit, no harm, or null effects
of vitamin D supplementation for patients with cancer. Two of the studies reported results
with a negative impact for patients with cancer, and one study reported mixed results.

In the studies that found that vitamin D supplements were either beneficial or
not harmful for patients with cancer, nine found that supplementation had no effect
on a variety of outcomes including symptom management, risk of death, and risk of
recurrence [43,51,52,54,57-61].
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Three of the studies found that vitamin D was associated with better quality-of-life
outcomes, including better scores on the cancer quality-of-life questionnaire (QLQ-C30)
for physical functioning, social functioning, fatigue, and appetite, and better scores on
the colorectal cancer subscale of the Functional Assessment of Cancer Therapy-Colorectal
(FACT-C) tool [37,52,59]. Beyond quality-of-life measures, four studies reported a decrease
in cancer mortality in those who took vitamin D supplements, and two showed a decrease
in overall mortality [38,43,46,49,53,56]. One study found a lower risk of breast cancer re-
currence in those who were supplemented with vitamin D post-diagnosis, but only among
estrogen receptor (ER)-positive tumors and not among ER-negative tumors (HR = 0.64,
95% CI: 0.47-0.87 and HR = 1.25, 95% CI: 0.78-1.98; respectively) [35].

In the two studies that found vitamin D supplementation was harmful in patients
with cancer, one found a positive association between vitamin D supplement use above
10 ng/day and cancer mortality (RR = 2.11, 95% CI: 1.18-3.77) [40], and the other found
that vitamin D supplementation increased the risk of breast cancer mortality (HR = 1.47,
95% CI: 1.07-2.00) [48].

One RCT found mixed results for vitamin D supplementation with 200 IU/day in
patients with digestive-tract cancer, post-curative surgery [55]. The study found that the
effect of supplementation depended on the levels of serum Programmed Death Ligand 1
(PD-L1), a regulatory molecule expressed in T cells with immunosuppressive function [55].
Since PD-L1 is associated with a poorer cancer prognosis in various types of cancer (gastric
cancer, small cell lung cancer, pancreatic cancer, breast cancer) [83-86], for those patients
in the lowest PD-L1 concentration quintile, vitamin D supplementation seemed to have a
detrimental effect by upregulating serum PD-L1 levels; however, for those in the highest
quintile, vitamin D was beneficial and downregulated serum PD-L1 levels [55,87].

3.2. Vitamin C

A total of 190 unique articles were retrieved for vitamin C through our PubMed search.
We reviewed titles and abstracts, resulting in 35 for full-text review. After a full-text review,
14 articles remained for data extraction (Table 2).

Of those 14 studies, all provided results in the direction of benefit, no harm, or
null effects of vitamin C supplementation in patients with cancer. Six of the fourteen
studies found no association between the use of vitamin C supplements and adverse
cancer-related events, including recurrence, survival, overall mortality, and cancer-specific
mortality [34,62,64,67-69]. Additionally, a study on chemotherapy-induced peripheral
neuropathy found no significant effect of pre-treatment vitamin C supplementation on
neurotoxicity [61]. Three studies found that vitamin C intake was associated with decreased
overall mortality, three found a decreased risk of cancer-specific mortality, and three found
a decreased risk of recurrence [35,63,65,66,70,71]. None of the studies reported an increased
risk to health from the use of vitamin C supplements.

3.3. Selenium

A total of 45 unique articles were retrieved for selenium through our PubMed search.
We reviewed titles and abstracts, resulting in 28 for full-text review. After a full-text review,
six articles remained for data extraction (Table 3).

Five of these six papers showed no harmful effects of selenium supplementation in
patients with cancer and included two meta-analyses [72,73], two reviews [62,76], and one
RCT [75]. Three articles did not find a beneficial effect on the incidence or progression
of gastrointestinal cancer [62], prostate cancer [73], or cervical and uterine cancer [75],
but found selenium supplementation was not otherwise harmful. Beneficial effects were
highlighted in a review that addressed an association between selenium supplementation
and decreased edema volumes and incidence of skin infection in patients with breast
cancer in an RCT of 179 post-mastectomy patients with secondary lymphedema, as well
as decreased edema volumes in 10 out of 12 patients with breast cancer included in a
48-participant cohort study [76].
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A meta-analysis of RCTs by Jenkins et al. concluded that selenium taken independently
(i.e., not as a multivitamin or mixed with other supplements) was not associated with
cancer mortality [72]. However, a prospective cohort study within the review found that
high-dose selenium supplementation (>140 ng/day) may be associated with a greater risk
of prostate cancer mortality [72].

3.4. Omega-3 Fatty Acids

A total of 21 unique articles were retrieved for omega-3 fatty acids through our search.
We reviewed titles and abstracts, resulting in 17 for full-text review. After a full-text review,
seven articles remained for data extraction (Table 4).

In five of these seven studies, there were no adverse effects of supplementation.
One study found that supplementation with omega-3 fatty acids decreased aromatase-
inhibitor-related pain in patients with breast cancer and obesity [79]. Additionally, omega-3
supplementation showed promising antitumor activity in two prospective trials of patients
with advanced lung and breast cancer, as reviewed by Vernieri et al. [81]. The same review,
however, highlighted a pre-clinical study that reported that the 16:4 omega-3 (hexadeca-
4,7,10,13-tetraenoic) fatty acid supplement, commonly found in commercial fish oils, may
be unsafe for patients with cancer as it can hinder tumor-directed cytotoxicity of platinum
compounds used in cancer treatments [81].

Furthermore, an RCT pointed towards an increased mortality rate 5 years after patients
with colorectal cancer (from a country with traditionally high fish intake) took omega-3
supplements in the 7 days before and after colorectal resection surgery [80].

3.5. Zinc

A total of 25 unique articles were retrieved for zinc through our PubMed search. We
reviewed titles and abstracts, resulting in 11 for full-text review. After a full-text review,
only one article remained for data extraction (Table 5).

The study found that zinc supplementation reduced the duration and severity of
oral mucositis in patients with head and neck cancer but sometimes caused gastroin-
testinal distress, which suggests that zinc supplements should not be taken on an empty
stomach [88].

3.6. Quercetin

A total of 12 unique articles were retrieved for quercetin through our PubMed search.
We reviewed titles and abstracts, resulting in five for full-text review. After a full-text
review, one was removed for being conducted in animals, and the remaining four were
review articles that did not include human studies; therefore, no articles qualified for
further consideration.

4. Discussion

This narrative review aimed to synthesize the currently available literature regarding
the safety of the most efficacious “anti-COVID-19” nutraceuticals for patients with cancer.
Our findings reveal heterogeneous results, with safety largely depending on the type of
nutraceutical or supplement consumed, the dose consumed, and the type of cancer studied.
Across nutraceuticals, our results were heavily based on observational studies. Taking the
potential risk of confounding into consideration, clear conclusions could not be drawn,
further emphasizing the need for caution from healthcare providers.

Vitamin D may decrease CRP, which has been implicated in the cytokine storm seen
in severe cases of COVID-19 infection [18]. We identified an overwhelming majority of
studies with results that point in favor of vitamin D use in patients with cancer, with
positive effects seen in quality-of-life measures, mortality, recurrence, and pain indexes.
However, the mechanism between vitamin D and these positive cancer-related outcomes
was not always well characterized. Anderson et al. documented improved quality-of-life
measures in an observational cohort of patients with breast cancer, but ultimately noted
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that it was unclear whether the supplement itself was responsible or whether participants
who took vitamin D were in general more optimistic or more likely to take other actions
towards improving their overall health and mood [37]. Similarly, Bjelakovic et al. reported
decreased cancer mortality from vitamin D3 supplementation (RR = 0.88, 95% CI: 0.78-0.98)
but noted the lack of RCTs made it hard to draw robust conclusions [38].

Only two studies point to an increased risk of vitamin D intake in patients with cancer;
one noted this was observed only among those who were not deficient in vitamin D [40],
and the other noted that the association of vitamin D supplementation with higher breast
cancer mortality needed further exploration, as there was no clear mechanism behind
this observation [48]. Given that the majority of evidence is in support of vitamin D use,
oncologists can likely safely allow their patients to continue supplementation at typically
recommended doses (600 IU/day).

Vitamin C, similar to vitamin D, may contribute to a decrease in the pro-inflammatory
cytokines, which are a hallmark of severe COVID-19 infection [18]. The evidence for
vitamin C also strongly points in the direction of supplementation being safe, or perhaps
even beneficial, for patients with cancer. In fact, none of the included articles found
an indication of harm. Given that there has been concern that the use of antioxidants,
including vitamin C, may negatively impact the effect of chemotherapeutic agents, these
results are encouraging [70]. Nevertheless, we urge caution as the studies are, by and large,
observational in nature, which stresses the need for additional clinical trials [49]. At the
present state of knowledge, supplementation with vitamin C at typically recommended
doses (75-90 mg/day) is likely not harmful and could conceivably confer benefit.

Selenium may reduce the severity of COVID-19 infection by impeding viral entry into
the cytoplasm and has promising results in patients with cancer [89]. All but one out of six
studies addressing selenium supplementation demonstrated no adverse effects in patients
with cancer. However, the type of cancer (i.e., prostate, uterine, cervical, gastrointestinal)
and outcome of interest varied greatly across studies. One prospective cohort study in
patients with prostate cancer noted that selenium supplementation might be associated
with a higher risk of mortality if intake is high (>140 pg/day) [72]. Given these results, it is
likely that selenium use is safe for patients with cancer, though high-dose supplementation
should be avoided (typically recommended doses: 40-70 mg/day).

Omega-3 fatty acids may play a role in decreasing the severity of COVID-19 infection
by inhibiting cellular viral entry, suppressing the production of pro-inflammatory cytokines,
and increasing the phagocytic capacity of the innate immune system [20]. Out of seven
identified articles for omega-3 fatty acids, five found their use to be safe, though estimates of
efficacy varied [39,77]. The seven articles addressed safety in a variety of different cancers,
including skin cancer, prostate cancer, gastrointestinal cancer, breast cancer, esophageal
cancer, glioblastoma, and colorectal cancer. Two studies evaluated the long-term effects of
supplementation with omega-3 fatty acids. The first, a longitudinal cohort study, did not
find an association between mortality and supplementation in glioblastoma patients [56].
In contrast, the other, an RCT, pointed towards an increased mortality rate after five years
of intake in patients with colorectal cancer who supplemented one week before and one
week after colorectal resection surgery [80]. Additionally, one review specifically warned
against the indiscriminate use of fish oil supplements, which may be unsafe for patients
with cancer if they contain hexadeca-4,7,10,13-tetraenoic acid; this omega-3 fatty acid
can dampen the tumor-directed cytotoxicity of platinum compounds used to treat some
cancers [81]. Based on this evidence, caution should be used as far as omega-3 fatty acid
supplements are concerned. At the very least, scrutiny of the exact fatty acid composition
of the supplement together with frequent patient monitoring is warranted.

For zinc, which may counteract inflammation associated with tumor necrosis factor-o
in COVID-19 infection [90], results did not universally show harm-free supplementation.
Although one study indicated a reduced incidence of oral mucositis with supplementation
in patients with head and neck cancer, the same study also cited potential gastrointestinal
distress at the same dosage [88]. Given the lack of a sufficiently large body of evidence
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on this nutraceutical, with only one study being relevant, it is hard to draw any conclu-
sions. That said, at present, it is probably prudent to advise patients with cancer against
supplementation with zinc.

While this review thoroughly and systematically assessed the literature regarding
the safety of these supplements for patients with cancer, our conclusions are not without
limitations. The heterogeneity of results may in part be due to our inclusion of all stages
and types of cancer, as well as our inclusion of all treatment types and clinical settings.
It is possible that a narrower scope would have revealed more homogenous results due
to the vast differences in the biology of various cancers. However, at the current state
of knowledge, there is not enough information for a cancer type-specific assessment.
Additionally, our review did not consider in detail possible toxicity issues resulting from
supra-supplementation but rather evaluated safety at typically recommended doses. Lastly,
due to the relatively recent onset of the COVID-19 pandemic, there are limited clinical
trials on the efficacy of nutraceuticals for SARS-CoV-2. As a result, data on only a limited
number of nutraceuticals could be identified. As more research becomes available, it is
possible that more nutraceuticals will be deemed efficacious, and an updated safety review
may become necessary.

5. Conclusions

Patients with cancer are one of several co-morbid populations who are at increased risk
of a severe course of disease if infected with COVID-19. While a number of nutraceuticals
have attracted interest due to their potential “anti-COVID-19” activity, there is concern
about the safety of their usage in patients with cancer due to the potential interactions
with their treatment regimen and possible associations with an increased risk of recurrence,
cancer incidence, or even death.

This review highlights the heterogeneity of results regarding the safety of nutraceu-
ticals for patients with cancer. It is conceivable that a large part of this heterogeneity is
due to different types and stages of cancer, different treatments, and different clinical
settings among the identified studies. Our findings indicate that vitamin D, vitamin C,
and selenium supplementation are likely safe at normal doses (i.e., the dosages typically
recommended for the general population). However, caution should be used with omega-3
fatty acid supplementation due to a conflict in the results between two long-term studies
and a paucity of data overall. Similarly, zinc supplementation should probably be avoided
due to a lack of relevant studies and because the currently available evidence indicates
potential for harm or discomfort in patients with cancer.

Overall, this work emphasizes a sizeable gap in the literature surrounding the safety
of nutraceuticals in patients with cancer and underscores the potential danger of liberal
use of supplements by this high-risk group. Furthermore, this review provides important
and immediately relevant clinical guidance for cancer care practitioners during an ongo-
ing public health crisis. It is important to note that any supplement intake by patients
with cancer should be discussed with their healthcare team so their providers may more
accurately monitor their health and assess potential risks. Lastly, though early evidence
indicates a potential benefit of some nutraceuticals against COVID-19, and thus potentially
to high-risk cancer populations, we do not recommend supplementation as a substitute for
regular medical care and a balanced diet.
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U W N

Simple Summary: Coronavirus disease 2019 (COVID-19) is the greatest present-day public and global
health challenge, and patients with cancer are especially vulnerable, emphasizing the importance of
vaccination. However, little is known about the effects of cancer and treatment on vaccine effectiveness
and its safety. The aim of this review is to explore current literature regarding the immune response
rate and safety profile of COVID-19 vaccination in patients with solid and hematologic cancers
and those receiving various forms of treatment. Immune response rates were described to be
lower amongst cancer patients, especially those with hematologic cancers, and those receiving
chemotherapy, radiotherapy, or immunosuppressants. Nevertheless, sufficient immune response was
still generated in many patients, and vaccination was overall described to be safe and well-tolerated,
therefore supporting vaccine encouragement.

Abstract: Few guidelines exist for COVID-19 vaccination amongst cancer patients, fostering uncer-
tainty regarding the immunogenicity, safety, and effects of cancer therapies on vaccination, which
this review aims to address. A literature review was conducted to include the latest articles covering
the immunogenicity and safety of COVID-19 vaccination in patients with solid and hematologic
cancers receiving various treatments. Lower seropositivity following vaccination was associated with
malignancy (compared to the general population), and hematologic malignancy (compared to solid
cancers). Patients receiving active cancer therapy (unspecified), chemotherapy, radiotherapy, and
immunosuppressants generally demonstrated lower seropositivity compared to healthy controls;
though checkpoint inhibition, endocrine therapy, and cyclin dependent kinase inhibition did not
appear to affect seropositivity. Vaccination appeared safe and well-tolerated in patients with current
or past cancer and those undergoing treatment. Adverse events were comparable to the general
population, but inflammatory lymphadenopathy following vaccination was commonly reported
and may be mistaken for malignant etiology. Additionally, radiation recall phenomenon was spo-
radically reported in patients who had received radiotherapy. Overall, while seropositivity rates
were decreased, cancer patients showed capacity to generate safe and effective immune responses to
COVID-19 vaccination, thus vaccination should be encouraged and hesitancy should be addressed in
this population.

Keywords: cancer; cancer therapies; COVID-19; vaccination; immunogenicity; safety; vaccine hesitancy

1. Introduction

The novel coronavirus disease 2019 (COVID-19) has affected millions of lives around
the world and has become the largest public and global health challenge of our time.
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Several studies and clinical observations in patient populations around the world have
shown that individuals with advanced age and co-morbid conditions have a higher rate
of morbidity and mortality from severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection.

Cancer Patients and COVID-19

Patients with cancer have demonstrated higher infection rates from COVID-19, in-
creased morbidity, more severe progression of disease, prolonged hospital stays, and
increased risk of severe clinical events, as compared to those without cancer [1,2]. Further-
more, cancer patients may face increased contact with COVID-19 infected patients due
to regular exposure to the hospital setting for anti-cancer treatment [2]. Combined, these
factors place an urgent need for protection against COVID-19 amongst the cancer popula-
tion. Worldwide, cancer societies have insisted that patients with cancer be considered a
high-priority population for COVID-19 vaccination, despite the exclusion of patients with
an active cancer status from clinical trials [3,4]. In particular, it has been suggested that
patients with later-stage cancer are even more susceptible to SARS-CoV-2 [2]. Furthermore,
cancer survivors have also demonstrated increased severity of COVID-19 symptoms, sug-
gesting an incomplete recovery of immune surveillance methods and weakened defense
system [2].

A few mechanisms have been hypothesized to explain why cancer patients are in-
creasingly susceptible to higher infection rates and more severe disease. Patients with
cancer, especially hematological cancers, commonly have a dysregulated immune system
either caused by the cancer itself or the treatment they receive [5]. In cancer patients, the
immune suppressive M2 macrophages are activated which inadvertently allows for tumor
progression. This immunosuppression also disrupts the antiviral immune response, weak-
ening the host’s defense against infections such as COVID-19. Additionally, the receptor
that SARS-CoV-2 interacts with to infect host cells is the angiotensin-converting enzyme 2
(ACE2) receptor [6]. Studies have reported that ACE2 expression is increased in certain
cancers, including lung cancer, which may contribute to the increased susceptibility [7].
Another link may involve the host transmembrane serine protease 2 (TMPRSS2), which is
required by SARS-CoV-2 to release its viral RNA. As the protease is androgen-regulated,
upregulation of the protease is seen in androgen-dependent cancers such as prostate cancer.
One study showed that prostate cancer patients that were treated with androgen depri-
vation therapy (ADT) had significantly reduced COVID-19 infection rates as compared
to patients without ADT [8]. This may indicate that upregulation of TMPRSS2 plays a
role in the pathogenicity for certain cancers. Figure 1 summarizes the reasons behind the
importance of vaccinating cancer patients against COVID-19, as well as the attributed
mechanisms to this population’s vulnerability to the disease.

Though the extent of benefit from vaccination in this population is not fully delineated,
accumulating data supports that COVID-19 vaccines are safe and demonstrate efficacy
in cancer patients [9], which this review explores further. This narrative review aims to
summarize the latest available information regarding the immunogenicity and safety of
COVID-19 vaccines in cancer patients of different types (e.g., solid versus hematological)
receiving different cancer treatments (e.g., chemotherapy, radiotherapy) in hopes of com-
municating an optimal strategy to better manage the health of this vulnerable population.
The COVID-19 vaccines mentioned in this review span the mRNA vaccines (Pfizer, New
York, NY, USA, Moderna, Cambridge, MA, USA), viral vectored vaccines (AstraZeneca,
Cambridge, UK, Johnson & Johnson/Janssen, Beerse, Belgium), and inactivated vaccines
(Sinopharm, Beijing, China).
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Why Is COVID-19 Vaccination Important for Cancer Patients?

( Cancer patients have )

! } ! l

Prolonged More severe progression
hospital stay of the disease

' ! }

Immune supression caused by Over expression of ACE2 in Upregulation of TMPRSS2 in
cancer or the anti-cancer treatments certain cencers androgen dependent cancers

Higher infection rates Increased morbidity

Figure 1. Reasons supporting the importance of COVID-19 vaccination in cancer patients, and
mechanisms attributed to cancer patients” increased susceptibility, severity, and morbidity from
COVID-19 disease.

2. Immunogenicity of the COVID-19 Vaccines in Solid and Hematologic
Cancer Patients

In general, some studies reported lower immunogenicity in the cancer patients as
compared to healthy controls. For example, Palaia et al., reported that there was no
significant difference in the mean antibody titer one month after the second dose of Pfizer
vaccination in 44 cancer patients as compared to the controls [10]. However, a significantly
lower titer was reported three months after the second dose in cancer patients as compared
to the healthy controls. Similarly, a study by Yasin et al., reported a significantly lower
seropositivity rate in 661/776 (85.2%) of cancer patients compared to 697 /715 (97.5%) of the
control group after the second dose of the Sinovac vaccine [1]. Another study conducted
by Ligumsky et al., reported that 287/326 (88%) of cancer patients had significantly lower
immunoglobulin G (IgG) titer following the second dose of the Pfizer vaccine (median IgG
titer 931 AU/mL) as compared to 159/164 (96.95%) of the healthy controls (median IgG of
2817 AU/mL) [9].

When comparing patients with solid malignancies to healthy controls, median neutral-
izing antibody titers were found to be similar between solid cancer patients and controls
(p = 0.566), indicating comparable protection in seropositive people who mounted an im-
mune response to vaccination [11]. On the other hand, a study conducted by Massarweh
et al., found that patients with primary brain tumors had an 88.2% seroconversion rate
following the Pfizer vaccine, though these patients demonstrated significantly lower IgG
titers than controls (p = 0.002) [12].

Fendler and colleagues conducted a longitudinal prospective cohort study entitled
COVID-19 antiviral response in a pan-tumor immune monitoring study (CAPTURE). This study
analyzed 585 patients, of which 76% had solid malignancies and 24% had hematological
malignancies. Amongst these patients, 74% received two doses of the AstraZeneca vaccine,
and 26% received two doses of the Pfizer vaccine [13]. The CAPTURE study found that
most solid cancer patients developed durable humoral responses to SARS-CoV-2 infection
or vaccination, with a seroconversion rate of 44% after the first dose and 85% after the
second dose. Additionally, when the immunogenicity was compared in patients with
solid or hematologic malignancy (HM), Fendler et al., described a reduced neutralizing
antibody response in HM compared to solid cancer patients or controls [13]. Interestingly,
Singer et al., reported that antibody titers against the SARS-CoV-2 spike (S) protein were
significantly higher in solid cancer patients over HM indicating that the type of cancer may
also affect the immunogenicity [14]. Furthermore, Agha et al., reported that 31/67 (46.3%)
of patients with HM such as B-cell chronic lymphocytic leukemia (CLL), lymphomas, or
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multiple myeloma (MM) did not produce antibodies to COVID-19 messenger RNA (mRNA)
vaccination [15]. In fact, patients with CLL were significantly less likely to respond to
vaccination compared to other hematologic malignancies (23.1% vs. 61.1%; p = 0.01) [15].
Additionally, the United Kingdom's prospective observational study evaluating COVID-19
vaccine responses in individuals with lymphoma (PROSECO) documented that 52% of
patients with B-cell lymphoma undergoing active cancer treatment who received two
vaccine doses had undetectable humoral response, though 70% of patients with indolent
B-cell lymphoma showed increased antibody response after a booster dose [16]. Patients
with hematological malignancies demonstrating a lower immune response as compared to
solid tumors is, in part, because the disease process in hematological malignancies such
as acute lymphoma, leukemia, and multiple myeloma is widespread and invasive and is
particularly disruptive to the immune system [17]. In addition, treatments for hematological
malignancies in general are more immunosuppressive, often leading to myelosuppression
and lymphodepletion [17].

The above studies have shown evidence of lower seropositivity in cancer patients as
compared to healthy controls and lower seropositivity in patients with hematologic malig-
nancies as compared to those with solid cancers. However, in addition to the implication
of the disease itself, cancer treatment affects the immunogenic response to vaccine which
has been reported in numerous studies. The next sections summarize the findings of the
studies that compared the seropositivity of cancer patients who received specific types
of treatments with healthy controls or compared the seropositivity in those who received
different types of treatments.

2.1. Lower Seropositivity in Patients Receiving Active Therapy Compared with Healthy Controls or
Patients Not Receiving Active Therapy

Unlike the long-term anti-cancer treatments which are used to maintain remittance,
active treatments are used to cure cancer, such as chemotherapy, radiotherapy, and others.
This section reports the findings of the studies that mainly compared seropositivity in
patients receiving active treatments with control groups, without specifying the individual
effects of the different treatments. Nelli et al., reported that the median IgG titer in cancer
patients without active treatment (control group) was more than twofold of that in cancer
patients undergoing active treatment (exposed group) prior to receiving the second dose
of either the Pfizer or Moderna vaccine. The median IgG titer 8 weeks after receiving
the second dose in the control group had an approximately 15-fold increase compared to
the exposed group [18]. A study conducted by Cavanna et al., showed that out of a total
257 cancer patients (85.2% on active treatments), 195 (75.88%) were seropositive 15-42 days
after the second dose of the Pfizer or Moderna vaccine in comparison to 100% seropositivity
in the healthy control group. Additionally, the median IgG titer in patients (118 AU/mL)
was significantly lower than that in the control group (380.5 AU/mL) (p < 0.001) [19].
Furthermore, out of 195 seropositive cancer patients, 36 received no treatment, 84 received
chemotherapy, 15 received immunotherapies, 26 received biological therapy, 24 received a
combination of chemotherapy and biological therapy, and 10 received a combination of
chemotherapy and immunotherapy [19]. Cavanna et al., reported in their second study
that, following the second dose of either the Pfizer or the Moderna vaccine, 75/115 can-
cer patients (65.22%) were seropositive in comparison to 100% in the control group [20].
Furthermore, patients with HM yielded the lowest seroconversion rate (42.86% serocon-
verted vs. 70.21% of patients with solid tumor, p = 0.02). The differences in seroconversion
were insignificant between patients who received active cancer therapy as compared to
patients who did not (64.00% versus 73.33%). Furthermore, no significant difference was ob-
served between the different individual treatments (chemotherapy 63.64%, immunotherapy
52.94%, biologic therapy 76.92%, hormone therapy 75.00%, and no treatment 73.33%) [20].
Overall, these studies support both decreased seropositivity rates as well as decreased
antibody concentrations in patients receiving active cancer therapy compared to healthy
controls, but no difference compared to cancer patients not receiving active therapy.
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The next sections discuss the effect of specific types of treatments on the seropositivity
of cancer patients after receiving different COVID-19 vaccines.

2.2. Lower Seropositivity in Cancer Patients Receiving Chemotherapy Compared to Healthy
Controls or Patients Receiving Other Treatments

Chemotherapy consists of cytotoxic drugs that can disrupt the process of mitosis in
cell division or cause deoxyribonucleic acid (DNA) damage. However, the susceptibility
of cancer cells to these drugs can vary greatly. Such drugs induce stress or damage to the
cells, enough to induce apoptosis [21]. Most therapeutic agents are delivered intravenously,
but some are given orally, and both provide systemic therapy. Combination chemotherapy
is a type of administration strategy which utilizes multiple different drugs to decrease the
risk of developing resistance and allows for reducing the doses and consequently lowering
toxicity [22]. However, these drugs lack the ability to distinguish between cancerous and
healthy body cells, therefore resulting in adverse side effects due to damage of healthy,
rapidly dividing cells in the bone marrow, hair follicles, and digestive tract [23].

Chemotherapy has been implicated in altering the immunogenic response to the vac-
cine. In fact, some studies present it as a main player in the reduced immunogenicity in
cancer patients. Comparing chemotherapy to other treatment modalities produces useful
conclusions but results can be variable. For example, Figueiredo et al., found that the effect
of chemotherapy was less pronounced as compared to immunotherapy [24]. On the con-
trary, a study by Grinshpun et al., found that immunotherapy was associated with higher
mean antibody levels compared to chemotherapy in 172 cancer patients who received two
doses of the Pfizer vaccine (p = 0.0017) [25]. With regards to other treatment modalities, Aria-
manesh et al., looked at 364 patients with cancer of which 131 were receiving chemotherapy.
Chemotherapy treatment was associated with lower rates of seroconversion (83.5%) com-
pared to radiotherapy or hormonal therapy (97%) [26]. Likewise, the study by Yasin et al.,
showed that the seropositivity rates were 78.6% in the active chemotherapy group, 85.7%
in the immunotherapy group, 86.0% in the targeted therapies group, 87.1% in the hormone
therapy group, and 91.1% in those receiving no active treatment where chemotherapy
was found to be significantly associated with lower seropositivity (p < 0.001) [1]. The
findings of Agbarya et al., also supported the impaired seropositivity in cancer patients
who received chemotherapy. They looked at 140 patients with solid malignancies and
215 controls and found the odds ratio (OR) for negative serology in cancer patients to be
7.35 times compared to controls after adjusting for age and gender [27]. However, it was
notable that negative serology was found only in chemotherapy treated patients and not
in the other treatments, such as immunotherapy [27]. The case-control study conducted
by Addeo et al., reported significantly lower antibody titers after two doses of the Pfizer
or Moderna vaccine in patients receiving chemotherapy compared to those only under
clinical surveillance [28]. Similar results were obtained by Funakoshi et al., who reported
significantly lower median antibody titer for the 24 cancer patients receiving chemotherapy
(0.161, 95% confidence interval (CI) [0.07-0.857]) after the second dose of the Pfizer vaccine
as compared to 12 healthy controls (0.644, 95% CI [0.259-1.498]) (p < 0.0001) [29]. Likewise,
Palaia et al., found that cancer patients who were receiving active chemotherapy treatment
had lower median antibody titer one month and three months after the second dose as
compared to those who were not receiving active chemotherapy [10]. Interestingly, the
specific effect of the chemotherapy treatment and its extent varies depending on the drug
at hand. A study by Ruggeri et al., looked at the rates of seroconversion with the Pfizer
vaccine at the time of and just before the second dose, and then 8 weeks later [30]. It found
that alkylating agents and tyrosine kinase (TK) inhibitors caused a significant reduction
in IgG titers after the first dose of the vaccine and before the second dose. This effect
was mitigated after the second dose. On the other hand, mammalian target of rapamycin
(mTOR) inhibitors caused reductions in IgG titers after both doses at 8 weeks [30].
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Overall, the above-mentioned studies consistently demonstrated significantly lower
seropositivity and antibody titers amongst cancer patients receiving chemotherapy, includ-
ing alkylating agents, TK inhibitors, and mTOR inhibitors, compared to healthy controls.

2.3. Effect of Radiotherapy on the Immunogenicity of COVID-19 Vaccines in Cancer Patients

Radiotherapy aims to treat cancer locally by using ionizing radiation, decreasing
the chances of undesired damage in healthy body tissues, and thus reducing side effects.
Despite local treatment, dosage of radiation must be limited as some nearby healthy cells
are also destroyed during the process, resulting in adverse side effects such as fatigue and
nausea [23].

Radiotherapy has also been associated with decreased seropositivity following vac-
cination. A subset of the Cancer, COVID-19 and Vaccination (CANVAX) prospective
cohort study included 33 patients who had received thoracic radiotherapy, the majority
of which had non-small cell lung cancer (NSCLC) or small cell lung cancer (SCLC) [31].
Of these patients, 14 had received stereotactic body, palliative, or definitive radiother-
apy, 13 had received chemotherapy, and 9 had potentially immunosuppressive medical
conditions; 79% of patients received radiotherapy prior to vaccination with either the
Moderna, Pfizer, or AstraZeneca vaccine. This analysis found that antibody concentrations
against the spike protein were significantly lower in the 33 patients treated with thoracic
radiotherapy compared to vaccinated healthy controls (p = 0.01) [31]. However, though
lower antibody concentrations were noted between patients with thoracic malignancies
who received radiotherapy versus those who did not, the difference was not statistically
significant (p = 0.07) [31]. Moreover, amongst patients receiving radiotherapy, those with
immunosuppressive conditions (including those receiving chemotherapy) were found to
have significantly lower antibody concentrations; 44% of patients with immunosuppressive
conditions had antibody levels < 100 U/mL, compared to 13% without (p = 0.04) [31].
Overall, this study supported the notion that cancer patients receiving radiotherapy demon-
strate significantly lower seropositivity compared to healthy controls, but an insignificant
difference compared to patients with malignancy not treated with radiotherapy.

2.4. Effect of Checkpoint Inhibitors on the Immunogenicity of COVID-19 Vaccines in Cancer Patients

Immunotherapy involves stimulating the immune system to fight cancer cells. There
are several types of immunotherapies, including the checkpoint inhibitor therapy (CPI). The
immune system checkpoints are vital for regulation, and some reduce the action of T-cells.
CPI therapy consists of drugs which block these checkpoints and allow T-cells to continue
attacking the cancer cells [32]. Current drugs target molecules such as programmed cell
death protein 1 (PD-1), and programmed death ligand-1 (PD-L1) which play a role in T-cell
regulation [33,34].

Immunotherapies with immune amplifying effects have been associated with an ad-
justed response to the vaccine. Figueiredo and others found a significant drop in the
four-to-six month antibody level of those with solid tumors receiving immune CPI ther-
apy compared to those receiving other treatment modalities, including chemotherapy
(p = 0.004) [24]. Notably, the reduction in antibody levels was more pronounced in those
who received the vaccine after starting the CPI therapy compared to those who received it
before CPI therapy [24]. On the contrary, the study by Naranbhai found that those receiving
immune checkpoint (ICP) modulators tended to have a higher neutralization [35]. Ma
et al., recruited 545 cancer patients who received either progression cell death-1 blockers
(PD-1B), COVID-19 vaccination, or both in three matched cohorts and compared them
with a non-cancer control group of 206 participants. Seropositivity was detected in 68.1%,
71.3%, and 80.5% of the vaccinated cancer patients who received PD-1B, who did not
receive PD-1B, or the healthy control subjects respectively [36]. The study concluded that
patients with cancer tolerated the COVID-19 vaccines well and that the PD-1B treatment
did not affect the seroconversion rate following vaccination. However, the seroconversion
rate was generally lower in the cancer patients as compared to the healthy control par-
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ticipants [36]. Similarly, Funakoshi et al., reported that the median antibody titer for the
17 cancer patients receiving ICP treatment was significantly lower after the second dose
of the Pfizer vaccine (0.241, 95% CI [0.063-1.205]) as compared the 12 healthy controls (to
0.644, 95% CI [0.259-1.498]) (p = 0.0024) [29]. Another study by Lasagna et al., looked at
88 patients treated with PD-L1 inhibitors and assessed their response to the Pfizer vaccine
at three weeks. It found that recipients of this treatment were able to illicit a robust T-cell
(CD4 and CDS8) response to the vaccine, demonstrating the vaccine’s ability to include
both types of adaptive responses [37]. A continuation study of the same cohort found
significantly waning immunity at 6 months, particularly for those who were SARS-CoV-2
naive [38]. These studies indicate that while seroconversion rate was generally unaffected,
the antibody titers were significantly decreased in patients receiving immunomodulating
therapy, though adaptive T-cell responses amongst this patient population remained intact.

2.5. Lower Seropositivity in Cancer Patients Receiving Immunosuppressives Compared to Healthy
Controls or Patients Receiving Other Treatments

Immunosuppressive drugs are given to reduce the activity of the immune system [39].
It is also important to note that immunosuppression can also be a result of cytotoxic
drugs used in chemotherapy, as they mainly target cells that rapidly divide, including
T-cells [40]. Deliberate immunosuppression is vital for preventing body rejection after
organ transplants, which is common amongst cancer patients. These drugs are also given
when treating graft-versus-host disease (GvHD) following bone marrow transplants [41].
Certain types of immunotherapies may lead to immunosuppression such as the anti-CD20
treatments which block the B cells and the chimeric antigen receptor (CAR) T-cells. The
CAR T-cell method is the genetic modification of T-cell receptor proteins which allows for
antigen binding and T-cell activation via a single receptor. For cancer therapy, these T-cells
can be engineered to recognize specific antigens found on tumor cells only. This is done by
the extraction of the T-cells from patients, genetic modification, then reintroduction into
the body. The CAR T-cells then become cytotoxic once they attach to the tumor cells [42].
Derivation of T-cells can be from either the patient’s blood or a healthy donor [43].

Several studies demonstrated reduced immunogenicity in response to the vaccine in
the setting of immunomodulating therapy. One frequently reported treatment is anti-CD20,
which blocks a B-cell surface protein involved in B-cell activation and hence alters immune
response. Addeo and others looked at 131 cancer patients, four of which received anti-
CD20 treatment and found that none of the latter developed a humoral response to the
vaccine [28]. Another study conducted by Thakkar et al., looked at 200 cancer patients with
solid or hematologic cancers in New York City and found that those with HM had an 85%
rate of seroconversion after receiving two doses of the Pfizer or Moderna vaccine or one
dose of the Johnson & Johnson/Janssen adenoviral vaccine. This rate was reduced to 70% if
the patients were receiving anti-CD20 therapy (p = 0.0001) [44]. Other immunosuppressive
therapies that were associated with reduced immunity include stem cell transplantation
with seroconversion rate of 73% (p = 0.0002), and CAR-T cell therapy with zero of the three
patients who received it seroconverting (p = 0.0002) [44]. Further, a paper by Shapiro and
colleagues examined the efficacy of the Pfizer or Moderna booster dose in 88 cancer patients.
This study noted significantly lower seroconversion rates amongst patients receiving anti-
CD20 therapy in the last 3.9 months. Of the 88 patients, 32 were seronegative prior to the
booster, and fourteen (44%) remained seronegative following the booster, including two
patients undergoing CAR T-cell therapy and two receiving stem cell transplants; 18/32
seroconverted following the booster (p = 0.000062) [45]. Similar results were obtained by
Peeters et al., who conducted a multicohort study, whose results revealed extremely low
antibody response in HM patients receiving rituximab [46]. Furthermore, the PROSECO
study revealed that 60% of fully vaccinated patients demonstrated undetectable antibodies
within 12 months of receiving anti-CD20 therapy [16].
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Regarding corticosteroid therapy, a study by Nelli et al., found that amongst 311 pa-
tients who received two doses of the Pfizer vaccine, receiving initial corticosteroid therapy
was associated with reduced IgG response (p = 0.005) [47]. Similarly, Naranbhai et al.,
looked at the response of 656 patients who received two doses of Pfizer or Moderna, or
one dose of the Johnson & Johnson/Janssen vaccine and found that patients currently on
steroid therapy had lower antibody titers (p = 0.003) [35].

Daratumumab, a CD38 inhibitor, was associated with a similar decrease in immuno-
genicity. By targeting CD38 on plasma cells, daratumumab thus depletes antibody produc-
tion and reduces vaccine immunogenicity, potentially explaining this finding. In patients
with multiple myeloma, active treatment with proteasome inhibitor-based or Imids-based
had a higher likelihood of response to Pfizer vaccine than treatment which included dara-
tumumab (92.9% vs. 50%; p = 0.003) [48].

In summary, various modalities of immunosuppressive cancer treatment, including
anti-CD20 agents, corticosteroids, and CD38 inhibitors, are associated with significantly
lower seroconversion rates as well as immunogenicity, likely due to the mechanism of
action of immunosuppressives.

2.6. Effect of Other Treatments on the Immunogenicity of COVID-19 Vaccines in Cancer Patients
2.6.1. Endocrine Therapy

The main function of hormonal therapies is to block or change certain hormone
systems to slow down the growth of specific cancers. For example, hormonal therapy is
used to treat estrogen receptor positive breast cancer [49].

Referring to the study conducted by Addeo and colleagues, of 131 patients, 15%
received endocrine therapy prior to vaccination with Pfizer or Moderna. Some 94% of
patients receiving endocrine therapy were seropositive after dose one, and 100% demon-
strated seropositivity after dose two, with excellent median antibody titers (>2500 U/mL).
Overall, it was found that endocrine therapy had no discernable impact on seropositivity
at a minimum of three weeks post-vaccination series, with similar outcomes to patients
receiving no therapy [28].

2.6.2. Cyclin Dependent Kinase Inhibitors

A prospective study conducted by Cortés et al., found that amongst 26 patients being
treated with cyclin dependent kinase inhibitors (CDKi), rates of humoral response in
patients treated with CDK4/6i were similar to healthcare worker (HCW) controls [50].
Some 100% of the CDK4/6i cohort showed positive serology after the first and second
doses, with no significant difference in anti-S IgG levels. However, there was a significantly
lower cellular response in CDK4/6i recipients compared to HCW; the anti-S CD4 response
was found to be 59.7% and 91.7% amongst CDK4/6i and HCW cohorts, respectively
(p = 0.001), and the anti-S CD8 response was 55.6% and 94.4% amongst CDK4/6i and HCW
cohorts, respectively (p < 0.001) [50]. There was no known predictive factor for poor cellular
response amongst patient characteristics. Though seropositivity and humoral response
were seemingly unaffected by CDK4/6i, the difference in cellular response was thought to
be due to CDK4/6i induced neutropenia via reversible bone marrow suppression by cell
cycle arrest [50].

2.6.3. Stem Cell Transplants

Khan and colleagues conducted a prospective, observational longitudinal cross-
sectional study of 453 cancer patients undergoing treatment or who received stem cell
transplantation (SCT). Within this population, 114 patients received SCT [51]. Patients
receiving allogeneic SCT, autologous SCT, or CAR T-cell therapy demonstrated adequate
levels of anti-S titers (>100 U/mL) at one and three months following the second dose of
either the Moderna, Pfizer, or Johnson & Johnson/Janssen vaccine; the geometric mean titer
amongst the SCT group was 325.35 (95% CI [149.93-706.01]) after one month, and increased
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to 454.36 (95% CI [237.48-869.32]) after three months [51]. Anti-S titers > 100 U/mL or
higher are associated with protection and thus higher vaccine effectiveness [51].

2.6.4. Combination Treatment with Chemotherapy and Immunotherapy

Combining treatments was reported to intensify the anti-cancer effect compared to
receiving individual therapies. A study by Massarweh et al., looked at 102 patients with
cancer and their seroconversion in response to two doses of the Pfizer vaccine. Multivariate
analysis of the cohort found that the only variable significantly associated with lower
IgG values was combination treatment with both chemotherapy and immunotherapy,
compared to chemotherapy or immunotherapy alone (p = 0.001) [52]. However, though
Grinshpun et al., found the seroconversion rate amongst patients receiving immunotherapy
plus chemotherapy to be lower (10/12, 83.3%) than those receiving immunotherapy alone
(32/34, 94.1%), this difference was not significant [25].

2.7. Effect of the Number of the COVID-19 Vaccine Doses on the Seropositivity of the Cancer Patients

The study by Monin et al., followed individuals who received the Pfizer vaccine
and showed that a single dose of 30 ug failed to induce seroconversion in most patients
with cancer. However, the same dose induced T-cell responses in a majority of healthy
controls and solid cancer patients even though many of them were seronegative [4]. This
should support prioritizing the cancer patients to receive an early (day 21) second dose
of the Pfizer vaccine. Other studies reported that cancer patients were seropositive after
receiving the second dose of different types of vaccines, including those who were on active
cancer treatments. For example, Goshen-Lago et al., demonstrated seropositivity in 25/86
cancer patients (29%) with a median titer of 42.3 compared with 220/261 (84%) in controls
(p <0.001), who had a median titer of 72.0 following the first dose. However, the rates
increased to 187/218 patients (86%) following the second dose of the Pfizer vaccine. Of the
187 seropositive cancer patients following the second dose, 55% received chemotherapy,
38% received immunotherapy and 37% received biological agents [53]. Similarly, following
the second dose of inactivated Sinopharm vaccine, 102/119 (85.7%) cancer patients were
SARS-CoV-2 anti-spike IgG positive, 65 of which received endocrine therapy, trastuzumab,
18 received chemotherapy and 19 received radiotherapy. Furthermore, 104/119 (87.4%)
were SARS-CoV2 anti-receptor binding domain (RBD) IgG (neutralizing antibody) pos-
itive, 66 of which received endocrine therapy, trastuzumab, 19 received chemotherapy
and 19 received radiotherapy [54]. Additionally, despite postulated lower immunogenicity
amongst patients with solid malignancy, antibody titers were found to increase following
the second dose of the COVID-19 vaccine, highlighting the need for a third. For example,
Trontzas et al., found that in patients with thoracic cancer (93.1% lung cancer, including
NSCLC, SCLC, and pleural malignant mesothelioma), a second dose of the Pfizer, Mod-
erna, or AstraZeneca vaccine given in patients with thoracic cancer increased antibody
response [55]. Similarly, the serologic response rate amongst cancer patients increased from
14.2% after the first dose to 86% after the booster dose. Following the booster dose, 73.8%
of the non-responders were receiving active chemotherapy and 40.5% were reported to
receive targeted therapy [56]. When compared to controls, the serological response rate for
cancer patients was lower at different time points [56].

3. Safety of the COVID-19 Vaccines on the Cancer Patients

Several new trials have reported that COVID-19 vaccines have shown similar safety
profiles in cancer patients as compared to the general population. The most common local
and systemic side effects were pain at injection site, myalgia, and fatigue [17]. These were
mostly mild to moderate in severity in the general population and cancer patients [17].
The following sections describe the reported side effects post-COVID-19 vaccination in
cancer patients.
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3.1. Safety of the COVID-19 Vaccines in Cancer Patients with Different Treatments

Shulman et al., reported 1753 individuals who had received both doses of the Pfizer
vaccine, out of which 570 had no cancer, 1183 had a history of cancer, and 211 were on active
treatment. Treatment methods included surgery, radiation, chemotherapy, immunotherapy,
hormone therapy, and targeted therapy. Rates of adverse events (AE) following vaccination
were similar in both patients with and without cancer (73.3% vs. 72.5%; p = 0.71) [57]. The
most common adverse event was local pain at the injection site, but these rates did not differ
between patient category nor dose number. Patients with cancer and receiving therapy
were significantly less likely to report pain at the injection following the first dose compared
to patients with cancer not receiving therapy (30% vs. 41.4%; p = 0.002) [57]. Muscle pain
after the first dose was significantly more common in patients with cancer compared to
those without (16.5% vs. 11.9%; p = 0.012), but they had it for significantly shorter duration
(mean 2.2 vs. 3.0 days; p = 0.04) [57]. The onset of symptoms was similar for both groups
of cancer patients [57]. Another study conducted by Kian et al., revealed no significant
difference between treatment protocol and development on the side effects of the Pfizer
vaccine on cancer patients who received different types of anti-cancer treatments including
chemotherapy, radiotherapy, immunotherapy, biological therapy, hormonal therapy, or
who had a combination of two therapies. The overall incidence of side effects following
either dose was 31%, similar to that reported in the safety data from the phase III trial
(27%) [58].

In patients with urologic cancers, Kawaguchi et al., reported 214 patients, of which
180 received the AstraZeneca vaccine (2 patients received one dose, 178 received two
doses). The patients were on different treatments where 36 patients received ICP inhibitors,
17 received systemic chemotherapy, 24 received molecular targeted therapy, 140 received
hormonal therapy, and 6 patients received intravesical infusion therapy. Furthermore, bone
modifying agents (BMA) were used in 28 patients, denosumab in 18, and zoledronic acid
in 10 patients. Of the 180 vaccinated patients, 69 (38.3%) reported adverse events [59]. The
study found that in their population, the incidence of adverse events was significantly
higher in females than males (72.7% vs. 36.1%; p = 0.015) [59]. Of these, only one patient
had to postpone therapy due to adverse reaction of immune checkpoint inhibitors, and
only one due to adverse effects of the vaccine. Overall, the vaccine was found to be safe in
urologic cancer patients receiving different types of therapy [59].

Furthermore, of 373 cancer patients at a London oncology center, 281 (75.4%) received
mRNA (Pfizer or Moderna) vaccines, 88 (23.6%) received the adenoviral (Johnson & John-
son/Janssen) vaccine, and 4 (1.1%) received an unknown vaccine. Only four had received
the second dose and three of them experienced new adverse events, including worsen-
ing pre-existing grade 1 pruritus, grade 2 transaminitis, and grade 2 hypercortisolism,
all of which were not seen in other groups. These patients were on different types of
anti-cancer treatments where 23.6% received hormonal therapy, 36.2% received parenteral
chemotherapy and 15.3% received immunotherapy. It was found that patients receiving
immunotherapy within 6 months of vaccination appear to be at lower risk of developing ad-
verse events (OR 0.495, 95% CI [0.256-0.958]; p = 0.0037) [60]. Other negative independent
predictors for developing vaccine-related systemic adverse events include: male gender
(OR 0.632, 95% CI [0.400-0.999]; p = 0.049), presence of metastatic cancer (OR 0.548, 95%
CI [0.347-0.867]; p = 0.010), receiving chemotherapy within 28 days of vaccination (OR
0.373, 95% CI [0.221-0.629]; p < 0.001) or receiving the Pfizer vaccine (OR 0.452, 95% CI
[0.274-0.747]; p = 0.002) [60].

3.2. Safety of the COVID-19 Vaccines in Cancer Patients Receiving Radiotherapy

In patients receiving radiotherapy, Soyfer et al., reported two patients who developed
acute skin reactions in previously irradiated areas after receiving the second dose of Pfizer
vaccine. Both reactions were diagnosed as radiation recall phenomenon (RRP), which is an
uncommon inflammatory skin reaction in areas previously receiving radiation therapy (RT).
One case was treated with topical steroids and painkillers until resolved, and the other
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required no intervention and self-resolved [61]. Similarly, Marples et al., reported three
cases of breast cancer female patients (62, 69 and 56 years old, respectively) who received
radiotherapy and developed AstraZeneca vaccine induced RRP. The first case had left breast
cancer and underwent bilateral mastectomy with reconstruction. Three days following her
first dose of the AstraZeneca vaccine, she began having swelling, erythema, and pain in
her left breast. She had no fever or systemic symptoms. She received a four-week course of
steroids and received the second dose afterward without issues. The second case received
adjuvant radiotherapy following left breast cancer treated with lumpectomy and sentinel
node biopsy. She had fever, muscle aches, and lethargy three days after receiving the
AstraZeneca vaccine, followed by pain and erythema in the left breast with left axillary
pain. She was treated conservatively after ruling out collection or other serious issues,
diagnosed with RRP, and never received the second dose. The third case had therapeutic
reduction mammoplasty and sentinel node biopsy for multifocal lobular carcinoma of
the right breast followed by whole breast radiotherapy. She had flu-like symptoms after
receiving the AstraZeneca vaccine, and three days later experienced a warm, pruritic, and
heavy sensation in her right breast, in a similar area to her radiation therapy. She received
two days of antibiotics from her general practitioner, ruled out collection with ultrasound,
and was diagnosed with RRP by her breast surgeon [62].

Scoccianti and colleagues evaluated overall tolerance to the Moderna vaccine with
a cohort study involving 153 patients who had received either postoperative, definitive,
palliative, or stereotactic ablative radiotherapy. Of this cohort, 33% of patients had no
adverse events after the first dose, 38% had no AE after the second dose, and 20% had no
AE after the first and second doses. It was concluded that overall, tolerance was not worse
in radiotherapy patients compared to controls [63].

3.3. Safety of the COVID-19 Vaccines in Cancer Patients Receiving Immune Checkpoint Inhibitors

According to Waissengrin et al., of a total of 170 patients on immune checkpoint
inhibitors, 134 patients received two vaccine doses, three patients received only one dose,
and 33 did not receive the Pfizer vaccine at all. The most common side-effect after the
first dose was localized pain at the site of injection (21%). Systemic side-effects included
fatigue in five (4%), headache in three (2%), muscle pain in three (2%), and chills in one
(1%) patient. More local and systemic side effects occurred following the second dose.
The local adverse events include pain at injection site in 85 (63%), local rash in three (2%),
and local swelling in twelve (9%) patients. The systemic side effects included muscle
pain in 46 (34%), fatigue in 45 (34%), headache in 22 (16%), fever in 14 (10%), chills in
14 (10%), GI complications in 14 (10%), and flu-like symptoms in 3 (2.2%) patients [64].
None of the reported side effects required hospitalization or special intervention, and no
immune-related AE were observed. Of note, patients were all matched by sex and birth
year to compare the side effects; there was only a significantly higher rate of muscle pain in
the immune checkpoint group compared to healthy controls following the second dose of
the vaccine (p = 0.024) [64].

Strobel et al., reported 89 patients receiving immune checkpoint inhibitors. Four
patients received one vaccine dose (one Johnson & Johnson/Janssen, 1 AstraZeneca, and
2 Pfizer) while 85 patients received two doses of an mRNA vaccine (76 Pfizer, 2 Moderna),
AstraZeneca (8 patients) and mixed AstraZeneca and Pfizer (2 patients). Overall, they
found that the rate of general side effects was lower than that seen in preliminary data from
the vaccination studies [65].

Mei et al., compared 1518 vaccinated cancer patients (288 with one dose, 1134 with
two doses, 96 with three doses) receiving camrelizumab alone or in conjunction with other
therapies to unvaccinated patients. Compared with matched unvaccinated patients, a
statistically greater percentage of vaccinated patients had mild AE < 2 (33.8% vs. 19.8%;
p < 0.001) following camrelizumab treatment [66].
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One case report published by Au et al., described a 58-year-old male on anti-PD-1
monotherapy for metastatic colorectal cancer complicated by neurological and endocrine
immune-related adverse events which required stopping and restarting the immunotherapy
treatment. He finished his course of ICP therapy and received the first dose of the Pfizer
vaccine 27 days later. Five days later, he presented with myalgia, diarrhea, fever, as
well as elevated inflammatory markers, LDH, and thrombocytopenia. He was started on
methylprednisolone for suspected cytokine release syndrome (CRS), and his symptoms
resolved within seven days of treatment and was successfully restarted on the anti-PD-1
treatment. The vaccine was more likely to be the cause of CRS because the median time to
CRS following immune checkpoint therapy is four weeks from initiation, and this patient
began treatment 22 months prior [67].

Overall, the rates of AE varied across studies in cancer and non-cancer populations,
however, reassuringly, reported AE tended to be mild, despite one isolated case of cytokine
release syndrome following vaccination.

3.4. Lymphadenopathy Post-COVID-19 Vaccination in Cancer Patients

Lymphadenopathy signifies any inconsistency or abnormality in the lymph nodes;
this abnormality can refer to the size, firmness, or number of lymph nodes in a given
area of the body [68]. These lymphadenopathies can be a consequence of infections,
including bacterial, viral, and parasitic causes. Recent studies have shown that unilateral
lymphadenopathy has a great association with vaccines, such as the influenza vaccine,
HPV vaccine, and BCG vaccine [69]. Post-vaccination lymphadenopathy may be falsely
attributed to an oncological process in individuals who have been diagnosed with cancer,
in remission, or at an increased risk of developing malignancies. As such, the possibility of
post-vaccination lymphadenopathy must be considered in individuals who receive COVID-
19 vaccinations, especially in patients with underlying or increased risk of oncological
disorders [70]. Hypermetabolic lymphadenopathy refers to an abnormal lymph node
which has an increased rate of metabolism, and this process can be visualized using an F-18
fluorodeoxyglucose positron emission tomography-computed tomography (FDG-PET-CT)
scan. This scan utilizes radiotracers to map lesions that are metabolically active throughout
the body, and FDG-PET-CT of the entire body is a component of the examination of
cancer patients to evaluate progression of disease. However, FDG uptake is not unique
to oncological disorders and can be seen in inflammatory or infectious conditions, which
might be a consequence of vaccination [71].

Bshesh et al., reported 6022 cases of lymphadenopathy amongst COVID-19 vaccination
recipients, of which 693 had confirmed malignancies [68]. All subjects in the studies
conducted by Cohen et al., Eifer et al., and Bernstine et al., had underlying oncological
disorders and were assessed for lymphadenopathy using FDG-PET-CT or other PET-
CT tracers; relatively high rates of FDG-PET-CT positivity was reported amongst the
cohorts [71-73]. Several studies have revealed that cancer patients had FDG-PET-CT
hypermetabolic axillary lymph nodes and a focal hypermetabolic region in the ipsilateral
deltoid muscle after Pfizer vaccination [71,73].

Cohen et al., reported that it may be difficult to distinguish between benign and
malignant hyperactivity in lymph nodes, especially when vaccination was conducted on
the same side, as the tumor is expected to undergo nodal drainage. Hence, the recommen-
dation was made that patients with breast cancer, axillary lymphoma, and malignancy of
the upper limb should not undergo vaccination in the arm that has a lymph node with
expected nodal drainage of a tumor [72]. Placke et al., identified a further 8 patients with
underlying melanoma or Meckel cell carcinoma who were misdiagnosed with lymph node
metastases and underwent lymph node excision after COVID-19 vaccination [74]. The stud-
ies reiterate the notion that physicians must be aware of the possibility of post-vaccination
lymphadenopathy when making diagnoses and management plans in patients with onco-
logical disorders or complaints of a newly arising lymph node abnormality [75]. Studies
reported that lymphadenopathy after COVID-19 vaccination should be considered reactive
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at first glance, due to stimulation of the immune system. If the patient has pre-existing
unilateral cancer, vaccination should be given on the contralateral arm whenever feasible.
Lymph nodes that are persistently enlarged several weeks later can be investigated for an
underlying malignancy using fast, cost-effective methods such as fine needle aspiration [76].
In the context of breast cancer surgery, studies have recommended scheduling COVID-19
vaccination at least a week prior to surgery so that symptoms such as fever can be accurately
attributed to a vaccination side effect rather than from surgery [77]. Moreover, vaccination
is recommended at the contralateral side to the affected breast or the anterolateral thigh.
Vaccination could also be done once the patient is recovered, one to two weeks after surgery.
Ultimately, COVID-19 vaccination- induced reactive lymphadenopathy could possibly
mask side effects of breast cancer surgery and the timing of vaccination should be modified
accordingly [77]. If FDG-PET-CT is required urgently for cancer disease staging or treatment
initiation, it is recommended that it should be attempted to be done prior to vaccination if
possible. If the indication for FDG is not urgent, it is advised to delay or reschedule the
scan. From clinical experiences from routine vaccinations, vaccine-induced lymphadenopa-
thy typically arises within seven days of vaccination and resolves in twelve to fourteen
days [78,79]. However, there have been reported instances of COVID-19 vaccine-related
nodal FDG uptake up to four to six weeks after vaccination. Therefore, it is suggested
that in patients with a cancer that is expected to be difficult to interpret with FDG after
vaccination, the FDG-PET-CT scans should be delayed for at least two weeks unless there is
a clinical indication which requires oncological imaging to be done sooner. More ideally, if
oncological imaging is not urgent whatsoever, the FDG-PET-CT should be delayed for four
to six weeks to circumvent possible confounding findings [80]. Becker et al., provides a set
of recommendations for radiological management of post-vaccination adenopathy. They
recommend observing for at least six weeks for resolution before referring for diagnostic
imaging evaluation or biopsy of the nodes [81]. Moreover, if the cause of adenopathy is
overwhelmingly likely to be due to recent vaccination than an underlying neoplasm, an
expectant management strategy without default follow-up imaging is suggested. Imaging
follow-up with ultrasound to assure resolution of adenopathy is recommended in high-risk
patients such as one with ipsilateral breast cancer [81].

Lehman et al., recommends that vaccinations should not be delayed, and that vacci-
nation history should be provided to the radiologist when they are interpreting imaging
findings. In the context of known recent COVID-19 vaccination, the authors suggest that
ipsilateral axillary lymphadenopathy can be managed clinically as there is a low pretest
probability of malignant lymphadenopathy [82]. Lane et al., also suggests a conservative
approach, but also recognizes that false nodal biopsy might be inevitable in certain breast
cancer patients. To reduce false positive nodal findings post-vaccination, the history of
COVID-19 vaccinations, number of doses and dates, as well as site and side of injection
should be strictly documented at time of vaccine administration [83].

Locklin and Woodard state that mammographic findings such as trabecular and skin
thickening, as well as increased echogenicity on ultrasound, can be visualized with edema
secondary to poor lymphatic drainage or capillary leak, and should be kept in consideration
as a potential etiology for breast edema after recent COVID-19 vaccination. They suggest
that much like evaluations for suspected mastitis, imaging should be conducted for a short
period to ensure resolution for patients with ipsilateral vaccinations histories. Inflammatory
breast cancer can closely resemble inflammation and infection, and careful observation of
resolution is important to not neglect cancer [84]. Chung et al., states that cortical thickness
and its morphology on ultrasound are most helpful in distinguishing between malignancy
or a benign reactive post-vaccination lymph node in the context of breast cancer. A cortical
thickness threshold of 5.4 mm showed greatest specificity and accuracy for differentiating
between benign and malignant processes. Moreover, completely hypoechoic nodes with
no visible hila were observed in only malignant nodes [85]. Adin et al., reports a case of a
patient with bilateral lymphadenopathy, one due to an ipsilateral breast malignancy and
the contralateral one due to recent COVID-19 vaccination. The malignant node demon-
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strated asymmetric cortical thickening and marked cortical enhancement compared to the
reactive node, further supporting Chung et al.’s findings [86]. Granata et al., identified
that lymphangitis is also a possible consequence of COVID-19 vaccination. This must be
considered with possible lymphadenopathies, to avoid alarmism in patients and physicians
alike. Having knowledge of such a possibility allows for avoidance of economic waste
via the utilization of several radiological studies in the hunt for a tumor that is likely not
there [87].

4. Hesitancy/Acceptance of the COVID-19 Vaccination among Cancer Patients

The lower immunogenicity in cancer patients has been responsible for higher rates of
infection in patients with cancer as well as higher risk of developing serious complication
and death. The inadequate serological response can be attributed to malignancy-related
immune dysregulation as well as a greater likelihood of co-morbid conditions in patients
with cancer. In addition, cancer treatments contribute to immune suppression making it
difficult to confer adequate immunity against many infections including COVID-19. As a
result, patients with cancer are considered high risk and have been given priority in most
vaccine rollout programs. However, hesitancy of receiving the COVID-19 vaccines among
cancer patients has been widely reported.

4.1. Major Reasons for COVID-19 Vaccination Hesitancy

Studies from several countries explored the rate of vaccine acceptance among cancer
patients and the reasons behind their hesitancy. With the initial rollout of vaccines, hesitancy
among cancer patient was higher than the public. Similarly, in a cross-sectional study of
111 cancer patients from a Lebanese institution, 14.4% refused to get the vaccine while 30.6%
were hesitant [88]. The main reason for refusal was the patient’s belief that vaccines were
incompatible with their disease or treatment while hesitant patients wanted more informa-
tion about the risk of vaccination in cancer patients and its efficacy [88]. Cross-sectional
surveys done in Poland, Mexico, Bosnia and Herzegovina, Hong Kong, and Germany all
revealed considerable rates of vaccine hesitancy in cancer patients, with vaccine acceptance
rates of 58.8% out of 644 patients, 66% of 540 breast cancer patients, 41.8% of 364 cancer
patients, 17.9% of 660 cancer patients and 62% of 101 patients respectively [89-93]. The
studies reported the reasons for hesitancy/rejection, some of which were similar to the
reasons for vaccination hesitancy among the public. For example, some patients were
skeptical of how rapidly the vaccines were developed, with major concerns of the side
effects post-vaccination. Others believed that their natural immunity could provide enough
protection against COVID-19. However, some concerns were unique to cancer patients.
Since the main clinical trials excluded immunocompromised patients including cancer
patients, there was a concern of the applicability of the reported safety and efficacy of the
vaccines in cancer patients. Additionally, concerns regarding the effect of cancer treatments
on the vaccine’s safety and its possible interaction with cancer treatments were expressed.
In one study that included 767 cancer patients, there were 447 unvaccinated individuals
among them, of which 52% reported their preference to end cancer treatment before receiv-
ing the vaccine [3]. Patients from another study were most concerned that vaccine-related
adverse events would worsen current anti-cancer therapy side effects (29%) and that there
is not enough information regarding the safety of the COVID-19 vaccine in cancer patients
undergoing oncological therapy (27%) [93].

4.2. Significantly Associated Factors with Vaccine Hesitancy/Acceptance

Several studies investigated factors that were associated with increased vaccine hesi-
tancy. Mistrust in the health care system (OR 8.79, 95% CI [4.26-18.15]), noncompliance with
prior influenza immunization (OR 2.27, 95% CI [1.57-3.29]), and low educational attainment
(OR 1.84, 95% CI [1.17-2.89]) were all associated with increased vaccine hesitancy [90].
Higher education was also associated with increased vaccine acceptance (p = 0.0056) [89].
Interestingly, patients who routinely received the influenza vaccine were much more accept-
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ing of COVID vaccination, with 91.6% acceptance (14,905/16,269) compared to the 45.9%
(2083 /4545) acceptance prevalence among those who did not routinely receive an influenza
vaccine (p < 0.001) [94]. In a separate study of 200 Tunisian cancer patients, the willingness
to receive influenza vaccine was significantly associated with COVID-19 vaccine acceptance
(OR =3.9,95% CI [1.6-9.3]; p = 0.002) [95]. These studies suggest that a general distrust in
vaccines or a lack of appreciation of the severity of COVID-19 infections may contribute to
the vaccine hesitancy expressed among cancer patients. A general distrust in the country’s
healthcare system and its ability to effectively rollout a vaccination program has also been
associated with vaccine hesitancy [96]. A study conducted in China that included 744 breast
cancer survivors revealed that vaccine hesitancy or refusal was expressed by over 73%
of the respondents [97]. The primary reason for hesitancy or refusal in 46% of patients
was the lack of knowledge about the safety of the vaccines for cancer patients. Factors
associated with vaccine hesitancy/refusal included current endocrine or targeted therapy
(OR 1.52, 95% CI [1.03-2.24]) and no notification from communities or units (OR 2.46, 95%
CI [1.69-3.59]). This demonstrated that many cancer patients were unaware of the effect of
COVID-19 vaccines on cancer treatments and preferred to avoid the risk of any possible
complications. Similarly, in a separate study, current endocrine or targeted therapy was
associated with increased vaccine hesitancy (OR 1.52, 95% CI [1.03-2.24]) [97].

4.3. How to Combat Vaccination Hesitancy among Cancer Patients?

Current guidelines indicate that COVID-19 vaccines are safe and recommended in the
majority of cancer patients, including patients undergoing therapy, with few exceptions.
Better education and dissemination of information to patients with cancer is needed to
combat vaccine hesitancy. Several ways to combat vaccine hesitancy have been suggested,
the most prominent being the increased advocacy by oncologists and primary physicians.
Patients indicated that they are most likely to listen to their oncologists regarding recom-
mendations of vaccination. In a German survey of 425 cancer patients, around 85% of
participants claimed to trust their attending physician’s recommendations regarding the
COVID-19 vaccines [98]. Similarly, Villarreal-Garza et al., reported that 64.5% of the hesitant
patients would consider receiving the vaccine if recommended by their oncologists [90].
Marijanovi¢ et al., conveyed that the majority of participants (82.4%) stated recommenda-
tion by their oncologist could influence their decision about vaccination [91]. One study
in Korea showed that the initial rate of vaccine acceptance was 61% of the 1001 cancer
patients surveyed. The rate increased to 91% of participants who received their attending
physician’s recommendation for vaccination [99]. Results from several other studies further
support the notion that recommendations coming from a patient’s oncologist would be
well received by cancer patients [97,100]. Therefore, it is imperative that all oncological
providers are well informed of the most accurate and up-to-date recommendations re-
garding vaccination and to start discussions with their patients to address their concerns.
Figure 2 summarizes the reasons behind, and factors associated with vaccination hesitancy
or acceptance among cancer patients compiled from the above-mentioned studies and the
suggested ways to combat such hesitancy.
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Hesitancy and Acceptance of COVID-19 Vaccines among Cancer Patients
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Figure 2. Reasons for and factors associated with vaccination hesitancy or acceptance among cancer
patients compiled from studies which conducted surveys in different countries and the suggested
ways to combat such hesitancy.

5. Ongoing Clinical Trials and Future Challenges

As of date, fifteen interventional/clinical trials that explore the immunogenicity and
safety of COVID-19 vaccines in cancer patients are listed on ClinicalTrials.gov [101]. These
studies, outlined with their identifiers in Table 1, take place worldwide across Europe, Asia,
North America, and Australia. The listed trials include participants with both hematologic
& solid malignancies; a few of the trials focus on immunocompromised patients, including
transplant recipients, patients with human immunodeficiency virus (HIV), or patients
with malignancy or autoimmune disease receiving chemotherapy, radiotherapy, anti-PD-1
therapy, anti-PD-L1 therapy, or anti-CD20 therapy. Three of the trials have published
results which demonstrated lower seropositivity rates in cancer populations compared
to healthy controls, but highlight the ability for cancer patients to achieve seroconver-
sion and an increase in anti-SARS-CoV-2 antibody following a third booster dose of the
vaccine [1,102,103]. As most of these trials are still ongoing, shortcomings have not yet
been clearly identified, but the finalized trials indicated a need for studies with larger
sample sizes to determine the effective vaccine type and dosage appropriate for cancer
patients, with the aim to provide protection against COVID-19 without disrupting cancer
therapy [1].
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6. Discussion

The initial clinical trials for COVID-19 vaccines did not provide data for cancer patients.
Despite this, not many large-scale trials studying the efficacy of COVID-19 vaccines in
cancer patients exist, though smaller trials around the world have provided some evidence.
Cancer patients were found to have significantly diminished serological response after the
first dose of the COVID-19 vaccine, but the second dose indicated an increased immune
response but was still reduced when compared to healthy controls [17]. Antibody titers
were lower in patients with hematological malignancies as compared to solid tumors [17].
Furthermore, chemotoxic treatments showed a diminishing effect on the serological anti-
bodies [17,28]. Immunotherapy such anti-CD20 therapy and targeted therapies like tyrosine
kinase inhibitors also resulted in a drop in serological response. Both chemotherapy and
immunotherapy showed a positive correlation between time lapsed after treatment and
serological response. Patients receiving only CPI were found to have higher titers of an-
tibodies when compared to other combinations of treatments [52]. Data are still lacking
on the difference of immunogenicity in cancer patient between different vaccines as most
clinical trials did not assess or include cancer patients. For instance, cancer patients with
immunodeficiency, as well as those receiving radiotherapy and chemotherapy were not
allowed to be part of the Phase III clinical trial of Pfizer’s COVID-19 vaccine due to concerns
about immunosuppression [104]. Overall, even though the immunological response is not
as robust in cancer patients, most trials still report a long-term seropositivity of 70-88% [52].
Figure 3 summarizes the effect of different factors on the immunogenicity of COVID-19
vaccines in cancer patients including the different types of anti-cancer therapy.

Immunogencity of COVID-19 vaccines in cancer patients
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Figure 3. Immunogenicity of COVID-19 vaccines in cancer patients with hematologic or solid cancers

and the effect of different types of anti-cancer therapy on the immunogenicity. Inmunogenicity was
measured in most of the studies by rates of seropositivity and/or antibody titers. * Only chemotherapy
was reported to reduce both rates of seropositivity and antibody titers.

Cancer treatments impair immunogenicity through different modes of actions. Cy-
totoxic chemotherapies interfere with DNA replication and synthesis and can disrupt the
proliferation of lymphocytes during immune activation. Similarly, targeted therapies like
anti-CD20 agents, tyrosine kinase inhibitors, and CAR T-cell therapy can severely deplete
peripheral B-cell populations and affect various cytokine pathways needed to respond
to vaccine introduced antigens [17]. An exception to this includes immune check-point
inhibitors, a form of immunotherapy that enhances the immune system to detect and target
cancerous cells. This could explain why cancer patients being treated with immunotherapy
alone have a higher serological response than those on other combinations of treatments.

Several new trials have reported that COVID-19 vaccines have shown similar safety
profiles in cancer patients as compared to the general population. The most common
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local and systemic side effects were pain at injection site, myalgia, and fatigue [17]. These
were mostly mild to moderate in severity in both the general population and patients
with cancer [17]. Notably, lymphadenopathy being an expected side effect of the Pfizer
vaccine may alarm cancer patients as they may attribute swollen lymph nodes to malig-
nancy [105]. No difference in adverse events was observed between hematological or
solid malignancies or between patients undergoing cancer treatment and those who were
treatment-naive [4,17,103].

Immune-related adverse events, although rare, are still observed in the general popula-
tion. However, in cancer patients these immune-related adverse events might be triggered
by immune dysregulation caused by the underlying disease pathophysiology of malig-
nancy as well as the effects of different treatments. One group of treatments that has posed
a particular concern are CPI, which are being increasingly used to treat cancer patients [106].
These agents activate the immune system by targeting pathways that regulate programmed
cell death (PD-1 and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) in T-cells [107].
This immune activation can, on the one hand, enhance the immunogenicity of COVID-19
vaccines and can, on the other hand, lead to uncontrolled immune activation, triggering an
“inflammatory storm” in response to vaccine components [107]. No increased incidence
of immune-related adverse events have been observed in cancer patients being treated
with CPI [108]. However, vaccine administration to patients on combined CPI therapy
(anti-PD-1, anti-PD-L1 and anti-CTLA-4) causes some concern due to the possible risk of
immune-related adverse events [109]. It was suggested that myelitis may occur due to
interleukin-6 (IL-6) and interleukin-17 (IL-17) running an inflammatory response leading
to cytokine storm [110]. One example is atezolizumab, a monoclonal antibody which binds
to tumor cells expressing PD-L1; this inhibits binding with T-cell expressed PD-1 and
B7.1 receptors, allowing activation and proliferation of T-cells and enhanced function and
memory cell formation to fight the tumor. Vaccine -induced causes of inflammation are less
known, with active antigens in the vaccine or other constituents such as adjuvants causing
inflammation. Some could also have an autoimmune reaction in the presence or absence of
molecular mimicry [110]. Au et al., suggested that immune checkpoint therapy blocks PD-1,
allowing for T-cell proliferation, causing patients to have an increased baseline of activated
T-cells. When the vaccine was given, this tipped the immune system to CRS. However,
S-reactive T-cells were not detected in the periphery, making this less likely. However, the T-
cells associated with CRS could reside in tissue or lymph nodes, making them undetectable
in blood [67]. Mei et al., speculated that giving the COVID-19 vaccine and anti-PD1 therapy
within close temporal proximity of each other may enhance co-stimulatory and reduce
co-inhibitory regulation, accounting for the increase in mild AEs in vaccinated patients.
Additionally, they also speculated that this increase in immune response allows for the
chemotherapy to work more effectively, consistent with their finding of vaccinated patients
having higher disease control rates [66].

7. Conclusions and Recommendations

This review focused on the immunogenicity and safety of COVID-19 vaccination
among cancer patients, as well as vaccine hesitancy. Malignancy was described to lower
seropositivity rates, most notably in patients with hematologic malignancies compared
to those with solid cancers. While active cancer therapy in general showed significantly
lower seroconversion rates, specific cancer therapies associated with decreased vaccine
immunogenicity included chemotherapy, radiotherapy, and immunosuppressives, as com-
pared to healthy controls. Chemotherapy specifically showed lower seropositivity and
antibody titers compared to cancer patients receiving other treatments. On the other hand,
CPI, endocrine therapy, and CDK inhibitors were not found to affect seropositivity. Many
effects of therapy on immunogenicity are not well described but are likely to be secondary
to a medication mechanism of action.

COVID-19 vaccination amongst individuals with cancer is well-tolerated and generally
safe, with similar rates of adverse events in patients without cancer, with a history of
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cancer, or those receiving active treatment compared to healthy controls. Though rare,
radiation recall phenomenon was reported in those receiving radiotherapy, and higher rates
of muscle pain was noted in patients receiving CPI. Post-vaccination lymphadenopathy
was a common adverse event that may be mistaken for malignancy despite being of
inflammatory origin. Despite the overall safety profile, vaccine hesitancy remains due
to lack of knowledge regarding compatibility with disease, risks, efficacy, side effects,
and concerns about interactions with cancer therapies. A lack of information regarding
vaccine safety among this population, as well as a lack of appreciation for the severity of
COVID-19 infections further contribute to hesitancy. Factors associated with increased
hesitancy include mistrust in the healthcare system, non-compliance with prior influenza
immunization, and low educational attainment; increased acceptance was seen among
patients with higher education and those willing to routinely receive the influenza vaccine.

Despite the reported lower immunogenicity of the COVID-19 vaccines in cancer
patients receiving certain types of anti-cancer treatments as compared to healthy controls
or to cancer patients receiving other types of treatments, booster doses were noted to
statistically increase seroconversion rates amongst various cancer types and treatments,
and therefore were recommended for cancer patients. Furthermore, neither cancer nor
cancer therapy were viewed as contraindications to COVID-19 vaccination in the reviewed
studies. Regarding lymphadenopathy, it is recommended that vaccination is not delayed,
and that vaccination history is provided to the radiologist if a patient is scanned for
concerning lymphadenopathy. To reduce false positive nodal findings post-vaccination, the
history of COVID-19 vaccinations, number of doses and dates, as well as site and side of
injection should be strictly documented at time of vaccine administration. As it may be
difficult to distinguish between benign and malignant hyperactivity in lymph nodes, it is
recommended that patients with breast cancer, axillary lymphoma, and malignancy of the
upper limb should not undergo vaccination in the arm that has a lymph node with expected
nodal drainage of a tumor. Vaccine hesitancy can be combatted with better education and
dissemination of information to cancer patients, and patients generally demonstrated
more compliance when primary physicians and oncologists recommended the vaccine and
provided sufficient information.
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Simple Summary: The coronavirus pandemic has had a considerable impact on all parts of society.
Unsurprisingly, healthcare has been particularly affected, including cancer care and trials of new
drugs. This article will summarize the impact the pandemic has had on cancer healthcare taking into
consideration how the pandemic affected potential cancer patients and stopped them seeking medical
advice for new symptoms. The pandemic also affected the ability of people to access healthcare
services and undergo the tests necessary to diagnose cancer. This article will also discuss the impact
of the pandemic on existing treatments and the trials of new drugs. In light of the unprecedented
speed of development of new treatments and vaccines for the virus itself, it will also review whether
some of these adaptations could be used to accelerate the development of novel cancer therapies.

Abstract: The coronavirus disease 2019 (COVID-19) pandemic has caused considerable global dis-
ruption to clinical practice. This article will review the impact that the pandemic has had on oncology
clinical trials. It will assess the effect of the COVID-19 situation on the initial presentation and
investigation of patients with suspected cancer. It will also review the impact of the pandemic on the
subsequent management of cancer patients, and how clinical trial approval, recruitment, and conduct
were affected during the pandemic. An intriguing aspect of the pandemic is that clinical trials
investigating treatments for COVID-19 and vaccinations against the causative virus, SARS-CoV-2,
have been approved and conducted at an unprecedented speed. In light of this, this review will
also discuss the potential that this enhanced regulatory environment could have on the running of
oncology clinical trials in the future.

Keywords: SARS-Cov-2; COVID-19; oncology; cancer screening; clinical trials

1. Introduction

The emergence of the novel coronavirus severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) caused a global healthcare crisis that reshaped both standard cancer
care practices and oncology research [1]. The reasons for this were multifactorial. Firstly,
efforts to contain transmission led to the withdrawal of face-to-face consultations, the
suspension of normal diagnostic services, and the rapid expansion of telemedicine, all with
the aim of reducing viral spread from healthcare worker to the patient and vice versa [2].
Secondly, the impact of severe coronavirus disease 2019 (COVID-19) on healthcare systems
led to a redeployment of healthcare workers to deal with the pandemic, which inevitably
had an impact on cancer pathways. These factors also affected clinical trials, which were
often initially suspended, before being restarted with substantial amendments to facilitate
their conduct in the pandemic-era world. Furthermore, it was clear from initial reports
that patients with significant co-morbidities, including cancer, were at increased risk of
having severe disease and death [3,4]. Mortality rates for patients with cancer and symp-
tomatic COVID-19 have been reported at 24-28% [5,6]. Consequently, cancer patients
and healthcare professionals often faced difficult decisions regarding treatment, with the
benefit of therapy having to be factored against the increased risk of acquiring SARS-CoV-2
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from hospitalization/increased frequency of visits to hospital and developing more severe
COVID-19 due to modulation of the immune system by therapy. This article will review
the many impacts of COVID-19 on cancer care, from the initial point of entry into cancer
care pathways through to the longer-term implications (Figure 1). In addition, it will focus
on the impact on oncology clinical trials. Interestingly, implementing a more patient-centric
approach in clinical trials somewhat inadvertently improved working efficiency, patient
experience, and trial running costs. In addition, given the unprecedented speed with which
COVID-19 clinical trials were approved and conducted, it will also review whether there
are lessons that could be learnt to benefit the oncology community.

Patient pathway
Screening Patient GP ;ronthr;'e Referrjl to Secondary Initiating
attitude accessibility tagnostic secondary care services therapy
tests care
Routine screening Fear of exposure Unfamiliarity Reduced 60% decline in Reduced Risk associated with
paused nationally to virus with adapted availability of staff urgent referrals functioning contracting COVID-
services and resources in observed by capacity due to 19 weighed against
3 million fewer Fear of deterred many primary care NHS England in COVID-19 safety potential benefit of
people screened burdening an from booking delayed the April 2020. measures. therapy.
between March — already GP conduct of essential
September 2020 in overwhelmed appointments diagnostic services Estimated 50,000 Greater dependence Anti-cancer drugs
the UK. healthcare (i.e. biopsies / cases of on accurate triaging and radiotherapy
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Figure 1. Impact of COVID-19 on the oncology care pathway.

2. Impact on the Initial Presentation of Patients with Potential Cancer

The COVID-19 pandemic affected how patients were first suspected of having cancer
in several different ways. Routine screening services were typically paused in the early
stages of the pandemic over concerns over viral transmission and as staff were redirected
toward COVID-19-directed care. Disruption to screening services decreases the potential for
early cancer detection in many cases, particularly in routine screening of at-risk populations
such as breast screening of women with high familial risk and colorectal cancer (CRC)
screening for individuals with inflammatory bowel disease (IBD) or Familial Adenomatous
Polyposis (FAP) [7-10]. In the United Kingdom (UK), it has been estimated that 3 million
fewer people were screened between the months of March to September 2020. This resulted
in a 42% reduction in the number of patients initiating treatment following diagnosis
via screening in the year April 2020-March 2021 [11]. This raises the rather alarming
question of what happened to all those missing cases: were they diagnosed in good time
through alternative pathways or do they still remain undiagnosed? Therefore, a long-term
consequence of the pandemic may well be that these missed diagnoses will be picked up
later, indirectly adding to the morbidity and mortality from SARS-CoV-2 [12].

A further impact is reflected in the behavior of the common populace themselves.
A common feature of many governmental responses to the pandemic was to enforce a
widespread “lockdown”, essentially confining people to their homes. In the UK, a National
Health Service (NHS) survey conducted in April 2020 to gain insight into public attitudes
towards seeking medical advice for suspected cancer found that over 50% of the public had
concerns and were hesitant about seeking help due to the pandemic. While shopping for
essentials and seeking medical care were typically allowed, the overall impact of lockdown
measures combined with the degree and nature of media coverage effectively discouraged
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people from seeking medical advice. Symptoms that may have normally provoked a visit to
a primary care physician were not acted on, as people sought to adhere to the regulations in
an attempt to avoid the virus or out of fear of burdening an already overwhelmed healthcare
service [11]. In addition, there has also been concern that individuals were not reporting
potential symptoms of cancer due to mis-attributing them to COVID-19. The prime example
of this is lung cancer, where the development of respiratory symptoms such as a cough
could be easily attributed to SARS-CoV-2 [13,14]. This is particularly worrying given the
association of lung cancer mortality with more advanced stage presentation with metastatic
disease [15]. Currently, there are little data to confirm an excess of lung cancer deaths due to
this phenomenon, although this may change over the coming months and years.

A further consideration is the impact of the pandemic on primary care services.
Many general practitioners ceased face-to-face services altogether, which also included a
significant reduction in basic frontline diagnostics such as blood tests and X-rays. Primary
care services were also forced to adapt to prevent the spread of SARS-CoV-2, particularly
to the elderly and vulnerable at greater risk of fatal COVID-19. Social contact was avoided
wherever possible, resulting in a switch to the widespread usage of telemedicine platforms
to replace in-person consultations [16]. It can be argued that deviation from the normal
process is enough to deter people from seeking advice regarding their health concerns,
particularly those with limited access/familiarity with online portals. It is also noteworthy
that symptoms that would have been observed in a physical appointment may not have
been noticed by the primary care physicians or may be subjectively downplayed by the
patient during a telephone/video call appointment.

All of these factors would have contributed to early cancer symptoms being missed,
which was reflected in the reduction in referrals to secondary care. It has been widely noted
that there was a significant decrease in the number of urgent referrals after the first lock-
down was imposed in March 2020. The largest declines were observed specifically during
the peaks of each wave of the pandemic. In England, NHS statistics recorded the largest
fall in April 2020 when a 60% decrease in urgent referrals was recorded compared with
April 2019 [17]. Overall, it was estimated that there have potentially been ~50,000 cases of
undiagnosed cancer because of the disruption caused to normal primary care services and
routine screening—equating to approximately 1 in 1000 of the UK population. However,
the negative effects of COVID-19 on oncology care are not exclusively a consequence of the
impact on primary care services and screening, but also have been significantly impacted
by public healthcare seeking attitudes due to fear of exposure to the virus [11].

3. Impact on the Investigation of Patients with Suspected Cancer

In addition to the impacts on primary care, the COVID-19 pandemic has also had a
massive impact on secondary care. Hospitals and health centers reduced their functioning
capacity to maintain social distancing measures in accordance with government guidelines,
which consequently delayed cancer diagnosis. Furthermore, any staff who displayed
symptoms/tested positive for COVID-19 (or were exposed to someone who has tested
positive) were also required to self-isolate as part of government guidelines, which further
disrupted staffing levels and limited functioning capacity [18]. The UK NHS operational
standard for the 2 week-wait urgent referral system states that 93% of patients with
suspected cancer should be seen by a specialist within 14 days from primary care referral.
This standard was not met in 2020/2021, when 88.7% of all urgent cancer referrals were seen
within 14 days, representing a 2.8% decrease from the previous year (90.8%). Impact varied
based on cancer type, therefore case burden should also be considered when considering
the impact on diagnostic services. For example, suspected breast cancer referrals displayed
the poorest performance with only 80.8% of urgent referrals meeting the 2-week timeframe.
It is likely the larger case burden of breast cancer overwhelmed breast cancer services
operating at reduced capacity due to the pandemic [19]. The reduced functioning capacity
introduced a greater dependence on triaging patients in order of urgency, with resources
being prioritized to cases with a high index of suspicion of cancer [20]. Subsequently,
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patients displaying experiencing milder symptoms who did not meet the criteria for
urgent referral experienced the most significant delay in referral to secondary care [21].
The delays were not just confined to the initial assessment in secondary care, but were
found throughout the pathway. For example, there was a significant reduction in surgical
procedures such as biopsies, as surgeons, theatre staff, anesthesiologists, and ventilators
were redeployed to assist with the pandemic [22]. A recent study conducted using data
from Irish hospitals observed a 21.5% reduction in the number of biopsy procedures carried
out between January-June of 2020 in comparison with the same time in 2019. When
examined more closely, it is noted that the largest decline (—48%) was recorded between
the period of April to June, which was soon after lockdown restrictions went into place in
mid-March 2020 [23]. While diagnostic delays will clearly have an impact on the likelihood
of successfully treating a particular tumor, a later diagnosis also causes significant mental
and emotional stress [9]. This likely to have been particularly magnified due to the nature
of the pandemic, with physical distancing contributing to the distress caused by removal
from personal support systems such as family and friends [24].

4. Impact of the Management of Patients with Cancer

It was observed early in the pandemic that patients with cancer were at higher risk of
developing severe and fatal COVID-19 [3,4]. This was due to cancers generally occurring
more commonly in a higher risk population (e.g., the elderly), the immunosuppressive,
and/or deconditioning effect of many malignancies, as well as the immune-modulatory
effects of some treatments [25]. Somewhat surprisingly, large meta-analyses and registry
studies have shown that systemic anticancer therapy per se does not increase the risk of
dying from COVID-19. Instead, factors such as having cancer, older age, and the presence
of other significant co-morbidities have been repeatedly demonstrated to be the major
risk factors [25,26]. Several different strategies were adopted to try and deal with these
problems. Risk—benefit analyses were typically conducted on a patient-by-patient basis,
with treatments being postponed or withdrawn where the benefit offered by therapy was
marginal [27-29]. Where possible, chemotherapy regimens were switched to the oral
route to reduce the need for patients to attend hospital where they would run the risk of
acquiring SARS-CoV-2 [30]. There were also recommendations made to supportive care,
for example for the widespread use of granulocyte colony stimulating factor injections
to reduce the risk of hospitalization from febrile neutropenia [31]. Consequently, more
stringent measures were taken to shelter this population from contracting the virus and
many scheduled treatments (i.e., chemotherapy, radiotherapy, and surgery) during the
beginning of the pandemic were postponed while adaptive approaches of delivering
therapy were established [32,33]. Cancer services rapidly developed strategies to overcome
this setback and continue cancer care while minimizing the risk of COVID-19 transmission.
COVID free hubs were set-up, distinct from hospitals, where cancer patients could receive
their treatment with a reduced risk of virus transmission [34]. This included the use of
“chemo buses” that could be parked on site of hospitals or moved to a more convenient
location for patients. This effectively minimized the exposure to SARS-CoV-2 transmission
in clinical settings while receiving therapy.

In the UK, NHS operational standards for new primary cancers state that treatment
should commence within 31 days for 98% of patients receiving chemotherapy or other
anti-cancer drugs, and for 94% of patients for radiotherapy and surgery. The overall per-
formance for anti-cancer drugs and radiotherapy in 2020/2021 was above operational
standards, which shows that services were able to adapt and continue with these treat-
ments. However, despite efforts to maintain service levels, surgery was more significantly
impacted during the pandemic and failed to meet operational standards, with only 88%
of patients receiving surgery within 31 days [19]. Despite measures enforced to prevent
SARS-CoV-2 infection, patients themselves also chose to delay their treatment in fear of
contracting the virus by leaving self-isolation to receive treatment. One retrospective study
of 165 lung cancer patients found that 9.1% of patients experienced a delay in receiving their
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treatment, although 80% of this population chose to delay their treatment themselves [35].
This is another instance where fear of exposure to the virus influenced decisions made by
patients for medical intervention.

A further evolving area is the use of COVID-19 vaccinations in patients with cancer.
Given the higher mortality rates from SARS-CoV-2 infection seen in these patients, the
establishment of a safe and effective vaccine is crucial. Recent reports have suggested that
COVID-19 vaccination for cancer patients is safe, immunogenic, and effective in protecting
against symptomatic disease. However, the rates of seroconversion and protection offered
by vaccination are generally lower in patients with cancer compared with the general
population. Patients with hematological malignancies appear to be at particular risk,
especially those who have received B-cell-depleting agents in the past 12 months [36].
Therefore, despite the relatively high coverage of COVID-19 vaccination programs in
some countries, patients with cancer continue to remain at risk. Measures to address
this include testing for antibody responses in cancer patients, and, in those found to
have a deficient SARS-CoV-2 immune response, continuing to recommend adherence to
infection-risk reduction measures and/or consideration of prophylactic treatment with
COVID-19-neutralising monoclonal antibodies [37].

5. Impact on Clinical Trials

The effects of the pandemic on clinical trials were felt throughout administrative
and clinical practices. Clinical trial initiation and recruitment were typically halted at
the beginning of the pandemic as infection control measures were implemented [38].
Furthermore, trials of investigational medical products (IMPs) known to be immune-
suppressive, or cause pneumonitis, were ceased due to concerns about the potential to
exacerbate the severity of SARS-CoV-2 infection [39]. In a March 2021 report, a 60%
decrease in new oncology clinical trials during the pandemic was noted, fueling concerns
regarding slowing the development of new cancer therapies [40]. A major UK-based cancer
research charity, Cancer Research UK, halted recruitment in 95% of their clinical trials,
both to protect cancer patients, and to cope with the redeployment of clinical research
staff to support frontline COVID-19-facing healthcare services. However, it is noteworthy
that trials for pediatric and adolescent patients were affected to a lesser extent, following
observations that young adults, children, and infants were less likely to develop severe
SARS-CoV-2 infection and transmit it to others [41]. By halting start up and further trial
recruitment, resources were prioritized to patients already enrolled in existing trials, who
were benefiting from treatment and continued where possible. A further consideration was
that the extensive monitoring and face-to-face physical assessments characteristic of normal
clinical trial practice were no longer considered appropriate given the risks of exposure to
the virus, either in hospital or during travel to and from the healthcare institution. This
called for dramatic changes in routine practices and trial protocols to prevent the spread of
COVID-19 while preserving trial integrity and patient welfare [42].

In the UK, the Medicines and Healthcare Products Regulatory Agency (MHRA) re-
leased guidelines in accordance with government restrictions to guide clinical trial man-
agement [43]. The shift in clinical trial protocol began with the scrutinization of every
in-person appointment, with the aim of determining whether face-to-face assessment was
necessary, or whether alternative strategies could be implemented to achieve the same
objectives [44]. For example, standard physical examinations of marginal benefit such
as weight, height, and blood pressure measurements, were typically excluded to reduce
the need for hospital visits. Furthermore, screening tests such as echocardiograms and
multi-gated acquisition (MUGA) scans were dispensed with in patients without risk factors
or a history of cardio-vascular disease, as the risk of exposure to patients and healthcare
workers could not be justified [45]. Other measures included the posting of informed con-
sent (IC) forms and other documentation to patient’s homes instead of them being signed
during in-person consultations; the option to e-sign documents was also incorporated and
recognized as an accepted form of consent by regulatory organizations [44]. These bodies
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also typically encouraged the switch to IMPs in oral form where appropriate, as the IMP
could be delivered directly to the patient’s home and be self-administered at the agreed
schedule, reducing the need for them to travel to the trial site [43].

Telemedicine was also widely embraced as the best mode of communication to deliver
the essential information to patients in remote video consultations, reducing the need
for an in-person visit [44,46]. Notably, a systematic review has also provided evidence
that supportive care and counselling delivered by telephone can be more convenient and
noninferior to standard care for all outcomes, including knowledge, decision conflict,
cancer distress, and perceived stress [47]. However, varying levels of computer literacy
among trial participants must be taken into consideration. Pre-pandemic, one of the major
obstacles faced by telemedicine was termed the “digital divide”, as there was a substantial
disparity in IT literacy between elder and younger demographics [48]. Unsurprisingly, the
most recent report highlighted this disparity, as data showed that 54% of adults aged 75
and over did not use the internet compared to 99% of individuals aged 16—44 years [49].
Despite this, the pandemic has resulted in a wider uptake of digital technology by older
people, as meeting in person has not been feasible [46]. Study visits that could be conducted
remotely were identified and adapted, such as the reporting of adverse events or suspected
adverse events by video consultation or questionnaires/patient diary cards. Furthermore,
some protocols also allowed for physical assessments and tests that would normally occur
at the trial site to be carried out locally by primary care physicians and other health
professionals [50]. Where these assessments could not be performed locally due to the
nature of the assessment, the interval between assessments was increased to reduce the
total number of patient visits to hospital. In addition, in-person tests such as imaging
scans and follow-up sample collections were planned to occur within one visit to further
minimize risk of exposure to the virus, which also inadvertently improved the patient
experience [51]. Remote monitoring systems were also implemented, allowing patients to
be followed-up from their homes. For example, the use of wearable devices that provide
a stream of real time data (e.g., blood pressure/heart rate monitors) was also expanded.
This is a welcome innovation, as these approaches have the advantage that the data can be
collected over extended periods of time and in a more natural and relaxed environment,
mitigating issues such as “whitecoat hypertension” [52,53].

A further demonstration of clinical trial modification during the COVID-19 pandemic,
albeit outside of cancer research, was the Randomised Evaluation of Covid-19 Therapy
(RECOVERY) trial. The RECOVERY trial took on an unorthodox approach to set up a
large-scale randomized clinical trial using a digital portal. DigiTrials is a data platform that
consolidates patient data across the UK health system, which made the patient population
in critical care units across the UK more accessible for recruitment into the trial. The
DigiTrial system also provided a universal platform for data collection and processing,
which allowed for quicker analysis and reporting of results [54]. The RECOVERY trial
took a flexible approach with its protocol, which allowed for trial arms to be added as new
research unveiled potential COVID-19 treatment modalities, while also allowing for arms
to be halted as soon as data (which was being analyzed on an ongoing basis) determined
that the therapy was ineffective (e.g., the anti-malarial drug Hydroxychloroquine) [55].
This also made clinical trial management less arduous for healthcare workers who were
already under extreme pressure. This was reflected in the speed of the results: the trial
established that dexamethasone reduced the number of deaths by one-third in ventilated
critical care patients in just 98 days [56].

6. Lessons Learnt for the Future of Oncology Clinical Trials

The RECOVERY trial and other trials have served as an example demonstrating how
a flexible protocol, the use of a data platform, and integration with standard care can
considerably improve trial efficiency and turnaround time. With a simplified consent form
and a carefully thought-out “trial by design” approach, the RECOVERY trial astoundingly
received regulatory approval within 9 days, which is drastic compared to the average
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30-60-day time frame. Many health research authorities are still currently fast-tracking
ethical approval for COVID-19 research and have managed to bring the normal 60-day
cycle down to just 10 days. Another paradigm shifting example has been the development
of SARS-CoV-2 vaccines. Prior to the pandemic, the timeline from basic science and target
identification through the phases of clinical development and licensing typically took
10-20 years, a time not inconsistent with the time it takes to develop a new anti-cancer
drug. However, effective vaccines for COVID-19 were developed, tested, and licensed
within a year of the virus first being discovered [57-59]. Undoubtedly, there were several
factors that contributed to this, with the global nature of the pandemic meaning that
pharmaceutical companies, research institutions, and governments made/had access to
massive resources available for this purpose. However, this period established the proof of
principal that effective treatments can be safely developed in a fraction of the time that it
has historically taken.

The acceleration of drug development aside, there are many other examples of inno-
vative practice that have emerged during the pandemic, that can be further adapted and
taken forward. As discussed above, the intensity and frequency of monitoring assessments
for patients on study was streamlined during the pandemic, with the aim of avoiding
exposure to the virus [44]. As it now seems that many of these visits are unnecessary, future
protocols should be designed with reduced numbers of visits to improve efficiency and
patient experience, if retrospective analyses show no impact upon trial integrity [60]. This
includes repeat biopsies and venepunctures, as it has been observed that the reduction
in sample collection during the pandemic inadvertently contributed to an improved pa-
tient experience. Reducing the intensity of monitoring also reduces the inconvenience
of traveling, which in turn helps address existing issues with patient retention in clinical
trials. Patient drop-out and insufficient recruitment are often the cause of trials failing to
complete accrual within the study period [61]. This is frustrating from a clinical perspective,
as it prolongs the approval of beneficial therapies to reach a wider patient population.
However, from a pharmaceutical and clinical research organization (CRO) perspective,
failing to complete trials within aliquoted time frames can have financial implications and
tarnish the reputation of the investigators. The cost to complete clinical trial research is
then reflected in the costing of the therapy, driving up prices of new therapies. Ethical and
regulatory standards in clinical trials have effectively managed risk and protected against
litigation, at the expense of increased bureaucracy. Paradoxically, these stringent measures
enforced to maximize patient safety and prevent malpractice have a wider negative impact
on patients in standard care, as the elongation of trials/trial initiation ultimately delays the
accessibility of more efficacious therapies.

Many healthcare systems are permanently under a degree of stress, which was expe-
rienced even before the COVID-19 pandemic, both financially and due to a shortage of
appropriately trained staff. Efforts should be made to integrate trial design more closely
with standard hospital workflow to lessen the burden on health services, promote an
increase in clinical trial activity, and to develop resilience so that clinical trials can continue,
should there be future waves of COVID-19 or another novel infectious agent [50]. One
advantage of this is that if the clinical trial experience mimics the normal standard of care,
then this should improve the quality of clinical trial data. A common problem is that
the results of major clinical trials are not always recapitulated in the “real-world” setting,
in part due to patient selection, but also due the increased monitoring and physical and
psychological support given to the participants. If clinical trials resemble standard care
more closely, then disparities between clinical trial and “real-world” data are less likely to
be as apparent. The pandemic also offered significant training opportunities as staff were
redeployed. For example, in some centers, oncology research nurses were redeployed to
assist with COVID-19 vaccination trials, due to their experienced research nurses in trialing
IMPs with significant side effect profiles [62]. Standardized “cross-training” of clinical
research staff would allow for interchangeability of research staff between different stud-
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ies. This would reduce staffing burden and potential burn-out in the event of unforeseen
circumstances that result in clinical staffing shortages when running trials [60].

There have been many examples for how the administrative and regulatory burden
imposed on research sites can be improved. New policies were implemented by CROs,
sponsors, and regulatory authorities during the pandemic that facilitated a magnitude of
administrative duties surrounding recruitment, site selection, and study monitoring by
leveraging technology and simplifying reporting processes. This included implementing
virtual online meeting platforms (i.e., Zoom/Microsoft Teams) and protected e-DocuSign
(via AdobeSign) to support remote work for many administrative employees for a reduced
dependence on physical paperwork. Standard practice in clinical trials requires all protocol
violations to be thoroughly documented within the details of the trial to allow for accurate
analysis of the data. The deviation reporting process during the pandemic was scaled back
to combat the surge of administrative work because of the several protocol violations put in
place to adapt trials. Only major deviations were reported in stand-alone deviation reports
and all minor protocol deviations were reported on a weekly basis collectively, opposed
to raising a report per deviation, whether it be major or minor [63]. Furthermore, there is
considerable variability in the methods of how protocol deviations and trial amendments
are documented across different CROs, which makes comparative analysis between studies
much more complex. Standardizing how deviations are recorded, potentially using an
inter-operator technology platform, would reduce administrative paperwork, allowing
protocol violations to be reported in a more accessible and consistent manner. Accessibility
of patient records and medical notes remotely was a significant issue faced by clinical trial
monitors during the pandemic. Patient information is strictly confidential, which limits the
modes it can be shared as this raises several issues with general data protection regulation
(GDPR). The digitalization of data collection during the pandemic played a huge role in
delivering rapid trial results. A similar approach should be adopted for the recording
and processing of trial data on a secure and regulatory-approved digital platform, which
anonymizes patient information and facilitates the remote access of trial data. As modern
trials have become progressively complex with increases in the sophistication of therapy, it
seems reasonable that the nature of regulation and administration should evolve as well.

7. Conclusions

The impacts of the COVID-19 pandemic on oncology care and clinical trials have been
immense, and there is no doubt that the pandemic will leave a permanent impression
on healthcare services. As devastating as the disruption has been, the response to the
pandemic has seen many innovations and adaptations that will continue to be of great
value in the future [64] (Figure 2). The pandemic has provided an opportunity to address
some of the inefficiencies in the conduct of clinical trials, such as excessive bureaucracy
and patient monitoring, and has driven improvements that offer the potential for future
trials to be carried out more quickly and safely. Major successes include the rapid set up of
COVID free cancer hubs that facilitated the provision of anti-cancer drug, radiotherapy,
and surgery could continue where possible, with a reduced risk of virus transmission In
addition, the swift implementation of telehealth platforms as a form of virtual meetings
between patients and health professionals, as well as meetings between colleagues and
professionals from other organizations within healthcare, has been a substantial leap in the
maturation of digitalizing healthcare services [65]. However, the notion of solely relying
on telehealth platforms post pandemic is far from reality. It is most likely that telehealth
will become an integrated part of patient—doctor communication as a means to improve
working efficiency and patient convenience. However, it is probable that the option for
face-to-face consultations will still be available in consideration of the issue of digital
exclusion, particularly among the elderly population where low computer literacy is most
prominent [66].

In clinical trials, the COVID-19 pandemic caused a momentary pause that necessitated
a step back to begin initiating change on very complicated and established practices. In a
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matter of months, the clinical trial industry has made a huge leap in leveraging technology
that may have taken years to implement into normal practices without these drivers. The
successful digitalization of many administrative processes has opened the door for the
application of innovative technologies and methodologies to improve working efficiency.
In the longer term, this offers the potential to reduce the burden of clinical documentation
and increase the speed of data acquisition and interpretation, which should also result in a
faster translation to the clinic. The experience from the pandemic should also inform the
development of new measures to make healthcare systems and clinical trial networks more
resilient to future healthcare crises, such as further waves of COVID-19, novel infectious
agents, or other challenges.
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Simple Summary: Few papers have looked for an association between obesity and mortality risk in
cancer patients with COVID-19 but, to our knowledge, none have studied this association in relation
to the severity of obesity. We performed a study using data from the French national hospital database
to study the effect of obesity (and its severity) on the risk of intensive care unit (ICU) admission, severe
complications, and in-hospital mortality in cancer patients hospitalized for COVID-19 or not. The
risk of ICU admission or severe complications was higher in cancer patients with obesity compared
to cancer patients without obesity, regardless of cancer type and obesity severity. We did not find an
excess obesity-related risk for in-hospital mortality, except for massive obesity in COVID-19 patients
with hematological cancer and in non-COVID-19 patients with solid cancer. Further studies are
warranted to better understand the relationship between obesity, and especially massive obesity, the
prognosis of SARS-CoV-2 infection in cancer patients.

Abstract: Cancer and obesity are well-known prognostic factors in COVID-19. Our objective was
to study the effect of obesity (and its severity) on the risk of intensive care unit (ICU) admission,
severe complications, and in-hospital mortality, in a population of cancer patients hospitalized with
or without COVID-19. All patients hospitalized in France for cancer from 1 March 2020 to 28 February
2022 were included from the French national administrative database. The effect of obesity was
estimated in COVID-19 and in non-COVID-19 cancer patients using logistic and survival regressions,
taking into account age, sex, comorbidities, and different types of cancer. Among the 992,899 cancer
patients, we identified 53,090 patients with COVID-19 (5.35%), of which 3260 were obese (6.1%).
After adjustment, for patients with or without COVID-19, there is an increased risk of ICU admission
or severe complications in obese patients, regardless of the type of obesity. Regarding in-hospital
mortality, there is no excess risk associated with overall obesity. However, massive obesity appears to
be associated with an increased risk of in-hospital mortality, with a significantly stronger effect in
solid cancer patients without COVID-19 and a significantly stronger effect in hematological cancer
patients with COVID-19. This study showed that in France, among hospitalized patients with cancer
and with or without COVID-19, increased vigilance is needed for obese patients, both in epidemic
and non-epidemic periods. This vigilance should be further strengthened in patients with massive
obesity for whom the risk of in-hospital mortality is higher, particularly in epidemic periods for
patients with hematological cancers.
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1. Introduction

The World Health Organization declared a global pandemic in March 2020 [1] as
a result of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) outbreak.
The 2019 coronavirus disease (COVID-19), caused by SARS-CoV-2, is still present and
continues to cause significant mortality and morbidity worldwide. Indeed, COVID-19, as
an extremely communicable virus, displays a range of conditions from no symptoms at all
to severe illness and death [2-5], which has led to a shift in the focus of healthcare systems.
As a result of health recommendations and changes in patient behavior, the pandemic also
had indirect effects on morbidity and mortality

As of 28 January 2021, the COVID-19 epidemic was responsible for 99,727,853 con-
firmed cases worldwide, including 32,218,360 in Europe, and 2,137,670 deaths worldwide,
166,613 of which were in Europe [6]. In France, there were 3,053,617 confirmed cases and
73,049 deaths [7]. Based on expert opinion and data from the literature [8-12], the Haut
Conseil de la Santé Publique (HCSP) considers that several factors can lead to severe SARS-
Cov-2 infection. These include cardiovascular disease, diabetes (including unbalanced
insulin-dependent diabetes or diabetes with secondary complications), chronic respira-
tory disease, and patients with congenital or acquired immunosuppression. In particular,
patients treated for cancer (e.g., cancer chemotherapy, immunosuppressive therapy, bio-
therapy) are at increased risk of developing a severe form. People with morbid obesity are
also cited as being at higher risk [13-16].

Cancer patients, due to the disease and specific treatments such as chemotherapy or
surgery, are considered immunocompromised and therefore have a higher risk of infec-
tion [17-20]. Several publications have shown that cancer patients are three times more
likely to develop serious complications from COVID-19 [9-11,15,21]. More specifically,
in a study focused on lung cancer [22], we showed that, in this population, SARS-CoV-2
was associated with a 7-fold increased risk of in-hospital mortality and an almost 5-fold
increased risk of serious complications.

Obesity is also a well-known prognostic factor in COVID-19. In numerous studies,
obesity is associated with increased morbidity and mortality in patients with COVID-
19 [23-27]. However, in some populations, there seems to be an obesity paradox, especially
in severely ill populations such as respiratory failure or cancer patients [23,28-33]. Indeed,
it appears that in these studies, obesity was not significantly associated with increased
morbidity and mortality in cancer patients with COVID-19. Some studies even found that
the risk of mortality was lower in cancer patients with metabolic comorbidities. However,
the controversy persists as most of these studies were small and may have lacked power.
Moreover, they did not take into account the different waves of the epidemic and more
specifically 2021 and /or 2022.

There are very few data describing the natural history of cancer patients with COVID-
19. Some papers have looked for an association between obesity and mortality risk but, to
our knowledge, none have studied this association in relation to the severity of obesity. We
hypothesized that there may be an intercorrelated relationship between obesity and cancer
and that their mutual pathogenetic attributes may predispose individuals to a different
prognosis when they develop a SARS-CoV-2 infection.

Using data from the French national hospital database, which includes more than
1,000,000 patients hospitalized for cancer between March 2020 and March 2022, our aim
was, therefore, to investigate the effect of obesity (and its severity) on the risk of intensive
care unit (ICU) admission, severe complications and in-hospital mortality in cancer patients
hospitalized with or without COVID-19.
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2. Materials and Methods
2.1. Database

We conducted a retrospective cohort study using the national hospital Programme de
Médicalisation des Systemes d’Information (PMSI) database, which is designed to include
discharge abstracts for all inpatient admissions to public and private hospitals in France.
Inspired by the American DRG (diagnosis-related groups) model, the information in these
abstracts is anonymous and covers both medical and administrative data. Diagnoses iden-
tified during the hospital stay are coded according to the 10th edition of the International
Classification of Diseases (ICD-10), and procedures performed during hospitalization are
coded according to the French Common Classification of Medical Procedures. The fact that
these national data are used for the allocation of hospital budgets encourages improvement
in data quality in terms of coherence, accuracy, and exhaustiveness. Therefore, these hospi-
tal data have been used in medical research for many years [34—44], and their quality has
been confirmed in recent studies on COVID-19 [5,45-50].

2.2. Population

We included all patients hospitalized for or with cancer from 1 March 2020 to 28 Febru-
ary 2022. Hospital stays of more than one day (i.e., excluding a day of hospitalization, such
as a chemotherapy session) for cancer were identified using the International Classification
of Diseases, 10th Revision (ICD-10) codes, via principal diagnoses (PD), related diagnoses
(RD) or associated diagnoses (AD). It should be noted that only the 1st stay identified during
the inclusion period has been retained so that a patient is counted only once. We considered
all cancers corresponding to malignant tumors (all those beginning with ‘C’, Table S1), with
and without metastases, and separated them into different tumor subtypes (solid cancers
with metastases, solid cancers with localized tumor, and hematological cancers).

Among these patients, we separated a group of patients with mention of COVID-19
at the time of oncology stay, and another group of patients without mention of COVID-
19 either at the time of inclusion or during the whole study period. COVID-19 patients
were identified using ICD-10 codes (U0710, U0711, U0712, U0714 or U0715). We also
identified obese patients at the time of oncology stay using ICD-10 codes E66 (except
overweight) in PD, RD, or AD. The diagnosis of obesity was based on a body mass index
(BMI) of >30 kg/m?. Obesity was also classified according to its severity: massive obesity
(BMI > 50 kg/m?), morbid obesity (BMI 40 to 49 kg/m?), and standard obesity (BMI 30 to
39 kg/m?). The classification of the ICD-10 codes used is given in Table S2.

2.3. Outcomes

Our primary outcome was transferring to the intensive care unit (ICU), which was
determined by the presence of an ICU stay indicator in the filed claims during the cancer
stay. Our second outcome was severe complications (including acute respiratory and
kidney diseases, stroke, myocardial infarction, atrial fibrillation, and venous thrombosis
including pulmonary embolism) during the cancer stay and 90 days after discharge. Finally,
our third outcome was in-hospital mortality, defined as any patient who died in hospital
during the cancer stay and within 90 days after discharge.

2.4. Variables

Patient characteristics such as age (seven age classes were defined: <40, 41-50, 51-60,
61-70, 71-80, 81-90, and >90) and gender were also retrieved. We also extracted all
diagnoses from the discharge abstracts to retrieve patients’ comorbidities: hypertension,
diabetes, dementia, HIV, heart failure, chronic respiratory and renal diseases, cirrhosis,
peripheral vascular disease, dyslipidemia, deficiency anemia, and pulmonary bacterial
infection. Finally, we identified chemotherapy in the previous 2 years and in the month
following the inclusion stay, via ICD-10 code Z511.
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2.5. Statistical Analysis

Qualitative variables are provided as frequencies (percentages) and were compared us-
ing the Chi-2 test or Fisher’s exact test. Quantitative variables are provided as means =+ stan-
dard deviation (SD) and medians [interquartile range (Q1-Q3)], and were compared using
the Student’s t test or Mann-Whitney test.

Our outcomes were compared for all patients and then according to the type of tumor
(solid cancers with metastasis, with localized tumors, hematological cancers) and the type
of obesity (massive, morbid, standard).

To estimate the effect of obesity in cancer patients hospitalized depending on the
COVID-19 infection, all the following models were performed in both COVID-19 and non-
COVID-19 patients, after adjustment on age, sex, chemotherapy, and other comorbidities:

- Logistic regression models to estimate the effect of obesity on the risk of transfer to
ICU, severe complications, and in-hospital mortality at inclusion.

- Fine and Gray models to estimate the effect of obesity on the risk of severe complica-
tions within 90 days after discharge. This model takes into account the competing risk
between severe complications and in-hospital mortality, as, death may prevent the
observation of severe complications.

- Cox models to estimate the effect of obesity on the risk of in-hospital mortality within
90 days after discharge.

We also performed sensitivity analyses by separating the analyses into two different
periods of the epidemic corresponding to two different viral periods: March-December
2020 (the original virus) and January 2021-February 2022 (the emergence of the alpha
variant in France in late 2020).

The statistical significance threshold was set at < 0.05. All analyses were performed
using SAS (SAS Institute Inc, Version 9.4, Cary, NC, USA).

3. Results
3.1. Patient Characteristics

We included 922,899 patients diagnosed with cancer, among whom we identified
53,090 patients with COVID-19 (5.35%). Among these patients, 3260 were classified as
obese (6.14%) (Table 1).

Table 1. Characteristics of COVID-19 cancer patients by obesity.

No Obesity Obesity p-Value

Standard Morbid Massive

Obesity Obesity Obesity p-Value  p-Value  p-Value

1) ) (1vs.2) 3) @ ) (1vs.3) (1vs.4) (1vs.5)
N 49,830 3260 2704 497 59
Men, (%) 29,939 (60.08) 1695(51.99)  <0.01 1494 (5525) 182(36.62) 19 (32.20) <0.01 <0.01 <0.01
Age, mean (std) 72.58 (14.32) (??:Z?) <0.01 (ﬁég) (gﬁ) (ﬁ% <0.01 <0.01 <0.01
Age group (years) <0.01 <0.01 <0.01 <0.01
<40 1379 (2.77) 55 (1.69) 40 (1.48) 12 (2.41) 3 (5.08)
41-50 1817 (3.65) 158 (4.85) 124 (4.59) 28 (5.63) 6 (10.17)
51-80 30,644 (61.50) 2550 (78.22) 2105 (77.85) 396 (79.68) 49 (83.05)
81-90 12,846 (25.78) 443 (13.59) 386 (14.28) 56 (11.27) 1(1.69)
>90 3144 (6.31) 54 (1.66) 49 (1.81) 5 (1.01) 0
Chemotherapy, n(%) 22,967 (46.09) 1207 (37.02) ~ <0.01 1009 (37.32) 174 (35.01) 24 (40.68) <0.01 <0.01 0.40
Comorbidities, n(%)
Hypertension 16,747 (33.61) 1869 (57.33) <0.01 1536 (56.80) 296 (59.56) 37 (62.71) <0.01 <0.01 <0.01
Dementia 2612 (5.24) 81 (2.48) <0.01 68 (2.51) 13 (2.62) 0 <0.01 <0.01 0.08
HIV 191 (0.38) 7(0.21) 0.13 6(0.22) 1 (0.20) 0 0.18 1 1
Heart failure 4467 (8.96) 416 (12.76) <0.01 316 (11.69) 91 (18.31) 9 (15.25) <0.01 <0.01 0.09
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Table 1. Cont.

No Obesity Obesity p-Value Sgg::?tr d glt(::iltd g;zz;‘t,e p-Value p-Value p-Value
) @) (1vs. 2) y ¥ Y @vs.3) (vs.4) (1vs.5
3) @) (5)
Chro“ifi;eeggeiratory 924 (1.85) 154 (4.72) <0.01 112 (4.14) 38 (7.65) 4(6.78) <0.01 <0.01 0.02
Chr‘g;;z;;jney 4767 (9.57)  438(13.44) <001  363(1342) 74 (14.89) 1(1.69) <0.01 <0.01 0.04
Cirrhosis 1114 (2.24) 133 (4.08) <0.01 112 (4.14) 17 (3.42) 4(6.78) <0.01 0.08 0.04
Diabetes 9275 (18.61) 1320 (40.49)  <0.01 1064 (39.35) 234 (47.08)  22(37.29) <0.01 <0.01 <0.01
Penph;irszlazzscular 2315 (4.65) 196 (6.01) <0.01 166 (6.14) 29 (5.84) 1(1.69) <0.01 021 0.53
Dyslipidemia 2533(5.08)  379(11.63) <001  315(11.65) 59 (11.87) 5 (8.47) <0.01 <0.01 0.23
Deficiency Anemia 2881 (5.78) 223 (6.84) 0.01 186 (6.88) 33 (6.64) 4(6.78) 0.02 0.42 0.78
COPD 3674(7.37)  362(11.10) <001  300(11.09) 56 (11.27) 6 (10.17) <0.01 0.001 0.45
Pulm(i’:ffg’ﬁzfteml 3149 (632) 379 (11.63) <001  331(12.24)  41(8.25) 7 (11.86) <0.01 0.08 0.10
Outcomes, n(%)
Admission to ICU 6753 (1355)  992(3043) <001  825(30.51)  146(29.38)  21(35.59) <0.01 <0.01 <0.01
Severe complication
during the 33599 (67.43) 2589 (79.42)  <0.01 2154 (79.66) 385 (77.46) 50 (84.75) <0.01 <0.01 <0.01
inclusion stay
In-hospital mortality
during the 15313 (30.73) 805 (24.69)  <0.01 653 (24.15)  132(26.56) 20 (33.90) <0.01 0.04 0.60
inclusion stay
Severe complication
within 90 days 36,583 (73.42) 2724 (8356)  <0.01 2262 (83.65) 409 (82.29) 53 (89.83) <0.01 <0.01 <0.01
In-hospital mortality
Within 90 days 19,377 (38.89)  981(30.09)  <0.01  801(29.62)  156(31.39) 24 (40.68) <0.01 <0.01 0.78

In cancer patients with COVID-19 (Table 1), the rate of men was lower in obese than
in non-obese patients (51.99% vs. 60.08%, p < 0.01), and obese patients were younger than
non-obese patients.

In addition, the rates of the majority of comorbidities studied were higher in obese
patients than in non-obese patients, except for dementia and HIV (Table 1). Finally, regard-
ing outcomes (Table 1), the rate of ICU admission was two times higher in obese than in
non-obese patients (30.4% vs. 13.6%, p < 0.01). The rate of severe complications was also
higher whether at inclusion (79.4% vs. 67.4, p < 0.01) or within 90 days (83.6% vs. 73.4%,
p < 0.01). In contrast, the in-hospital mortality rate was lower in obese patients than in
non-obese patients whether at inclusion (24.7% vs. 30.7%, p < 0.01) or within 90 days (30.1%
vs. 38.9%, p < 0.01).

Among obese patients (N = 3260), 83% were classified as standard obesity (N = 2704),
15% as morbid obesity (N = 497), and 2% as massive obesity (N = 59). Regardless of the
type of obesity, patients were younger than non-obese patients and less often male (Table 1).
It should be noted that men represent only 30% of the patients with morbid or massive
obesity. Concerning comorbidities, the majority of comorbidities studied were significantly
higher in standard obese patients than in non-obese patients, except for dementia and HIV
(Table 1). We found the same results for morbidly obese patients even if the discrepancy was
not significant for cirrhosis, peripheral vascular disease, deficiency anemia, and pulmonary
bacterial infection. For the comparison between non-obese patients and those with massive
obesity, we found that the rates of hypertension, chronic respiratory and kidney disease,
cirrhosis, and diabetes were significantly higher in massively obese patients.

Whatever the type of obesity, the rate of ICU admission or severe complications
was higher in obese patients than in non-obese patients (Table 1). Regarding in-hospital
mortality, rates were significantly lower in patients with standard or morbid obesity than in
non-obese patients, either at inclusion (respectively 24.2%, 26.6%, and 30.7%) or at 90 days
(29.6%, 31.4%, and 38.9%). In contrast, the rates were higher in massively obese patients,
although this difference was not significant, either at inclusion (33.9% vs. 30.7%, p = 0.60)
or at 90 days (40.7% vs. 38.9%, p = 0.78).
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For non-COVID-19 patients, we found similar results regarding patient characteristics
to those for COVID-19 patients (Table S1).

3.2. Outcomes Depending on the Type of Tumor

When we look at the type of tumor (Table 2), the rate of hematological cancer was
similar between obese and non-obese patients (26.29% vs. 25.45%, p = 0.29). However, the
rate of solid cancer with metastasis was higher in non-obese patients (39.67% vs. 31.07%,
p <0.01), while the rate of solid cancer with localized tumor was higher in obese patients
(42.64% vs. 34.88%, p < 0.01). The same results were found whatever the type of obesity,
although the differences were not significant for patients with massive obesity (Table 2).

Table 2. Type of cancer by obesity among COVID-19 cancer patients.

No Obesity Obesity p-Value Sct)lnei;r d Ic\;[l;);l:iltd lgzzssli‘t’e p-Value p-Value p-Value
Q) @) 1vs. 2) y y Y (vs.3) (vs.4) (1vs.5)
3) @ (5)
N 49,830 3260 2704 497 59
Hem"‘t"lr‘:(go}c)al Cancer 12682 (25.45) 857 (26.29) 0.29 731 (27.03)  110(22.13) 16 (27.12) 0.07 0.09 0.77
Solid Cancer with g 707 39 670 1013 (31.07) <001 840 (31.07) 156 (31.39) 17 (28.81) <0.01 <0.01 0.09
metastasis, n(%)
Solid Cancerwith 1, 301 34 00y 1300 (4264) <001 1133 (4190) 231 (46.48) 26 (44.07) <0.01 <0.01 0.14

localized tumor, n(%)

Regarding the description of the type of cancer, among non-COVID-19 patients
(Table S2), the rate of patients with hematological cancer or solid cancer with metastasis
was lower in obese patients than in non-obese patients (8.49% vs. 10.45% for hematological
cancer and 24.62% vs. 29.69% for solid cancer with metastasis). Furthermore, it should
be noted that among non-COVID-19 patients with massive obesity, the rate of patients
with hematological cancer was similar to that in patients without obesity (11% vs. 10.45
%, p = 0.58). Conversely, and as observed in the population of patients with cancer and
COVID-19, the rate of solid cancer with localized tumors was higher in obese patients
(whatever the type of obesity).

Concerning our outcomes, for COVID-19 patients, whatever the type of tumor and
the type of obesity, the rate of ICU admission or severe complications was higher in obese
patients than in non-obese patients (Table 3).

However, the in-hospital mortality rate appears to differ according to the type of tumor
and the type of obesity (Table 3). In hematological cancer, the more severe the obesity, the
higher the mortality rate. Compared to non-obese patients, the mortality rate is lower for
standard obese patients, similar for morbidly obese patients, and higher for massive obese
patients. In solid cancer with metastasis, compared to non-obese patients, the mortality rate
is lower for standard obese patients and massively obese patients, while it is equivalent
for morbidly obese patients. In solid cancer with localized tumors, compared to non-obese
patients, the mortality rate is lower for standard obese patients and morbidly obese patients,
while it is equivalent massively obese patients.

Compared to the COVID-19 population, the results are similar for ICU admissions
or complications in the non-COVID-19 population but are not the same for in-hospital
mortality, especially in the population with massive obesity (Table S3). Thus, for patients
with hematological cancer, the mortality rate for massive obesity is similar to that of patients
without obesity. For patients with solid cancers (with metastases or with localized tumors),
the in-hospital mortality rate is higher in patients with massive obesity than in patients
without obesity.
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Table 3. Admission to ICU, severe complication and in-hospital mortality of COVID-19 cancer
patients by type of cancer and obesity.

Standard Morbid
. No Obesity Obesity p-Value . . Massive p-Value p-Value p-Value
Hematological ) @ (1vs.2) ~Obesity  Obesity o itv(5) (vs.3) (lvs.4) (1vs.5)
Cancer (3) @
12,682 857 731 110 16
Admission to ICU 2770 (21.84) 349 (40.72) <0.01 295 (40.36) 48 (43.64) 6 (37.50) <0.01 <0.01 0.14
Severe complication
during the inclusion 8975 (70.77) 703 (82.03) <0.01 593 (81.12) 94 (85.45) 16 (100) <0.01 <0.01 0.01
stay
In-hospital mortality
during the inclusion 3798 (29.95) 238 (27.77) 0.18 196 (26.81) 34 (30.91) 8 (50) 0.07 0.83 0.10
stay
Severe complication
within 90 days 9735 (76.76) 730 (85.18) <0.01 618 (84.54) 96 (87.27) 16 (100) <0.01 0.01 0.03
In-hospital mortality
within 90 days 4528 (35.70) 270 (31.51) 0.01 222 (30.37) 38 (34.55) 10 (62.50) <0.01 0.80 0.03
Solid Cancer with
metastasis 19,767 1013 840 156 17
Admission to ICU 1727 (8.74) 218 (21.52) <0.01 181 (21.55) 32 (20.51) 5(29.41) <0.01 <0.01 0.01
Severe complication
during the inclusion 12,788 (64.69) 798 (78.78) <0.01 671(79.88) 113 (72.44) 14 (82.35) <0.01 0.04 0.13
stay
In-hospital mortality
during the inclusion 7281 (36.83) 296 (29.22) <0.01 236 (28.10) 55 (35.26) 5(29.41) <0.01 0.68 0.53
stay
Severe complication
within 90 days 14,015 (70.90) 851 (84.01) <0.01 714 (85) 123 (78.85) 14 (82.35) <0.01 0.03 043
In-hospital mortality
within 90 days 9570 (48.41) 378 (37.31) <0.01 305 (36.31) 67 (42.95) 6(35.29) <0.01 0.17 0.28
Solid Cancer with
localized tumor 17,381 1390 1133 231 26
Admission to ICU 2256 (12.98) 425 (30.58) <0.01 349 (30.80) 66 (28.57) 10 (38.46) <0.01 <0.01 <0.01
Severe complication
during the inclusion 11,836 (68.10) 1088 (78.27) <0.01 890 (78.55) 178 (77.06) 20 (76.92) <0.01 <0.01 0.33
stay
In-hospital mortality
during the inclusion 4234 (24.36) 271 (19.5) <0.01 221 (19.51) 43 (18.61) 7 (26.92) <0.01 0.04 0.76
stay
Severe complication
within 90 days 12,833 (73.83) 1143 (82.23) <0.01 930 (82.08) 190 (82.25) 23 (88.46) <0.01 <0.01 0.09
In-hospital mortality
within 90 days 5279 (30.37) 333 (23.96) <0.01 274 (24.18) 51 (22.08) 8(30.77) <0.01 0.01 0.96

3.3. Multivariate Analyses

Regarding the effect of obesity on COVID-19 cancer patients, after adjusting for age,
sex, chemotherapy, and comorbidities, we found that those with obesity have twice the risk
of admission to ICU compared to those without obesity, regardless of cancer type (Table 4).
We found the same results concerning the risk of severe complications, especially for severe
complications during the admission stay (Table 4). With regard to hospital mortality, there
was no excess risk linked to obesity, in cancer patients with COVID-19 (Table 4), regardless
of cancer type.

In the multivariate analyses for the non-COVID-19 patients (Table 54), we found the
same results by type of cancer and in COVID-19 patients, i.e., obesity was associated with
an increased risk of ICU admission and severe complications, but not with an increased
risk of hospital mortality.

For COVID-19 patients, if we focus on the effect according to the severity of the obesity,
we found that the risk of admission to ICU was two times higher whatever the severity
and whatever the type of cancer (Table 5), even if this risk was not significant for massive
obese patients in hematological cancer and solid cancer with metastasis. The risk of severe
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complications within 90 days was also higher, although not significant, for patients with
solid cancer with metastasis and morbid or massive obesity (Table 5).

Table 4. Effect of obesity by type of cancer on the different outcomes, among COVID-19 cancer

patients.
In-Hospital Severe Intensive Care In-Hospital Severe
Mortality during Complications Support during Mortality within Complications
the Stay * during the Stay * the Stay * 90 Days ** within 90 Days ***
OR [95% CI] OR [95% CI] OR [95% CI] HR [95% CI] HR [95% CI]

All cancer
Hematological
cancer
Solid Cancer with
metastasis
Solid cancer with
localized tumor

0.783 [0.719-0.852]
0.977 [0.831-1.148]

0.733 [0.636-0.844]

0.814 [0.705-0.939]

1.682 [1.531-1.847]
1.728 [1.424-2.096]

1.791 [1.521-2.108]

1.592 [1.378-1.840]

2.130 [1.952-2.323]
1.909 [1.631-2.233]

2.225[1.877-2.639]

2.053 [1.791-2.354]

0.791 [0.741-0.844]
0.929 [0.820-1.053]

0.762 [0.687-0.846]

0.827 [0.738-0.925]

1.117 [1.094-1.139]
1.093 [1.053-1.134]

1.153 [1.113-1.195]

1.101 [1.067-1.137]

OR = Odds ratio; HR = Hazard ratio; CI = confidence interval * Logistic model adjusted on age class, sex,
chemotherapy, dementia, heart failure, chronic respiratory disease, cirrhosis, diabetes, deficiency anemia and
pulmonary bacterial infection; ** Cox model adjusted on age class, sex, dementia, heart failure, chronic respiratory
disease, cirrhosis, diabetes, deficiency anemia and pulmonary bacterial infection; *** Fine & Gray model adjusted
on age class, sex, dementia, heart failure, chronic respiratory disease, cirrhosis, diabetes, deficiency anemia and
pulmonary bacterial infection.

Table 5. Effect of obesity according to its severity and by type of cancer on the different outcomes,
among COVID-19 cancer patients.

In-Hospital Severe Intensive Care In-Hospital Severe
Mortality during Complications Support during Mortality within Complications
the Stay * during the Stay * the Stay * 90 Days ** within 90 Days ***
OR [95% CI] OR [95% CI] OR [95% CI] HR [95% CI] HR [95% CI]

All cancer
Standard obesity
Morbid obesity
Massive obesity
Hematological
cancer
Standard obesity
Morbid obesity
Massive obesity
Solid Cancer with
metastasis
Standard obesity
Morbid obesity
Massive obesity
Solid Cancer with
localized tumor
Standard obesity
Morbid obesity
Massive obesity

0.750 [0.684-0.823]
0.914 [0.745-1.121]
1.401 [0.806-2.434]

0.915 [0.768-1.090]
1.247 [0.819-1.899]
3.094 [1.117-8.570]

0.690 [0.590-0.807]
0.991 [0.709-1.385]
0.808 [0.283-2.311]

0.793 [0.678-0.928]
0.863 [0.613-1.215]
1.531 [0.618-3.794]

1.714 [1.547-1.899]
1.433 [1.138-1.804]
2.796 [1.320-5.922]

1.599 [1.302-1.963]
2.462 [1.406—4.312]

1.954 [1.632-2.341]
1.086 [0.735-1.607]
2.482 [0.668-9.218]

1.617 [1.380-1.895]
1.446 [1.028-2.035]
1.847 [0.690-4.948]

2.136 [1.944-2.347]
2.063 [1.674-2.543]
2.378 [1.353-4.179]

1.880 [1.587-2.226]
2.247 [1.505-3.353]
1.197 [0.409-3.503]

2.260 [1.880-2.717]
1.982 [1.301-3.019]
2.742 [0.912-8.246]

2.067 [1.781-2.400]
1.881 [1.377-2.570]
3.132 [1.366-7.181]

0.772 [0.719-0.829]
0.860 [0.734-1.008]
1.178 [0.789-1.759]

0.887 [0.774-1.016]
1.073 [0.778-1.480]
2.202 [1.182-4.100]

0.734 [0.654-0.824]
0.926 [0.727-1.179]
0.757 [0.340-1.687]

0.821 [0.725-0.928]
0.820 [0.622-1.083]
1.183 [0.591-2.370]

1.118 [1.095-1.143]
1.091 [1.039-1.146]
1.251 [1.113-1.406]

1.082 [1.040-1.127]
1.137 [1.040-1.243]
1.303 [1.135-1.497]

1.175 [1.132-1.221]
1.035[0.941-1.139]
1.162 [0.89-1.517]

1.096 [1.058-1.134]
1.112 [1.034-1.197]
1.283 [1.065-1.546]

OR = Odds ratio; HR = Hazard ratio; CI = confidence interval; * Logistic model adjusted on age class, sex,
chemotherapy, dementia, heart failure, chronic respiratory disease, cirrhosis, diabetes, deficiency anemia and
pulmonary bacterial infection; ** Cox model adjusted on age class, sex, dementia, heart failure, chronic respiratory
disease, cirrhosis, diabetes, deficiency anemia and pulmonary bacterial infection; *** Fine & Gray model adjusted
on age class, sex, dementia, heart failure, chronic respiratory disease, cirrhosis, diabetes, deficiency anemia and
pulmonary bacterial infection.

Finally, concerning in-hospital mortality (Table 5), massive obesity seems to be a risk

factor, particularly in patients with hematological cancer, where this risk is significant
(OR =3.09 [1.12-8.57] during the inclusion stay and HR = 2.20 [1.18-4.10] within 90 days).
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For the other types of obesity (standard or morbid), there was no excess risk due to obesity
in patients with solid cancer (with metastasis or with localized tumor).

In the non-COVID-19 population, after looking at the type of obesity, we still found
that the risk of admission to intensive care was higher for all types of obesity and all types
of cancer (Table S5). We found the same results for the excess risk of severe complications.
Regarding in-hospital mortality, massive obesity again seems to be a risk factor, and even
more so in patients with solid cancer (with metastasis or with localized tumor).

In the sensitivity analyses, separating the analyses according to the health conditions
of the pandemic in France, we found the same trends as in the results above, whatever the
period considered (2020 or 2021-2022).

4. Discussion

Our results showed that in France, for patients with or without COVID-19, there is
an increased risk of ICU admission or severe complications in obese patients, regardless
of the type of obesity. Regarding in-hospital mortality, there is no excess risk associated
with overall obesity. However, massive obesity appears to be associated with an increased
risk of in-hospital mortality, with a significantly stronger effect in solid cancer patients
without COVID-19 and a significantly stronger effect in hematological cancer patients
with COVID-19. We also found an increased risk of in-hospital mortality in solid cancer
patients with localized tumors among COVID-19 patients, but this result was not significant.
However, we can hypothesize a lack of power in this subgroup with few patients with
massive obesity. Focusing on COVID-19, cancer patients with obesity are twice as likely
to be admitted to ICU compared to cancer patients without obesity, regardless of cancer
type and obesity severity. We found the same results for the risk of severe complications.
However, surprisingly, we did not find a significant excess obesity-related risk for in-
hospital mortality among cancer patients hospitalized for COVID-19, except for massive
obesity in patients with hematological cancer.

The fact that an increased risk of complications and ICU admissions were shown in
obese cancer patients was to be expected. Indeed, many studies have shown similar results
in the general population and cancer patients.

However, we did not find that obesity had a negative effect on in-hospital mortality in
cancer patients hospitalized for COVID-19. While this result may seem surprising since
obesity is classically considered as contributing to a worse prognosis in the COVID-19
population [23-27], it is consistent with other studies [23,28-33,51] in cancer patients which
did not find that mortality was increased (most ORs were close to 1 even after adjustment).
This is the case, for example, for the cancer consortium cohort study, which found that
obesity was not significantly associated with the risk of 30-day mortality, either in univariate
analysis or after adjustment for age, sex, and smoking (OR = 0.99 [0.58-1.71]). This result is
also consistent with a meta-analysis including 2117 mixed ambulatory and hospitalized
cancer patients (OR = 0.92 [0.66-1.28]. Secondly, it is well known that obese patients may
paradoxically have lower mortality than non-obese patients [23].

This “obesity paradox” is observed in several epidemiological studies of chronic
diseases, acute illnesses, and cancer, where mortality in non-obese patients is higher than
in obese patients [52-55]. This phenomenon was also observed during the COVID-19
pandemic and has been supported in the US, using a mathematical model [56]. The lean
mass found in obese people could be a possible explanation for the obesity paradox. Indeed,
even if the increase in BMI is mainly due to fat mass, obese people have an increase in lean
mass, including muscle mass, in particular cardiac muscle mass. The obesity paradox could
therefore be linked to a protective effect of increased lean mass. [52]. According to Park
et al., “the leading hypothesis for this phenomenon points to the greater metabolic reserve
represented by the abundant adipose tissue, which enables the patient to withstand the
course of severe acute or chronic illness”.

Of course, the obesity paradox cannot be the only reason associated with these results.
Indeed, in the most advanced stages, a characteristic feature of cancer is cachexia. Cancer
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cachexia is a multifactorial syndrome that leads to substantial weight loss, primarily due
to skeletal muscle loss, and can have a substantially negative impact on the response to
immune checkpoint inhibitors therapy, particularly inpatients with advanced non-small
cell lung cancer [57]. Furthermore, cachexia is frequently obscured by obesity, leading to
underdiagnosis and excess mortality [58]. In particular, Martin et al. showed that skeletal
muscle depletion is a powerful prognostic factor of mortality, independent of body mass
index [59]. However, we cannot reliably identify cachexia in our database. This is not
necessarily surprising since cachexia is usually not recorded in hospital cohorts. Moreover,
there still exists a gap in the clinical management of cachexia due to the complex nature of
the condition, which may affect the ability to identify cachectic patients and appropriate
treatment, for which there is no globally recognized ‘gold standard’ [60]. Therefore, cachexia
remains a largely underestimated condition.

Considering the severity of obesity, compared to patients without obesity, we did
not find an excess mortality risk for patients with standard or with morbid obesity. This
result is consistent with other studies looking at this impact on COVID-19 patients and
chronic illnesses [18,61,62]. Again, this may be related to the obesity paradox. Indeed,
studies confirming the “obesity paradox” showed that patients with standard or morbid
BMI had severe symptoms that led to admission to intensive care, but not to increased
mortality. However, other papers have shown that the risk is increased for both the general
and COVID-19 populations [63-65]. To our knowledge, this is the first study to show the
effect of massive obesity in cancer patients with COVID-19, as we did not find any study
that took into account a BMI of more than 50 kg/m?2. We found an excess risk for all types
of cancer, but this excess risk is in fact significant in patients with hematological cancer
(this type of cancer is particularly associated with a severe form of COVID-19) [63,66,67],
even if our number of patients is small. Further studies are thus needed to investigate the
relationship between massive obesity and mortality in patients with cancer and COVID-19
infection.

Not all cancer patients have the same risk of developing severe COVID-19. Indeed,
the mechanisms underlying the progression of COVID-19 to a severe form include host
factors such as age or cachexia, hypercoagulable states caused by cancer or drugs, and
possible hyperexpression of entry factors such as angiotensin-2 converting enzyme or
neurophilin-1 [68]. Other factors affecting viral immunity include myeloid cell dysfunction
and cancer-related T-cell depletion [69]. The immune system is also involved in the virus-
induced cytokine storm [70], which may be tempered or delayed by cancer- or drug-related
immune depression [71]. For example, in a previous study [19], we found that among
COVID cancer patients, those with hematological cancer had a slight risk of developing
more complications during their stay than those with solid tumors. This could be explained
by the treatment of these patients and the resulting immunosuppression during and after
treatment, and probably throughout their lives. [68-71]. However, our data show that
the effects of obesity on severe complications, admission to ICU, or mortality are nearly
the same whatever the type of cancer and notably those with the worst prognosis such as
hematological cancers and metastatic solid tumors. These results suggest that the influence
of obesity on the prognosis of SARS-CoV-2 infection may be independent of the type of
cancer, which may also seem surprising. Further studies are needed to further investigate
the association between obesity and the prognosis of COVID-19 infection, regardless of
cancer type.

4.1. Strengths

In France, the national hospital database includes information from all French private
and public hospitals, including data on COVID-19 patients and cancer patients. The fact
that these national data are used for hospital budget allocation encourages high levels of
data consistency, accuracy, and completeness. As a result, this study includes national data
for more than 40,000 cancer patients and COVID-19, making it one of the largest studies in
terms of the number of patients included and the completeness of the data. This study is
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also one of the few to provide data with full hospital follow-up, including all in-hospital
mortality, regardless of the length of stay, and 90 days of follow-up. In addition, we were
able to obtain information on the metastatic status of all solid tumors as well as on the
patients’” comorbidities. We were also able to separate the different severities of obesity
in our analyses by considering three categories (standard, morbid, and massive) and to
our knowledge, none have studied this association in relation to the severity of obesity in
cancer patients with COVID-19. We also considered two different periods of the epidemic
corresponding to two different viral periods: the original virus and the emergence of the
alpha variant in France in late 2020.

4.2. Limitations

We recognize that there are several limitations. First, we included only hospitalized
patients and we only measured hospital mortality, even if mortality in France mainly occurs
in hospitals. Thus we cannot discount that a number of patients infected with COVID-19
were not hospitalized. Our study thus included only severe cases of COVID-19. Secondly,
the data used to identify obesity are based on ICD-10 codes identified in the PMSI hospital
database, and these data are collected for medico-economic purposes. However, we can
assume that the completeness is satisfactory because hospitals have a strong financial
incentive to collect these data. Indeed, the information is sometimes not filled in the
discharge abstract when there is no impact on the patient’s care, which is often the case
for ambulatory care, but this was not the case for the hospitalizations considered. We
cannot ignore a misclassification between our different obesity groups. We may also have
a lack of power in the massive obesity group, although we do have significant results for
hematological cancers.

Given the reliance on ICD-10 codes for the selection of patients and the ascertainment
of outcomes, there was a potential for misclassification-related or under-detection-related
bias, especially for comorbidities [72,73]. Coding practices may vary among institutions as
the people who perform the coding of diagnoses can be clinicians or information system
technicians. Nevertheless, the quality of coding is checked in a standardized way by
medical information professionals in each hospital in order to correct diagnoses (internal
quality assessment), and the level of recording of co-morbidities has increased significantly
in recent years, following its impact on the tariff of hospital stays. Because of the impact
on hospital budget allocation, it has been shown that hospital claims data are becoming
more accurate. In addition, a national external quality assessment program has been
implemented to verify the quality of discharge abstracts in each hospital. Moreover, the
use of hospital data to identify all hospitalized cancer cases may be questionable. It seems
unlikely that cancer was not recorded in the PMSI data, as cancer is a serious condition that
is difficult to ignore when summarizing a patient’s history as the coding of cancer has an
impact on the hospital’s budget allocation.

In addition, we had no information on the stage of cancer or on the treatments,
whether anti-cancer treatments (which would have allowed us to evaluate the potentially
induced immuno-suppression) such as hormonal therapy, or other treatments used in
other pathologies, which may influence (for good or bad) the severity of COVID-19 in
hospitalized patients, such as different inhibitors (tyrosine kinase, IL6, ARA2). Finally, we
do not have access to vaccination data, but cancer patients were a priority in the French
regulations and the rate of completion of the initial vaccination schedule was over 90% for
these patients in 2022.

5. Conclusions

This study showed that in France, among hospitalized patients with cancer and with
or without COVID-19, increased vigilance is needed for obese patients, both in epidemic
and non-epidemic periods. This vigilance should be further strengthened in patients
with massive obesity for whom the risk of in-hospital mortality is higher, particularly in
epidemic periods for patients with hematological cancers.
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Focusing on COVID-19, obese patients have an increased risk of admission to the ICU
(a two-fold increase) and severe complications compared to non-obese patients. Surpris-
ingly, we did not find any excess risk related to obesity regarding in-hospital mortality,
suggesting that the paradigm of the “obesity paradox” may also apply to this population.
Considering the severity of obesity, compared to patients without obesity, we did not
find an excess mortality risk for patients with standard or morbid obesity. However, to
our knowledge, this is the first study to show an effect the massive obesity, especially in
hematological cancer patients.

This study also provides information about the role of obesity according to the different
types of cancer for which the prognosis is worse such as hematological cancers and all
metastatic cancers. We found nearly the same results as described above, whatever the
type of cancer. These results suggest that the influence of obesity on the prognosis of SARS-
CoV-2 infection may be independent of the type of cancer. Further studies are warranted
to better understand the relationship between obesity, especially massive obesity, and the
prognosis of SARS-CoV-2 infection in cancer patients.
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patients; Table S5: Effect of obesity according to its severity and by type of cancer on the different
outcomes, among non COVID-19 cancer patients.
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Simple Summary: Infections with COVID-19 in neutropenic cancer patients are related to poor
outcomes. A G-CSF treatment used in neutropenic cancer with SARS-CoV-2 infections is related
to a higher rate of respiratory failure according to progressive and growing evidence. In this small
retrospective non-randomized study, we found an association between G-CSF treatment and the
parameters predisposing for worse infections with COVID-19 and neutropenia compared with
patients not treated with G-CSE. We also found that the number of days on G-CSF treatment was
related to a higher risk of mortality in a multivariable analysis among patients treated with G-CSF.

Abstract: Background: Approximately 15% of patients infected by SARS-CoV-2 develop a distress
syndrome secondary to a host hyperinflammatory response induced by a cytokine storm. Myelosup-
pression is associated with a higher risk of infections and mortality. There are data to support methods
of management for neutropenia and COVID-19. We present a multicenter experience during the
first COVID-19 outbreak in neutropenic cancer patients infected by SARS-CoV-2. Methods: Clinical
retrospective data were collected from neutropenic cancer patients with COVID-19. Comorbidities,
tumor type, stage, treatment, neutropenia severity, G-CSF, COVID-19 parameters, and mortality
were analyzed. A bivariate analysis of the impact on mortality was carried out. Additionally, we
performed a multivariable logistic regression to predict respiratory failure and death. Results: Among
the 943 cancer patients screened, 83 patients (11.3%) simultaneously had neutropenia and an infection
with COVID-19. The lungs (26%) and breasts (22%) were the primary locations affected, and most
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patients had advanced disease (67%). In the logistic model, as adjusted covariates, sex, age, treatment
(palliative vs. curative), tumor type, and the lowest level of neutrophils were used. A significant effect
was obtained for the number of days of G-CSF treatment (OR = 1.4, 95% CI [1,1,03,92], p-value = 0.01).
Conclusions: Our findings suggest that a prolonged G-CSF treatment could be disadvantageous for
these cancer patients with infections by COVID-19, with a higher probability of worse outcome.

Keywords: COVID-19; neutropenia; G-CSF treatment; respiratory failure

1. Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has become a global pandemic. Infections by SARS-CoV-
2 can turn into acute respiratory proliferation, which is cleared in most cases by the
immune system after 7 to 14 days [1]. However, approximately 15% of patients infected
by COVID-19 develop severe lung disease and multiorgan failure, which are major causes
of mortality [2]. Two different but overlapping phases can be distinguished in COVID-19:
an initial mild response to the virus infection, followed by a severe phase with a host
hyperinflammatory response induced by a cytokine storm [3,4]. The development of novel
therapies are critical to overcome this pandemic [5]. It is well known that cancer patients
are more vulnerable to infections [6]. Jung et al. described a rate of 0.79% SARS-CoV-2
infections in 1,524 cancer patients compared with a rate of 0.37% in the general population
of Wuhan [7]. Kim et al. described a much higher mortality in patients with hematologic
malignancies and infection with COVID-19 compared with others without this condition
(40 vs. 3.6%, p < 0.001) [8]. Furthermore, most of the patients with comorbidities such as
hypertension, diabetes, obesity, chronic obstructive pulmonary disease (COPD), tobacco
consumption, vascular disease, advanced age, and other chronic diseases require frequent
visits to the hospital, which is correlated with a higher risk of severe complications in the
case of infection with SARS-CoV-2 [9,10].

Chemotherapy is one of the most common treatments in cancer patients. Myelo-
suppression, more specifically the development of febrile neutropenia, is an undesirable
secondary effect in these patients [11]. Soon after the onset of the pandemic, several pan-
els of experts in Spanish, European, and American oncology associations recommended
the modification of oncological treatments to induce less neutropenia and to consider
expanding the indications of Filgrastim (G-CSF) use to patients with intermediate (10-20%)
and higher neutropenia risk. Scarce data have been reported about the effect of G-CSF
in patients with cancer and infections by COVID-19. Lymphocyte T-mediated immunity
has been implicated in SARS-CoV-2 infections [12]. G-CSF has been associated with a
reduction in hospitalization days and a quicker recovery of neutrophil counts, including
in older febrile neutropenia patients [13]. The mechanism of action of G-CSF includes the
stimulation of both cytokines and neutrophils. This has been associated with lung injury,
including adult respiratory distress syndrome (SDRA) [14]. Moreover, neutrophilia and a
high neutrophil/lymphocyte ratio (NLR) have been described as bad prognostic factors in
patients infected with COVID-19 [15]. Thus, there is uncertainty about the use of G-CSF
and its impact in the clinical outcome of cancer patients treated with it [16].

To shed some light on this convoluted issue, in this work, we present a multi-center
experience in several hospitals in Spain during the first COVID-19 outbreak with a cohort
of patients with neutropenia cancer and infected with COVID-19.

2. Materials and Methods

This is a retrospective and observational analysis (without randomized design) and
includes patients with neutropenic cancer and simultaneously infected with SARS-CoV-2.
We collected cases from 14 hospitals from Madrid and Guadalajara in Spain (H. 12 de
Octubre, H. Clinico San Carlos, HF. Alcorcén, H. Infanta Sofia, H. Infanta Leonor, H.
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Guadalajara, H. Puerta de Hierro, H. Severo Ochoa, H. Alcala de Henares, H. Getafe,
H. La Paz, H. Princesa, H. Gregorio Marafién, and H. Fuenlabrada) that appeared during
the first epidemic wave between March and June 2020. The patients included had to
be receiving active cancer treatment, have a neutrophile count <1500/mL, have a fever
(38 °C or more), and be infected with SARS-CoV-2 confirmed through a positive orophar-
ingeal PCR. The anonymized data were collected in Excel 16.38. We included data on
the variables related to demographics (age, sex, and hospital) as well as general clinical
features: ECOG, performance status, smoking, body mass index, cardiovascular disease,
or diabetes mellitus. We also collected information about the neoplastic disease (tumor
location and stage), the anti-tumoral treatment (chemotherapy immunotherapy, targeted or
endocrine treatments; time from last cycle; and COVID-19 diagnostic treatment intention),
and multiple analytical parameters (neutrophil and lymphocyte counts, D-dimer, lactate
dehydrogenase (LDH), pro-calcitonin, and C-reactive protein). Filgrastim® administra-
tion (30—48 MU /0.5 mL subcutaneous per day) and treatment duration were also noted.
Data related to SARS-CoV-2 infections were also included: severity and duration, as well
as presence of pneumonia and/or thrombosis. Different COVID-19 treatments such as
antibiotics, chloroquine, remdesivir, corticoids, anti-IL6 or anti-IL1, anticoagulants, and
colchicine were collected, when applicable. Data about admission to the intensive care
unit and the final outcome after SARS-CoV-2 infection were gathered: complete recovery,
sequels, death, as well as cancer treatment modifications. This study was approved by the
Ethical Committee for Clinical Research in La Paz University Hospital, code (PI-4194), on
4 May 2020.

All of the statistical analyses were performed with the R 3.6.1 software [17]. Distribu-
tions of the quantitative variables were described through their mean, median, standard
deviation, interquartile range, maximum, and minimum, and their normality was tested
through the Shapiro-Wilk test. Distributions of qualitative variables were described though
the corresponding absolute and relative frequencies. Bivariate analyses were performed for
the categorical variables (e.g., related to basal factors, COVID-19 severity, etc.) vs. categori-
cal (death, respiratory distress, etc.) or continuous-variables (e.g., lowest neutrophil levels,
highest CRP, etc.). The significance of associations with the former was tested through
Fisher’s exact test, while that with the latter was tested through one-way ANOVA or the
Kruskal-Wallis test, depending on the normality of the quantitative variables. Multivari-
able models were derived in the form of logistic regressions to test the significance of the
number of G-CSF treatment days in COVID19-related outcomes such as death or respira-
tory distress after adjusting for appropriate covariables unbalanced in the sample. All of
the statistical tests were bilateral, and a significance level of 0.05 was used throughout.
Statistical inferences in the logistic models used 95% profile confidence intervals.

3. Results

Among the 943 patients with cancer and COVID-19, only 83 patients (11.3%) presented
concomitant neutropenia during the first SARS-CoV-2 outbreak.

3.1. Descriptive Analysis of Baseline Clinical Characteristics

Eighty-three patients were selected from 14 hospitals in Spain. The baseline char-
acteristics and different parameters related to cancer are presented in Table 1, both as
totals and split by G-CSF treatment. The median age was 67 years, and the majority of
patients presented ECOG 0-2 (79/95%). Cardiovascular disease was present in 35 (42.68%)
patients, and 13 (15.8%) of total patients had diabetes. Weight data were also collected,
observing 37/83 (54%) of patients with BMI > 25 (overweight), and the majority of pa-
tients were current smokers (17/83, 20.7%) or former smokers (31/83, 37.8%). On the
other hand, the most frequent tumors, in decreasing order, were lung cancer (26%), breast
cancer (22%), colon cancer (13%), and non-colon digestive cancers (17%), while the rest of
the tumors included prostate cancer, ovarian cancer, gynecological cancer, sarcoma, and
others. Advanced (IV) stage was the most common stage (67%), followed by stage III
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(19.5%) and stage II (13.4%). The most frequent cancer treatment was chemotherapy in
87.7% of the patients, followed by chemoimmunotherapy and other types in the rest of
the participants. Finally, palliation was the main intention of the treatment (67.9%). Three
patients who received a chemo-immunotherapy combination had a severe outcome and
died. Table 1 also includes the p-value of the test for association of these variables with
G-CSF treatment (Filgrastim®), from which we can see that the patients displayed similar
clinical baseline features irrespective of receiving G-CSF treatment. The only exception
was type of treatment, which is expected given that G-CSF treatment is more frequently
administered in chemotherapy settings, even in a preventive way prior to cancer treatment
(8 in our dataset).

Table 1. Baseline characteristics of all patients included: total and split by G-CSF treatment. No
attempt was made to impute missing values present in some variables. The p-value of association
with G-CSF is also shown.

Baseline Total Without G-CSF With G-CSF p-Value
Characteristics
Age
<70 36 (43.4%) 19 (44.2%) 17 (42.5%) 0.8
>70 47 (56.6%) 24 (55.8%) 23 (57.5%)
Sex
Male 41 (49.4%) 21 (48.8%) 20 (50%) 1
Female 42 (50.6%) 22 (51.2%) 20 (50%)
ECOG
0 24 (30%) 14 (34%) 10 (25.6%)
1 46 (37.5%) 25 (61%) 21 (53.8%) 0.15
2 9 (11.25%) 2 (4.9%) 7 (18%)
3 1 (1.25%) 0 1(2.6%)
Cardiovascular disease *
No 47 (57.3%) 24 (57.14%) 23 (57.5%) 1
Yes 35 (42.7%) 18 (42.9%) 17 (42.5%)
Diabetes mellitus
No 69 (84.1%) 37 (88.1%) 32 (80%) 0.37
Yes 13 (15.9%) 5 (11.9%) 8 (20%)
Body Mass Index
<20 7 (10.1%) 5 (16.13%) 2 (5.26%)
20-25 25 (36.2%) 9 (29%) 16 (42.11%) 0.44
25-30 23 (33.3%) 11 (35.5%) 12 (31.6%)
>30 14 (20.3%) 6 (19.3%) 8 (21%)
Smoking
No 34 (41.5%) 17 (40.5%) 17 (42.5%)
Smoker 17 (20.7%) 7 (16.7%) 10 (25%) 0.57
Previous smoker 31 (37.8%) 18 (19.3%) 13 (32.5%)
Primary tumor
Lung 22 (26.8%) 11 (26.2%) 11 (27.5%)
Colorectal 11 (13.4%) 8 (19%) 3 (7.5%)
Other digestive 14 (17.1%) 5 (11.9%) 9 (22.5%)
Breast 18 (22%) 9 (21.4%) 9 (22.5%)
Gynecological 6 (7.3%) 4(9.5%) 2 (5%) 0.66
Urothelial 3(3.7%) 1 (2.4%) 2 (5%)
Sarcoma 2 (2.4%) 0 2 (5%)
Head and neck 5 (6.1%) 3(7.1%) 2 (5%)
Others 1(1.22%) 1(2.4%) 0
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Table 1. Cont.

Baseline

Characteristics Total Without G-CSF With G-CSF p-Value
Stage
11 11 (13.4%) 5 (11.9%) 6 (15%) 0.88
11 16 (19.5%) 9 (21.4%) 7 (17.5%) ’
v 55 (67.1%) 28 (66.7%) 27 (67.5%)
Type of treatment
Chemotherapy 63 (75.6%) 25 (59.5%) 38 (95%)
Immunotherapy 1(1.2%) 1(2.4%) 0 0.001
Chemoimmunotherapy 15 (12.2%) 13 (31%) 2 (5%)
Other 3(3.7%) 3(71%) 0
Treatment intention
Curative 27 (32.9%) 14 (33.3%) 13 (32.5%) 1
Palliative 55 (67.1%) 28 (66.7%) 27 (67.5%)

* Ischemic cardiac disease; history of high blood pressure; peripheral ischemic disease; other miocardiopathies.

3.2. Descriptive Analysis of COVID-19 Disease and Treatments

The SARS-CoV-2 infection variables as well as treatments are presented in Table 2.
Respiratory failure was detected in 63.4% of cases, and only 25,61% of patients did not
require any oxygen supplementation. Nevertheless, 31 patients (37.8%) needed FiO,
supplementation of higher than 35%, whereas the rest of the patients required 24% oxygen
flow or no extra oxygen flow. Fever or low-grade fever was referred to in 86.6% of the
patients, while clinical and radiological pneumonia were confirmed in 63 patients (77%),
being bilateral or multi-lobar in a considerable number of cases (45/83, 54.9%). The majority
of the patients received antibiotics (77/83, 92.7%), mainly ceftriaxone and carbapenems.
In addition to antibiotics, around 88% of the patients were treated with chloroquine,
and antiviral therapy was used in 38 (46%) patients, predominantly lopinavir/ritonavir
as first options (35%) followed by a combination of lopinavir/ritonavir and remdesivir
(11%). Corticoids were administered in around 38% of the cases, 23% as high doses of
methylprednisolone and 14% as standard doses. Other treatments were reported: anti-
IL6 and colchicine, although with a very small amount of cases (14 and 1, respectively).
The majority of patients (82%) received some kind of anti-thrombotic therapy, mainly
prophylactic low-molecular weight heparin (68%), although only 12% of all patients had
a (suspected or confirmed) thrombotic episode, and the mean highest D-dimer in this
study was 1.558 ng/mL. Twenty-two patients (26.83%) met the criteria for intensive care.
Eight of them died, but only one was admitted into intensive care. All patients who
died had respiratory failure, and 46% of patients with respiratory failure eventually died.
Oxygen requirements were also related to mortality, and 73% of patients with high oxygen
flow died. Obviously, pneumonia severity was related to a higher risk of death as well
as carbapenem treatment, being the most frequent treatment with antibiotics in those
situations. The mean number of days of hospitalization was 12. In this series, 27 patients
(30.2%) of all neutropenic oncological patients died after SARS-CoV-2 infection, while
69.7% of them were discharged after an improvement. Among the survivors (55 patients),
36 (68.5%) could continue their original treatment after the COVID-19 infection. We can
see a trend towards a more severe COVID-19 infection in the G-CSF-treated patients,
with higher proportions of severe pneumonia, thrombosis, days of hospitalization, and
mortality. Especially striking is the highly significant increased proportion of patients with
respiratory failure who require stronger oxygen support in the G-CSF group. In this group,
only 13 patients survived and could retain their treatment prior to COVID-19 compared
with the 24 no-filgrastim-treated patients (Table 2).
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Table 2. COVID-19 features of all patients included: total and split by G-CSF treatment. No attempt
was made to impute missing values present in some variables. p value of association with G-CSF
treatment is also shown.

COVID-19 Features Total Without G-CSF With G-CSF p-Value
Respiratory failure
No 30 (36.6%) 23 (54.8%) 7 (17.5%) <0.001
Yes 52 (63.4%) 19 (45.2%) 33 (82.5%)
Oxygen support
No 21 (25.6%) 16 (38.1%) 5 (12.5%)
<35% 30 (36.5%) 17 (40.5%) 13 (32.5%) 0.002
35-50% 6 (7.3%) 0 6 (15%)
>50% 25 (30.5%) 9 (21.4%) 16 (40%)
Fever
No 11 (13.4%) 6 (14.3%) 5 (12.5%) 1
Yes 71 (86.6%) 36 (85.7%) 35 (87.5%)
Pneumonia
No 19 (23.2%) 12 (28.6%) 7 (17.5%) 0.38
Unilobar 18 (22.4%) 10 (23.8%) 8 (20%) ’
Multilobar /bilateral 45 (54.9%) 20 (47.6%) 25 (62.5%)
Thrombosis
No 73 (87.9%) 40 (93.02%) 33 (82.5%) 0.18
Suspicious/confirmed 10 (12.1%) 3 (6.98%) 7 (17.5%)
In-hospital days
(mean  SD) 119+9.6 106 £7 13.6 £ 11.6 0.09
Clinical evolution after
neutropenia 045
Better /no changes 62 (78.4%) 34 (79.07%) 28 (70%) )
Worse 17 (21.5%) 9 (20.93%) 12 (30%)
Death
Yes 27 (32.9%) 10 (23.8%) 17 (42.5%) 0.1
No 55 (67.1%) 32 (76.19%) 26 (57.5%)
Evolution after
discharge *: 0.95
-No change of treatment 37 (68.5%) 24 (75%) 13 (59.1%) )
-Change of treatment 19 (31.5%) 8 (25%) 9 (40.9%)

* Patient could maintain active treatment or required stopped active treatment and receive only definitive
supportive management.

3.3. Descriptive Analysis of Neutropenia Characteristics and G-CSF Administration

Table 3 includes the most relevant parameters collected about neutropenia and G-CSF
treatment. All patients recruited had different grades of neutropenia during SARS-CoV-2
infection. Among the initial neutropenic patients, the lowest level of neutrophils reported
was 0 cls/mm3. The mean was 707 cls/mm?3, and the median was 650 cls/mm?3. Around
half of all patients (40, 49%) received growth colony stimulating factor (G-CSF) as routine
dose of 5 ug/Kg to recover neutrophil counts. The rest of the patients in this series (43)
did not receive this treatment for different reasons, mainly related to the uncertainty in
its usefulness for patients with this type of cancer and infection with COVID-19: severity
of neutropenia, doubts about lung inflammatory effect, and hospital protocols. The G-
CSF treatment duration was very variable: from 1 day to 14, with a mean and median
number of days on treatment of around 4.5 days. All patients who received G-CSF were on
chemotherapy or chemo-immunotherapy treatment (see Table 1). In 26/40 patients (65%),
G-CSF was initiated when neutropenia symptoms were detected but in the remaining
14/40 (35%), G-CSF was previously prescribed to prevent febrile neutropenia after a
routine chemotherapy administration. After several days of G-CSF administration, the
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highest level of neutrophil count was 26.100 cls/mm?. Neutropenia outcome was variable:
21% had a worsening of neutrophil count and 50% improved. However, in 27% of the
patients, their neutrophil count remained stable during SARS-CoV-2 infection. In addition,
among the patients who were treated with G-CSF with a worsening of neutropenia, 91.6%
died versus 0% among patients with total neutrophil recovery after G-CSF treatment.
On the other hand, the mean lowest value of lymphocyte counts was 473 /L, with no clear
differences between G-CSF-treated patients vs. non-treated ones, while the mean of the
highest LDH value was 685 U/L. The mean highest D-dimer value was 4513 ng/mL, that
of calcitonin was 2.5 ng/dL, and that of C-reactive protein was 115 mg/dL. Again, we can
see a trend in the data towards an increase in mortality according to the levels of these
variables; in the case of D-dimer, pointing to an increase in thrombosis; while for LDH and
the highly significantly increased C-reactive protein, signaling an increase in the number of
inflammatory processes.

Table 3. Descriptive analysis of neutropenia variables.

Neutropenia and Inflammation Variables Total Without G-CSF With G-CSF p-Value
Lowest neutrophils count 616 + 419 691 + 369 541 4 457 0.11
Highest neutrophils count 5423 + 5078 3409 £ 2973 7538 £ 5940 <0.001
Lowest lymphocyte count 473 £ 310 467 £ 269 469 + 356 0.77

Highest D-dymer 4513 + 10134 2401 4 3180 7456 £ 14880 0.062
Highest LDH 685 + 1410 585 + 604 792 4+ 1943 0.86
Highest calcitonin 25+53 26162 24+3.6 0.06
Highest C-reactive protein 115 4- 143 90 + 140 143 =143 0.001

3.4. Bivariate Analyses of COVID-19 Infection in Patients with Neutropenia: Death Risk Factors

Figure 1 shows a forest plot with the odds ratios (and corresponding 95% confidence
intervals) for the association of different factors with mortality in our sample. In it, we
could not find a significant association between age, ECOG, cardiovascular disease, type
of tumor, or stage and mortality. Diabetes was related to a worse outcome and a higher
risk of mortality compared with non-diabetes, although not significant (30.4% vs. 11.3%;
p = 0.0533). The intention of treatment (palliative vs. curative) was also related to a
trend of higher mortality in those patients with palliative treatment: 19 (83%) versus 4
(18%) patients, but this relation did not reach a statistically significant value (p = 0.064).
Regarding oncological treatment, all patients treated with a combination of chemotherapy
and immunotherapy died (3, 100%), but we could not find a significant association to
a worse prognosis of SARS-CoV-2 infection and type of anti-cancer treatment received.
Focusing on infections with COVID-19, in this series, we found that those patients with
any type of pneumonia and neutropenia (unilateral, bilateral, unilobed, or multilobed)
presented higher mortality compared with those without it: 19 (82.6%) versus 4 (17.3%),
p =0.0027. We also observed that men had more severe pneumonias compared with women,
with higher oxygen requirements: 67.5% multilobe or bilateral in men versus 44.3% in
women, p = 0.011. Although we did not find a significant relation between the type of
tumor and COVID-19 mortality, we observed that 72.9% of lung cancer patients presented
more severe infection with COVID-19, followed by colon cancer (41.2%), although this
association was not significant (p = 0.064). We found an association between body mass
index (BMI) and oxygen requirements when classified as no oxygen requirements vs. any
oxygen flow. Oxygen support was needed in 57.2% of patients with BMI < 20, in 68% with
BMI 20-25, in 82.6% with BMI 25-30, and in 100% with BMI > 30 (p = 0.0045). Smoking
status was also associated with a higher risk for severe pneumonia and worse COVID-19
prognosis: 33 (73.3%) of smokers or former smokers developed some type of pneumonia
vs. non-smokers, 12 (26.6%), p = 0.0035. In this series, 23 (27%) of all patients included died
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due to infections with COVID-19, and respiratory failure was present in all of them (100%).
In our series, as we expected, higher oxygen needs were related to a significantly higher
risk of mortality. We observed that low counts of neutrophils (p = 0.001) and lymphocytes
(p = 0.013) were related to a higher mortality, and high values for LDH (p = 0.001) and
Protein C (p = 0.003) were also associated with a worse outcome. In our cohort, corticoid
administration in our patients with SARS-CoV2 infection and neutropenia was associated
with a trend toward a lower mortality rate (52.17%) compared with patients without (67.9%)
(p =0.08). Regarding the impact of G-SCF administration, we observed a significant relation
to mortality with 60.9% versus 39% in patients who did not receive G-CSF, as described
before. There are also different conditions related to G-CSF administration, related as well
to worse outcome, such as oxygen (p = 0.003) and carbapenems (p = 0.15) requirements
(p = 0.003), pneumonia (p = 0.0585), and neutropenia severity (p = 0.035). Patients treated
with G-CSF received corticoids more frequently compared with those without G-CSF (50%
versus 16%).
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Figure 1. Death probability as a function of G-CSF treatment days: observed data (open circles, fitted
to ease visualization), proportions (red squares, in subgroups of <1, 1-4, and >4 days), and fitted
logistic model with 95% confidence bands are shown.

3.5. A Multivariable Model to Test the Effect of G-CSF on COVID-19 Severity

We also carried out a multivariable analysis to test the potential effect of G-CSF
treatment on COVID-19 mortality. In this analysis, we saw that the administration of
G-CSF depends on multiple factors, with the hospital protocol being a very important one
among them. For example, in the bivariate analyses, while tumor type; cancer treatment;
treatment intention; ECOG; sex; age; and indeed, the lowest level of neutrophils, a proxy for
neutropenia severity, are not associated with the hospital, as expected, the G-CSF treatment
binary variable is p < 0.001. This fact suggests that patients with similar neutropenia
conditions were treated in different ways depending on the oncologist criteria considering
emergent data about the role of G-CSF in COVID-19 infection outcome. Thus, in some
way, G-CSF treatment can be considered approximately randomized, and by adjusting for
appropriate covariables, unbalanced in the sample and with a possible influence, the effect
of G-CSF treatment on outcomes for these patients could be tested in order to gain insights
about its possible beneficial or harmful effects. It would also be expected that the harmful
or beneficial effects of G-CSF depend on the number of days it was administered, which
has also a protocol-dependent component and is highly variable in this sample. Therefore,
after removing a few patients for which G-CSF was administered in a preventive way, a
logistic regression model was developed to predict respiratory distress as a function of the
number of days of G-CSF treatment (Figures 2 and 3). As adjusted covariates, sex, age,
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treatment purpose (palliative vs. curative, to adjust for global patient health status), tumor
type, the lowest levels of lymphocytes (to adjust for immune status), and the lowest level
of neutrophils in the patient (to adjust for neutropenic status) were used. A significant
risk effect was obtained for the number of days of G-CSF treatment (OR = 1.40, 95% CI
[1,2,05,07], p-value = 0.01). In Figure 2, we can see that the proportion of respiratory distress
increases as we move from the first to the third intervals of treatment days. Superimposed
is the fit of the logistic model. On the other hand, if death was used as a response variable
instead, with the same adjusted variables, again, a significant risk effect was obtained for
the number of days of G-CSF treatment (OR = 1.24, 95% CI [1,01,1,55], p-value = 0.04). Thus,
a one-day increment of G-CSF treatment increases the odds ratio for respiratory distress
by 1.4 and that of death by 1.24. This is represented in Figure 3, where the proportion
of deaths is represented at three intervals for treatment days together with the fit of the
logistic model. These results suggest that long neutropenic treatments in cancer patients
could be harmful for the treatment of COVID-19 infection, instead of being beneficial.
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Figure 2. Respiratory distress as a function of G-CSF treatment days: observed data (open circles,
fitted to ease visualization), proportions (red squares, in subgroups of <1, 1-4, and >4 days), and
fitted logistic model with 95% confidence bands are shown.
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Figure 3. Forest plot showing mortality according to different variables related to neutropenia
severity, treatment, and infection with COVID-19.
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4. Discussion

The COVID-19 pandemic has made daily oncological clinical care even more chal-
lenging. We performed a retrospective study of real-world data (RWD) of neutropenic
oncological patients during the first wave of the COVID-19 pandemic in 14 hospitals in
Spain. To our knowledge, this is the first analysis of SARS-CoV-2 infection in a signifi-
cant number of cancer patients with neutropenia. We analyzed the impact of different
variables in the SARS-CoV-2 infection outcome, mainly, G-CSF administration, which has
been recently related to a probable worsening of SARS-CoV-2 prognosis [18]. Previous
reports have reported around 13% of infections with COVID-19 in cancer patients [19], but
in our study, this rate was 30.3%, probably due to the added risk of neutropenia, and it
reached 60.9% in those treated with G-CSFE. Some published studies have shown worse
outcomes in patients with SARS-CoV-2 infection and neutropenia after treatment with
G-CSF [18,20]. In our work, a direct correlation between G-CSF use and the severity of
infection with COVID-19, respiratory failure, and death were found. Several putative
confounding factors (sex, age, treatment intention, and lymphocyte and neutrophil counts)
are possibly involved in the outcome, but a logistic regression model after adjusting for
these covariables still seems significant, increasing the effect of the number of days of
G-CSF treatment on death. Different immunological factors have been involved in severe
coronavirus disease, associated with high levels of neutrophils and a high neutrophil-
lymphocyte ratio (NLR) [4]. In our study, both neutrophilia and lymphocytopenia were
correlated with a higher rate of respiratory failure and death, as it has been previously
reported [21,22], specifically after G-CSF treatment [19,23]. In addition to the number of
days of Filgrastim® treatment, in our series, we found that higher levels of PCR, LDH,
D-dimer, and lymphocytopenia have been related to poor prognosis in neutropenic patients
with COVID-19, as has been previously described [24]. Before the COVID-19 pandemic,
G-CSF use and neutrophil count recovery had been related with lung injury and Acute
Respiratory Distress Syndrome (ARDS) [24,25]. In autopsy studies of patients infected
with SARS-CoV-2, diffuse alveolar damage with hyaline membranes, hemorrhage, and
neutrophilic infiltration have been reported [26-28]. Vascular neutrophilic inflammation
and immune thrombosis are characteristics of COVID-19 infection [29] and have been
described as being associated with G-CSF treatment. Neutrophil extracellular traps (NETS)
may contribute to organ damage and mortality in COVID-19 disease. NETS are web-like
structures of DNA and proteins expelled from the neutrophils that ensnare pathogens and
have demonstrated a role in both venous and arterial thrombosis in several diseases [30]
and can even promote cancer metastasis [31]. The intravascular aggregation of NETs in
severe COVID-19 infection leads to immune thrombosis and disturbed microcirculation,
organ damage, and ARDS [32,33]. Neutrophilia itself is associated with the release of
cytokines, neutrophil activation, and NETs [34,35]. Increased NET formation correlates
with ARDS, thrombosis, and cytokine storms, all of which are key in severe COVID-19
infections [36]. Filgrastim is a potent mobilizer of hematopoietic bone marrow cells and
has a role activating cytokines to regulate T-cells and dendritic cell activation [37]. Some
authors have suggested that we should be very cautious with G-CSF use in neutropenic
patients with SARS-CoV-2 infection because there is a risk of triggering inflammation
mediators related to severe COVID-19 infection [23,37]. We found a link between G-CSF
and parameters of seriousness, a higher failure respiratory rate, higher neutrophil counts,
lower lymphocytes, higher thrombosis, ARDS, and death. Although this is a small, non-
randomized retrospective study and it was not designed to measure the effect of G-CSF
treatment on the disease, a direct correlation of G-CSF treatment with a worse outcome
was demonstrated after adjusting for possible confounding variables. This is a multicentric
study of RWD describing neutropenic cancer management of patients with SARS-CoV-2
infection and showing a differential outcome for those treated or not with G-CSF under
similar circumstances. Interestingly, corticoids have a beneficial effect in reducing mor-
tality, as other authors have previously observed [38]. Morjaria et al. have published a
pre-print study of 16 patients with neutropenia and COVID-19 treated with G-CSE. They
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classified these types of patients as good or poor responders according to the induced neu-
trophilia the day after G-CSF first dose administration. They found that good responders
had a worse outcome, and they concluded that G-CSF treatment should be weighed in
neutropenic patients with COVID-19 infections [20]. Moss et al. found that aged rhesus
macaques infected by SARS-CoV-2 presented high G-CSF, involving the early release of
neutrophils, less maturity, and less functionality compared with younger rhesus macaques,
suggesting the potential role of GCSF administration in this mature human sample in
worse COVID 19 outcomes [39]. Some authors have also described a link with neutrophil
recovery and respiratory deterioration, and some reflections about this observed relation
have been made in the literature [40]. According to the evidence as well as presented
data, we should be more cautious in neutropenia management concurrent with infections
by COVID-19 [41]. Nevertheless, other experiences suggest that G-CSF can counteract
lymphocytopenia and could improve the outcome of the coronavirus disease [42]. A fully
randomized clinical phase III trial could be designed to find the optimal balance, both in
terms of the dose and duration of G-CSF treatment for these neutropenic cancer patients
and with a more elaborate design (e.g., stratification) in terms of types of cancer. From
this observational study, we have been able to obtain and test these findings about the risk
of G-CSF treatment in patients with neutropenic cancer and infected by SARS-CoV-2 by
applying appropriate adjustment variables, but further studies are required to confirm
these findings and to obtain more information about aspects such as the involvement of
cancer therapies, type of tumor, vaccination status, etc.

5. Conclusions

In our retrospective study, we found a potential correlation between G-CSF treatment
as well as the duration of G-CSF administration with the development of severe disease
and mortality after adjusting for other potential variables that could also impact mortality
in these types of patients.
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Simple Summary: COVID-19 is a highly contagious infection caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). In March 2020, the World Health Organization (WHO)
declared that COVID-19 had become a pandemic; since then, several elective clinical and surgical
activities have been postponed to reduce the risk of nosocomial infection. This has influenced the
diagnosis and management of many diseases, including melanoma. The aim of our literature review
was to evaluate whether the management of melanoma has been changed by the outbreak of COVID-
19, and if so, what the consequences of these changes are. The main topics in this literature review
are the screening of suspicious lesions, diagnosis of primary melanoma, and the management of
early-stage and advanced melanomas in the COVID-19 era. We also reported the experience of our
dermatological clinic in Turin, one of the most affected areas in Italy.

Abstract: Background: The current COVID-19 pandemic has influenced the modus operandi of all
fields of medicine, significantly impacting patients with oncological diseases and multiple comorbidi-
ties. Thus, in recent months, the establishment of melanoma management during the emergency has
become a major area of interest. In addition to original articles, case reports and specific guidelines
for the period have been developed. Purpose: This article aims to evaluate whether melanoma man-
agement has been changed by the outbreak of COVID-19, and if so, what the consequences are. We
summarized the main issues concerning the screening of suspicious lesions, the diagnosis of primary
melanoma, and the management of early-stage and advanced melanomas during the pandemic.
Additionally, we report on the experience of our dermatological clinic in northern Italy. Methods: We
performed a literature review evaluating articles on melanomas and COVID-19 published in the last
two years on PubMed, as well as considering publications by major healthcare organizations. Con-
cerning oncological practice in our center, we collected data on surgical and therapeutic procedures in
patients with a melanoma performed during the first months of the pandemic. Conclusions: During
the emergency period, the evaluation of suspicious skin lesions was ensured as much as possible.
However, the reduced level of access to medical care led to a documented delay in the diagnosis of
new melanomas. When detected, the management of early-stage and advanced melanomas was fully
guaranteed, whereas the follow-up visits of disease-free patients have been postponed or replaced
with a teleconsultation when possible.
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1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has
increased the workload of the health system in the last two years, which has also presented
a global challenge for dermatologists. Several elective clinical and surgical activities have
been postponed to reduce the risk of nosocomial infections in patients and healthcare
workers. This does not concern oncological patients, whose medical care has been guaran-
teed. However, cancer screening programs have clearly been interrupted by the onset of
COVID-19 [1].

An early diagnosis is essential for the survival of patients with a melanoma [2]. The
position statement issued by the European Academy of Dermatology and Venereology
(EADV) affirmed that an in-person physical examination is obligatory for an accurate
diagnosis of suspicious new cutaneous lesions, and that dermoscopy remains the gold
standard for melanoma diagnosis. Although there have been no reports of COVID-19
transmission via dermatoscopes, the device must be carefully disinfected between patients
and adequate personal protective equipment must be worn by physicians and patients [3].
In this context, the reduced level of access to medical care is a problem for dermatologists,
due to the potential decrease in diagnoses of thin melanomas and delays in the presentation
of patients with thick tumors. A survey conducted by the International Dermoscopy Society
(IDS) showed that its members had experienced a 75% reduction in daily work activity
since the beginning of pandemic, and remarkably, the number of melanomas diagnosed in
these months was practically zero for more than half of them (56.78%) [4]. In addition to
the devastating consequences for patients, delays in the treatment of melanomas can have
a profound impact on the economic burden of this disease, because advanced melanomas
have higher healthcare costs than earlier-stage melanomas [5].

In this paper, we examine the main topics concerning the management of melanomas
during this healthcare emergency, focusing on the importance of teledermatology, the
diagnostic delay of melanomas, and how daily oncology practice has been impacted by
the COVID-19 pandemic (Figure 1). We also report on the experience of our clinical center,
which is situated in one of the most affected areas in Italy.

KEY SUMMARY POINTS
The COVID-19 pandemic significantly influenced the management of

suspicious skin lesions, leading to a reduction in early diagnoses of pri-
mary melanomas
Teledermatology can be used to perform the first triage of suspicious skin
lesions and to select those requiring a face-to-face consultation
The follow-up visits of stage 0-I-IIA melanomas can be postponed for
up to 3 months in asymptomatic patients
It is essential to maintain the management of early-stage and advanced
melanomas during the pandemic, without postponing diagnostic, surgi-
cal, and therapeutical procedures
There is no evidence that systemic therapies for melanoma increase the
risk of becoming infected with SARS-CoV-2
COVID-19 vaccination is highly recommended for patients undergoing
active melanoma therapy and their relatives
A lymphadenopathy should distinguish between a malignant spread and

a benign reaction to a recent vaccination

Figure 1. The main topics discussed in the literature review.
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2. The Increased Importance of Teledermatology Caused by COVID-19

The role of telemedicine has been discussed at length as a valid medical approach
during the COVID-19 era. Telemedicine can be defined as the application of diagnostic
and therapeutic tools at a distance from the patient as an alternative to a face-to-face
consultation; it can be used in several fields of medicine.

Teledermatology can be classified into real-time teledermatology (VIC—live video
consultation) and store-and-forward teledermatology (SAF—image transmission by the
patient). Both types of teledermatology have facilitated remote dermatological assistance
during the pandemic for chronic diseases and the appearance/modification of skin le-
sions [6]. The IDS questioned 678 of its members, from 52 different countries, about
their activity during the emergency period. In total, 27.73% of respondents affirmed that
telemedicine represented an important method of performing consultations; the number
of unofficial teleconsultations (e.g., by mail, SMS, Skype®, WhatsApp®, Messenger®, etc.)
they were asked to conduct increased by 83.33% during the COVID-19 pandemic [4]. A
small-scale, randomized controlled trial comparing all teledermatology modalities and
face-to-face consultations found that the diagnosis and recommended course of treatment
was the same in 85% and 78% of cases, respectively [7]. Even if teledermatology can
correctly identify the majority of malignant lesions, the diagnostic accuracy of face-to-face
consultations remains higher than that of remote consultations [8].

Smartphone-based teledermoscopy, an extension of teledermatology, has improved
in recent years due to the development of mobile applications and devices. Veronese
et al. tested an inexpensive and easy-to-use smartphone microscope device; overall, they
obtained an accuracy of 83.9% for the diagnoses of skin lesions based on images acquired
through the device [6]. Considering these useful tools, teledermoscopy in association with
teledermatology can be used to perform the first triage of skin lesions, helping the clinician
to select patients who require a face-to-face consultation [8].

Nahm et al. described an example of telemedicine’s usefulness during the COVID-19-
enforced lockdown. They reported the case of a 66-year-old man with two biopsy-proven
melanomas that were diagnosed in situ before the pandemic. The patient refused the
exeresis of the two lesions due to his fear of coronavirus infection. Hence, the patient was
treated with a combination of topical imiquimod 5% cream, 5-fluorouracil 2% solution, and
tretinoin 0.1% cream every day for a month. The follow-up consultations were conducted
exclusively via video consultation, and the histological evaluation completed 3 months
after the treatment showed a complete resolution of the lesions [9].

3. The Diagnostic Delay of Melanomas during the Emergency Period

The great concern regarding the diagnostic delay of melanomas, and generally tumors,
has been reflected by the large number of studies conducted on this topic during the
emergency period.

The number of first diagnoses of malignancy recorded during weeks 11 to 20 of
2020 was compared with the same periods from 2018 and 2019. The data were collected
from seven secondary care hospital networks of northern and central Italy. In 2020, there
were 2751 new diagnoses, representing a decrease of 44.9% compared to 2018 and 2019
(4991.5 cases on average). The weekly number of diagnoses, considering the beginning of
lockdown as the baseline time, constantly decreased during the first 2 weeks. The main
reduction in new diagnoses occurred at week 16 (64.6% decrease compared with the same
week in 2018-2019) and, during the last 2 weeks, a new increase was observed. Of the
total number of all missing cancer diagnoses, melanoma and nonmelanoma skin cancers
represented 56.7% [10].

Longo and Peris reported a significant reduction in the diagnoses of primary melanomas
between 1 January 2020 and 9 May 2020 in Reggio Emilia and Rome, respectively. The
number of new primary melanomas detected during this timeframe in 2019 was 141 and 115
in Rome and Reggio Emilia, respectively, whereas in 2020, there were 62 and 28 new primary
melanomas detected [11].
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Similarly, a third-level center in northern Italy observed a significant 60% reduction in
new melanoma diagnoses between 22 February 2020 and 3 May 2020 compared to the same
timeframes in 2018 and 2019. The most frequent histotype analyzed during the lockdown
period was in situ melanoma (66.7%), whereas superficial spreading melanoma was the
most frequent during 2019 and 2018 (52.4%). This may reflect a loss of thick melanomas in
2020, that conversely had been removed in 2019 and 2018 [12].

Generally, in Italy from February 2020 to April 2020, the Intergruppo Melanoma
Italiano (IMI) detected a substantial reduction in the number of first visits (—31.3%) and
biopsies (—36.5%), with a decrease of approximately 25% in histological diagnoses, and
a 22.9% reduction in wide local excisions in comparison to 2019. As a result, there was a
20.8% reduction in the number of patients starting systemic therapy [13].

The Italian data described above are in agreement with studies in other countries.
Lallas et al. compared the observed and expected numbers of new melanomas, basal
cell carcinomas (BCCs), and cutaneous squamous cell carcinomas (cSCCs) in 2020 in
northern Greece. The expected incidence of each tumor was calculated as the mean of
the previous 4 years (2016-2019), considering this figure to be stable in 2020. The total
number of these new skin cancers was 30.1% lower than expected, with a 36.4% reduction
in the number of expected melanoma diagnoses. The patients with a melanoma were
significantly younger than those in previous years, reflecting the greater fear of COVID-19
among elderly individuals. Additionally, a significantly higher proportion of melanomas
than expected were diagnosed at stages IIC, III, and IV [14].

A multicenter observational study performed in Spain analyzed all patients who
underwent melanoma or ¢SCC surgery in the period between March and June 2020. The
comparison with the same period in 2019 revealed that there was a 41% reduction in treated
melanoma during the first lockdown, with fewer melanomas in situ (34.9% vs. 29%) and
a slight increase in thick melanomas (>4 mm) (10.2% vs. 18.4%). Similar results were
obtained for cSCC. Patient-related factors, such as age, living in a nursing home, and fear
of infection with SARS-CoV-2, were associated with a greater Breslow thickness [15].

Conversely, a dermatology department in London reported that a high proportion of
early-stage melanomas were diagnosed during the UK’s COVID-19 lockdown. There are
several factors implicated in this higher melanoma detection-to-referral ratio, including
the impact that the setting of anxiety and restricted healthcare services has on patient
self-selection [16].

4. Melanoma Surgery and Disease-Free Patient Follow-Up during the Pandemic

According to the European Society for Medical Oncology (ESMO) [17] and National
Comprehensive Cancer Network (NCCN) guidelines [18], the position statement of the
EADV Melanoma Task Force affirmed that the excision of a suspicious lesion should be
performed as soon as possible to remove everything that is clinically visible [3]. In addition,
the NCCN suggests that performing a broad-shave biopsy for larger suspected melanomas
in situ and lentigo maligna, preventing the need to perform a subsequent radicalization.
Wide excision should be postponed for up to 3 months for melanomas in situ and invasive
melanomas for which a previous biopsy has showed clear histopathological margins or
a peripheral transection of the in situ component [18]. It has been noted that delaying
the surgical excision of melanoma by one month or longer increases the proportion of
large or thick tumors, resulting in a lower chance of overall survival. In this regard, Tejera-
Vaquerizo and Nagore built a model based on melanoma rate of growth (ROG), i.e., the
rate of increase in Breslow thickness (millimeters per month) from the time a subject first
observes a suspicious lesion to its excision. This predictive model was used to understand
how diagnostic delays may impact the prognosis of melanomas [19].

When possible, wide excision and sentinel lymph node biopsy (SLNB—for melanoma
thicker than 0.8 mm) should be performed at the same time. Otherwise, SLNB may be de-
layed by up to 3 months [18], as it has been demonstrated that such an interval of time does
not have a negative effect on disease-free and overall survival [20]. Regarding therapeutic
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lymph node dissection, the EADV’s position statement indicated that it should be limited
to patients with clinically evident regional lymph node metastases [3]. Conversely, NCCN
guidelines affirm that lymphadenectomy should also be delayed in cases of clinically
evaluable lymph adenopathy when a systemic neoadjuvant treatment is possible. In such a
case, surgery should be performed 8-9 weeks after starting neoadjuvant treatment. This is
not applicable when the affected lymph node is adjacent to vital organs and/or there is
a contraindication to systemic therapy or a previous neoadjuvant treatment failure [18].
Finally, the guidelines agree that high surgical priority should be given to all invasive
primary melanomas, resectable stage III melanomas, and oligo-metastatic disease [3].

Regarding disease-free patients, and according to the EADV’s position statement, the
clinical and radiological follow-up in stage 0-I-IIA melanoma can be postponed for up
to 3 months in asymptomatic patients [3]. Moreover, no clear evidence of an increase in
survival in stages IB and IIA has been reported in ultrasound-based follow-ups [21]. High-
risk patients should continue to have physical and imaging examinations, particularly
during the first 3 years after surgery on the primary tumor [3]. On the other hand, NCCN
guidelines suggest a possible deferral of up to 6 months even for stages IIB/IIC. During
this delayed time, self-examination once a month is highly recommended [18].

5. Advanced Melanoma Management and Immunotherapy in the COVID-19 Era

For adjuvant therapy and treatment of unresectable stage III or IV melanomas, the in-
dication of EADV is the same in a non-emergency setting; the treatment of melanomas with
approved drugs must be started within 12 weeks of surgery. Considering these patients at
higher risk for a severe course of COVID-19 infection, antibodies against Programmed Cell
Death Protein 1 (PD1) should be administered using the longest approved treatment sched-
ule to decrease hospital admissions: pembrolizumab 400 mg every 6 weeks and nivolumab
480 mg every 4 weeks [3]. Given its favorable safety profile, a monotherapy with anti-PD1
should be preferred in the majority of patients requiring immunotherapy [22]. The ad-
dition of ipilimumab, an antibody targeting cytotoxic T-lymphocyte-associated protein 4
(CTLA-4), significantly increases the risk of immune-related adverse events (iRAEs) from
15%—-20% to 50%—-60% compared to anti-PD1 monotherapy; this often leads to the need for
immunosuppressive therapies and hospitalization, which in turn potentially increases the
rate of COVID-19 transmission and severe disease [23]. Among the complications caused
by immune checkpoint inhibitors (ICIs), immunotherapy-related pneumonitis and COVID-
19 pneumonia have overlapping clinical and radiological features, leading to significant
challenges in differential diagnosis [24]. Accordingly, the combination of nivolumab and
ipilimumab is recommended only in subsets of patients with specific clinical features,
including symptomatic and asymptomatic cerebral metastases, elevated LDH levels, bulky
disease, PD-L1 negativity, and mucosal and acral melanoma [3,25]. The CheckMate 511
regimen—that is, ipilimumab 1 mg/kg plus nivolumab 3 mg/kg—is the preferred course
of treatment due to a significantly lower incidence of treatment-related grade 3-5 AEs [26].

In patients undergoing BRAF and MEK inhibitor treatments, hyperpyrexia must be
considered primarily as an adverse event rather than an indicator of COVID-19 infection.
For this reason, encorafenib combined with binimetinib is preferred when available com-
pared to other regimens due to its lower fever incidence [27]. In cases of fever associated
with grade 2 or higher dyspnea, diarrhea, or neurological symptoms that do not resolve
after therapy discontinuation, patients should be tested for a SARS-CoV-2 infection [3].

Concerning intracranial metastases, in cases of neurological deterioration or surgery,
such as palliative care following treatment delays, stereotactic radiosurgery should be
considered [25].

According to NCCN guidelines, in patients progressing beyond standard immune
checkpoint blockade and targeted therapy, hospice care should be considered, because
chemotherapy only provides a limited benefit. Oral temozolomide is the preferred option
for palliative care cases [28].
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As indicated by the EADV’s recommendations, all patients undergoing surgery, radio-
therapy, chemotherapy, or immunotherapy must be tested for COVID-19 infection, despite
studies in real-world settings showing a high safety profile in these patients. Additionally,
to date, no clear evidence suggests that ICls increase the risk of a SARS-CoV-2 infection [3].
Whether the administration of anti-PD1 drugs, by stimulating the immune system, could
directly contribute to a more severe course of COVID-19, compared to that observed in pa-
tients not receiving immunotherapy;, is currently an open question. The potential interplay
between COVID-19 infection and treatment with immune-checkpoint inhibitors of patients
with a melanoma is still unknown. Nevertheless, preliminary evidence and case reports
suggest that anti-PD1 therapy does not worsen the course of COVID-19, allowing patients
with cancer to continue their treatment [29]. In this Italian multicenter study by Pala et al.,
out of 169 patients with unresectable stage III or IV melanomas treated with immunotherapy,
104 continued without modifications, and among 15 patients showing symptoms compatible
with COVID-19, only one tested positive on the nasopharyngeal swab [30].

6. Vaccination against COVID-19 in Patients with Cancer Receiving Active Therapy

Most currently authorized trials of vaccines against COVID-19 have not included
patients with active malignancies. Hence, data on safety, tolerability, and efficacy in cancer
populations are limited. However, these patients represent a high-priority subgroup for
vaccination due to their higher risk of death from SARS-CoV-2 infection and, for this reason,
vaccination is supported by the ESMO, the Society for Immunotherapy of Cancer (SITC),
the Spanish Medical Oncology Society (SEOM), and the NCCN COVID-19 Vaccination Ad-
visory Committee [31-34]. In Israel, a study was conducted on the efficacy of the BNT162b2
vaccine in 102 patients with solid tumors undergoing a systemic therapy. The most fre-
quently used types of therapy were chemotherapy (29%), followed by immunotherapy
(22%), and chemotherapy plus biological therapy (20%). Ninety percent of oncological
patients tested positive for SARS-CoV-2 anti-spike IgG antibodies after the second vaccine
dose. Furthermore, patients undergoing chemotherapy plus immunotherapy presented a
median IgG titer that was significantly lower than the control group. Conversely, immune
checkpoint inhibitors alone did not interfere with antibody production. To date, there is no
evidence of the correlation between the efficacy/duration of protection and IgG titer; there-
fore, these serology data strongly support the current recommendations for the oncology
population. Moreover, as these patients may not be able to develop a sufficient immune
response themselves, it has become crucial that their caregivers are also vaccinated [35]. In
an Italian center, 131 patients with cancer receiving active therapy (57% had skin cancers)
and immunized against SARS-CoV-2 were compared to healthy individuals after two doses
of mRNA-1273 (Moderna). The median values of anti-spike IgG were significantly higher
for patients receiving immunotherapy compared to those receiving chemotherapy /targeted
therapy [36]. Some researchers have hypothesized that the vaccine could hypothetically
lead to an exaggerated immune response in immunotherapy recipients. Since vaccination
may overload the immune system and trigger an important cytokine response, severe
toxicity may damage the organs [24]. However, several studies evaluated that there were
no new or exacerbated immune-related side effects in patients undergoing immunotherapy
and receiving mRNA COVID-19 vaccines [37,38]. These data are also supported by the
experience of the safety of influenza vaccination in the same population [39].

7. Lymph Adenopathy during Pandemic: Malignant Spread versus Benign Reaction to
Vaccination

Unilateral axillary adenopathy is a potential side effect following COVID-19 vaccina-
tion (specifically the mRNA vaccines) and it was reported to appear 2 to 4 days after admin-
istration. During the clinical trials of Moderna, the average duration of lymphadenopathy
was 1 to 2 days, whereas the Pfizer-BioNTech clinical trials showed an average duration
of approximately 10 days [40,41]. This finding may be present in the staging or routine
follow-up imaging of oncologic patients. Indeed, an FDG-avid lymphadenopathy, detected
using a PET-CT scan, was described after COVID-19 vaccination and after an influenza
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vaccination [42,43]. Prieto et al. reported the case of a patient with a history of stage IIIA
melanoma in the left deltoid region who underwent an image-guided biopsy of a right
axillary lymphadenopathy that was discovered during the initial stage. A histological
examination showed a reactive lymphoid tissue. Further investigations revealed that the
patient had received the first dose of the Moderna vaccine in the right deltoid muscle
5 days prior to the PET-CT scan [44]. Sonographically detectable lymph node changes after
COVID-19 vaccination have been described in patients with skin cancer attending tumor
follow-up appointments. These lymphadenopathies resemble lymph node metastases in
terms of enlargement, peripheral vascularization, and decreased echogenicity [45]. Given
an ever-increasing worldwide vaccinated population, it will be important for oncologists
and dermatologists to obtain a vaccination history to better interpret the results of imaging
studies and to avoid invasive procedures that are not strictly necessary. Additionally, in
tumor patients, the vaccination should be performed contralateral to the primary tumor to
ensure the lowest possible chance of misdiagnosis. Ultimately, management should con-
sider the probability of a malignant spread versus a benign reaction to recent vaccination.
The factors to consider include the local site of the primary malignancy, common drainage
pathways, time since vaccination (within or beyond 6 weeks after vaccination), prognosis,
and overall risk profile [46].

8. Experiences in Our Dermatological Clinic

In our dermatological clinic in Turin, Italy, we retrospectively collected data on
melanomas excised in May and June of the years 2017, 2018, 2019 and 2020 (Table 1).

Table 1. Demographic and histological features of melanomas excised in the two-month period
from May to June in 2017, 2018, 2019, and 2020. MIS: melanoma in situ; SSM: superficial spreading
melanoma; LMM: lentigo maligna melanoma; NM: nodular melanoma.

N. of Mean Age Breslow

Year Melanomas Male Female & Histotype  Thickness
. (Years)

Excised (Average)

28 MIS
21 SSM
2017 51 31 20 61 1 LMM 1 mm

1NM

25 MIS
11 SSM
2018 41 20 21 62 A1LMM 0.42 mm

1NM

27 MIS
18 SSM
2019 48 31 17 61 2 LMM 0.99 mm

1NM

13 SSM
12 MIS
3 LMM
2020 32 16 16 55 2 NM 1.56 mm
1 nevoid
melanoma
1 acral

melanoma

This study aimed to highlight possible differences between the two-month period
during the pandemic and the same timeframe in the previous three years, focusing on
patient demographics and histological characteristics of melanomas. In the two months
of 2020, there was an approximately 32% reduction in melanoma exeresis compared to
the previous years. There were no gender-based differences but the average age was
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lower at 55 years—in the previous three years, the average age was greater than 60. The
most frequently excised histotype in 2020 was superficial spreading melanoma (SSM),
whereas in previous years it was melanoma in situ. The greatest Breslow index was
recorded in 2020 with a thickness of 9 mm and, in the same year, the average thickness was
1.56 mm; although the average thickness was higher than the average in previous years,
this difference was not statistically significant.

Concerning the sentinel lymph node (SLN) surgical interventions in our melanoma
unit, we performed SLN biopsies in 41 patients in the first two months of the emergency;
the average age was 55, four of whom were over 70. All patients received an antibiotic
prophylaxis before the surgical procedure, the same treatment that was prescribed before
the COVID-19 era. No COVID-19-related complications were observed, supporting the
possibility of continuing surgical diagnostic procedures in patients with a melanoma if
carefully managed and suspicious symptoms are strictly monitored [47].

At the beginning of the emergency period, 80 patients with a melanoma were receiving
immune checkpoint inhibitors (ICIs) in our center (62 nivolumab and 18 pembrolizumab).
Adjuvant therapy was administered to 31 subjects for disease-free stages III-IV, whereas
49 patients were treated for advanced metastatic disease. A total of 57 patients (71%)
continued treatment without interruptions, whereas 16 postponed their therapy of one
(14 patients; 17.5%) or two cycles (two patients; 2.5%). The remaining seven patients (9%)
suspended treatment due to progression (N = 5), completion of schedule (N = 1) or were
lost to follow-up (N = 1). Moreover, four patients started a new treatment during the
pandemic. In our experience, at the time of writing, no patients under ICIs developed
COVID-19 infection [48]. In the same period, there were 67 advanced metastatic patients
with a melanoma receiving targeted therapy with BRAF and MEK inhibitors at our center:
58 patients were receiving dabrafenib and trametinib, six were receiving vemurafenib
and cobimetinib, and three were receiving encorafenib and binimetinib. There were
also 23 patients receiving adjuvant treatment for disease-free stage III exclusively with
dabrafenib and trametinib. Despite the COVID-19 outbreak, we decided to maintain
treatment in all patients due to the available clinical data on the increased relapse risk in
subjects discontinuing target therapy. The symptoms of patients were strictly monitored
to detect potential COVID-19 infection at an early stage, in addition to maintaining strict
triage procedures at the hospital entrance. At the time of writing, no patients developed
COVID-19 infection [49].

9. Conclusions

The pandemic significantly influenced dermatological practice and the management
of skin tumors. Despite the growing importance of telemedicine, suspicious skin lesions
require a face-to-face consultation, which can be completed safely by ensuring that all
prevention measures for COVID-19 infection are followed.

Although a decrease in the early diagnoses of melanoma was observed, surgical inter-
ventions and systemic treatments for advanced cases were guaranteed, largely following
the pre-pandemic-era international guidelines. Unfortunately, all cases with a diagnostic
delay caused by the pandemic have a profound impact on healthcare procedures and costs,
as well as having devastating consequences for patients.

Considering the high mortality rate of COVID-19 infection among patients with cancer
and the safety of vaccines in those also undergoing systemic therapy, vaccination for these
patients and their families is a priority.

Based on our experience, the choice to continue all diagnostic and therapeutic pro-
cedures in patients with a melanoma has proven to be safe, ensuring that the care these
patients require continues during pandemics.
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Simple Summary: Leveraging lessons learned from the coronavirus disease 2019 (COVID-19) pan-
demic, resilient health systems focus on the preservation of the continuum of care of chronic diseases,
especially of cancer, beyond addressing emergency health requirements. Obesity has a detrimental
impact on COVID-19 and affects the epidemic of thyroid cancer (TC). TC, especially differentiated
TC (DTC), is a notable paradigm of obesity-related cancers. Thus, obesity~COVID-19—-(D)TC inter-
play can be a constant threat to public health. The present review dissects the COVID-19-(D)TC
association in the setting of obesity and beyond, highlighting: (i) the interrelationship between
immunity, inflammation, obesity, oxidative stress, and cancer underlying this association; (ii) the
challenging management of (D)TC in the COVID-19 era; (iii) the impact of COVID-19 on (D)TC and
vice versa; and (iv) the oncogenic potential of SARS-CoV-2. Future perspectives for understanding
and harnessing the COVID-19—(D)TC association to inform decision-making are underlined.

Abstract: Background: Conceived of as the “silver lining” of the dark cloud of the coronavirus
disease 2019 (COVID-19) pandemic, lessons taught by this catastrophe should be leveraged by
medical authorities and policy makers to optimize health care globally. A major lesson is that
resilient health systems should absorb sudden shocks incited by overwhelming health emergencies
without compromising the continuum of care of chronic diseases, especially of cancer. Methods: The
present review dissects the association between COVID-19 and thyroid cancer (TC), especially with
differentiated TC (DTC), focusing on available data, knowledge gaps, current challenges, and future
perspectives. Results: Obesity has been incriminated in terms of both COVID-19 severity and a rising
incidence of TC, especially of DTC. The current conceptualization of the pathophysiological landscape
of COVID-19—-(D)TC association implicates an interplay between obesity, inflammation, immunity,
and oxidative stress. Whether COVID-19 could aggravate the health burden posed by (D)TC or vice
versa has yet to be clarified. Improved understanding and harnessing of the pathophysiological
landscape of the COVID-19—(D)TC association will empower a mechanism-guided, safe, evidence-
based, and risk-stratified management of (D)TC in the COVID-19 era and beyond. Conclusion: A
multidisciplinary patient-centered decision-making will ensure high-quality (D)TC care for patients,
with or without COVID-19.

Keywords: COVID-19; SARS-CoV-2; thyroid cancer; differentiated thyroid cancer; COVID-19 severity;
inflammation; immunity; oxidative stress; obesity

1. Introduction

Globally, as of the writing of this review more than one and a half years after the
emergence of the novel severe acute respiratory syndrome (SARS)-associated coronavirus 2
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(SARS-CoV-2), and designation of the attendant coronavirus disease 2019 (COVID-19) as a
pandemic, there have been more than 200 million confirmed COVID-19 cases, and more
than 4 million related deaths reported by the WHO [1]. This situation, while dismal, has
taught us several lessons to be leveraged immediately.

Assessment of the responses of health policies worldwide reveal that the resilience
of health systems against health crises of this magnitude lies in going beyond boosting
hospital capacity and mitigation of the spread of a virus to maintain continuity of care
for all [2]. A major priority of strong health systems is optimization of the care of cancer,
which is the second leading cause of death globally [3], with a soaring burden, and which
is expected to climb to 28.4 million cases in 2040 (a 47% increase compared to 2020) [4].

To forge agile and resilient health systems in the COVID-19 era, it is necessary to
reorganize healthcare without compromising the care of cancer [5]. Indeed, the COVID-
19—cancer association is bidirectional. On the one hand, cancer care in the COVID-19 era
must reconcile conflicting priorities, i.e., mitigation of the risk of SARS-CoV-2 infection
and of severe COVID-19 versus prompt cancer diagnosis and treatment despite limited
resources and an overwhelmed healthcare system [6]. Delays in diagnosis and treatment,
and/or suboptimal treatment of cancer due to the COVID-19 pandemic are clearly ac-
knowledged [4,7-9], but quantification will take long time on account of the lag in the
dissemination of population-based surveillance data [4]. On the other hand, cancer has
been indicated as a prognostic factor for unfavorable outcomes of COVID-19 [10].

In that respect, a critical mass of scientists has committed to transcending the bound-
aries of faculties to untangle the COVID-19—cancer association and address emerging chal-
lenges in a multidisciplinary way. Central to this initiative is the association of COVID-19
with cancers related to obesity, which is defined as a body mass index (BMI) >30 kg/m? [11].
The rationale for this concept is that obesity—designated as an epidemic by the WHO
in 1998 [11]—is the main culprit of the global burden of cancer [12] and of unfavorable
outcomes of COVID-19 [13,14]. Additionally, obesity has been suggested as a critical player
in the pathophysiological background of the COVID-19—cancer association [15].

Thyroid cancer (TC)—especially differentiated thyroid cancer (DTC), which arises
from thyroid follicular epithelial cells, and accounting for the vast majority of TC [16]—is
the most common endocrine malignancy [17]. Despite its indolent nature [17], TC poses a
rising burden on public health, and is attributed mostly to obesity [18-22]. In fact, TC can
be considered as the epitome of obesity-related cancers.

Although thyroid is a well-known target of SARS-CoV-2 [23], the COVID-19-TC asso-
ciation remains terra incognita; however, the COVID-19-TC association is of paramount
clinical importance in the context of obesity, and beyond, for many reasons. First, the
mounting burden of obesity promotes both an explosion of TC incidence and unfavor-
able outcomes of COVID-19. Second, obesity may contribute to unfavorable outcome
COVID-19 in TC patients. Third, TC provides a prism for investigating the pathophysio-
logical background of the COVID-19—cancer association. Fourth, the oncological strategy
for management of TC has been reformed in the COVID-19 era. Finally, TC may worsen
COVID-19 outcomes.

Prompted by this, the present review dissects COVID-19-TC association in the con-
text of obesity, and beyond, with a focus on knowledge gaps, current challenges, and
future perspectives.

Most available data concerning the association of COVID-19 with TC in the context
of obesity and beyond provide no information about distinct histological TC types, or
exclusively concern DTC. Herein, this approach is represented by the term “COVID-19-
(D)TC association”.

2. TC Epitomizes the Obesity-Related Cancers

With 586,202 new cases globally in 2020, TC ranks as the 9th most common cancer
type. Although TC most often shows low mortality rates (0.5 per 100,000 in women and
0.3 per 100,000 in men) [17], it constitutes a growing healthcare challenge due to rising
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incidence, and is nominated as a “TC epidemic”. This extends beyond an “epidemic of
diagnosis” to reflect the increasing exposure of populations to risk factors, among which
obesity prevails [18-22].

TC is included among the 13 cancer types causally associated with obesity, according
to the landmark report by the International Agency for Research on Cancer (IARC) [24].
The causality between excess body weight and obesity-related cancers is sustained by accu-
mulating epidemiological and experimental evidence [11,25-27]. A convincing argument
favoring the contribution of obesity to cancer risk is the recognition of a decrease in the
risk of certain cancer types as a collateral beneficial effect of bariatric surgery [28].

It is acknowledged that obesity has a differential impact on distinct TC types [24].
DTC, which comprises more than 90% of all thyroid malignancies, including papillary
thyroid carcinoma (PTC) (the most common histotype) and follicular thyroid carcinoma
(FTC) (the 2nd most-common histotype), is the histological TC type that is most often
positively associated with obesity. Medullary thyroid cancer (MTC), accounting for less
than 5% of all TC types, is a neuroendocrine tumor with a distinct profile [29] and has
an inverse association with obesity [24]. Anaplastic TC is another obesity-related TC
type [24], but it is rare, accounting for 1.7% of TC in the United States, and for 1.3% to 9.8%
(median = 3.6%) of TC geographically [30].

A hallmark systematic analysis of data from the Global Burden of Disease (GBD)
2017 study of 195 countries and territories showed that 11.8% of worldwide TC-related
deaths in females was attributable to high a BMI; a percentage that was higher compared
to that in males. Interestingly, the highest proportion of TC-related deaths attributable to
high BMI occurred in developed countries and in middle-aged individuals [18].

Analysis of the influence of obesity on PTC incidence trends in the US during the
period of 1995-2015 showed that, compared to normal weights (18.5-24.9 kg/m?), over-
weight (25.0-29.0 kg/m?) and obesity (>30.0 kg/m?) increased the risk of PTC by 1.26-fold
(95% confidence interval (CI), 1.05- to 1.52-fold) and 1.30-fold (95% CI, 1.05- to 1.62-fold),
respectively, as well as the risk of large (>4 cm) PTC (hazard ratio (HR), 2.93; 95% (I,
1.25-6.87 for overweight; and HR, 5.42; 95% CI, 2.24-13.1 for obesity). Over 1995-2015,
an increase in population-attributable fractions (PAF) for overweight and obesity was
observed, from 11.4% to 16.2%, for all PTCs, and from 51.4% to 63.2% for large PTCs. Over-
weight and obesity were responsible for 13.6% and 57.8% of the annual percent changes in
all (5.9%/year) and large (4.5%/year) PTC incidences, respectively [22].

There is ample epidemiological evidence sustaining the tumor-promoting role of
obesity in TC [21,24,28,31,32]. The underlying mechanisms have not been fully eluci-
dated, but they implicate five different players: thyroid-stimulating hormone (TSH) [28],
estrogens [28,33], insulin resistance (IR) [28,31], inflammation [28], and adipokines [28,31].

Adipokines—a subset of cytokines produced by adipose tissue—are considered the
orchestrators of the interrelationship between obesity, IR, and inflammation. The main
alterations in the secretion of adipokines, which are closely related to the obesity—-TC
association, are a decrease of adiponectin (APN), an increase of leptin, and an increase
of resistin.

A critical link between obesity and TC is a decrease in APN levels, which undermines
the tumor-suppressive role of APN [31,34]. Downstream of decreased APN levels are
promoted signaling pathways that counteract the APN-mediated tumor-suppressive sig-
naling pathways, fostering tumor initiation and progression through (1) inhibition of the
adenosine monophosphate-activated protein kinase (AMPK), which in turn allows the acti-
vation of both mitogen-activated protein kinase (MAPK) and phosphoinositide-3 kinase
(PI3K)/protein kinase B (PKB) (Akt)/mammalian target of rapamycin (mTOR) pathways,
eventually favoring cancer cell proliferation; (2) downregulation of the expression of im-
portant factors involved in the arrest of the cell cycle and apoptosis, such as p21 and p53;
(3) inflammatory and immunomodulating tumor promoting effects; (4) pro-angiogenetic ef-
fects; (5) a decrease in the APN/leptin ratio, favoring the action of excess fat-driven increase
of leptin, which exerts a tumor-promoting role mediated by Akt/mTOR/PI3K, extracellular
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signal-regulated kinases (ERK)/MAPK, and Janus kinase (JAK)/signal transducer and
activator of transcription 3 (STAT3) cascades; and (6) the unopposed carcinogenic effect of
chronic hyperinsulinemia. The carcinogenic effect of chronic hyperinsulinemia is attributed
to (i) stimulation of MAPK and PI3K/Akt pathways; (ii) an increase in the bioavailability
and synthesis of insulin-like growth factor 1 (IGF-1); and (iii) overexpression of vascular
endothelial growth factor (VEGF), favoring pro-angiogenic pathways [28,31,34-36].

Increased levels of resistin produced by excess body fat can stimulate cancer cell
proliferation and survival, as well as pro-inflammatory and pro-angiogenic pathways,
which are critical for the promotion of TC [28].

Figure 1 illustrates the main signaling pathways presumed to mediate the tumor-
promoting role of obesity in TC.
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Figure 1. The main signaling pathways presumed to mediate the tumor-promoting role of obesity in TC. Excess adipose
tissue causes an increase in TSH and 17-f3-estradiol, decrease of adiponectin, insulin resistance, and increase of leptin
and resistin. These alterations modulate numerous signaling cascades, which crosstalk and result in tumor promotion.
Symbols: increase: 1; inhibiton: L; stimulation: \. Abbreviations: A, angiogenesis; Akt, protein kinase B; AMPK, adenosine
monophosphate-activated protein kinase; APN, adiponectin; E2, 17-f3-estradiol; ERK, extracellular signal-regulated kinases;
I, inflammation; IGF-1, insulin-like growth factor 1; IM, inflammatory-immune responses; IR, insulin resistance; JAK, MAPK;
mitogen-activated protein kinase; mTOR, mammalian target of rapamycin; P, proliferation; PI3K, phosphoinositide-3 kinase;
S, survival; STAT3, signal transducer and activator of transcription 3; TSH, thyroid-stimulating hormone; VEGF, vascular
endothelial growth factor.
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The association of obesity with TC is not a consistent finding. Analysis of a retro-
spective series of 4849 patients with thyroid nodules by Rotondi et al. did not confirm
an association between obesity and DTC [37]. Furthermore, analyses from two national
data sources—the military recruitment health examinations and the Israel National Cancer
Register—totaling 24,389,502 person-years of follow-up, by Farfel et al., revealed 60 inci-
dence cases of TC, but no association between BMI and TC incidence [38]. Additionally,
Fussey et al. analyzed data from 1812 participants with benign thyroid nodular disease and
425 with DTCs from the UK Biobank, and demonstrated that higher BMI was positively as-
sociated with benign thyroid nodular disease (odds ratio (OR), 1.15; 95% CI, 1.08-1.22) and
higher waist-hip ratio (OR, 1.16; 95% CI, 1.09-1.23), but not with TC. Mendelian random-
ization revealed no causal association between obesity and benign nodular thyroid disease
or TC, but an increased risk of TC in the highest quartile of the genetic liability of type 2
diabetes mellitus (DM 2) compared to the lowest quartile (OR, 1.45; CI, 1.11-1.90) [39]. No
interpretation of the discordant evidence on the contribution of obesity to TC exists thus
far. Table 1 summarizes controversial data on the association between obesity and (D)TC.

Table 1. Controversial data on the association between obesity and (D)TC.

Controversy over the Association of Obesity with (D)TC

Data Sustaining the Association of Obesity with (D)TC [Ref].

Data Sustaining no Association of Obesity with (D)TC [Ref].

>

TC is included among the 13 cancer types causally
associated with obesity, according to the landmark
report of the International Agency for Research on
Cancer (IARC) [25].

1.8% of TC-related deaths in females worldwide is
attributable to high BMI, a percentage higher compared
to males [18].

Compared to normal weight (18.5-24.9 kg/m?),
overweight (25.0-29.0 kg/m?) and obesity

(>30.0 kg/m?) increased:

e  PTC risk by 1.26-fold and 1.30-fold respectively
e  risk of large (>4 cm) PTC (HR, 2.93 and 5.42 for
overweight and obesity respectively) [22].

During 1995-2015:

. Increase of PAF for overweight and obesity: from
11.4% to 16.2% for all PTC and from 51.4% to 63.2%
for large PTC.

. Overweight or obesity were responsible for 13.6%
and 57.8% of the annual percent changes in all and
large PTC incidence, respectively [22].

The association of obesity with increased TC risk is
mediated by mechanisms implicating adipokines and
chronic inflammation [31].

Compared to normal-weight and overweight, obese
individuals show statistically significant increased TC risk:
25% and 55%, respectively [21].

Association of each 5-unit increase in BMI, 5 kg increase in
weight, 5 cm increase in W or H circumference and
0.1-unit increase in W/H ratio with 30%, 5%, 5%, and 14%
increased TC risk, respectively [21].

Significant positive association of obesity with PTC, FTC,
and anaplastic TC [21].

VYV

No association of obesity with DTC [37].

No association of BMI with TC [38].

Positive association of higher BMI with benign thyroid
nodular disease (OR, 1.15; 95% CI, 1.08-1.22), higher W/H
(OR, 1.16; 95% (I, 1.09-1.23), but not with TC [39].
Mendelian randomization: no causal association between
obesity and benign nodular thyroid disease or TC [39].
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Table 1. Cont.

Controversy over the Association of Obesity with (D)TC

Data Sustaining the Association of Obesity with (D)TC [Ref]. = Data Sustaining no Association of Obesity with (D)TC [Ref].

>

>

>

Association of both general and abdominal adiposity
with TC [21].

Association of obesity with a significantly increased TC
risk (adjusted RR, 1.33) [24].

Five key players of the link between excessive weight and
TC: thyroid hormones, insulin resistance, adipokines,
inflammation, and sexual hormones [28].

Abbreviations: BMI, body mass index; FTC, follicular thyroid carcinoma; H, hip; HR, hazard ratio; PAF, population attributable fractions,
PTC, papillary thyroid carcinoma; RR, relative risk; TC, thyroid cancer; Ref, reference, W, waist.

3. Obesity in Relation to the Severity of COVID-19 in Non-Cancer and in
Cancer Patients

In the general population, obesity is widely acknowledged as a bona fide risk factor
for increased severity of COVID-19, resulting in higher rates of intensive care unit (ICU)
admission, mechanical ventilation, and mortality compared to non-obesity [12,13]. This
effect can be partially explained by the recognition of chronic non-communicable diseases
(NCDs) related to obesity, e.g., DM 2 [40], hypercholesterolemia [41], hypertension, and
cardiovascular diseases [42], as risk factors for increased severity of COVID-19. However,
obesity has been proven an independent significant factor for unfavorable COVID-19
outcome after adjusting for coexistent NCDs. In fact, several mechanisms increasing the
severity of COVID-19 in obese patients have been suggested; a detailed presentation of
this is beyond the scope of the present review. First, excess fat can trigger many metabolic
disorders, i.e., aberrant fatty acid metabolism, cellular hypertrophy and death, endoplasmic
reticulum (ER) stress, hypoxia, and mitochondrial dysfunction, forging a pro-inflammatory
milieu that is both local and systemic, which, in turn, can attenuate the immune response.
Second, the immune response can be compromised by IR and leptin resistance attributed
to excess fat. Third, up-regulation of the expression of angiotensin-converting enzyme 2
(ACE-2) in adipose tissue may cause adipose tissue to be a deposit reservoir of SARS-
CoV-2 in the host, given that ACE-2 is co-opted by SARS-CoV-2 in order to enter host
cells. Fourth, obesity is correlated with a hypercoagulable state, marked by elevated
levels of prothrombin factors and reduced levels of anti-thrombin molecules, which can
aggravate COVID-19-related coagulopathy/thrombosis [43-47]. Finally, obese COVID-19
patients may have increased abdominal pressure, limited chest expansion and movement,
and insufficient respiratory compensatory function, parameters that can easily drive lung
infection to respiratory failure [48].

However, whether obesity is a determinant of increased severity of COVID-19 in
cancer patients remains uncertain. A single-center, prospective cohort study conducted in
France, enrolling 178 mixed ambulatory and hospitalized patients with cancer, showed that
obesity was not a risk factor for clinical worsening and overall survival (HR, 1.16; 95% CI,
0.36-3.69) in a univariable Cox proportional model [49].

A cohort study of 928 patients with COVID-19 and cancer revealed no association
between obesity and increased 30-day all-cause mortality (OR, 0.84; 95% CI, 0.50-1.41),
even after adjusting for age, sex, and smoking status (OR, 0.99; 95% CI, 0.58-1.71) [50].

A systematic review /meta-analysis of obesity and all-cause mortality in cancer pa-
tients with COVID-19 retrieved 3387 studies, and only three retrospective cohort studies
reported outcomes according to obesity status. These three studies were multi-national
and enrolled 419 obese and 1694 non-obese cancer patients with COVID-19 in both in-
patient/outpatient settings. Analysis of these three studies showed no correlation be-
tween obesity and all-cause mortality (OR, 0.95; 95% ClI, 0.74-1.23) in cancer patients with
COVID-19. Heterogeneity was low (I2 = 33%) and no significant funnel plot asymmetry
was identified using Egger’s test (p = 0.2273) [51].
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The absence of an association of obesity with COVID-19 severity and mortality in
cancer patients is difficult to interpret. This notion seems reminiscent of the so-called
“obesity paradox”, i.e., the association of obesity with a favorable cancer prognosis [46,52].
The “obesity paradox” is observed, not only in head and neck cancers, but also in pre-
menopausal breast cancer, non-small cell lung cancer (NSCLC), renal cell cancer (RCC),
and metastatic colorectal cancer (CRC) [52]. Avgerinos et al. suggested that the “obesity
paradox” in cancer patients is ascribed, at least partially, to methodologic issues, such
as: (i) selection, stratification, and detection biases; (ii) application of BMI as an index of
general adiposity; and (iii) confounding factors (age, smoking, physical activity, etc.) [52].
On the other hand, Park et al. assumed that the “obesity paradox” insinuates a greater
metabolic reserve favored by abundant adipose tissue, enhancing patient resilience [46].
In that respect, the absence of an association between obesity and COVID-19 severity and
mortality in cancer patients may reflect methodological issues or insinuate an enhanced re-
silience of obese cancer patients against COVID-19 compared to non-obese cancer patients.
More studies are needed to confirm or refute this hypothesis. Table 2 summarizes the
discordant data regarding the contribution of obesity to COVID-19 outcomes in non-cancer
and cancer patients.

Table 2. Discord in the contribution of obesity to COVID-19 outcome in non-cancer and cancer patients.

Discordance about the Contribution of Obesity to Unfavorable COVID-19 Outcome in Non-Cancer and Cancer Patients

Obesity is Related to Unfavorable COVID-19 Outcome in
Non-Cancer Patients

Obesity is Not Related to Unfavorable COVID-19 Outcome

in Cancer Patients

Significant association of obesity with increased risk of
mortality among patients with COVID-19 (RR,gjyst: 1.42
(95%CI, 1.24-1.63, p < 0.001) [13].

Inflammatory and immune mechanisms may increase
susceptibility of obese individuals to severe COVID-19
and poor COVID-19 clinical outcome [43].

Inflammation, RAS activation, elevated adipokines and
higher ectopic fat may contribute to COVID-19 severity in
obese individuals [44].

Obesity is associated with increased risk of severe
COVID-19. Limited data exist on metabolic parameters
(such as BMI and levels of glucose and insulin) in patients
with COVID-19 [45].

In general patient population with COVID-19, obesity is a
determinant of increased morbidity and mortality [46].
Metabolic impairments and chronic low-grade systemic
inflammation related to obesity create a pro-inflammatory
microenvironment, building on SARS-CoV-2 related
cytokine storm [47].

Patients with severe COVID-19 have a higher BMI than
patients with no severe COVID-19 (WMD, 2.67; 95% ClI,
1.52-3.82) [48].

COVID-19 patients with obesity have a worse outcome
than those without obesity (OR = 2.31; 95% CI,

1.34.12) [48].

Obesity is not a determinant of increased COVID-19
related morbidity and mortality in cancer patients [46].
Obesity is not a risk factor for COVID-19 related clinical
worsening and overall survival (HR, 1.16; 95% CI,
0.36-3.69) in cancer patients a univariable Cox
proportional model [49].

No association of obesity with increased 30-day mortality
in cancer patients with COVID-19 (OR, 0.84; 95% CI,
0.50-1.41), not even after adjusting for age, sex, and
smoking status (OR, 0.99; 95% ClI, 0.58-1.71) [50].

No correlation of obesity with mortality (OR, 0.95, 95% CI,
0.74-1.23) in cancer patients with COVID-19 [51].

Abbreviations: BMI, body mass index; CI, confidence interval; COVID-19, coronavirus disease 2019; HR, hazard ratio; OR, odds ratio; RAS,
renin-angiotensin-aldosterone system; Ref, reference; RRad]-ust, relative risk adjusted; WMD, weighted mean difference.

4. Pursuing the Pathophysiological Landscape of the COVID 19-TC Association

Thus far, the pathophysiological landscape of the COVID-19—cancer association re-
mains elusive. However, an insightful hypothesis was proposed by Derosa et al. Based on
accumulating datasets, Derosa et al. assumed that cancer and COVID-19 meet at the cross-
road of inflammaging—a state of aberrant tuning of systemic inflammation due to cytokine
dysregulation ascribed to remodeling of immune system—and immunosenescence—a state
of diminishing functioning of the immune system. Both states are promoted by obesity
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and risk factors for diminished immunity and stimulation of inflammation (e.g., aging), as
well as cancer and poor performance status [15].

In fact, immunosenescence and inflammaging can compromise innate and adaptive
immune responses, aggravating both overt inflammation and cancer dissemination, pre-
disposing to SARS-CoV-2 infection, increasing the risk of severe COVID-19, and favoring
cancer progression. Additionally, obesity can promote cancer initiation and progression
through contribution to the acquisition of all hallmarks of cancer [14], increased insulin
resistance resulting in hyperinsulinemia, and altered adipokines. Cancer per se, espe-
cially advanced and metastatic cancer, may subvert the fine balance between viral repli-
cation and appropriate innate immune responses (for example, type I and III interferon
(IFN)), as well as cognate immune responses (for example, memory T helper 1 (Th1) re-
sponse and antibody-secreting cell cross-reactivity with other beta coronaviruses), favoring
virus replication [15].

Furthermore, chemotherapy and radiotherapy can also cause deficits in immune
response, interrelated with and critical for long-term protective anticancer and antiviral
immune responses, e.g., type I and II IFN responses. Such deficits may favor, not only
cancer progression, but also vulnerability to viral infections [15]. Furthermore, major ad-
verse effects of conventional therapies (such as cytotoxic chemotherapy, hormone therapy,
and radiotherapy), targeted therapies (such as tyrosine kinase inhibitors (TKI) and mTOR
inhibitors) and immunotherapies (such as immune-checkpoint inhibitors and CAR T cells),
as well as poor patient performance status, can aggravate the outcome of COVID-19.

Alarmingly, comorbidities that act as trigger points for the COVID-19—cancer associa-
tion (e.g., obesity, aging) may also undermine the efficacy of immune-based anticancer and
antiviral therapies [15].

Another presumptive link between COVID-19 and cancer is oxidative stress—a
key player in both COVID-19 [53,54] and cancer [55,56]. Oxidative stress is defined
as a relative excess of chemically reactive oxygen species (ROS) compared to antioxi-
dants [55]. Superoxide, the precursor of most ROS, is formed by the univalent reduc-
tion of triplet-state molecular oxygen (0y), enzymatically (e.g., by NAD(P)H oxidases)
or non-enzymatically. ROS stem from endogenous sources (e.g., mitochondria, peroxi-
somes, lipoxygenases, NADPH oxidases, cytochrome P450), antioxidant defense systems
(e.g., enzymatic, and non-enzymatic systems), or exogenous sources (ultraviolet light, ion-
izing radiation, chemotherapy, and environmental toxins) [57,58]. Although low/moderate
levels of ROS are critical for various physiological functions, increased ROS levels un-
dermine genome stability and cellular integrity, contributing to aging and cancer [58-60],
including TC [61]. SARS-CoV-2 may promote oxidative stress via downregulation of
ACE2, the hallmark protein co-opted by SARS-CoV-2 for its internalization. ACE2 is a
key regulator of the renin-angiotensin-aldosterone system (RAS), promoting the conver-
sion of angiotensin II into angiotensin-1,7. The latter is credited with counteracting the
negative effects of RAS, exerting anti-hypertensive, anti-inflammatory, anti-fibrotic, and
anti-oxidative effects, which are protective for the heart, blood vessels, kidney, and central
nervous system. It has been shown that SARS-CoV-2 not only binds to ACE2 via its spike
protein (S) to enter host cells, but it can also downregulate ACE2 expression in cells, thereby
disrupting the protective effects of angiotensin 1-7 [62]. Accumulating data suggest a key
role for oxidative stress in the pathogenesis and severity of COVID-19 [53].

Figure 2 illustrates the interplay between obesity, cancer, immunity, and oxidative stress
presumed to underlie the pathophysiological landscape of COVID 19—cancer association.

136



Cancers 2021, 13, 5785

| Antiviral
Tx efficacy

F
Contribution to Inflammaging 1T COVID-19
cancer hallmarks infection risk
Aging Immuno-

IR/hyperinsulinemia senescence and/or
Altered adipokines 1 Oxidative stress 1 COVID-19

severity

F

Chemo-/Radio-
therapy

Targeted therapy
Immunotherapy
Poor PFS

Figure 2. The interplay between obesity, cancer, immunity, and oxidative stress presumed to underlie the pathophysiological
landscape of the COVID 19-cancer association. Obesity via contribution to all cancer hallmarks, and stimulation of insulin
resistance leading to hyperinsulinemia, and of altered adipokines can promote cancer initiation and progression (A). The
obesity-elicited states of inflammaging, immunosenescence, and increased oxidative stress (A) can promote and be promoted
by cancer (B). Cancer due to attendant treatments (i.e., chemo-/radio-therapy, targeted therapy, and immunotherapy)
and possible poor performance status (C) can increase susceptibility to and severity of COVID-19 (D). COVID-19 risk
and/or severity can aggravate and be aggravated by the states of inflammaging, immunosenescence, and increased
oxidative stress (E), the latter being elicited by obesity (A) and/or cancer (B). Aging can be a risk factor for obesity, cancer,
inflammaging, immunosenescence, and increased oxidative stress (F), leading eventually to increased risk and/or severity
of COVID-19 via mechanisms A, B, C, D, and E. Additionally, both aging (F) and obesity (A) may decrease the efficacy
of immune-based antiviral treatments, increasing the severity of COVID-19 (G). Abbreviations: COVID-19, coronavirus
disease 19; PFS, performance status; Tx, treatment.

The COVID-19—(D)TC association provides a prism for understanding COVID-19-
cancer association in many aspects. First, the key host proteins co-opted by SARS-CoV-2
to invade host cells, i.e., ACE2 and transmembrane protease serine 2 (TMPRSS2), are
amply expressed in the thyroid [63]. Second, internalization of SARS-CoV-2 in the host’s
target cells is mediated by integrin av33 [64], which mediates the non-genomic actions
of thyroid hormones, especially of those of thyroxine (T4). Accordingly, T4 binding to
integrin ov33 may influence the internalization of SARS-CoV-2. Third, the hypothalamus-
pituitary—thyroid axis is a well-documented target of SARS-CoV-2 [65], and of the related
cytokine storm, resulting in a wide spectrum alterations to thyroid function [66]. Fourth,
the long-pursued, yet not clarified, inflammatory and immunological background of DTC,
discussed by two of the authors of this review (M.V.D, D.T.T) elsewhere [67], can interact
with the immune-inflammatory reactions triggered by SARS-CoV-2 [68]. Fifth, there are
convincing data sustaining the critical role of oxidative stress—a key player of COVID-
19—in DTC, namely: (i) the exposure of follicular thyroid cells to a great amount of H,O,
(a landmark member of non-radical ROS), which is essential for synthesis of thyroid

137



Cancers 2021, 13, 5785

hormones; (ii) the detection of oxidative stress and DNA damage across the continuum
of thyroid carcinogenesis from thyroid adenomas to advanced stages of thyroid cancer;
and (iii) the upregulation of two main ROS-generating systems, the NADPH oxidases
DUOX1 and NOX4, by ionizing radiation and mutated oncogenes RAS and BRAF—the
most well-described carcinogenic factors for DTC [62]. Most importantly, obesity is a
common risk factor shared by TC and COVID-19.

Albeit speculative, the conceptualization of the pathophysiological landscape of the
COVID 19-TC association discussed herein suggests many actionable pathways, which
merit further evaluation.

5. The Impact of COVID-19 on the Oncological Strategy for DTC

In the face of the reorganization of health systems compelled by the COVID-19 pan-
demic, the oncological strategy for the management of DTC raises many challenges.

5.1. Challenge I: Appropriate Patient Selection for Thyroid Fine-Needle Aspiration (FNA)

Thyroid fine-needle aspiration (FNA) is the cornerstone of the diagnostic procedure
of DTC [16]. Appropriate patient selection for FNA of thyroid nodules is based on clinical
and ultrasound (US) findings, and constitutes the first step in decision-making concerning
the diagnosis and the management of DTC. This step entails constructive crosstalk between
endocrinologists and cytopathologists [16]. In general, proper requests of thyroid FNA
by endocrinologists, justified by clinical and US features of thyroid nodules suspicious of
malignancy, increase the diagnostic efficiency of FNA. On the contrary, improper requests
of thyroid FNA undermine the diagnostic efficiency of FNA. In the COVID-19 era, the
recommended, due to the pandemic, delay of all non-urgent diagnostic procedures, includ-
ing thyroid FNA, renders the interaction of endocrinologists and cytopathologists more
important than ever.

Indeed, analysis of the thyroid FNA trends at Federico II University of Naples before
(1 January 2019 to 13 March 2020), during (14 March to 15 May), and after (16 May to 7 July)
the first lockdown in Italy revealed a decrease in the average weekly number (AWN) of
FNA, from 62.1 to 23.1. In fact, the weekly proportion of benign diagnoses decreased on
average by 12%, while the weekly proportion of high-risk diagnoses increased by 6%. This
study sustains that the lockdown urged referring endocrinologists to prioritize thyroid FNA
for nodules with US and/or clinical features indicative of high-risk of malignancy [69].

Consistent with this finding, an international survey of cytopathologic laboratories in
23 countries assessing the global impact of the COVID-19 pandemic on cytopathology prac-
tice revealed that, overall, the sample volumes collected during four weeks of COVID-19
lockdown were lower compared to those obtained during the corresponding period in 2019
(104,319 samples versus 190,225 samples, respectively), with an average volume decrease
of 45.3% (range, 0.1-98.0%). The percentages of samples were either increased or decreased
depending on the biopsied organ. The percentage of thyroid samples was significantly
decreased, from 5.02% to 3.26% (p < 0.001). However, the overall decrease in thyroid
FNA cytology volume was less profound for samples that usually reveal a higher rate of
malignancy, thanks to appropriate patient selection for thyroid FNA [70].

Analyses of databases from China, South Korea, Iran, and Italy during COVID-19
pandemic phase I (25 January—25 February 2020), phase II (26 February—19 March), and
phase III (20 March-20 April), compared to corresponding periods of 2019, revealed a reduc-
tion in outpatient FNA by 99.7% in phase I, 62.9% in phase II, and 30.1% in phase III [71].

5.2. Challenge II: Schedule of DTC Surgery in an Overburdened Health System

In view of the urgent need to mitigate the risk of transmission of SARS-CoV-2 and op-
timize the allocation of limited hospital beds and financial resources, healthcare providers
are forced to prioritize the treatment of COVID-19 patients and emergency cases, while
postponing elective surgical procedures of all types.
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Assessment of global real-world data demonstrated the cancellation of more than
28 million surgeries in the face of the COVID-19 pandemic in March 2020. Data collected
through interviews with surgical experts from 190 countries demonstrated that approxi-
mately 72% of non-essential surgeries were cancelled, i.e., a total of 28,404,603 surgeries
globally. Among the cancelled surgeries, most cases concerned benign pathology (90%),
while only 8.2% concerned tumor [72].

DTC surgeries are among the most common elective operations in clinical practice.
Nevertheless, given the uncertain end of COVID-19 pandemic, the long-term delay of
essential thyroid surgical care can be more detrimental than COVID-19 per se. Confronted
with this challenge, several distinct panels of experts recommend alternative treatment
algorithms as tangible options for the management of thyroid tumors with a focus on
DTC for patients who cannot be operated on under the current circumstances. All expert
opinions highlight that COVID-19 guidelines for the management of DTC are not applicable
under circumstances where surgical treatment is feasible.

COVID-19 pandemic guidelines suggested by a panel of 67 experts (45 endocrine surgeons
and 22 endocrinologists) from a wide array of countries recommend a modified risk-
stratified approach to thyroid surgery. Postponement of surgery for 3-6 months and
alternative treatment options are recommended for patients who are candidate for surgery
due to a twice-confirmed result of FNA indicative of atypia/follicular lesion of undeter-
mined significance (AUS/FLUS) (Bethesda 3), or Hiirthle cell neoplasia/follicular neoplasia
(Bethesda 4), or papillary microcarcinoma without pathological lymph nodes in the neck,
or carcinoma without pathological lymph nodes in the neck. Such alternative treatment
options are minimally invasive ablation techniques, including laser, microwave, or radiofre-
quency ablation, and active surveillance until the end of the pandemic [73].

COVID-19 pandemic guidelines suggested by a panel of experts-members of the
French-speaking Association of Endocrine Surgery (AFCE) recommend that, in the absence
of signs of locoregional aggressiveness of DTC, delay of thyroid surgery should be tailored
according to tumor size and lymph node status. Especially, surgery of tumors >2 cm with
or without lymph node metastases can be postponed until the end of crisis, but then, it
should be prioritized with a delay shorter than 3 months. Surgery of tumors <2 cm can be
performed after the end of COVID-19 pandemic [74].

COVID-19 pandemic guidelines from the Turkish Association of Endocrine Surgery
recommend that indeterminate nodules (classified according to cytopathologic findings
of FNA as Bethesda 3 and 4 categories) can be subjected to active surveillance, while the
positivity of molecular markers (e.g., BRAF, TERT) does not impose immediate surgical
intervention. In case of malignant nodules (classified according to cytopathologic findings
of FNA as Bethesda 4 and 5 cytopathologic categories), management is guided by risk
stratification. DTC with low and intermediate risk of recurrence according to American
Thyroid Association (ATA) classification, and intrathyroidal papillary microcarcinomas
(PTMC) can remain under active surveillance if US examination is conducted periodically.
In the case of DTC with a high risk of recurrence according to ATA classification, i.e., large
compressive or locoregionally aggressive DTC, thyroid surgery should be performed
immediately. Cross-sectional imaging (computed tomography (CT), magnetic resonance
imaging (MRI)) may help to determine the extension of thyroid surgery [75].

A position statement from the thyroid department of the Brazilian Society of En-
docrinology and Metabolism (SBEM) highlighted that most TC cases are at low risk of
recurrence, associated with an excellent prognosis, and thus “surgical procedures could
and should be postponed safely during the pandemic period”. Additionally, this position
statement endorsed the possibility to safely postpone radioiodine (RAI) therapy in case
or a pertinent indication [76]. All COVID-19 guidelines for the management of thyroid
tumors with focus on DTC are depicted in Table 3.
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Table 3. COVID-19 pandemic guidelines for management of thyroid tumors with focus on DTC by diverse expert committees.

Committee of 67 experts (45 endocrine surgeons and 22 endocrinologists) from multiple countries ? [73].

FNA result Recommendation
> Any of the following: > Alternative options:
e  Atypia or follicular lesion of undetermined e  Postponement of surgery for 3-6 months and
significance (Bethesda 3) repeated twice. follow-up with active surveillance until the end of
e  Hiirthle cell neoplasia or follicular neoplasia the pandemic.
(Bethesda 4). OR

Papillary thyroid mi i <1 cm).
° apillary thyroid microcarcinoma (<1 cm) e  Treatment with minimally invasive ablation

techniques including laser, microwave, or
radiofrequency ablation.

>  Papillary thyroid carcinoma without LNM in the neck. > Alternative options:
e  Postponement of surgery for 3-6 months
OR

° Treatment with minimally invasive ablation
techniques including laser, microwave, or
radiofrequency ablation.

> Papillary carcinoma with LNM at central or lateral neck. > Postponement of surgery for 3-6 months.

Committee of French-speaking Association of Endocrine Surgery (AFCE) [74].

FNA result Recommendation
> DTC > 2 cm with or without LNM without signs of > Postponement of surgery until the end of crisis, but,
locoregional aggressiveness. thereafter, surgery should be prioritized with a delay
<3 months.
> DTC < 2 cm with or without LNM without signs of > Surgery can be performed long after the end of pandemic.

locoregional aggressiveness.

Committee of Turkish Association of Endocrine Surgery [75].

FNA result Recommendation

> Indeterminate nodules (Bethesda 3 and 4). > Follow-up.

AND

> BRAF or TERT positivity does not impose
immediate surgery.

> Any of the following: > Immediate surgery

e  DTC with ATA high risk of recurrence (i.e., large
tumors, or tumors with gross extrathyroid extension,
or tumors with <3 LNM or any LNM <3 c¢m, or
tumors with distant metastasis)

e  Rapid growth of tumor

>  DTC with ATA low and intermediate risk of recurrence > Postponement of surgery for 3-6 months.
(i.e., DTC without compressive symptoms and signs, AND

apparent LNM, or voice changes).
PP & > In case of extended observation period, US repeated three

months after initial diagnosis may allow further delay of
surgery.
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Table 3. Cont.

Committee of Turkish Association of Endocrine Surgery [75].

FNA result Recommendation

> Observation until end of pandemic. Certain patients can
remain under active surveillance with repeated US even
after end of pandemic.

> Intrathyroidal papillary microcarcinoma

Committee of Brazilian Society of Endocrinology and Metabolism (SBEM) [76].

FNA result Recommendation
> TC with low risk of recurrence. > “Surgical procedures could and should be postponed
safely during the pandemic period.”
AND

> Safe postponement of RAIL

2 Austria, Belgium, Bulgaria, Greece, Italy, the Netherlands, Poland, Russia, South Korea, Spain, Sweden, Switzerland, Turkey, Ukraine, the
United Kingdom and USA. Abbreviations: ATA, American thyroid association; DTC, differentiated thyroid carcinoma; FNA, fine needle
aspiration; LNM, lymph node metastases; RAI, radioiodine; TC, thyroid cancer; US, ultrasound.

Real-world data on the DTC surgery during the COVID-19 pandemic are limited.
Analysis of databases from China, South Korea, Iran, and Italy concerning thyroid surgery
during COVID-19 pandemic phase I (25 January-25 February 2020), phase II (26 February-
19 March), and phase III (20 March—20 April) compared to corresponding periods of 2019
revealed that no thyroid surgeries were performed during phase I. A reduction in surgery
of advanced DTC was observed in phase II—concerning DTC of stage TIbNla—and in
phase III—concerning DTC of stage T3bN1b [71]. DTC of stage T1b N1a is between 1 cm
and 2 cm completely inside the thyroid (T1b) and has spread to pretracheal, paratracheal,
and prelaryngeal lymph nodes (level VI), or to the superior mediastinal nodes (level VII)
(N1a). DTC of stage T3bN1b is of any size with extrathyroid extension to one or more of the
muscles beside the thyroid (strap muscles) (T3b), and to lateral lymph nodes (levels I, II, I1I,
IV, V) or to retropharyngeal lymph nodes (N1b) [16]. Mean surgical time was reduced to
58.3 & 11.26 min (p = 0.000) in phase II versus 2019 and to 55.3 & 13.32 min in phase III ver-
sus 2019 (p = 0.000). Postoperative hospitalization was reduced to 2.8 £ 0.9 days (p = 0.000)
in phase II versus 2019, and to 3.3 £ 1.0 days (p = 0.008) in phase III versus 2019 [71].

5.3. Challenge III: Assessment of Delays and Disruptions in DTC Care Due to COVID-19

To assess delays and disruptions in DTC care due to COVID-19, standardizing the
measurement and reporting thereof is required.

A systematic review of 62 studies, wherein head and neck cancer patients represented
11% of enrolled patients, identified interruptions in patient care in terms of facilities
(up to 77.5%), supply chain, including everything from drugs to technical support of
imaging equipment (up to 79%), and availability (up to 60%). The most common delays or
disruptions were reductions in routine activity of cancer services and number of cancer
surgeries, delay in radiotherapy, and delay, reschedule, or cancellation of outpatient visits.
The result was delay in treatment, diagnosis, or general health service [77].

To date, to the best of our knowledge, large studies addressing this issue in the
context of DTC are still lacking. A small relevant retrospective study evaluated the impact
of lockdown and restrictive policies in Jordan between 17 March and 20 May 2020, on
PTC treatment plans for 12 PTC patients with an average tumor size of 44 mm (range:
occult-80 mm). Patients were subjected to thyroid surgery for initial management of
PTC (11 patients), or recurrence of PTC (1 patient), without any delay of planned surgery.
However, the lockdown across international borders decreased the availability of RAIL
Consequently, in cases where RAI was indicated, replacing the usual method for the
delivery of RAI after levothyroxine (L-T4) withdrawal with the recombinant human (rh)
TSH (th-TSH)-stimulated method in most patients was required. However, given limited
financial resources, patients who were unable to afford the additional cost for the rh-TSH-
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stimulated method experienced increased stress and were classified to mild-to-moderate
anxiety group according to the Hamilton Anxiety rating scale (HAM-A scale) [78]. With
the increasing number of studies addressing delays in cancer care due to COVID-19, it
would be of interest to separately analyze the relevant data regarding DTC to facilitate the
design of policies to mitigate this phenomenon.

5.4. Challenge IV: The Safety of DTC Surgery in the COVID-19 Era

The COVID-19 pandemic has created novel barriers to safe head and neck surgery
due to intense SARS-CoV-2 replication in the upper aerodigestive tract and aerosol gen-
erating head and neck surgical procedures. Thus, a systematic review on head and neck
practice during the COVID-19 pandemic inferred that the cancer should be treated in
compliance with specific protection measures for medical staff and specific guidelines for
patient management [79].

Fortunately, a systematic review on thyroid surgery during COVID-19 pandemic
revealed a relatively low risk of SARS-CoV-2 transmission during thyroid surgery. This re-
view analyzed data from nine studies performed across several countries between January
and August 2020, in countries with SARS-CoV-2 prevalence in the community varying
from low to high. A total of 2217 patients who underwent thyroid surgery were enrolled.
Malignancy was the indication for surgery in 60.8% of patients, 83.4% of whom were
subjected to total thyroidectomy, accompanied by lymph node dissection in 38.3% of cases.
Cross-infections were reported in 14 out of 721 patients (1.9%), while severe pulmonary
complications of COVID-19 occurred in 0.4% of infected patients. Based on four studies, the
incidence of complications related to thyroid surgery was 20.2%, with hypoparathyroidism
and recurrent laryngeal nerve injury being the most common [80].

The prospective database of the Division of Thyroid Surgery in China-Japan Union Hos-
pital of Jilin University of Changchun searched for patients who underwent thyroid surgery
during phases I, II, and III of COVID-19 pandemic in China, South Korea, Iran, and Italy
revealed no cases of COVID-19-related adverse events during the perioperative period [71].

An international, observational cohort study of 1137 consecutive head and neck cancer
patients who underwent primary surgery in 26 countries indicated the thyroid as the second
most common site of surgery (21%) after the oral cavity (38%). The overall 30-day mortality
was 1.2%, similar to pre-COVID data; however, percentage of positivity of SARS-CoV-2
tests within 30 days of surgery was the same in patients and in the surgical team (3%, each),
pointing to ineffective cross-infection measures or personal protective equipment. Among
patients infected by SARS-CoV-2, 44.8% experienced severe respiratory complications, and
10.3% died. Medical and surgical complications were within ranges normally seen for
the whole cohort. Advanced tumor stage was significantly associated with admission to
critical care. Taken together, the authors highlighted that head and neck cancer surgery in
the COVID-19 era is safe, but this fact does not undermine the need for compliance with
safety measures [81].

The challenges in the oncological strategy for DTC due to the COVID-19 pandemic
and relevant studies are depicted in Table 4.

Figure 3 illustrates the challenges in the oncological strategy for DTC due to the
COVID-19 pandemic and the corresponding counteracting initiatives.
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Table 4. The challenges in the oncological strategy for DTC due to COVID-19 pandemic.

Challenges in in the Oncological Strategy for DTC Due to COVID-19

Challenge I: Appropriate patient selection for FNA

Stu[cllge ;[]y pe Results
Analysis of thyroid FNA > Decrease of AWN of weekly FNA from 62.1 to 23.
trends at Federico II > Weekly proportion of benign diagnoses: decreased by 12%
University of Naples before, >  Weekly proportion of high-risk diagnoses: increased by 6%.
during and after first
lockdown in Italy 2.
[69]
International survey of > Decrease of percentage of thyroid samples collected during 4 weeks of COVID-19 lockdown
cytopathologic laboratories versus the corresponding period of 2019: 3.26% versus 5.02% (p < 0.001).
in 23 countries. > Less profound overall decrease in thyroid FNA cytology volume for samples with higher rate
[70] of malignancy.
Analysis of databases of > Decreased overall collected sample volume during 4 weeks of COVID-19 lockdown versus
China, South Korea, Iran, the corresponding period of 2019: 104,319 samples versus 190,225 samples.
and Italy concerning thyroid >  Reduction in outpatient FNA by:
surgery during 3 COVID-19 > 99.7% (phase I)
pandemic phases . > 62.9% (phase II)
[71] > 30.1% (phase III)
Challenge II: Reschedule of DTC surgery
Stu[dR}; ;r]yp © Results
Analysis of databases of > Reduction of thyroid surgeries versus 2019:
China, South Korea, Iran, > Phase I: No thyroid surgery.
and Italy concerning thyroid >  Phase II: reduction in surgery of advanced DTC (mainly of stage T1b N1a ).
surgery during 3 COVID-19 > Phase III: reduction in surgery of advanced DTC (mainly of T3bN1b ¢).
pandemic phases . > Reduction of mean surgical time versus 2019:
[71] > 10 58.3 & 11.26 min in phase II (p = 0.000).
> to055.3 £ 13.32 min in phase III (p = 0.000).
> Reduction of postoperative hospitalization versus 2019:
> to2.8 £ 0.9 days in phase II (p = 0.000).
> to 3.3 £ 1.0 days in phase III (p = 0.008).
Challenge III: Assessment of delays and disruptions in DTC care
Stu[cll{}; ;]y pe Results
Systematic review of > Head and neck cancer patients: 11% of total patients.
62 studies. > Interruptions in patient care occurred in facilities (up to 77.5%), supply chain (up to 79%), and
[77] availability (up to 60%).
> Reduction in routine activity of cancer services, and number of cancer surgeries.
> Delay in radiotherapy.
> Delay, reschedule, or cancellation of outpatient visits.
Study on PTC treatment > No delay of planned PTC surgery.
plans of 12 PTC patients. > Decreased availability of RAI due to lockdown across international borders.
[78] > Replacement of the usual method for the delivery of RAI after L-T4 withdrawal with the
rh-TSH-stimulated method in most patients.
> Distress for patients who could not afford the rh-TSH-stimulated method.
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Table 4. Cont.

Challenges in in the Oncological Strategy for DTC Due to COVID-19

Challenge IV: The safety of DTC surgery in the COVID-19 era.

Stu&}; H’p © Results

Systematic review on > Cross-infections in 14 patients (1.9%).

thyroid surgery. > Severe pulmonary complications of COVID-19 in 0.4% of infected patients.

[80] > Complications related to surgery (data from 4 studies): 20.2% of patients (mainly
hypoparathyroidism and recurrent laryngeal nerve injury).

Analysis of databases of > No cases of COVID-19 related complications during the perioperative period in phases I, II,

China, South Korea, Iran, and III of lockdown in China, South Korea, Iran, and Italy.

and Italy concerning thyroid

surgery during 3 COVID-19

pandemic phases.

[71]

International, observational >  Thyroid: 2nd most common site of surgery (21%).

cohort study of > Overall 30-day mortality after TC surgery: 1.2% (similar to pre-COVID data).

1137 consecutive head and > Incidence of positivity of SARS-CoV-2 tests within 30 days of surgery in patients: 3%.

neck cancer patients > Incidence of positivity of SARS-CoV-2 tests within 30 days of surgery in the surgical team: 3%.

subjected to primary surgery >  Severe respiratory complications in 44.8% of infected patients.

in 26 countries. > Medical and surgical complications within normal ranges.

[81] > Significant association of advanced tumor stage with admission to critical care.

2 before: 1 January 2019 to 13 March 2020; during: 14 March to 15 May; after: 16 May to 7 July first lockdown in Italy. ® phase I (25 January-25
February 2020); phase II (26 February—19 March); phase III (20 March—20 April). € T1b Nla: the tumor is between 1 cm and 2 cm completely
inside the thyroid (T1b) and has spread to lymph nodes close to the thyroid in the neck pretracheal, paratracheal, and prelaryngeal lymph
nodes) (level VI), or in the upper chest (the superior mediastinal nodes) (level VII) (N1a). d T3bN1b: the tumor is any size and has grown
into one or more of the muscles beside the thyroid (strap muscles) (T3b), and to lateral lymph nodes (levels I, II, III, IV, and V) or to lymph
nodes behind the throat (retropharyngeal) (N1b). Abbreviations: AWN, average weekly number; COVID-19, coronavirus disease 2019;
DTC, differentiated thyroid cancer; FNA, fine needle aspiration; PTC, papillary thyroid carcinoma; RAI, radioiodine; Ref, references;
rh-TSH, recombinant human thyroid-stimulating hormone.
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Figure 3. Challenges in the oncological strategy for DTC due to COVID-19 pandemic and the corresponding counter-
acting initiatives. Abbreviations: COVID-19, coronavirus disease 19; DTC, differentiated thyroid carcinoma; FNA, fine

needle aspiration.
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6. Discordant Data on the Impact of TC on COVID-19 Severity between Cancer
Patients in General and (D)TC Patients

The first estimation of the probability of COVID-19 related death in a large sample
of cancer patients with COVID-19 came from China and showed that the COVID-19-
related mortality rate in cancer patients was 28.6%, more than ten times higher than that
reported in all COVID-19 patients in China [82]. Thus far, it has been constantly reported
that cancer patients are more vulnerable to COVID-19 and to unfavorable outcomes of
COVID-19 compared to patients without cancer [50,83-85]. Metastatic lung cancer and
hematological cancer confer the greatest risk of severe complications of COVID-19 and
related mortality [86]. The interrelationship between SARS-CoV-2 and cancer has been
reviewed by van Dam et al. [87] and is beyond the scope of the present review. Herein, we
discuss some representative data.

The largest study to date addressing the impact of cancer on COVID-19 risk and
outcome is a retrospective case-control analysis of patient electronic health records enrolling
73.4 million patients from 360 hospitals and 317,000 clinicians across the 50 US states.
Evaluation of the odds ratio of COVID-19 infections for 13 common cancer types revealed
that cancer patients before and after adjusting for COVID-19 risk factors had significantly
increased risk for COVID-19 infection compared to patients without cancer after adjusting
for COVID-19 risk factors.

The death rate of 670 adult patients with COVID-19 and cancer (14.93%) was higher
compared to that of 14,840 adult patients with COVID-19 without cancer (5.26%) and
compared to that of 270,380 adult and senior patients with cancer but no COVID-19 (4.03%).
Hospitalization rate of patients with a recent cancer diagnosis and COVID-19 (47.76%)
was higher compared to that of patients with COVID-19 but no recent cancer diagnosis
(4.26%) (p < 0.001) and higher compared to that of patients with recent cancer diagnosis
but no COVID-19 (12.39%) (p < 0.001). Overall, COVID-19 and cancer had a synergistic
effect on death rate and on hospitalization rate. In this analysis, patients with TC were
at significantly increased risk for COVID-19 infection (adjusted odds ratio (aOR), 3.94;
95% CI, 2.88-5.40). The odds ratio of COVID-19 infection for patients with TC decreased
after adjusting for COVID-19 risk factors, indicating that these factors contributed to the
risk for COVID-19 infections (aOR, 3.10; 95% ClI, 2.47-3.87; p < 0.001). No analysis of
outcomes according to specific cancer was conducted in this study [85].

Cancer patients are considered at increased risk for getting infections due to com-
promised immune system. Other factors, such as socio-economic status and behavioral
and lifestyle factors, may also increase the risk of COVID-19 infection in cancer patients.
However, due to limited relevant information in most databases, evaluation of the im-
pact of these factors on the risk of COVID-19 infection among patients with cancer is not
often feasible [85].

The outcome of COVID-19 in patients with TC was evaluated in a nationwide retro-
spective study leveraging the Turkish Ministry of Health database. The authors compared
a cohort of 388 COVID-19 patients with TC to 388 gender-matched COVID-19 patients
without TC from 11 March to 30 May 2020 in terms of mortality and morbidity. This study
showed that the mortality ratio was similar in the TC and the non-TC group. In the TC
group, factors correlated with mortality in univariate analysis were age (p < 0.001), DM 2
(p = 0.016), asthma/chronic obstructive pulmonary disease (COPD) (p = 0.041), heart failure
(p = 0.021), chronic kidney disease (p < 0.001), prior coronary artery disease (p = 0.039),
RAS blocker (p = 0.036), and lymphopenia (p < 0.001). No impact of RAI treatment and
cumulative RAI dose on the severity and mortality of COVID-19 was observed; however,
TC diagnosis was an independent risk factor of hospitalization (OR, 0.38; 95% ClI, 0.27-0.54;
p < 0.001). Additional independent risk factors of hospitalization were age (OR, 1.03;
95% CI, 1.01-1.05; p = 0.001), and positivity of CT findings of COVID-19 (OR, 3.14; 95% CI,
2.08-4.76; p < 0.001) [88].

Kathuria-Prakash et al. analyzed the COVID-19 outcomes in relation to demo-
graphic, DTC, and treatment data in a retrospective cohort study of patients with DTC and
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COVID-19 from 2 academic Los Angeles healthcare systems. Among 21 patients with DTC
and COVID-19, the incidence of hospitalization was 38.1%, and the incidence of COVID-19
related death was 9.5%, the latter being comparable to that of patients with non-thyroid
malignancy (7.6%; p = non-significant). No parameter related to DTC (i.e., primary tumor
size, risk of recurrence according to ATA classification, DTC status, and response to therapy
near the time of COVID-19 diagnosis) was significantly associated with the severity of
COVID-19 in DTC patients. Notably, administration of a cumulative RAI dose of >100 mCi
led to higher rate of hospitalization for COVID-19 compared to no administration of RAI or
administration of lower RAI doses, but this association did not reach statistical significance.
Evaluation of non-DTC clinical parameters recognized as risk factors for unfavorable
COVID-19 outcomes, including older age, male sex, and medical comorbidities, showed
that older age and one comorbidity other than DTC were significantly associated with
COVID-19 hospitalization (p = 0.047 and p = 0.024, respectively). Among patients with
DTC, hospitalization related to COVID-19 was more common in patients with DM 2, lung
disease, or cardiovascular disease [89].

Overall, current data on the impact of (D)TC on COVID-19 severity are limited and
show no impact of (D)TC on COVID-19-related mortality, contrary to the designation
of cancer as prognostic factor for unfavorable outcome of COVID-19 [10]. However,
current data in terms of the impact of DTC on COVID-19 hospitalization are conflicting. No
explanation for these discordant and inconclusive data exists so far. Table 5 lists the varying,
occasionally discordant data on the impact of cancer on COVID-19 severity between cancer
patients in general and (D)TC patients.

Table 5. Varying, occasionally discordant, data on the impact of cancer on COVID-19 severity between cancer patients in

general and (D)TC patients.

Impact of Cancer in General on COVID-19 Severity

Impact of (D)TC on COVID-19 Severity

> Cancer —especially the active one—was indicated as
independent factor associated with increased 30-day > Similar COVID-19 related mortality in the TC and the

mortality in COVID-19 patients in logistic regression

non-TC group [88].

analysis, after partial adjustment [50].

COVID-19 related mortality rate in cancer patients was
28.6%, more than ten times higher than that reported in all
COVID-19 patients [82].

Patients with solid or hematological malignancies and
SARS-CoV-2 infection have a high probability of mortality
[83].

COVID-19 patients with cancer had higher risks in terms
of all severe outcomes [84].

Patients with COVID-19 and cancer versus patients with
COVID-19 without cancer versus patients with cancer but
no COVID-19 (4.03%):

e Mortality: 14.93% versus 5.26% versus 4.03%

e  Hospitalization: 47.76% versus 4.26% versus 12.39%
[85].

Metastatic lung cancer and hematological cancer confer

the greatest risk of severe complications of COVID-19 and

related mortality [87].

TC is an independent risk factor of COVID-19 related
hospitalization (OR, 0.38; 95% CI, 0.27-0.54; p <0.001) [88].
In DTC patients, the incidence of COVID-19 related
hospitalization was 38.1%, and the incidence of COVID-19
related death was 9.5%, the latter being comparable to that
of patients with nonthyroid malignancy (7.6% p =
non-significant) [89].

Abbreviations: CI, confidence interval; COVID-19, coronavirus disease 2019; (D)TC, differentiated thyroid cancer; OR, odds ratio;

Ref, reference.

From a critical viewpoint, data that show the absence of a detrimental impact of (D)TC
on COVID-19 outcome, contrary to the designation of other cancers as prognostic factor
for unfavorable outcome of COVID-19, may be attributed to the indolent nature and the
favorable prognosis of most cases of PTC—the most common histologic type of TC.
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Are Obese Patients with (D)TC at Increased Risk for Unfavorable COVID-19 Outcomes?

Interestingly, in the retrospective cohort study of 21 patients with DTC and COVID-19
from two academic Los Angeles healthcare systems conducted by Kathuria-Prakash et al.,
hospitalization was required for more than half of patients (4/7, 57.1%) with a BMI > 30 kg/m?
as opposed to only 28.6% (4/14) of patients with a lower BMI [89]. This finding is in con-
sistence with the association of obesity with increased COVID-19 severity in non-cancer
COVID-19 patients compared to no obesity [12,13], but contradicts the constantly reported
absence of impact of obesity on COVID-19 severity in cancer patients [49-51]. Nevertheless,
the small sample size of the study of Kathuria-Prakash et al. hampers the generalization of
this finding, indicating the need for further research. From a critical viewpoint, the indo-
lent nature, and the favorable prognosis of most cases of PTC—the commonest histologic
type of TC—may account for the absence of a postulated protective effect of obesity on
COVID-19 outcome for TC patients, contrary to what is reported for other tumors.

7. The Hypothesis of the Oncogenic Potential of SARS-CoV-2

The hypothesis of the oncogenic potential of SARS-CoV-2 is discussed herein as the
rationale behind the pending question of whether SARS-CoV-2 can cause (D)TC.

Confronted with “long-haul COVID-19”, COVID-19 survivors are increasingly re-
ported to experience a constellation of clinical symptoms that synthesize the post-acute
COVID-19 syndromes, an issue beyond the scope of the present review [90-92]. Herein, we
focus on the alarming hypothesis of post-acute COVID-19 increased risk of development
of malignant neoplasms [90].

The rationale for this hypothesis is the identification of a causative link between
viral infections and cancer, which dates back to the advent of 20th century [93,94]. So
far, advances in research on cancer virology have indicated certain viruses as a causative
factor of 12-20% of cancer worldwide, mainly via harnessing host’s proteins, hijacking
proliferating human cells, and triggering genetic and epigenetic alterations. Seven viruses
have been causally associated with human oncogenesis: Epstein Barr virus (EBV), high-risk
human papillomaviruses (HPV16/18), hepatitis B and C viruses (HBV, HCV respectively),
human T-cell lymphotropic virus-1 (HTLV-1), Kaposi’s sarcoma herpesvirus (KSHV), and
Merkel cell polyomavirus [95].

The criteria for official assignment of causality between virus and cancer are long-
term consistency of association between virus and cancer at the epidemiological and/or
molecular level, and demonstration of the tumorigenicity of the virus in animal models, or
demonstration of the transforming ability of the virus in cell culture [96].

Whether SARS-CoV-2 has an oncogenic potential can be answered only after years of
epidemiological surveillance [97], and concomitant verification of two conditions: persis-
tence of infection in the host, and identification of a pathogenetic link between oncogenesis
and infection.

The persistence of SARS-CoV-2 is a new paradigm of COVID-19, yet not confirmed.
Some indicative data are: (i) persistent shedding of viral genetic material long after recovery
of the acute disease accompanied by a negative RT-PCR test result for SARS-CoV-2, raising
concern about re-infection or reactivation of latent infection; (ii) tropism of SARS-CoV-2
towards endothelium, which may foster its persistence in tissues other than tissues associ-
ated with the known symptoms of COVID-19; (iii) involvement of central nervous system
in the COVID-19, as indicated by positivity of RT-PCR in cerebrospinal fluid, a site with
a known immune privilege, which could provide protection to SARS-CoV-2 and foster
its latency [98,99].

As regards the mechanisms underlying the potential oncogenic effect of SARS-CoV-2,
little evidence exists so far. A relevant speculative mechanism has been suggested by
Stingi et al. [99], according to which SARS-CoV-2 counteracts the tumor suppressor proteins
pPRb and p53 [100-103]. This hypothesis is based on data derived from SARS-CoV-1. The
interaction between the non-structural protein (Nsp) 15 (Nsp 15) of SARS-CoV-1 and the
PRB of infected cells via a LXCXE motif has been shown to induce the nuclear export
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and ubiquitination of pRB, allowing its proteasomal degradation. Additionally, the Nsp3
protein of SARS-CoV-1 has been shown to stabilize the E3 ubiquitin ligase ring-finger
and CHY zinc-finger domain-containing 1 (RCHY1), promoting the degradation of p53,
and decreasing the levels thereof. Similar effects may be exerted by the Nsp15 and Nsp3
nucleases of the SARS-CoV-2 genome, which share, respectively, 88.7% and 76% sequence
similarity with their counterparts of the SARS-CoV1 genome [100].

On the other hand, an argument against the oncogenic effect of SARS-CoV-2 is its cyto-
toxic effect, which reduces the chances for cell transformation. Although some cells survive
following SARS-CoV-2 infection, a decreased possibility of cell transformation is expected
due to virus-induced cell cycle arrest and activation of the cascade of apoptosis. However,
whether cell transformation could occur in certain infected cell types in case of abortive
cycles of the virus and of diminished cytopathic effects of virus remains unknown [100].

To explore a potential direct mutagenic effect of SARS-CoV-2, further in vitro and
animal studies are needed; however, interpretation of relevant results will be daunting
due to the genotoxic effect of sustained immune/inflammatory response per se. A po-
tential synergistic oncogenic effect between SARS-CoV-2 and obesity is insinuated by
the in vitro ability of the downregulation of p53 protein to mediate the obesity-driven
tumor progression attributed to increased levels of C1q/TNF-related protein 1 (CTRP1), an
adiponectin paralog [103].

8. Future Perspectives

To ensure the continuity of (D)TC care amid the rapidly evolving, multifaceted,
challenges posed by the COVID-19 pandemic, concerted efforts should be directed to-
wards filling current knowledge gaps in the COVID-19-DTC association and informing
the decision-making.

Primarily, an interesting future perspective is to devise new mechanism-guided, tai-
lored, therapeutic and preventive strategies for the management of (D)TC in these demand-
ing times and beyond. To this end, more research is needed to understand and harness the
pathophysiological landscape of the COVID-19—~D)TC association. In that respect, leverag-
ing huge high-throughput “multi-omics” datasets could untangle the molecular basis of the
interplay between inflammation, immunity, and obesity that governs the COVID-19—-(D)TC
association. Such information may lead to validation of patient-specific and cancer-specific
biomarkers of this association and development of dual targeted treatments.

Especially, improved understanding of the immune-inflammatory mechanisms un-
derlying the COVID-19-(D)TC association may provide the rationale for the develop-
ment of novel treatments or the repurposing of existing treatments to combat concomi-
tantly COVID-19 and cancer. For instance, a phase II expanded access trial is ongoing
evaluating tocilizumab—a recombinant humanized anti-interleukin-6 receptor (IL-6R)
monoclonal antibody—in cancer patients with COVID-19 [104]. The rationale of this
trial is that preliminary data show efficacy of tocilizumab as anticancer agent [105,106]
and as agent to reduce the risk of mechanical ventilation in hospitalized COVID-19 pa-
tients [107]. Furthermore, the dual effects of certain phosphodiesterase (PDE) inhibitors,
anti-inflammatory [108] and anticancer [109,110], merit further evaluation in the setting of
the COVID-19—(D)TC association.

Given the presumed role of the oxidative stress in the molecular background of the
COVID-19-cancer association, it would be of interest to investigate a potential anticancer
efficacy of antioxidant therapies that are currently under evaluation as a strategy to reduce
the severity of COVID-19 [111]. A pitfall to this perspective is the differential regulation
of pro-oxidant and antioxidant systems according to cancer stage. ROS promote cancer
initiation at early precancerous and neoplastic stages. At advanced cancer stages, ROS
promote the apoptosis of cancer cells, but cancer cells hijack antioxidant systems to evade
apoptosis. Consequently, antioxidant therapies may be beneficial for the host only at initial
stages of cancer [112].
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Deciphering the role of obesity in the molecular background of the COVID-19—(D)TC
association should be prioritized considering its modifiable nature. A barrier to this
perspective is the significant heterogeneity of the metabolic profile of obese individuals,
integrating genetic, epigenetic, socio-economic, and environmental factors [11]. Establish-
ment of a universal terminology of distinct subgroups of obese patients, and validation
of corresponding classification markers and indices is mandatory to identify differences
between metabolically healthy and metabolically unhealthy obese individuals [113-115].
To combat the growing rates of obesity worldwide, nominated as “globesity” [116], medical
authorities and policy makers need to intensify their coordinated actions to implement inte-
grated and intersectoral health strategies [117,118]. Racial and ethnic disparities influencing
not only the incidence of obesity, and of (D)TC, but also the severity of COVID-19 [119,120]
should be considered.

Another promising area of future research is to evaluate the impact of (D)TC, especially
of distinct patient-specific and cancer-specific factors, on COVID-19 outcome. Several issues
concerning the impact of DTC treatment on COVID-19 outcome await clarification. First, a
cautious patient selection for RAI treatment might be essential in the COVID-19 era due
to the potential RAI-driven attenuation of immune responses in parallel with the concern
about the safety/efficacy balance of RAI for most intermediate-risk and low-risk subgroups
of (D)TC [121-123]. Second, whether L-T4 binding to integrin «vp33 can diminish the
integrin av33-mediated internalization of the SARS-CoV-2 is yet to be investigated. Third,
as kinases are involved in the virus-induced cytokine storm, tyrosine kinases inhibitors
(TKI)—used for treatment of advanced (D)TC—are under evaluation as antiviral agents
against SARS-CoV-2 [124,125]. Fourth, L-T4 titration after (D)TC surgery in patients with
COVID-19 may be hampered by TSH suppression due to non-thyroidal illness syndrome
(NTIS) caused by COVID-19, or due to exogenous corticosteroids used for treatment of
severe COVID-19 [126].

Given the increasing recognition of subacute thyroiditis (SAT) as manifestation of
COVID-19 [127-130] and the higher than initially presumed prevalence of PTC in SAT
patients (4.4%), COVID-19 pandemic may provide the opportunity to revisit the SAT-
PTC association [131].

To counteract the pitfalls that are intrinsic in the “sci-infodemic” (i.e., the publishing
pandemic) during the COVID-19 pandemic [132], several methodological issues concerning
COVID-19 research need to be further addressed, namely (i) sampling errors resulting in
non-representative sample, producing non-generalizable results; (ii) variety of diagnostic
criteria of COVID-19; (iii) heterogeneity of inclusion criteria of COVID-19 patients between
studies; (iv) incomplete reporting of COVID-19 outcomes hampering subgroup analyses;
(v) lack of standardized definitions of COVID-19 outcomes; (vi) inadequate follow-up.

Future health strategies for the management of (D)TC should be customized according
to different pandemic phases. Additionally, more data are required to determine the impact
of telemedicine on (D)TC management [133].

From an holistic viewpoint, COVID-19 pandemic has incited a novel social-economic
and cultural landscape, causing a lot of distress due to altered lifestyle, generalized fear,
pervasive community anxiety, and financial consequences [134]. In this psychosocial con-
text, specialized health professionals, telephone helplines, active social networks, and
dedicated forums are required to support the psychologically vulnerable individuals to
deal with (D)TC diagnosis and treatment [135]. Finally, thyroid is interrelated with the
psychological, mental, and physiological principals of our being, all threatened by the
novel socio-economic and cultural landscape. It is presumed that the coming years will
mandate more than ever an holistic approach to thyroid diseases, including (D)TC, be-
cause the psychosocial aspects of our being have already been correlated with thyroid
function through research in a new realm of interest called Psychoneuroendocrinology.
Psychoneuroendocrinology—a complex blend of psychiatry, psychology, neurology, bio-
chemistry, and endocrinology—addresses, among others things, the psychobiological
factors that influence the thyroid function in the context of the response to stress. Thus far,
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hypothalamus—pituitary—thyroid (HPT) axis dysfunction has been associated with major
depression [136], post-traumatic stress disorder (PTSD) [137], anxiety disorders [138,139],
and suicide risk related to major depressive disorder [140]. Critical life events often precede
the onset of autoimmune thyroid diseases, and exposure to psychosocial stress triggers
an immediate activation of HPT axis [141]. The activity of TRH neurons is inhibited by
negative energy balance situations such as fasting, inflammation or chronic stress [142]. In-
deed, very recently, Keestra et al. suggested an evolutionary ecology framework according
to which HPT axis is considered a dynamic, adaptive system with a key role in “mediat-
ing life-history trade-offs between the functions of reproduction, growth, immunity and
basal metabolic rate” [143] in the setting of demanding situations, including depression,
psychosocial stress, and traumatic stress [144,145]. The absence of a causality between the
psychosocial stress and the thyroid disorders in the setting of COVID-19 pandemic does
not undermine the magnitude of an holistic approach to this issue, which will enable an
integrated patient-oriented management of thyroid disorders, including DTC, during the
challenging COVID-19 pandemic and beyond.

Figure 4 illustrates the main future perspectives in understanding and harnessing the
COVID-19-(D)TC association.

* Critical reading of
literature

« Establish evidence-
based and consensus-

* Further studies to based strategies for
address current Embrace an the continuum of care
methodological issues holistic/ of (D)TC

Counteract the tailored/patient- + Long-term FU of (D)TC

oriented approach

to the COVID-19-
(D)TC association

“sci-infodemic”

Untangle and
harness the Evaluate the

molecular impact of (D)TC on
background of the | COVID-19 and vice / =5
COVID-1 9_([))TC versa ® Explore whether DTC
* Translate the inflammation/ association increases the risk for

immunity/obesity/ (severe) COVID-19 and
OS/cancer interplay into vice versa
targeted therapeutic and + Explore whether distinct
preventive strategies for DTC tratment modalities
(D)TC impact COVID-19 risk

K and/or severity /

Figure 4. The main future perspectives in understanding and harnessing the COVID-19-(D)TC association. Abbreviations:
COVID-19, coronavirus disease 19; (D)TC, (differentiated) thyroid cancer; FU, follow-up.

9. Conclusions

In response to call for caution regarding the COVID-19-(D)TC association, the scien-
tific world acknowledges that there is still more to learn about the underlying interplay
between obesity, inflammation, immunity, and cancer. Capitalizing on the COVID-19-
(D)TC association may not be far away provided that improved understanding of the
molecular background thereof will be translated into therapeutic and preventive strategies.
Meanwhile, an evidence-based, risk-stratified, and consensus-based decision-making is
embraced to provide consistent, safe, and high-quality care for (D)TC patients. From an
optimistic standpoint, the “silver lining” in the dark cloud of COVID-19 is to leverage it
as a catalyst for innovative patient-oriented health strategies integrating new knowledge
with breakthrough technologies. A hopeful path forward is to entwine cancer care with the
COVID-19 care in the setting of strengthened health systems.
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Simple Summary: Obesity is epidemiologically and likely, causally related to various hematological
cancers, while both conditions may predispose to severe SARS-CoV-2 infection. The COVID-19
pandemic brought about a variety of obstacles with respect to numerous aspects in the management
of hematological malignancies. In the present overview, the evidence linking obesity with the
development of hematological cancers and their role as risk factors for severe COVID-19 is critically
appraised. Furthermore, the various challenges which emerged during the the pandemic are reviewed,
regarding not only the treatment of the underlying hematological malignancies themselves, but also
the prevention and therapeutic management of SARS-CoV-2 infection in this patient group. Lastly, we
discuss further unresolved issues which need to be addressed in order to optimize the management
of patients with hematologic cancers in the course of ongoing COVID-19 pandemic.

Abstract: The COVID-19 pandemic brought about an unprecedented societal and healthcare system
crisis, considerably affecting healthcare workers and patients, particularly those with chronic diseases.
Patients with hematologic malignancies faced a variety of challenges, pertinent to the nature of an
underlying hematologic disorder itself as well as its therapy as a risk factor for severe SARS-CoV-2
infection, suboptimal vaccine efficacy and the need for uninterrupted medical observation and
continued therapy. Obesity constitutes another factor which was acknowledged since the early days
of the pandemic that predisposed people to severe COVID-19, and shares a likely causal link with the
pathogenesis of a broad spectrum of hematologic cancers. We review here the epidemiologic and
pathogenetic features that obesity and hematologic malignancies share, as well as potential mutual
pathophysiological links predisposing people to a more severe SARS-CoV-2 course. Additionally,
we attempt to present the existing evidence on the multi-faceted crucial challenges that had to
be overcome in this diverse patient group and discuss further unresolved questions and future
challenges for the management of hematologic malignancies in the era of COVID-19.

Keywords: blood cancer; COVID-19; hematologic malignancy; leukemia; lymphoma; multiple
myeloma; myelodysplasia; obesity; SARS-CoV-2

1. Introduction

The outbreak of the COVID-19 pandemic in December 2019 brought about an unprece-
dented global crisis at health care, societal and economical levels. The subsequent allocation
of personnel- and material-related resources towards countering COVID-19 endangered the
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uninterrupted care of patients with a large variety of chronic health conditions, potentially
compromising the overall prognosis, particularly of those in danger of severe SARS-CoV-2
infection [1,2].

Since early in the course of the pandemic, the presence of obesity or hematologic
malignancy, among others, were identified as important risk factors for SARS-CoV-2 acqui-
sition and severe infection [3-6]. Interestingly, an epidemiologic and probably pathogenetic
connection between these two entities has long been established [7-9].

The inherent pathophysiological features of a variety of hematologic neoplasms, the
associated changes in the number and/or function of various immune cells and occasionally,
the effects of therapy, all have a profound impact on underlying immune mechanisms. As
a result, affected individuals form a patient group particularly susceptible to infectious
complications including COVID-19. Additionally, although highly variable depending
on hematologic diagnosis, the initial and long-term management of several hematologic
cancers exhibits numerous challenges regarding many aspects and demands a meticulous
adherence to a strict treatment regimen and follow-up schedule, as well as a collaboration
of different medical disciplines at various levels of the health care system. Not surprisingly,
the combination of these features has made the management of patients with hematologic
malignancies a particularly demanding task during the course of the pandemic.

In the present narrative review, the proposed mechanisms linking obesity with hema-
tologic carcinogenesis and the spectrum of related diagnoses are discussed. Furthermore,
the obstacles and challenges that emerged during COVID-19 regarding the management of
these patients, and the corresponding measures to meet them, are discussed along with a
review of open questions and aspects necessitating optimization.

2. Overview of Obesity-Related Hematologic Neoplasms

A relationship between increased body adiposity and elevated risk of a variety of
hematologic neoplasms has long been established, expanding the knowledge linking obesity
to the development of solid neoplasms [7,8]. Relevant evidence has derived primarily from
a considerable number of population-based cohorts subjected to long-term epidemiologic
observation (Table 1).

Table 1. Overview of obesity-related hematologic neoplasms.

Hematologic Malignancies

Study (Design, Reference) Collective Main Findings

Hodgkin Disease

HR 1.41 (95% CI, 1.14-1.75) for BMI > 30 kg/m2
J-shaped association with BMI with 1 incidence above
24.2 kg/m?1 10% HR per 5 kg/m? increase

Meta-analysis [10]
Population-based cohort study [11]

Acute Leukemias

Lymphocytic
Myeloid

Meta-analysis [12]
Retrospective cohort study [13]

RR 1.65 (1.16-2.35) for BMI > 30 kg/m?
RR 1.52 (1.19-1.95) for BMI > 30 kg/m?

Plasma cell disorders
MGUS
Waldenstrom’s Makroglobulinemia
Multiple Myeloma

Systematic Review [14]
Population-based cohort study [15]
Population-based cohort study [16]

Prospective cohort study
Prospective cohort study [17]
Prospective cohort [18]
Systematic review [19]

BMI associated MGUS development and progression to MM
BMI > 30 kg/m? associated with MGUS risk
Obesity associated with MGUS progression to MM
Viseral fat associated with LC-MGUS
HR 1.41 (1.01-1.95) per 4 kg/m? increase in BMI
HR 1.41 (1.01-1.95) per 4 kg/m? increase in BMI
RR for MM mortality 1.71 " /1.44 ¢ for BMI > 35 kg/m? vs.
<25 kg/m?

Non-Hodgkin’s Lymphoma/CLL

Prospective cohort study [18]
Meta-analysis [10]
Population-based cohort study [20]

RR for NHL mortality 1.49 ¢ /1.95 @ for BMI > 35 kg/ m?2 vs.
<25kg/ m?
1 NHL incidence 1.07 (1.04-1.10)/1.14 (1.04-1.26) mortality per 5
kg/ m? increase in BMI, driven chiefly by 1 risk of DLBCL
CLL RR 1.25 (1.11-1.41) for BMI > 30 kg/m2

Myelodysplastic syndromes

Population-based cohort study [21]
Retrospective cohort [22]

RR 2.18 (1.51-3.17) for BMI > 30 kg/m? vs. <25 kg/m?
Higher BMI associated with lower overall survival, particularly
in lower-risk MDS
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Table 1. Cont.

Hematologic Malignancies Study (Design, Reference) Collective Main Findings
Chronic mveloproliferative BMI > 95th percentile among adolescents: aHR for PV 1.81
di}; or dllrs Retrospective cohort study [23] (1.13-2.92).
. Case—control study [24] Independent dose-response effect between adiposity and risk
Polycythemia Vera
Chronic Myelogenous Leukemia Case-control study [25] of CML
Prospective cohort study [26] OR for ET among obese 2.59 (1.02-6.58)

Essential Thrombocythemia

RR for ET: 1.52 (0.97, 2.38) for BMI > 29.3 vs. <23.4 kg/m?

Abbreviations: ALL: acute lymphocytic leukemia; AML: acute myeloid leukemia; BMI: body mass index; CLL:
chronic lymphocytic leukemia; CML: chronic myelogenous leukemia; DLBCL: diffuse large B-cell lymphoma; ET;
essential thrombocytopenia; LC: light chain; NHL: non-Hodgkin lymphoma; HM: hematologic malignancy; aHR;
(adjusted) hazard ratio; MGUS: monoclonal gammopathy of undetermined significance; MDS: myelodysplastic
syndrome; MM: multiple myeloma; OR: odds ratio; PV: polycythemia vera; RR: relative risk.

The risk extends to an abundance of difference hematologic malignancies, including non-
Hodgkin lymphomas (NHL) [10,18,20], Hodgkin’s disease [10,11], multiple myeloma [18,19],
and acute leukemia [20] lymphocytic (ALL) and myeloid (AML) [12,13] (Table 1). The impact
of obesity on the risk of NHL may not be homogenous across different histological subtypes,
and the increased risk appears to concern primarily the more aggressive diffuse large B-
cell lymphoma and, to a much lesser extent, the more indolent subtypes, such as follicular
lymphoma or small lymphocytic lymphoma /chronic lymphocytic leukemia [27,28].

Furthermore, there is an increased prevalence of pre-malignant hematologic condi-
tions among individuals with obesity, such as the spectrum of myelodysplastic syndromes
(MDS), for which obesity is also associated with a worse prognosis regarding overall sur-
vival [21,29]; chronic myeloproliferative disorders, especially chronic myeloid leukemia and
essential thrombocytosis [23-26]; and monoclonal gammopathy of unknown significance
(MGUS) [14]. The probability of progression of monoclonal gammopathy of unknown
significance to multiple myeloma also appears to be strongly affected by the presence of
overweight and obesity [14,30].

The fact that the bulk of available data has been generated in fairly well-characterized
cohorts, which enables their extraction to be independent of potential confounding fac-
tors, does not by itself conclusively prove a causal role of obesity and related systemic
perturbations in hematologic oncogenesis. On the contrary, it could be argued that these
observations may be at least partly attributable to unaccounted dietary or other lifestyle
factors, or other genetic and environmental factors that promote both conditions. The major
counterargument against this hypothesis stems from the decrease in total and histologic
type-specific malignancy risks following conservative or surgical weight loss [31-33]. In
the frame of the current discussion, it should be noted that evidence on an incidence re-
duction specific of hematologic (pre-)malignancies is, to date, extremely scarce, although a
reduction in NHL occurrence among females with obesity undergoing bariatric surgery
has been reported [33].

Not surprisingly, in most available clinical studies that have verified the association
between obesity and hematologic (pre)malignancies, the body mass index (BMI) has been
used to characterize and quantify the degree of adiposity among participants. Both the
universally accepted cutoffs for overweight (25 kg/m?) and obesity (30 kg/m?) and the
BMI itself as a continuous parameter have been used to quantify the relationship between
the severity of obesity and malignancy risk. Despite its simplicity, BMI is an imperfect tool
for the assessment of the qualitative features of adiposity. BMI values do not distinguish
between lean and fat mass, while they do not take into consideration differences in fat
distribution (including the fractions of visceral and subcutaneous adipose tissue) and the
age-related decline of lean mass [34,35]. Although data on other body composition markers
are scarce, indices of visceral adiposity, such as waist circumference and body-shape-index
as well as waist-to-hip ratio, have been shown be better predictors of the development
of any hematologic malignancy and multiple myeloma, respectively [36]. The stronger
implication of clinical markers typically associated with an “unhealthier” obese phenotype
may imply that the already well-characterized adverse metabolic and overall consequences
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of increased total obesity and particularly central obesity might be causally implicated in
hematologic carcinogenesis [36].

On the other hand, the obesity-related hematologic malignancies and premalignant
conditions constitute an extreme diverse collective with respect to their cell line of origin, other
risk factors for their development, clinical presentation, prognosis and therapy. Consequently,
a unified hypothesis linking their pathogenesis to obesity would be challenging to establish.
Among the mechanisms that have been proposed to link obesity with carcinogenesis, the most
predominant include aberrant cytokine and adipokine production from the expanded and
dysfunctional adipose tissue, increased circulating levels of peptide hormones with growth-
factor properties (e.g., insulin, IGF-1) and the development of a systemic oxidative-stress
environment promoting DNA-damage and tumor genesis [8,37-45]. The chronic immune
stimulation in the frame of the low-grade inflammatory milieu of the obese states may be
of particular significance in the case of hematologic neoplasms. Adipose tissue-derived
proinflammatory cytokines (e.g., intereukin-6, TNF-alpha) have prominent direct effects on
hematopoietic cell proliferation, evasion of apoptosis, kinetics and function [46-50]. Further-
more, altered secretion of members of the adipokine family, most predominantly increased
leptin secretion and function and decreased adiponectin, may play a distinct role in obesity-
related hematologic carcinogenesis. Leptin partakes in the normal hematopoietic function [51],
while exerting antiapoptotic and/or proliferating effects on lymphocytes [52] and myeloblasts
through binding to its receptors on the aforementioned cell types [53]. On the other hand,
lower adiponectin levels are independently associated with a higher risk of myelodysplastic
syndrome, acute myelogenous leukemia and multiple myeloma, among others [8,41,42,44,54].
It is likely that not all obesity-related hematologic malignancies are influenced to the same
degree by specific mechanisms; rather, potential combined effects of these factors may be
decisive for the oncogenesis of specific hematologic neoplasms.

3. Association between Obesity and Hematologic Cancers with COVID-19 Outcomes
3.1. COVID-19 and Obesity

Since the beginning of the pandemic, obesity was recognized as a major factor associ-
ated with SARS-CoV-2 infection adverse outcomes [55,56]. From a meta-analysis of 30 early
studies that reported specific outcomes with respect to measures of adiposity, an overall
adjusted odds ratio (OR) of 2.09 (1.67, 2.62) for severe COVID-19 among patients with a
“high” compared with those with a low BMI was noted. The adjusted ORs for individual
outcomes were 2.36 for hospitalization, 2.32 for intensive care unit (ICU) admission, 2.63 for
mechanical ventilation and 1.49 for death [5]. Additionally, a considerably higher visceral
adipose tissue (VAT) accumulation was ascertained among those experiencing adverse
outcomes compared with those with mild disease by three studies [57-59]. It should be
noted that even though most included studies used the conventional cut off of 30 kg/ m?,
there were others that deviated from this criterion to discriminate between patients with
high and low BMI, whereas no clear definition was given in six studies [5]. Later studies
confirmed these findings, further highlighting a dose-dependent relationship between
the severity of obesity and risk for most adverse COVID-19 outcomes [60-62]. Interest-
ingly, the overall relationship of BMI with serious SARS-CoV-2 infection conforms to a
J-shaped curve, with those at the lowest adiposity extreme being more prone to an adverse
course, hence, highlighting another manifestation of the “Obesity paradox” in the frame of
COVID-19 [60,61].

3.2. COVID-19 Outcomes in Obesity-Related Hematologic Malignancies

An overview of the studies on the impact of hematologic malignancies on SARS-CoV-2
outcomes is presented in Table 2.
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Table 2. Overview of key studies addressing the impact of hematologic malignancies on

COVID-19 outcomes.
Main Outcomes

1 mortality (aHR 2.85, 1.58-5.13) and severe
disease (aOR 2.73, 1.45-5.12 for AML vs. ALL)
No differences between AML and other
hematologic diagnoses
1 mortality among those not in remission (aOR
1.85,1.18-2.89)

No effects of corticosteroid treatment or
exposure to monoclonal antibodies

Data Source, Reference Population of Interest

565 reports of patients of all ages from tertiary
Indian centers with HM and
laboratory-confirmed COVID-19 between 21

Hematologic cancer registry of India [63]
March 2020-20 March 2021

Highest death rates in AML (40%) and
MDS (42.3%)
Active malignancy associated with tmortality
(aHR 1.86, 1.62-2.14)
Among different HL diagnoses, only AML
independently associated with tmortality
(aHR 2.046, 1.18-3.56 vs. NHL)

3,801 patients with HM and
- laboratory-confirmed COVID-19 from 132
European Hematology Association Survey [64] hema tology centers across Europe between
March 2020-December 2020
Age > 70 years, arterial hypertension, active
treatment associated with adverse outcomes
Remdesivir treatment linked to | mortality no

313 patients with HM and COVID-19 from 16

Nationwide retrospective study in Israel [65] medical centers

effects of other treatment modalities
(corticosteroids, enoxaparin,
convalescent plasma)

Overall, 62% severe/critical disease, 33%
mortality (highest among AML and MDS
patients, 40% and 42.3%, respectively)

1 risk of death > 60 years, no effect of gender
T mortality for AML (aHR 2.22, 1.31-3.74 vs.
NHL), Monoclonal antibody treatment and

conventional chemotherapy (aHRs vs.
nontreatment (aHRs 2.02, 1.14-3.60 and 1.50,
0.99-2.29 vs. no treatment, respectively)

J mortality for Ph-negative myeloproliferative

disorders and treatment with hypomethylating

agents (aHRs 0.33, 0.14-0.81 vs. NHL and 0.47,

0.23-0.94 vs. no treatment, respectively)

833 patients with HM and COVID-19 from 27
medical centers between 28 February 2020 and

Data from population-based registry in
25 May 2020

Madrid, Spain [66]

T mortality for those with HM vs. controls
(62% vs. 0, p=0.002)

Case—control study from 2 Hospital in Wuhan 13 cases among 128 hospitalized patients with
HM and 16 HCWs with COVID-19

province, China [4]
No effects of recent systemic overall

antineoplastic or cytotoxic therapy (RRs 1.17,
0.83-1.64 and 1.29, 0.78-2.15 vs. no treatment,
respectively) on COVID-19 mortality

Significantly 1 SARS-CoV-2 acquisition rates
for HM vs. controls (overall aOR 11.9,
11.3-12.5 for diagnosis < 1 year, 2.3, 2.2-2.4 for
prior diagnosis), highest among ALL, ET, MM,
AML and lowest for PV
1 Higher hospitalization and death rates for
HM vs. non-HM

Meta-analysis of 34 studies in adult and 5 in 3377 patients with HM from 39 studies in total

pediatric populations [67]

73 million patients, 517.580 with 8 types of
HMs, 420 with SARS-CoV-2 infection up to 1

Case control study from a nationwide database
September 2020

of patient electronic health records in
the US [68]

1 risk for adverse outcomes for HM vs. solid
tumor patients (aORs for high flow oxygen
therapy 1.82, 1.11-2.94, NIV 2.10, 1.14-3.76,

ICU 2.73, 1.43-5.11, severe/ critical disease 1.57,

1.15-2.15)
1 in-hospital mortality for HM patients who
recently received chemotherapy (1.57,
1.15-2.15 vs. no recent chemotherapy)

227 patients with HM (Leukemia, Lymphoma,
MM, others) among 1044 with active cancer
and documented SARS-CoV-2
infection between
18 March 2020-8 May 2020

Prospective cohort study among patients
enrolled UK Coronavirus Cancer
Monitoring project [69]

Abbreviations: ALL: acute lymphocytic leukemia; AML: acute myeloid leukemia; ET; essential thrombocytopenia;
NHL: non-Hodgkin lymphoma; HM: hematologic malignancy; HR; hazard ratio; MDS: myelodysplastic syndrome;
MM: multiple myeloma; NIV: non-invasive ventilation; OR: odds ratio; PV: polycythemia vera; RR: relative risk.

The earliest evidence regarding SARS-CoV-2 infection in patients with hematologic
malignancies originated from a small cohort study among hospitalized patients in hemato-
logic wards at the time of the initial outbreak in Wuhan, China (Table 2). There were similar
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SARS-CoV-2 acquisition rates among patients compared with a matched controlled group
of health care workers, but a higher incidence of severe disease and death [4].

Furthermore, an analysis of the data of the openSAFELY platform in the United King-
dom pointed towards increased mortality among patients with hematologic malignancies.
The risk was highest (2.5-fold) among those who had received the diagnosis in the last
1-5 years and slightly decreased thereafter, either reflecting the acute detrimental effects of
treatment or resulting from survivalist bias among patients with greater survival rates [70].
A subsequent meta-analysis of 39 reports (5 pediatric and 34 among adults) attempted
a more comprehensive evaluation of the effects of age, treatment and specific diagnosis
on the risk of death from COVID-19. The risk of death in adults was found to be higher
than in pediatric hematologic patients (34% vs. 4%), and among those, higher for those
aged >60 (relative risk: RR 1.8) as well as lower among white compared to non-white
patients (RR 2.2). The pooled risk was substantially higher than this observed in the general
population. The decisive effect of age on COVID-19 outcomes observed in this study is
in agreement with the vast majority of available reports in diverse populations. The rela-
tionship between age and the risk of hospitalization or death due to SARS-CoV-2 infection
appears to be linear, without distinct age cut-offs, above which an additional risk for severe
disease is conferred [71]. Furthermore, it is likely that the effect of age is not mediated by
the increased co-morbidity burden in the elderly population [72]. Although the factors that
drive this relationship are not fully elucidated, a crucial role of the age-related immune
senescence may be hypothesized [73]. Likewise, an increased risk for severe disease among
black patients and racial minorities compared to white patients has been also observed in
numerous cohorts. There are likely to be numerous and diverse factors that could explain
the racial disparities regarding COVID-19 outcomes. These include a compromised socioe-
conomic status and poorer living/working conditions, limited or delayed access to health
care services, higher prevalence of relevant comorbidities, poor nutritional habits, more
frequent smoking and increased psychosocial stress [74,75]. Interestingly, the presence
of any or solely cytotoxic recent anticancer therapy was not shown to have an effect on
mortality compared to the absence of treatment. It is also noteworthy that, excluding
patients with acquired bone marrow failure syndrome (commonly in the frame of MDS
or aplastic anemia) which showed a peak mortality rate of 53%, the risk of death was
relatively homogenous for the rest of the diagnosis, ranging from 31-33% for those with
CLL, lymphomas and MM to 41% for those with acute leukemias [67].

In a more recent report from a nationwide database from the USA, SARS-CoV-2
acquisition, hospitalization and death rates were investigated across a broad spectrum
of malignant and premalignant hematologic conditions and were compared to patients
without haemato-oncologic diagnoses [68]. Notably, the sum of investigated conditions
concerned predominantly obesity-related hematologic malignancies (Table 1). Acquisition
rates were substantially higher among patients within a broad spectrum of diagnoses,
especially among those who had received a hematologic diagnosis within the last year
(pooled adjusted OR 11.9 [11.3-12.5]). Maximal rates were observed in patients with ALL
(aOR 31.0) but they were also substantially high across the sum of studied conditions. It
cannot be definitely concluded whether, and to which degree, this finding reflects a truly
increased risk of viral acquisition or a greater probability of developing symptoms, hence,
more frequently diagnosed SARS-CoV-2 infections. Likewise, hospitalization rates and
mortality among recently diagnosed hematologic patients with COVID-19 were higher
than those without a diagnosis and those with a recent hematologic diagnosis without
COVID-19 (51.9% vs. 23.5% and 15% and 14.8% vs. 5.1% and 4.1%, respectively). Findings
were comparable when accounting for any time of hematologic diagnosis. Similar to
previous reports, patients of African-American origin exhibited generally higher rates of
adverse outcomes in comparison with Caucasians.
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4. Obesity, Related Hematologic Malignancies and Severe COVID-19:
Pathogenetic Considerations

It may not come as a surprise that two epidemiologically- and possibly causally-related
conditions—obesity and hematologic malignancies—both belong to the known factors
predisposing individuals to adverse COVID-19 prognoses (Figure 1). The organ-specific,
obesity-related comorbidities—such as diabetes mellitus and arterial hypertension—that
established cardiovascular and restrictive pulmonary disease on one hand, and the overall
frailty that characterizes certain groups of individuals affected with hematologic cancers
on the other, predispose people to adverse outcomes in acute illnesses of various causes,
including sepsis [76-80]. Nonetheless, specific features of the systemic immune response
in the frame of SARS-CoV-2 infection can be hypothesized to influence the course of the
disease among individuals affected with obesity and/or hematologic malignancies.
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Figure 1. Graphical overview of factors and mechanisms linking obesity, hematologic malignancy and
severe COVID-19 course. Obesity has been linked to carcinogenesis through aberrant cytokine and
adipokine production, hyperinsulinemia, increase growth-factor levels (IGF-1), elevated oxidative-
stress and chronic low-grade inflammation. Obesity-related comorbidities, along with features
accompanying hematologic malignancies, such as quantitative and qualitative immune system
defects and telomere shortening, may lead to an inadequate immune response after COVID-19
vaccination and severe clinical outcomes. * This image was derived from the free medical site http:
/ /smart.servier.com/ (accessed on 31 March 2022) by Servier, licensed under a Creative Commons
Attribution 3.0 Unported License.

Successful host defense and viral clearance requires a multifaceted innate and acquired
cellular immune response, orchestrated by a complex variety of cellular and humoral
components. Of crucial importance are a timely pro- and anti-inflammatory cytokine
cascade and the balanced involvement of CD4+/CD8+ and B lymphocytes. An aberrantly
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exaggerated, uncoordinated immune response may drive the elusive manifestation of the
hyperinflammation syndrome [81].

Quantitative and qualitative defects of the immune system are most prominent in
hematologic malignancies but are encountered in obesity as well [82]. Lymphopenia is
a prominent feature of a broad variety of hematologic malignancies such as MDS [83],
Hodgkin disease, NHL [84] and MM [85], and can complicate therapy. ALL can be viewed
as a state of “functional” lymphopenia despite the occasionally extremely high lymphocyte
counts. Quantitative and qualitative T-lymphocyte defects have also been described in
obesity and may be partially reversible following successful weight loss [86]. Interestingly,
the association between lymphopenia and adverse SARS-CoV-2 outcomes, including hos-
pitalization, ARDS, mechanical ventilation, and death, has been observed in numerous
studies [87-89]. Besides being a consequence of SARS-CoV-2 infection itself [90], which
may imply a component of reverse causality for this observation, pre-existing lymphopenia
has also been shown to predispose people to severe COVID-19 [91], which advocates for a
crucial role of T cell-mediated immune response for successful viral clearance and infection
resolution. Furthermore, lymphopenia, either preceding or developing in the course of
SARS-CoV-2 infection, may facilitate the development and/or increase the severity of
secondary bacterial and/or fungal infections that may further adversely affect progno-
sis [92,93]. Alternatively, a prominent reduction in regulatory T cells could predispose
people to an exaggerated immune response and cytokine storm which are major features
of the COVID-19-related hyperinflammation syndrome [94]. A state of systemic chronic
low-grade inflammation is a feature of both obesity and various hematologic malignant
states, such as MDS, acute leukemias, MM and NHL [95-98]. This feature can promote
or be inherent in “inflammaging”, which refers to a state of immune cell senescence and
dysregulation [99], predisposing to adverse COVID-19-related outcomes [99,100]. Lympho-
cyte telomere shortening constitutes an important component of lymphocyte senescence
and dysfunction, which is typically encountered in hematologic malignancies, occasionally
in conjunction with an adverse prognosis [101]. Telomere length has been also shown to
inversely associate with BMI [102] and correlates with the negative metabolic consequences
of excess adiposity [103], while weight loss causes a dose-dependent elongation [99]. A
shorter telomere length has been suggested as the epidemiologic link between known clini-
cal and epidemiologic risk factors for severe COVID-19, implicating impaired lymphocyte
replication and recruitment capacity as well as the senescence-associated pro-inflammatory
lymphocyte phenotype in severe disease pathogenesis [104,105]. Indeed, a shorter telomere
length has been associated with poor SARS-CoV-2 infection outcomes [106,107], while the
infection itself may have an accelerating impact on telomere shortening [108].

The release of extracellular traps (NETs) by neutrophils is increased in certain hemato-
logic cancers such as DLBCL [109] or CLL [110] as well as in severe obesity [111]. NETosis
has been shown to be a prominent feature of COVID-19 immunothrombosis, which is impli-
cated in target organ damage [112]. Likewise, aberrant complement activation constitutes
another common feature of the three entities [112-114].

5. Vaccination against SARS-CoV-2 in Patients with Hematologic Malignancy

Upon the market release of COVID-19 vaccines in December 2020 and in the face
of initial relative shortages, there was an urgent need for a rationalized prioritization of
vaccine supplies. The aim was to maximize the efficacy of vaccination strategies with
respect to maximal prevention of COVID-19-related deaths, reduction in hospitalization
burden and societal and economic disruption. The World Health Organization issued
corresponding guidance to direct available vaccine resources to the most vulnerable patient
groups [115]. Patients with comorbidities rendering them vulnerable to severe disease
were categorized in the second priority group; hence, these patients were scheduled to be
vaccinated in the first 11-20% of the population. Although individual national programs
occasionally deviated from this scheme, both obesity as well as hematologic malignancy fell
into this category, the latter corresponding to “cancer” as well as to “conditions or therapies
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associated with immune suppression” in the issued document [115]. Similar approaches
were used for the prioritization of booster vaccinations and are likely to be repeated in the
future updated versions of vaccination programs as the pandemic continues.

The vaccines critically altered the course of the pandemic, being highly efficacious against
symptomatic SARS-CoV-2 infection and, even after the appearance of altered viral variants,
for the prevention of severe course, hospitalization and death. Despite initial considerations,
vaccine efficacy was shown to be essentially unaffected by the presence of obesity [116,117].
Vaccine efficacy among those with obesity-related hematologic cancers is inherently more
challenging since it is expected that the disturbed immune function originating from the
conditions themselves or their therapies may hinder the development of adequate immu-
nity. Indeed, inadequate antibody and/or T-cellular responses have been documented after
the vaccination of patients with monoclonal gammopathies (particularly for MM rather
than smoldering myeloma [118]), acute leukemias, Hodgkin disease and NHL, MDS, acute
leukemias and chronic myeloproliferative disorders [118-120]. Seroconversion rates appear
substantially lower among hematologic cancer patients compared with those affected by solid
neoplasms [120,121], and may be particularly low in specific diseases, depending on their
pathophysiological and cytogenetic characteristics as well as mode of therapy. Greenberger
et al. investigated the antibody responses following two mRNA-based platform doses in
1445 hematologic patients from the USA, approximately 40 days following the second dose.
Seropositivity rates were found to be minimal across a variety of NHL histological subtypes
or CLL and, in contrast, were satisfactory in Hodgkin disease, acute leukemias, monoclonal
gammopathies and myeloproliferative disorders [122]. Unsurprisingly, B-cell-targeted thera-
pies such as anti CD20-monoclonal antibodies, chimeric antigen receptor (CAR) T cells against
CD19, or Bruton’s tyrosine kinase (BTK) inhibitors have been associated with diminished
antibody responses [120-122]. Regarding receivers of allogeneic hematopoietic stem cell
transplantation (HSCT) and despite some concerns [121], in a cohort of 117 patients vaccinated
with BNT162b2, antibody response rates were satisfactory among patients who had received
the transplantation more than one or two years ago, compared with less than 12 months.
Response rates after two doses were 89%, 96%, 52%, respectively, and were greater among
those with lymphocyte counts of >1000/uL compared with those with a lower lymphocyte
count (91% vs. 64%, respectively) and those who were not under ongoing treatment (91% vs.
64%, respectively) [123]. Likewise, a study among 67 lymphoma or MM patients who received
autologous HSCT showed that 56 (87%) developed humoral [124] immunity following the
vaccination of the BNT162b2 mRNA vaccine. Similar findings have been ascertained in a
case series of scleroderma patients who received autologous stem cell transplantation [125].
Apart from diagnosis and mode of therapy, other factors acknowledged to positively affect
the immune response include vaccination outside the frame of active therapy, a longer time
interval since the last anti-CD20 antibody administration, and vaccination during a complete
remission status [120,126].

Regarding vaccine type, there have been occasional reports of favorable efficacy
profiles of specific platforms; between the two available mRNA-based preparations, higher
antibody titers may be observed among patients with monoclonal gammopathies after
receiving the mRNA-1273 than the BNT162b2 vaccine [118]. Likewise, in the study by
Greenberger et al., the vaccination with mRNA-1273 was associated with greater odds
of seropositivity status compared with BNT162b2, independent of multiple confounders,
including the type of hematologic malignancy [122]. Although there is a limited number
of studies to address specific vaccines among hematologic patients and available reports
vary with respect to participant composition and studied circumstances, there were no
significant differences in seropositivity rates across the different available vaccine platforms
according to a recent meta-analysis [120]. Subsequently, although it does not seem justified
based on the current data to prioritize one vaccine platform over another for its use among
hematologic patients, more information in hematologic populations according to specific
underlying diagnosis and treatment is needed to optimize vaccination strategies. In any
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case, adherence to a timely vaccination schedule irrespective of a specific platform for all
affected patients is strongly warranted.

It should be noted that most available data regarding vaccine immunogenicity have
been based on induced neutralizing antibody titers. Undoubtfully, even among indi-
viduals who show suboptimal or even negative antibody levels following vaccination
or SARS-CoV-2 infection, a certain cellular immunity-mediated protection against symp-
tomatic infection and severe disease may be assumed. However, based on available
evidence, it seems likely that neutralizing antibody responses themselves correlate satisfac-
torily with the probability of SARS-CoV-2 infection [127,128].

At least a third (booster) vaccine dose is recommended in most countries for individ-
uals who have successfully undergone a full vaccination course to overcome the waning
of immunity and prevent breakthrough infections, especially by new variants. Immuno-
compromised individuals are to be prioritized in this strategy, while local guidelines
occasionally advise in favor of a second booster (fourth) dose for these patients [129],
despite the extremely scarce currently available evidence to support the effectiveness of
this recommendation [130,131]. Patients with hematologic malignancy would fall into this
category of high-risk patients. Available data on booster dosing demonstrate that despite
the fact that a third dose of BNT162b2 strengthens humoral immunity among antibody-
positive hematologic patients, it does not alter the serological status among those that
remained seronegative despite prior immunization; nevertheless, it does seem to augment
T cell-mediated cellular immunity irrespective of antibody status [132], thus, demonstrating
a potential benefit of booster immunization even among those with a prior insufficient
humoral response.

6. Blood Product Transfusion in the Era of COVID-19

Individuals with hematologic malignancies constitute a pool of patients with urgent
and frequent dependency on the transfusion of blood products. Voluminal requirements
greatly vary depending on underlying diagnosis, type of treatment and local standard op-
erating procedures of hematology oncology units; nonetheless, transfusion of erythrocytes
and/or platelets is frequently necessary in the setting of active cytotoxic therapy, while
in the case of certain background diagnoses (e.g., particularly low-risk MDS), erythrocyte
and/or platelet transfusions constitute the core of long-term maintenance therapy [133].

Concerns regarding the potential infectivity of blood units from asymptomatic or
pre-symptomatic infected donors originate from the ascertainment of viral RNAemia in
hospitalized patients in some reports, although this finding is not universal among available
studies [134]. Nevertheless, in a broad screening of plasma minipools from 258,000 blood
donations between March and September 2020 in the US, positive SARS-CoV-2 PCRs were
remarkably uncommon and generally in very low titers [134]. Real-world data from cases
of blood product transfusion donated by pre-symptomatic infected patients also support
the notion that even though transfusion as a mode of SARS-CoV-2 transmission may be
theoretically plausible, it is extremely rare [135-139].

Particularly during the initial outbreak of the pandemic, but also during every subse-
quent accelerated phase leading to a new surge in infections, there was a visible danger
of blood supply shortages. Shortages may develop depending on geographical region,
hospital level of care and resource availability as a result of reduced donation rates due to a
fear of donors being in contact with healthcare services, attending transfusions, physician
concerns in the face of the presence of COVID-19-suspicious donor symptoms, increased
demand for blood products to cover the needs of hospitalized COVID-19 patients, or an
overall reassignment of personnel- and material-related resources to counter the pandemic
waves. In the case of a development of extreme shortages, it is likely that updated guide-
lines by competent authorities would be necessary regarding a re-evaluation of transfusion
intervals and/or thresholds [140,141] with the aim of rationalizing the use of available
resources.
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Despite initial concerns [141,142], and even though the collective volume of blood
donations and success of donor recruitment campaigns reduced during the first pandemic
waves [143-146], this was counterbalanced by a reduction in blood product demand,
chiefly through a reduction in elective surgical procedures and medical transfusions [147].
Although some blood product supply shortage did develop in some regions [148,149], there
is no available evidence that this phenomenon had a significant impact on planned or acute
transfusions among patients with hematologic disease [143].

Nevertheless, the degree of shortages and resulting initial uncertainties brought about
by COVID-19 have provided further reasons for the reappraisal and optimization of current
transfusion strategies. This would concern not only the regular transfusion programs
among hematologic patients, but also the transfusions for practically any medical indica-
tion in a variety of, at least non-acute, circumstances. With respect to chronic hematologic
diseases, caution should be taken in the detection of reversible causes of anemia, such as
iron, folic acid, or vitamin B12 deficiency, as well as their treatment through adequate oral or
parenteral substitution. Furthermore, the indications for erythropoietin therapy should be
meticulously followed or even broadened in the face of emerging new evidence in the long
term, since its administration may reduce volume requirements in transfusion-dependent
patients [150]. Importantly, lower transfusion thresholds than commonly utilized seem
to be safe and well-tolerated among asymptomatic patients [151], thus, restrictive rather
than liberal transfusion strategies may be preferred in order to optimally portion erythro-
cyte supplies. A similar strategy could also apply for stable, non-bleeding patients with
chronic thrombocytopenia dependent on thrombocyte transfusions. Furthermore, accessory
measures could apply to transfusions for surgical indications, such as the correction of
disorders of hemostasis prior to elective surgical procedures, intra- or postoperative use
of coagulation factor concentrates, antifibrinolytic agents such as tranexamic acid and
utilization of autologous blood transfusion where indicated. Lastly, frequency and volume
of blood draws in blood supply storage should be limited to the absolute minimum that
may affect clinical decision making, both in the acute and chronic setting.

7. Medical Therapy against COVID-19 among Individuals with Hematologic Malignancies

Although broadly applied vaccination programs have been and continue to constitute
the mainstay of strategies to counter the COVID-19 pandemic, there has been a continuing
worldwide effort for the development of drug therapies against the SARS-CoV-2 infection,
either through the development of new agents or through repurposing already available
drugs marketed for other indications [152,153]. Certain national recommendations for
the treatment of the SARS-CoV-2 infection according to its severity take into account
the comorbidity background of affected patients to guide and possibly escalate medical
management [154,155]. Accordingly, patients with hematologic malignancies, particularly
those receiving specific therapies, among others, are to be prioritized under the conditions
of logistical or supply constraints which may preclude the universal use of anti-SARS-CoV-
2 therapies; these patients are at an increased risk of severe disease, as well as they are not
able to mount an inadequate immune response after vaccination [154].

The already available and constantly evolving body of relevant evidence contributes
to the World Health Organization’s living guideline on drugs for COVID-19 [156]. In this
guideline, recommendations for medical therapy are formed based on evidence from clini-
cal studies and are escalated according to disease severity (characterized based on clinical
criteria as mild, severe or critical). Although there is no specific reference to hematologic
cancers or any other specific patient group for that matter, certain recommendations are
shaped based on a perceived underlying higher risk for hospitalization based on coexisting
medical conditions, a case that arguably also concerns patients with HMs. According
to the living guideline of the World Health Organization, as of May 2022, viral protease
inhibitors Nirmatrelvir /Ritonavir and conditionally Molnupiravir, monoclonal antibod-
ies such as Sotrovimab and Casirivimab /Imdevimab, and Remdesivir are recommended
therapies for patients with non-severe disease; for those with severe or critical COVID-19,
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corticosteroids, Janus kinase inhibitor Baricitinib, interleukin-6 inhibitors and condition-
ally Casirivimab/Imdevimab are indicated [156]. In contrast, the use of ivermectin or
convalescent plasma outside the context of clinical trials are now discouraged [156].

In the absence of specific recommendations for this population, COVID-19 therapy in
hematologic cancer patients is to be guided based on available general recommendations.
However, there are points that pertain to the unique characteristics of these patients that
may ought to be taken into account, including current and cumulative glucocorticoid doses,
presence of hypogammaglobulinemia, perceived degree of immune suppression due to
the illness or its therapy, cytopenic status due to the underlying condition or the risk of
cytopenia from certain COVID-19 medical treatments (e.g., Remdesivir, Molnupiravir).
Various therapies or combinations have been successfully used among hematologic pa-
tients [157-160]. In a series of 313 patients with hematologic malignancies from Israel,
Remdesivir administration was associated with decreased mortality [65]. Furthermore, in a
subgroup of 216 patients with very severe disease from an initial sample of 367 pediatric
and adult patients with hematologic malignancies, azithromycin and corticosteroid admin-
istration were associated with lower 45-day mortality (OR 0.42 (95% CI 0.2-0.89) and 0.31
(0.11-0.87), respectively). In addition, three cohort studies have demonstrated potential
benefits including duration of hospitalization, course severity and survival after adminis-
tration of convalescent plasma in patients with hematologic malignancies [161-163]. In the
largest of those, Thomson et al. investigated a sample of 966 hospitalized hemato-oncologic
patients, 143 of whom received convalescent plasma therapy. Even after adjustment for
confounders or propensity score matching, 30-day mortality was lower among receivers
(HRs 0.60 (0.37-0.97) and 0.52 (0.29-0.92), respectively), while the effects were even more
pronounced among patients admitted to the ICU or receiving mechanical ventilation (HRs
0.40 (0.20-0.80) and 0.32 (0.14-0.72), respectively) [163]. These findings contradict the
neutral results of convalescent plasma therapy in other populations, most strikingly in the
Randomized Evaluation of COVID-19 Therapy (RECOVERY) trial [164]. Although limited
by their non-randomized design, cohort studies should be taken into account, and it could
be postulated that this discrepancy may reflect the benefit of exogenous immunoglobulin
administration in the setting of hypogammaglobulinemia, which often occurs as a result of
certain hematologic malignancies such as CLL or MM or their therapies [165].

Despite scarce evidence regarding potential benefits from specific therapies in hemato-
oncologic patients, most available recommendations do not offer specific guidance for the
treatment of the SARS-CoV-2 infection in this patient group. Nevertheless, given the strongly
immune-suppressing nature of many of the conditions themselves or their treatments,
additional caution is warranted regarding the use of therapies against COVID-19 with
further immune-modulating modes of action (i.e., corticosteroids, intereukin-6 antagonists,
interleukin-1 antagonists-anakinra [166]).

8. Influence of the COVID-19 Pandemic on the Treatment of Malignant
Hematologic Disease

The outbreak of COVID-19 introduced significant challenges for the care of patients
with actively managed hematologic malignancies. Particularly during the initial stages of
the pandemic, uncertainties with respect to factors that predispose people to SARS-CoV-2
acquisition and severe course, as well as the lack of effective treatments and vaccines, were
added to concerns arising from the frail immune and general poor clinical condition of a large
proportion of acutely treated hematologic patients. These may confer increased susceptibility
to respiratory viral infections, whereas lymphopenia, as well as specific modes of therapy
such as purine analogs anti-CD20 or CD52 and allogeneic HSCT, may pose a particularly
increased risk [167]. Additionally, a common adverse event of CAR T-cell therapy is the
cytokine release syndrome, attributed to the abrupt secretion of inflammatory mediators
by CAR T cells and other cell types [168]. The presence of a similar physiological state of
cytokine hypersecretion has been reported to predispose people to a severe SARS-CoV-2
infection course [169]. Interestingly, therapy with tocilizumab, which is an integral component
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of COVID-19 therapeutic regimens, is also used to treat CAR T cell-related cytokine release
syndrome [170].

These concerns, among others, led to initial considerations of delaying non-urgent
hematologic malignancy treatment, including autologous HSCT among standard-risk
individuals, in order to avoid exposing patients not only to the risks of therapy, but also
to reduce the frequency of non-urgent contacts with the healthcare system for treatment
and monitoring blood draws [171]. A similar approach has been generally adopted and
generalized by numerous national and international hematologic societies. Guidelines vary
according to issuing authorities and on the basis of hematologic diagnosis.

A detailed overview of the sum of specific treatment recommendations in the frame
of COVID-19 is beyond the scope of the current review. Testing for SARS-CoV-2 and,
occasionally, chest computed tomography, is indicated for patients before the initiation
of each therapy cycle, in donors and recipients before HSCT as well as in the presence of
COVID-19-suspicious clinical symptoms [172-175]. A general pattern of treatment initiation
or continuation without delay exists for patients who are considered high risk /high priority
within or among specific diagnoses. This also includes allogenic HSCT when carried
out with curative intent in an urgent indication (e.g., high-risk ALL or AML [173,175]).
Autologous SCT may be delayed for no longer than 8 weeks in less urgent clinical settings
(e.g., in eligible MM patients [175,176]). Where possible, highly immunosuppressive
alternatives (e.g., schemes including bendamustine) should be avoided [173], and where
possible, the lowest effective doses of agents, which may induce aplasia (e.g., methotrexate,
cytarabine), should be administered [173]. Appropriate schemes that can be administered
in outpatient settings may be preferred [173,175].

Preventive measures of SARS-CoV-2 acquisition should be strictly adhered to [172].
An occurrence of SARS-CoV-2 infection amidst active treatment generally mandates a pause
of systemic anticancer therapy and/or delay of allogeneic HSCT until laboratory resolution
(negative PCR test) [173,175], although there are isolated reports of continued modified
systemic treatment despite SARS-CoV-2 infection, albeit of noncritical severity [177]. As
is the case with any deviation from hematologic cancer treatment protocols, this decision
should be weighed against the risk of therapy delay on a case-by-case basis [176]. Non-
systemic antineoplastic administration (such as intrathecal chemotherapy) or non-cytotoxic,
non-immunosuppressive systemic therapies such as tyrosine kinase inhibitors may be con-
tinued [173]. Evidently, the decision to administer any kind of anticancer treatment during
the course of active COVID-19 warrants additional caution for the avoidance of interactions
with anti-SARS-CoV-2 therapies and subsequent drug-related adverse events [173].

Despite general recommendations and development of guidelines that cover a broad
range of clinical scenarios, the field of hematologic cancer therapy during the pandemic un-
avoidably includes a highly individualized component regarding clinical decision-making.
A great degree of clinical readiness and experience is needed from the side of involved
clinicians, in conjunction with adherence to local standard operating procedures and firm
cooperation with hygiene and infectious disease specialists.

9. Lifestyle Changes (Diet and Exercise) and Cancer Survivorship in the Era of the
COVID-19 Pandemic

Several studies have demonstrated a shift towards healthier behavior after cancer diagno-
sis or treatment [178-183]. Whereas the majority of evidence on lifestyle changes after cancer di-
agnosis or treatment has been drawn from female breast cancer survivor cohorts [180,183,184],
several studies have focused on hematologic malignancies [180,185-188]. A recent cross-
sectional study demonstrated that hematologic malignancy survivors exhibit a significant
reduction in smoking behavior, with many patients quitting and nearly all patients limiting
their smoking behavior after cancer diagnosis [180]. The researchers were not able to detect
a significant change in exercise or dietary habits after diagnosis [180]. High post-diagnosis
physical activity was associated with lower mortality among hematologic cancer survivors in
a large retrospective analysis of 5182 patients [187]. Specifically, in a multivariate analysis in-
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cluding all hematologic cancer survivors, physical activity after diagnosis yielded an all-cause
mortality hazard ratio of 0.61 (95% CI: 0.50-0.74), and the association remained significant
in the subgroups of NHL, myeloma and leukemia survivors, respectively. A secondary anal-
ysis of a randomized controlled trial in allogeneic stem cell transplant patients compared
the survival outcomes between patients assigned to an exercise intervention or a control
group [180]. Total mortality (TM) but not non-relapse mortality (NRM) risk was reduced
among the 103 allogeneic stem cell transplant patients with a combination of endurance and
resistance exercise (TM: exercise vs. control group: 12.0 vs. 28.3%, p = 0.03) over a 2-year
follow-up period. In a randomized controlled setting, the Healthy Exercise for Lymphoma Pa-
tients (HELP) trial randomized 122 lymphoma patients to either supervised aerobic training or
no exercise [185]. The trial analysis did not detect a positive effect after 12 weeks of exercise on
the progression-free survival of 122 lymphoma patients during a 61-month follow-up period.
In a recent clinical trial, the researchers hypothesized that caloric restriction and increased
exercise would not only decrease fat mass but would also lead to reduced post-induction
minimal residual disease in patients with B-cell acute lymphoblastic leukemia [186]. The inter-
vention consisted of caloric deficits of >20% during induction, reduced fat intake, reduced
glycemic load, and increased exercise; this led to a reduction in fat gain in the overweight
and obese patients, and most importantly, it reduced minimal residual disease. Nevertheless,
this single-arm intervention study utilized historical controls for comparative purposes and
prospective randomized trials are eagerly needed for the validation of these findings.

In conclusion, several studies suggest that high physical activity levels are of potential
benefit to the survivors of hematologic malignancies. However, physical activity levels can
be affected by the overall condition of the patient, and the intensity of the treatment regimen
or treatment-related complications; these factors can also directly affect survival outcomes.
Larger, well-controlled clinical trials are required to unravel the potential causal relationship
between behavioral changes and long-term outcomes in hematologic malignancy survivors.

The recently worldwide-imposed lockdowns during the COVID-19 pandemic had
a dramatic impact on the lifestyle of the general population, including cancer survivors.
An exploratory study in Northern Ireland reported the effects of the pandemic on several
behavioral aspects of cancer survivors during the COVID-19 pandemic [189]. Interestingly,
52% of the patients reported reduced physical activity during restrictions, owing to isolation,
declining health, lack of access to exercise facilities and motivation to exercise. Whereas
4% of participants had reported no physical activity before the pandemic, this number
increased to 21% during the COVID-19 restrictions. In another observational study in
France, 64% of the cancer survivors reported reduced physical activity and increased screen
time during the COVID-19 lockdowns [190]. On the other hand, researchers from Italy
effectively utilized tracker-based counselling and live-web exercise to engage breast cancer
survivors in exercise and improve their sleep quality during the COVID-19 lockdowns [191].
The adherence of the participants to the exercise interventions, as well as the effectiveness
of these programs in improving several sleep parameters, highlight the emerging value of
modern technology in promoting the well-being of cancer survivors.

The off-label use of over-the-counter dietary supplements and nutraceuticals is highly
prevalent among patients with cancer, especially in hematologic malignancies [192]; nonethe-
less, there is currently no solid evidence to justify this practice [178,193]. Among the avail-
able supplements, vitamin D has gathered interest for its potential benefits in hematologic
cancer patients, considering the high deficiency prevalence and association with adverse
prognosis in this population [194]. Interestingly, a likely multi-level relationship also ex-
ists between vitamin D deficiency and increased body adiposity, although the value of
exogenous supplementation in obesity outcomes remains controversial [193]. Regarding
COVID-19 outcomes, data on the role of vitamin D deficiency as a risk factor for adverse
outcomes are equivocal, while exogenous supplementation, although safe, has not provided
concrete evidence towards a clear benefit [195].
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10. Conclusions and Perspectives

It is likely that multiple factors related to obesity, hematologic malignancy or their
mutual pathogenetic attributes predispose people to a more adverse SARS-CoV-2 infection
prognosis, thus, forming a complex intercorrelated relationship. Moreover, the co-existence
of both obesity and hematologic abnormalities in the frame of the SARS-CoV-2 infection
may theoretically further adversely affect prognosis through independent risk factors
representative of each condition. In any case, the societal and health care system-related
adaptations during the course of the pandemic brought about a variety of obstacles per-
tinent to the diagnosis, timely active treatment, and chronic management of patients
with hematologic cancers, given the unique inherent and therapeutical features of this
morbidity spectrum.

Unfortunately, it is likely that the pandemic may have already taken its toll on this
vulnerable patient group; recent global-scale data indicate that they may have delayed
or missed MM diagnoses in the early COVID-19 era compared with the previous year, in
conjunction with a decreased survival among newly diagnosed cases (HR 0.61, 0.38-0.81
for diagnoses in 2020 compared with 2019) [196].

The field of hemato-oncology has already overcome the initial blow to a great degree
and adjusted to the new reality brought forward by COVID-19. Nonetheless, there is a
need for continued appraisal and update of numerous aspects of hematologic malignancy
management. Moreover, the contribution of obesity and its severity as an additional risk
factor for severe COVID-19 among those with hematologic malignancies has not yet been
investigated. Additionally, other clinical, laboratory and treatment-related factors predis-
posing to severe disease should be identified to effectively stratify patients in susceptibility
risk groups. Optimal timing of hemato-oncologic therapy initiation, post-treatment follow-
up and timely therapeutical planning, including allogeneic HSCT in case of infections
that emerge during active medical therapy, also need to be determined. Likewise, more
evidence is needed to establish a potential superior efficacy of specific vaccine types among
patients with hematologic cancer with or without obesity, as well as an effective vaccination
schedule in the long term. Lastly, more data are needed regarding the optimal medical
management of SARS-CoV-2 infections in this patient group, under the consideration of
respective diagnoses and treatments which may individually affect the natural history of
COVID-19.

Hopefully, all the above-mentioned parameters will help establish uniform interna-
tional recommendations for hemato-oncologic management during and after the COVID-19
era. These could, in turn, be utilized in shaping national and regional guidelines consider-
ing the different aspects and unique challenges of this field.
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Simple Summary: The SARS-CoV-2 (COVID-19) pandemic has significantly modified the medical
services provided for patients that receive care either for COVID-19 or for those that need care for
benign diseases, including obesity, or for malignant ones, such as gynecological cancer. We sought
to investigate the association among three major worldwide health issues (COVID-19, obesity, and
malignancy) and how ERAS protocols can potentially provide optimal management of patients with
obesity and malignancy during the COVID-19 pandemic, with special attention to patients who
required surgery for gynecologic oncology. We strongly believe that the application of ERAS protocols
could play a key role during these unprecedented COVID-19 times.

Abstract: The outbreak of the SARS-CoV-2 (COVID-19) pandemic has transformed the provision
of medical services for both patients that receive care for COVID-19 and for those that need care
either for benign diseases, including obesity, or for malignancies, such as gynecological cancer. In
this perspective article, we focus on the association among three major worldwide health issues
and how ERAS protocols can potentially provide optimal management of patients with obesity
and malignancy during the COVID-19 pandemic, with special attention to patients who required
surgery for gynecologic oncology. A thorough search of the literature on the respective topics was
performed. Patients with malignancy and obesity presented with increased vulnerability to COVID-
19 infection. However, the management of their disease should not be withheld. Protective measures
should be established to reduce exposure of patients with oncological diseases to SARS-CoV-2
while simultaneously enabling their access to vaccination. Since ERAS protocols have proved to be
efficient in many surgical fields, including gynecologic oncology, general surgery, and orthopedics,
we strongly believe that ERAS protocols may play a significant role in this effort. The end of the
COVID-19 pandemic cannot be accurately predicted. Nevertheless, we have to ensure the appropriate
and efficient management of certain groups of patients.

Keywords: COVID-19; gynecologic oncology; obesity; SARS-CoV-2; malignancy; cancer

1. Introduction

The outbreak of SARS-CoV-2 (COVID-19) and its subsequent declaration by the World
Health Organization (WHO) as a pandemic on 11th March 2020 has transformed the
provision of medical services for both patients that receive care for COVID-19 and those
that need care for other benign or malignant diseases. The pandemic has had significant
professional and psychological consequences for healthcare providers. During the year
2021, the introduction of vaccines has brought significant hope for immunity against the
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disease for society as a whole; however it is still markedly uneven due to the inequity of
vaccine access and the emergence of novel viral variants [1]. Furthermore, the different
immune susceptibilities of the new variants has raised concerns regarding the amount of
viral load in the community and the expansion of disease transmission [1].

Pandemics and cancer present similarities in growth and risk models and are both
leading causes of mortality worldwide [2]. Despite the significant advances in modern
therapies and quality of treatment, malignant diseases are among the most fatal conditions
globally. A rise of approximately 50% in cancer cases is expected in 2040 compared
with in 2020 [3]. According to the WHO, cancer is the second leading cause of death
worldwide, with an estimate of 9.6 million cancer-related deaths in 2018; that can be
translated to one in six deaths [3,4]. Cancer exerts significant psychological, physical,
and economic burdens on individuals, societies, and healthcare systems. Gynecologic
malignancies, including mainly cervical, endometrial, and ovarian cancer, are associated
with significant morbidity and mortality among the gynecologic population [5]. A variety
of clinicopathological characteristics have shown effects on the prognosis of gynecologic
oncology patients [5]. Obesity not only is considered a risk factor for the development of
certain types of gynecologic malignancies but also has been associated with poorer surgical
outcomes [6].

Obesity has reached pandemic proportions worldwide, with estimated overweight
and obese populations of approximately 39% and 13%, respectively [7]. Obesity is a major
global health concern because of its overwhelming effect on an individual’s health, which
correlates with high rates of morbidity, including elevated risk of infection, respiratory
and cardiometabolic diseases, as well as the development of malignancy [7]. Furthermore,
the socioeconomic impact of obesity constitutes a huge burden, related not only to an
excess of healthcare expenditure but also to critical loss of public productivity as a result
of increased mortality and permanent disability [8]. Especially during the COVID-19
pandemic, patients with obesity suffered from a number of penalties that affected both
populations with and without infections [9]. In particular, patients with obesity and a
COVID-19 infection have a worse prognosis, which is mainly related to their comorbidities
and impaired immune system [9]. Furthermore, patients with obesity require special care
by qualified medical staff and using equipment that are not always available [9]. Patients
without COVID-19 infections, on the other hand, are isolated at home during the pandemic;
have limited access to potential planned surgical procedures; and are restricted in their
choice of physical activity, which can worsen their already fragile medical condition [9].

During recent decades, Enhanced Recovery After Surgery (ERAS) protocols have been
applied in a variety of surgical subspecialties. They were initially proposed for patients
who underwent surgery for colorectal cancer and aimed to hasten postoperative recovery
while simultaneously decreasing postoperative morbidity and readmissions [10,11]. By
introducing a variety of standardized pre-, intra-, and postoperative modalities, the ERAS
protocols have shown expedited functional recovery through attenuation of the stress
response [11].

In this perspective article, we focus on the association among three major worldwide
health issues and how ERAS protocols can potentially provide optimal management of
patients with obesity and malignancy during the COVID-19 pandemic. We specifically
focus on patients with gynecologic malignancies who underwent surgery, which represents
a specific population of patients with cancer.

2. COVID-19 and Malignancy

The ongoing COVID-19 pandemic has dramatically changed the characteristics of
medical care for patients with malignant diseases. A variety of unknown and difficult-to-
solve problems have arisen, especially in daily surgical clinical practice. After an interval
of about 6-8 months of almost total cancellation of all elective surgeries, the surgical
community was called upon to take effective measures in preventing in-hospital SARS-
CoV-2 spread so as to resume elective surgical procedures with the greatest safety for
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the patient [12]. Patients with oncological diseases have faced significant delays in their
cancer diagnoses and treatments during the COVID-19 pandemic era. In particular, the
diagnostic workflow of patients suspected of having cancer has been withheld due to the
limited access of those patients to healthcare services and diagnostic procedures during the
COVID-19 pandemic. Consequently, this has resulted in significant delays in cancer di-
agnosis, which advanced the stage of disease at diagnosis and the number of potentially
avoidable cancer-related deaths [13]. This is also reflected in the decreased number of new
cancer diagnoses during the COVID-19 pandemic due to the restrictions and alterations
in health-seeking guidelines [13]. Decisions about the management of patients with onco-
logical diseases should balance the need for proceeding with cancer treatment with the
reported elevated susceptibility to COVID-19 infection and with the subsequent poten-
tially poor outcomes of patients with COVID-19 infections and cancer [14]. In order to
proceed with the surgical management of patients with oncological diseases, a plethora
of preventative measures have been proposed by several surgical societies. Among them,
restrictions regarding hospital visits unless absolutely necessary, limitations in the num-
ber of family members accompanying the patient, pre-operative SARS-CoV-2 screening
before admission to the hospital and frequently thereafter during hospital stay, isolation
of patients for a couple of days before surgery, and attempts to reduce hospital stays after
surgery have been proposed. Some ongoing studies aim to elucidate the exact role of
preoperative SARS-CoV-2 testing and remote prehabilitation in patients who are scheduled
for elective surgeries [15]. In any case, all appropriate measures should be taken to ensure
the availability of an operating theatre, surgeons, hospital staff, and resources in order
for the cancer surgery to be prioritized [16]. Consequently, there is a need to establish
perioperative pathways to hasten recovery and to increase hospital capacity [16]. ERAS
protocols could serve as a major tool in helping combat this problem [16].

Furthermore, special attention should be paid to the characteristics and care of patients
with cancer who are diagnosed with SARS-CoV-2. According to some studies, patients with
malignancies are at higher risk of developing a COVID-19 infection [17]. However, no firm
conclusion can be derived based on the current literature regarding the exact interaction
between SARS-CoV-2 and cancer since there are many cofounders that can influence the
course of those patients including age, comorbidities, smoking, and obesity. The poten-
tial suppression of the immune system of patients with cancer who undergo anti-cancer
therapy explains the vulnerability of this group of patients with malignant diseases [17,18].
However, this could not be the case for all patients with cancer. Furthermore, cancer-related
hypercoagulopathy could further increase the morbidity of these patients [18]. Therefore,
prevention, early recognition, and appropriate management of thrombosis cases could be
an important tool in reducing patients” morbidity.

We identified three studies in the literature that compared the differences in character-
istics and outcomes among 5542 COVID-19 infected patients with (1 = 398) and without
malignancies (1 = 5144) [19-21]. Their outcomes are summarized in Table 1.

The presence of comorbidities was more prevalent in patients with cancer who were
infected with SARS-CoV-2. As shown in Table 1, mortality rates were controversial among
the included studies. The multivariate analysis performed by Dai et al. revealed that
the elevated risk of mortality, the presence of severe symptoms, ICU admission, and
mechanical ventilation remained significant for patients with cancer who were infected
by COVID-19 [19]. The same authors performed a separate analysis among patients with
metastatic and non-metastatic cancer and proved that, concerning the aforementioned
parameters, significance was only retained for patients with metastasis [19]. Additionally,
patients who received surgery and immunotherapy presented with elevated mortality
and increased incidence of severe symptoms, while this was not observed for those under
radiotherapy [19]. Finally, Aboueshia et al. detected no difference in mortality rates among
patients with cancer who were currently under treatment (active) and those who were not
(non-active) [21].
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Table 1. Studies reporting characteristics and outcomes of patients with COVID-19 with malignancy

versus without malignancy.

Year; Author 2021; Aboueshia 2021; Mohamed 2020; Dai
Country USA, Egypt USA China, USA
Type of study RS RS MS-PS
Study period February 2017-April 2020 March 2020-April 2020 January 2020-February 2020

Inclusion criteria

Adult patients hospitalized
with COVID-19

Patients who are positive for
COVID-19 who had testing
due to fever or
signs/symptoms suggestive
of respiratory illness, history
of travel to affected areas,
direct contact with a person
who was confirmed as having
a COVID-19 infection

Patients with or without
cancer who were infected with
COVID-19 matched by age

Evaluated outcomes

Relationship between cancer
and severe COVID-19 illness
with adverse
outcomes/in-hospital

mortality, ICU admission, risk

Difference between patients
with COVID-19 and with and
without cancer in
demographics, clinical and
behavioral characteristics;

Death; ICU admission; severe
clinical symptoms; acute
kidney injury; disseminated
intravascular coagulation;

of intubation, duration of prediction of mortality in rhabdomyolysis
mechanical ventilation, LOS patients with cancer
Patient No 57 vs. 203 236 vs. 4405 105 vs. 536
63.6 +12.5%vs. 58.7 = 14.6 2 69 (61-78) vs. 57 (40-70) b b
Age (years) p=0023 p <0.001 64 (14) ° vs. 63.5(14) ° p=0.25
Most common type of cancer Breast and prostate N/A Lung cancer
s s o 22.2% vs. 16.1% OR 2.84 95% CI 1.59-5.08
ICU admission (%) p=007 N/A p<0.01
. . o 78.8% vs. 79.9%
Complications (%) p =084 N/A N/A
11(10.48%) vs. 47 (8.77%)
Mechanical 12 (26.1%) vs. 52 (32.9%) N/A p = 0.58 (non-invasive)

ventilation N (%)

p = 0.47 (closed cases)

11(10.48%) vs. 15(2.79%)

p < 0.001
Mortality (%) 12.3;/033.' 5136.3% 29 (12.3%) Vos.b 327 81%) p = OR 2.34 i52/00%31.154.77
Discharged patients N (%) 42/49 (SS(Zl/i\/Ii 142/175 75 (31.8?)!8:0%)(;26 (46%) N/A
LOS 12.8 + 11.;1 i \(;.S(.) 082.58 +6.52 N/A 27.01 + 9'5;;2:3'. O117.75 + 8.64

RS: Retrospective; MS: multicenter; ICU: intensive care unit; LOS: length of stay, ® mean + SD, b median (IQR).

The management of patients with malignancy during the COVID-19 pandemic is of
critical importance. However, the available guidelines by existing committees are not yet
clear on the optimal approach regarding patients with malignancy who were or were not
infected with COVID-19 during the pandemic. Further trials and audits from high-volume
centers are warranted to elucidate whether COVID-19 infection and malignancy correlate
with higher mortality, and to identify potential biomarkers used to stratify the risk of
mortality and development of severe complications in those patients. The establishment of
strategies and modalities to protect patients with cancer from SARS-CoV-2 infection during
their treatment and to adjust their management against cancer during a COVID-19 episode
would be beneficial for this evidently high-risk group of patients.
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3. COVID-19 and Obesity

The restrictions to physical activity and the potentially unhealthy eating habits that
have been adopted during the COVID-19 pandemic could be considered as additional
risk factors that predispose a person to obesity. Similar to other infectious diseases, a
COVID-19 infection has been claimed to induce obesity. The potential mechanisms that
have been proposed include the increase in adipogenesis and in chronic inflammation that
promote fatty tissue angiogenesis [22]. Finally, the pandemic has paused elective bariatric
procedures, and thus, the management of obesity in patients was withheld, leading to
a significant expansion of the adverse consequences of obesity including cardiovascular
complications, diabetes mellitus, and cancer [22]. However, the outcomes from a single
high-volume center in Canada showed that the application of ERAS protocols kept the
bariatric program fully functional during the pandemic, allowing for discharges on the first
postoperative day [23].

As mentioned above, patients with obesity can have compromised immune systems
with a low-grade inflammatory state as well as respiratory dysfunction, indicating a po-
tential relationship between obesity and the severity of SARS-CoV-2 disease. A recent
meta-analysis by Cai et al. showed that patients with obesity and SARS-CoV-2 were more
likely to be hospitalized, to suffer from more severe disease, to be admitted to the ICU,
and to receive mechanical ventilation more often compared with patients without obe-
sity [7]. The mortality rates of those patients were accordingly elevated [7]. Susceptibility
to acute respiratory distress syndrome (ARDS), which constitutes the primary cause of
mortality due to SARS-CoV-2, is considerably greater among patients with obesity. There is
strong evidence suggesting that a higher body mass index (BMI) is greatly associated with
COVID-19 infection, with an estimated risk increase of about 5-10% of hospitalization due
to SARS-CoV-2 for every kg/m? excess of BMI [24]. In addition, patients with obesity are at
a higher risk for reduced effectiveness of COVID-19 vaccination, which can be potentially
attributed to metabolic dysfunction, leading to a weakened immune response [25].

4. The Triangle of Pandemic Doom

As previously highlighted, appropriate clinical decision-making for patients under-
going surgery during these unprecedented times is of paramount importance in order
to achieve optimal outcomes, while a dangerous triangle of doom is forming (Figure 1).
Patients with obesity undergoing surgery for cancer and imperiled by COVID-19 infection
find themselves at a very high risk for perioperative complications and mortality. At this
point, the implementation of ERAS protocols may serve as a life jacket for patients who
find themselves within this deleterious triangle.

COVID-19

-
A,
TN
\,

Obesity * "Cancer

Figure 1. The triangle of pandemic doom.
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5. ERAS and Surgical Oncology

The application of ERAS fast-track protocols has been proposed as a tool for improving
the perioperative care of patients and aiming to decrease postoperative morbidity, hospital
stay, and hospitalization costs. The main goal of applying ERAS protocols is to hasten
the return of patients to normal activity. It is known that surgical operations and hospital
stays can interfere with normal homeostasis, a phenomenon that is called the surgical
stress response (SSR) and involves the immune and neuroendocrine systems [26]. The
decrease in SSR could lead to an optimal postoperative course with significant reduction
in postoperative morbidity [26]. In that context, the application of ERAS protocols could
contribute to protection against SSR. This can be achieved by encompassing strategies to
eliminate perioperative opioid use and to introduce early oral food intake and ambulation,
as well as prudent fluid administration. The components of ERAS protocols are classified
into pre-, intra-, and postoperative components [27]. There is a significant interaction among
the ERAS components, with one affecting the other [28]. Some of the main components of
ERAS protocols in gynecologic oncology are shown in Table 2.

Table 2. Key principles of ERAS protocols in gynecologic/oncology.

e  Thorough preoperative counseling.

e  Preoperative prehabilitation and optimization (cessation of smoking and alcohol abuse, and
correction of possible anemia).

e  No mechanical bowel preparation.

e  (lear fluids consumption (oral carbohydrate drinks): until 2 h preoperatively and a light
meal 6 h prior to the introduction of anesthesia.

e  No administration of preoperative sedatives for anxiety reduction.

° For surgery > 30 min, dual VTE prophylaxis administration: including mechanical and either
LMWH or heparin.

e  Administration of first-generation cephalosporins and anaerobic prophylaxis (in case of
bowel resection) 60 min prior to incision.

e  Short-acting anesthetics and local anesthesia wound infiltration.

° Use > 2 antiemetic agents for PONV prevention.

e  No routine use of nasogastric intubation. If inserted during surgery, remove immediately
after surgery.

e  No use of surgical drains.

e  Preservation of normothermia and euvolemia intra-operatively.

e  Early discontinuation of intravenous fluids postoperatively (once tolerating oral fluids) and
simultaneous return to regular diet within the first 24 h postoperatively.

e  Maintenance of blood glucose levels < 180-200 mg/dL, and if glucose levels surpass this
range, use insulin infusions.

e  Opioid sparing strategies with multimodal analgesia.

° Remove bladder catheter at <24 h postoperatively.

e  Active mobilization from the first postoperative day.

VTE: venous thromboembolism; LMWH: low molecular weight heparin; PONV: postoperative nausea and vomiting.

The cooperation of a multidisciplinary team consisting of surgeons, anesthesiologists,
nutrition specialists, nursing staff, and physiotherapists is of critical importance to achieve
the optimal postoperative care [28]. To that end, the proper education of all these specialties
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could lead to the successful application of ERAS protocols. A plethora of original studies
and reviews have demonstrated the superiority of ERAS protocols in many surgical fields
in ameliorating short-term outcomes including a significant reduction in complication rates
and hospital stays with no impact in reoperation and readmission rates [29,30]. However,
less is known about the long-term efficacy of ERAS protocols in patients with malignancy.
According to the findings by Gustafsson et al., the application of ERAS protocols in patients
with colorectal cancer undergoing surgery was shown to be associated with improved
5 year disease specific survival [31]. Interestingly, the maintenance of fluid balance, the
prevention of fluid overload, and monitoring of calories by oral intake at the day of surgery
were considered the ERAS components that were independently related to improved
5 year survival outcomes [31]. ERAS can be applied in all patients who have been selected
to receive surgical management for their disease.

5.1. ERAS and Gastrointestinal Surgery

The use of ERAS-based clinical pathways for patients who had pancreatoduodenec-
tomy due to pancreatic cancer has been shown to be effective for both increased patient
care and reduced hospital costs according to the meta-analysis by Karunakaran et al. [32].
The authors recorded a significant decrease in hospital stays, complications, and overall
hospital costs through the ERAS arm of care compared with standard care [32]. The respec-
tive benefits have also been seen in patients with gastric cancer who underwent surgery
with preoperative education, early rehabilitation with mobilization, and first postoperative
day oral feeding [33]. In liver surgery, the application of ERAS resulted in a significant
reduction in complications and length of stay with no impact to mortality and re-admission
rates [34]. Furthermore, for patients with colorectal cancer who had laparoscopic surgery,
the application of ERAS was associated with shorter hospital stays, and earlier time to first
flatus and defecation, based on the outcomes of a meta-analysis of 13 randomized clinical
trials [35].

5.2. ERAS and Gynecologic Oncology Surgery

ERAS protocols have also been used in patients with gynecologic cancers. According
to a recent meta-analysis by Bisch et al., the application of ERAS protocols in patients
with gynecologic malignancy has been associated with significant benefits for the patients’
postoperative course by reducing the length of hospital stays and postoperative complica-
tions with no impact in readmission rates and mortality [36]. Additionally, Tankou et al.
compared the postoperative outcomes of patients with advanced ovarian cancer who had
interval debulking surgery after the application of neoadjuvant chemotherapy before and
after ERAS [10]. They showed a significantly elevated proportion of patients that resumed
chemotherapy at 28 days after surgery in the post-ERAS group compared with those in the
pre-ERAS group (80% vs. 64%, odds ratios 2.29, p = 0.002) [10]. The ERAS Society has issued
and updated guidelines on the optimal perioperative care of patients with gynecologic
malignancy that aimed to improve patients” postoperative outcomes [37].

5.3. ERAS and Urological Surgery

The use of ERAS has also been extensively investigated in patients who had surgery
due to urological indications. More specifically, for patients with bladder cancer who had
radical cystectomy, those who were managed under ERAS protocols had a shorter time to
first bowel movement and a shorter hospital stay compared with the group without ERAS
management. No difference was observed in the 30-day readmission and complication
rates [38]. ERAS protocols were also shown to be beneficial in terms of time to first flatus,
increasing safety in catheter removal and reducing hospital stay in patients who had radical
prostatectomy [39].

187



Cancers 2022, 14, 1660

5.4. ERAS and Head and Neck Surgery

The current literature also presents encouraging perioperative outcomes in the use of
ERAS in patients with head and neck cancers. In particular, there is growing evidence for
the clinical and financial benefits of ERAS in major head and neck surgery [40]. Early oral
intake and trachea-stoma closure have been recorded as the key beneficial components of
ERAS in these surgeries [41]. However, data are still limited in the field and further, larger,
well-designed trials are required to validate the safety and feasibility of ERAS protocols in
head and neck surgery [41,42].

6. Key Role of ERAS in Gynecologic Oncology

Patients with malignant diseases are more susceptible to SARS-CoV-2 due to cancer-
related immunosuppression. Therefore, there is an urgent need to develop strategies to
reduce exposure to COVID-19 in patients with cancer in need of surgical intervention.
ERAS protocols have been proposed as valuable tools in the surgical management of
patients with malignancy during the SARS-CoV-2 era [16]. These protocols maintain
homeostasis during the perioperative period, aiming to minimize the prevalence and
severity of complications after complex gynecologic oncology surgeries even during the
COVID-19 pandemic [12]. More specifically, strategies for the reduction in the length of
hospital stays and readmissions are among the preventative measures of transmission of
SARS-CoV-2 [43]. Moreover, a shorter length of hospitalization can improve the mental
well-being not only of patients after surgery but also of their care providers and relatives,
who are restricted from hospital visits, and can thus result in more favorable postoperative
outcomes [43]. Finally, the implementation of ERAS protocols also seems to be cost-
effective: the increase in total savings per cancer patient allows for the opportunity to
redistribute these savings to other areas of the healthcare system. It is obvious that the
combination of obesity and malignancy expands the risks of suffering from SARS-CoV-2
and the severe complications of the disease. During this unknown and difficult period,
there is an increased need for the development of perioperative care pathways that will
ensure the safety of patients with obesity and gynecologic malignancies.

The use of ERAS protocols in gynecologic oncology has shown reduced lengths of
hospital stays, which can also minimize the risk of COVID-19 infection. Additionally,
in patients with obesity and gynecologic malignancies, the use of ERAS protocols has
been proven to be safe and efficient, with comparable perioperative outcomes to patients
without obesity [44]. The implementation of ERAS protocols in patients who required
surgery for gynecologic oncology and who had minimally invasive hysterectomy was
associated with significantly increased same-day discharge rates: 75% following ERAS
protocols as compared with 29% during the pre-implementation era, with no impact
in complication and readmission rates [45]. Interestingly, the mean BMI of the study
population was 32, with no observable difference in BMI among the pre-ERAS and post-
ERAS intervention groups [45]. This clearly indicates the applicability of the suggested,
minimally invasive ERAS program in patients with obesity that can also facilitate better
hospital management of patients with obesity who require surgery for malignancy during
the COVID-19 pandemic. In addition, ERAS protocols promote early functional recovery
after surgery, resulting in lower rates of complications and a faster return to the intended
oncology treatment, compared with traditional methods in patients with a high risk of
postoperative morbidity, such as those with obesity. Therefore, the application of the
main components of ERAS, such as those mentioned in Table 2, with further special
consideration to some specific elements, can contribute to the optimal management of
patients with obesity, COVID-19 infections, and oncologic diseases. Moreover, emphasis
should be given to prehabilitation strategies that promote weight loss and exercise; the
application of a preoperative low-calorie diet and improvements in general fitness and
respiratory capacity are of paramount importance. Postoperative dietary and nutritional
support is equally important in providing early nutritional care to patients with oncological
diseases during the immediate postoperative period. As for the anesthesiology part, the
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anesthesiologist should be aware of the challenges of intubation of patients with obesity and
adopt lung protective strategies with adjustment in ventilation parameters and positioning
that can improve gas exchange and pulmonary mechanisms. ERAS protocols enable safe
and effective treatment options for patients with obesity, while human and institutional
resources are preserved for patients with SARS-CoV-2 requiring hospitalization. Women
with obesity represent a significant proportion of patients with gynecologic malignancies
and the postponement or the cancellation of their management will lead to a further peak
of cancer-related deaths added to those due to COVID-19 infection.

7. Conclusions

No one can accurately predict when the COVID-19 pandemic will end. However,
we have to ensure the appropriate and efficient management of patients with oncological
diseases during these unprecedented times. Greater attention should be paid to patients
with obesity, which constitute a high-risk group of patients. Consequently, there is a
strong need to establish strategies to eliminate the adverse outcomes that can arise from
the combination of malignancy, obesity, and COVID-19 infection. Despite the increased
vulnerability of patients with obesity and cancer to COVID-19 infection, the management
of their disease should not be withheld. To that end, we should ensure that management
strategies consist of protective measures to reduce their exposure to SARS-CoV-2, and
unfettered access to vaccination. Since ERAS fast-track protocols have been proven to
be effective in gynecologic oncology surgery and other surgical oncology disciplines, we
strongly believe that ERAS fast-track protocols may play a significant role in efforts to
combeat the serious “triangle of pandemic doom”.
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Simple Summary: The COVID-19 pandemic imposed serious strain on healthcare services and
patient management, affecting almost every medical field. Cancer patients underwent and are still
facing major modifications and turbulences with regard to their therapeutic courses, with the medical
community awkwardly balancing the disease’s menacing nature and their increased vulnerability to
novel infection. As the cancer with the highest incidence and prevalence, breast-cancer patients and
caregivers were widely affected by the healthcare crisis in multiple domains and ways, leading to
rapid adjustments in response, maintaining one aim: to provide safe and uninterrupted cancer care
regardless of the resource and communication shortages. This review summarizes the challenges
in breast-cancer management and the subsequent alterations in clinical practice. The reflexes and
adaptability of the medical community under this massive pressure provide a glimmer of optimism,
but the impact of these forced changes and their contribution to this goal still need to be evaluated.

Abstract: The harsh healthcare reality imposed by the COVID-19 pandemic resulted in wide clinical
practice alterations, postponements, and shortages, affecting both patients and caregivers. Breast-
cancer management, from diagnosis to treatment and follow up, was a field that did not escape such
changes, facing a challenging set of obstacles in order to maintain adequate cancer care services while
diminishing viral spread among patients and personnel. In this review article, we discuss the impact
of the COVID-19 pandemic on several aspects of breast-cancer management, and the subsequent
modifications adopted by clinicians, scientific groups, and governments as a response to the novel
conditions. Screening and diagnosis, as well as breast-cancer treatment paths—especially surgical
interventions—were the most affected domains, while patients” psychological burden also emerged
as a notable consequence. The aftermath of diagnostic and surgical delays is yet to be assessed, while
the treatment alterations and the introduction of new therapeutic schemes might signify the opening
of a novel era in breast-cancer management.

Keywords: breast cancer; COVID-19; cancer care; screening; surgery; psychological distress

1. Introduction

The COVID-19 pandemic has imposed significant strain on healthcare services, in-
cluding cancer-care providers. The struggle mostly concerns the fine balance between the
risk of virus transmission among vulnerable oncological patients and valuable healthcare
personnel, the preservation of human and material resources, the alleviation of facilities’
overload, and the ensuring of high-quality cancer care.

Restrictive measures and social distancing; the redeployment of human resources;
and limitations in personal protective equipment, material, and hospital beds revealed
the need for adapting to a new, hostile clinical setting, both for patients and clinicians,
with subsequent inevitable modifications, delays, or even postponements in many aspects
of clinical practice. More specifically, concerning breast-cancer patients, many national
committees responded to these unprecedented conditions with omissions of screening and
follow-up programs during the overload phases of the pandemic, as well as alterations
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in the execution of diagnostic and treatment procedures. Major health organizations and
professional bodies issued recommendations to provide some of the much needed guidance
regarding demanding breast-cancer-patient management from diagnosis to treatment and
follow-up during this overwhelming period.

In addition to healthcare systems” dysfunctions, patients’ psychology and behavior
were not spared from the devastating effects of the pandemic, leading to further delays and
cancellations in screening or in diagnostic, therapeutic, or follow-up appointments, further
compromising the achievement of delivering adequate cancer care in such a rough setting.

In this review article, we identify, summarize, and eventually assess the impact of the
COVID-19 pandemic on several stages of breast-cancer management.

2. Main Text
2.1. Challenges in Diagnosis

To minimize COVID-19 spread, several social distancing measures and transport
limitations were imposed in most countries. Compliance with these measures, as well
as the fear of getting infected, led a significant number of women to postpone or cancel
medical appointments and breast-cancer screening examinations, even in cases where
symptoms were present, with a subsequent reduction in the number of patient referrals and
overall breast-cancer diagnoses [1-4]. In addition to the reluctance of the population eligible
for screening, many screening programs worldwide were temporarily halted, and primary
care appointments, diagnostic imaging, and breast biopsies were reduced in response to
augmented clinical demands and a shortage of human and material resources [1,2,4-8]. This
practice was also favored by the recommendations published by experts’ consortia [9-11].
As expected, the losses in screening and primary care appointments were translated into a
significant decrease in breast-cancer incidence and diagnoses during the intense phases
of the pandemic, especially for in situ ductal carcinomas (DCIS), early-stage disease, and
women aged over 50 years old (the cutoff age for some screening programs), according to
some studies [2,5].

The consequences of these diagnostic delays are not yet extensively known, but
estimation models based on well-monitored populations predict a possible increase in
breast-cancer-related deaths, proportional to the duration of screening cessation [4,8]. Long-
term studies should be conducted in order to shed light on this assumption.

Providing screening programs and non-urgent primary and specialized breast-cancer
diagnostic services during periods of such overload may not be feasible, but a number of
alternatives and modifications can contribute to the effort to stay close to the standard of
care. Notably, the use of telemedicine emerged as a useful referral alternative that spares
medical resources and provides the opportunity to avoid unnecessary in-person visits,
advantages that made it a preferable option among physicians [7]. Furthermore, instead of
complete screening and diagnostic-program cessation, detailed planning and information
on safety protocols during diagnostic imaging and procedures, as well as the modification
of the number of women per screening session, can ease the execution of these programs,
achieving safer procedures and fewer patient cancellations.

2.2. Challenges in Treatment

Saving valuable medical and facility resources, and mitigating the spread of SARS-
CoV-2 while offering breast-cancer patients high-quality treatment close to the standard
care, was again the main struggle regarding breast-cancer treatment and decision making.
At the beginning of the pandemic, cancer patients, including breast-cancer patients, were
considered high-risk patients for COVID-19-related morbidity and mortality, due to disease
and chemotherapy-induced immunosuppression [7]. From this point of view, minimizing
the risk of COVID-19 exposure by reducing in-person appointments and sessions, avoiding
long hospital stays, and limiting the probability of treatment complications and adverse
effects and subsequent readmissions was of paramount importance. Additionally, in the
context of the healthcare crisis, immense operating-room schedule redistribution and
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elective-surgery volume reduction occurred, creating another therapeutic obstacle for
a significant portion of breast-cancer patients [6,12]. In this setting, the avoidance of
undertreatment and providing safe and timely therapeutic options without compromising
the outcomes becomes a quite challenging task. A series of therapeutic modifications
emerged as a response to the new conditions, rapidly included in breast cancer decision-
making guidelines and recommendations issued especially for clinical practice during the
pandemic, which were mostly characterized by a shift from surgical and hospitalization-
requiring therapies towards conservative, at-home treatments. Notably, the COVID-19
pandemic era was intensely marked by the broad use of neoadjuvant hormonal therapy
for hormonal receptor (HR)-positive tumors, both early-stage and locally advanced breast
cancer or even DCIS, as a first-line, surgery-sparing treatment for every age group, serving
as a major contributor to surgical-load reduction [2,5,6,8,9,12-16].

Surgical practice and treatment were highly affected during the pandemic and espe-
cially during the confinement periods, facing a trend that called for operation omissions,
careful preoperative patient selection, and surgical-management modifications [5,12].

Non-urgent surgical procedures were postponed, a decision also supported by sev-
eral professional group recommendations (ACR, ESMO, ACCN, ASBrS, NAPBC, and
CoC) [5-8,10-12,14,17-19]. Studies stating that surgery delays of up to 12 weeks have no
impact on patients’ long-term survival and the rise in neoadjuvant therapies allowed this
direction to be implemented in several countries, with 13.6% of surveyed US breast sur-
geons declaring to have had all of their operations stopped and 100% reporting a reduction
in the number of elective surgeries [3,6,12]. In a survey conducted by Rocco et al., including
breast surgeons from various countries worldwide, only 4% of the participants reported re-
taining unchanged operating schedules. From the affected portion, 62% declared reducing
their sessions and 34% performing only emergency breast operations [12]. To achieve this
reduction, a primary systemic treatment was offered as an alternative to surgery in 48% of
the cases diagnosed during the pandemic [12].

To aid patient selection, multidisciplinary team cooperation and patient triaging are
necessary. Many health systems, following the management recommendations, used a
patient-selection system, usually dividing breast-cancer patients into three or four surgical-
time groups, from high (<2 weeks) to low surgical priority (>4 or up to >8 weeks), according
to surgery urgency. Patients facing surgical complications (hematomas, abscesses, and flap
ischemia) are of high surgical priority regardless of the COVID-19 urgency setting [10,11,19].
Patients completing neoadjuvant chemotherapy, breast cancer during pregnancy, T2 or N1
HR+/HER2- tumors, and triple-negative or HER2+ patients range from high to intermedi-
ate surgical priority, taking into consideration the COVID-19 urgency setting and alternative
treatment options [8-12,14,15,18,19]. The excision of malignant recurrence, clinically low-
risk primary disease, discordant biopsies likely to be malignant, and patients unable to
receive neoadjuvant treatment are considered of intermediate priority [8-12,14,15,18,19].
All high-risk benign lesions, DCIS cases, discordant biopsies likely to be benign, re-excision
surgeries, prophylactic operations, delayed sentinel lymph node biopsies, and primary-
systemic-treatment-eligible patients are classified as low priority [10,11,19].

The type of surgical approach was also affected, with an increase in minimal, breast-
conserving operations in order to avoid extensive surgeries and thereupon the risk of
major complications, patient revisits, unnecessary hospitalizations, and prolonged hospital
stay [6,8,9,14,16]. When mastectomy was performed, immediate breast reconstruction (IBR)
was not the reconstructive method of choice; instead, delayed reconstruction was pre-
ferred in order to reduce surgical time and the risk of complications in many cases [12,16].
The axillary surgical approach does not seem to have been affected, although some tech-
nical considerations arose regarding the COVID-19 vaccination site and timing or the
feasibility of dual tracer sentinel lymph node (SLN) mapping, creating space for possible
alternatives [16,20,21].

Regarding radiotherapy and systemic therapy, following the same principles of in-
person appointment and hospitalization reductions and resource retaining, several alter-
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ations were applied. Current practices and literature support that adjuvant radiotherapy
initiation can be delayed for up to 3-6 months for selected patients, and hypofractionated
radiotherapy schedules are preferred during periods of health-system overload since there
seems to be no difference in terms of the therapeutic effect [7,9,10,13,15,22]. In general,
radiation treatment was preserved for high-risk breast-cancer patients postoperatively and
as palliative treatment for local or metastatic disease presenting with urgent or otherwise
uncontrollable symptoms (bleeding mass, spinal cord compression, and symptomatic brain
lesions), in addition to patients already on treatment [10,11].

Both adjuvant and neoadjuvant hormonal therapy (NET) for every stage HR positive
tumors became widely suggested, as well as HER2-directed therapy for HER2+ disease,
facilitating the delay of surgical treatment [2,6,8,9,13,14,16]. More specifically, primary
hormonal therapy was considered acceptable in most of HR+/HER2- cases, especially
post-menopausal women, in some countries, including those with N1 axillary disease,
accompanied by neoadjuvant chemotherapy in high-risk patients, the selection of whom
was facilitated by the use of genomic testing [5,6,9,12-14]. This practice can delay surgical
treatment up to 6-12 months [11]. Wilke et al. report an additional 31% of the patients in
their database receiving NET due to COVID-19, in contradiction to 6.9% receiving NET
as the usual approach, highlighting the impact of the pandemic on this particular type
of treatment [6]. Chemotherapeutic protocols were modified in order to avoid toxicity
and chemotherapy (CMT)-related adverse effects (most importantly immunosuppression),
with complete avoidance of CMT in selected patients, the use of longer interval regimens,
universal-growth-factor support, and limited anthracycline and steroid use [9-11,13,15].
Genomic testing, even on biopsy specimens, was strongly encouraged for patient selec-
tion [6,9,13].

2.3. Challenges in Follow-Up

Managing patient visits after treatment initiation was also a field affected by the
pandemic, as this part of caregiving is not considered as urgent and therefore was sub-
ject to limitations. In the absence of symptoms, routine follow-up and breast-imaging
appointments were deferred, with a reduction in in-person visits up to 49.4% in some
countries [10,12,13,23]. Telemedicine came up again as a solution to some cases, filling part
of this void and cutting down the necessity for face-to-face appointments, while providing
adequate healthcare services [10,23]. It was included as the recommended method for
established cases without new issues, psychological support visits, and newly diagnosed
non-invasive breast-cancer patients [11].

2.4. Challenges for the Patients

While healthcare personnel have often been found crushed under the pandemic’s suf-
focating burden, patients were not at all spared the psychological pressure imposed by this
new threat either. The pandemic brought additional stressors to an already psychologically
vulnerable population group, such as the fear of infection, especially for immunosup-
pressed patients; the fear of disease undertreatment and recurrence due to delays and
changes in cancer therapies; and the logistics of scheduling and attending a screening, treat-
ment, or follow-up appointment [1,17,24]. In addition, through restrictive measures and
isolation, it deprived them of several supporting mechanisms: in-person communication
and interaction, participation in group activities, and even receiving specialized help and
care. Breast-cancer patients’ life became gloomier, as a Canadian study shows, with 63.9%
of the participants declaring having experienced at least one COVID-19-related stressor and
almost 40% showing clinical levels of concerns such as anxiety, insomnia, and depressive
symptoms [24]. Promoting mental health and emotional stability for these patients is a
principal priority per se but also serves as a way to ensure better compliance and engage-
ment, avoiding screening or treatment drop outs that jeopardize patients” outcomes [1,24].
Communication is key to overcoming these psychological obstacles, alleviating the frustra-
tion deriving from management alterations and providing needed information, counseling,
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and support, creating a safe environment for the patient, even when it is accomplished
remotely or with the use of informational material [1,17].

2.5. Challenges in Breast-Surgery Education

The pandemic-induced shift from surgical to non-surgical breast-cancer treatments
left breast surgical training in crisis too. The inevitable changes in clinical practice affected
surgical trainees worldwide regardless of their training program duration or setting. Breast-
surgery fellowships in particular, due to the short-time programs (usually 1 year), faced
major interruptions.

The alterations that most affected postgraduate surgical education include the dramatic
decrease in elective operations, the missing cases due to diagnostic delays, the reduced
clinic and outpatient unit hours, and the trainees’ redeployment to COVID-19 related
units [25-28]. The main result of these changes was a significant gap in hands-on, operative,
and in-patient exposure. As stated by Kilgore et al., 43% of breast-surgery trainees incurred
partial or complete deprivation of their time in the operating room [26]. In a prospective
study conducted by a COVID-STAR collaborative study group among trainees of several
surgical subspecialties, including breast surgery, the respondents reported a complete
or >50% loss of their training regarding elective operating, emergency operating, and
outpatient activity in 69.5%, 48%, and 67.3% of respondents, respectively, which affected
their progression and perception of competence in their fields [28]. Moreover, reduced
contact and communication with physicians of the same or relevant specialties in the
context of COVID-19 risk-reduction measures hindered mentorship and peer guidance,
further limiting gained experience.

Apart from the clinical aspects of surgical education, delays in clinical research; can-
cellations and disabled attendance in conferences; and postponements of certification or
qualifying exams posed a threat to academic development [25,26,29].

As a result of educational and professional uncertainty, along with a fear of COVID-19
infection and transmission, stress levels were heightened; 81% of surgical trainees declared
that their mental health was affected by the situation, and 93% of breast-surgery fellows
admitted having faced increased stress [26,28]. The educational challenges hide a long-term
breast-cancer management challenge since the deficient training at the present could lead
to insufficient surgeons in the future, imperiling patients’ safety and outcomes [27].

3. Discussion

The ongoing COVID-19 pandemic has been a burdensome situation for healthcare
systems, clinicians, and patients worldwide. Breast-cancer management is facing several
obstacles inflicted by this pandemic in all of its aspects. Screening, patient diagnosis,
treatment and follow-up are all parts of this multifaceted challenge and the most important
questions arising concern how these difficulties are to be overcome and what will the impact
of our decisions be—its extent and its contribution—on breast-cancer patients’ course.

In such unprecedented conditions, providing high-quality cancer care with compro-
mised material, human, and even psychological reserves requires cautious and thorough
decision making, which can be achieved only when based on well founded, evidence-based
knowledge and uninterrupted multidisciplinary coordination. Consultations and guide-
lines elaborated by scientific groups aid this process and provide a base for consonant
clinical practice, without limiting the opportunity for personalized care. Furthermore,
establishing and supporting communication between caregivers and patients with detailed
and comprehensible information about their disease, options, and COVID-19 risks seems
to be an important step towards a safe and effective therapeutic plan.

It is apparent that the impact of the current situation and its subsequent alterations in
breast-cancer management is still unknown, and further investigation is essential. Screening
and diagnostic delays due to suspended screening programs and reduced referrals, as well
as patient hesitancy, could contribute to a shift towards higher stage disease at the time
of diagnosis, losses in diagnoses, and ultimately an increase in breast cancer mortality, a
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hypothesis that needs to be assessed. Treatment modifications, such as the rapid increase
in neoadjuvant hormonal therapy use, surgery and radiotherapy delays, and systemic
therapy regimen alterations, are another field of evaluation, in order to define the safety
and efficacy of COVID-19-driven management decisions and acquire valuable data on
the impact of the pandemic on breast-cancer patients’ outcomes. Finally, although the
changes implemented are considered as resource-sparing, the aftermath of breast-cancer
screening and treatment distortions may still not favor health systems’ sustainability. It is
of value to take into consideration whether missing early-stage disease, delaying surgery
and performing two-step surgeries instead of one (as in the case of avoided immediate
breast reconstruction operations) could ultimately increase the cost of breast-cancer care.

Another topic yet to be clarified is the actual relationship between COVID-19 and
breast cancer in order to define the level of patients’ risk and include it in decision making.
The existing literature suggests that breast cancer per se is not a major contributor to COVID-
19 mortality, nor is its treatment, and COVID-19 infection outcomes in these patients are
mostly affected by patient’s comorbidities [7,14,30]. Thus, it would be reasonable to redefine
the existing modifications or the population that they concern, considering their application
only for high-risk patients.

Despite being a first-line therapy for many cases, breast-cancer surgery is one of
the fields receiving the most extensive changes and reductions for the sake of hospital
operations and resource preservation. It should be noted though that the majority of
oncological breast surgeries require short operation times and a limited hospital stay and
have almost no need for ICU beds [12]. The rates of complication and hospital readmissions
are low, especially when an IBR is not performed, and postoperative follow-up is usually
not demanding [12]. Therefore, the need for strict surgery avoidance may be questioned,
and the possibility of breast-cancer surgery regaining its place is a topic to be discussed.

Within difficulty lies opportunity, and this dire situation seems to be no exception to
that. The urgent and massive need for clinical practice rescheduling received an immedi-
ate response from the scientific community, adjusting to the new setting effectively and
responsibly in order to maintain the standard of care. The readiness and responsiveness
are a promising sign, as are some of the decisions that the pandemic forced us to dare
to make, including instituting the new therapeutic approaches and alternative ways of
caregiving, such as the establishment of telemedicine, a tool that is going to be useful in the
post-COVID era too. A careful interpretation of the new data acquired during this period
could hopefully fructify in terms of progress.

4. Conclusions

The COVID-19 pandemic and the induced healthcare crisis enforced an era of shortages
in caregiving, due to the massive needs in human and material resources and hospital beds,
as well as in patients” wellbeing and mental health as a result of the restrictive measures
imposed. In this hostile setting, breast-cancer management faced challenges at multiple
levels; from screening and prevention, to diagnosis, treatment, and follow-up, struggling at
each step to deliver the highest possible quality of care. Responding to these conditions
included delays and postponements, mostly for the diagnostic part and considerable or
minor alterations for the therapeutic plans, with two major points regarding this field: the
rise and extensive use of neoadjuvant hormonal therapy and the significant reduction in the
first-line surgical approach. These changes in therapeutic strategy remain to be evaluated.
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Simple Summary: The rapid spread of the new Coronavirus-19 disease (COVID-19) has led to the
implementation of unprecedented confinement measures, while healthcare systems were restructured
in order to confront the pandemic; these radical measures have prevented people from seeking
medical advice. At the same time, oncology and surgery societies altered treatment guidelines,
favoring postponement of surgery. The aim of the present study is to determine the impact of the
pandemic in the management of colorectal cancer patients. We confirmed that during the pandemic,
patients were more likely to present with metastatic cancer, often requiring emergent or palliative
interventions. In addition, neoadjuvant therapy and conventional open surgery utilization rates were
increased in the pandemic era. These observed changes in clinical practice may be associated with
tumor upstaging, which carries significant implications regarding the long-term oncologic survival
of patients with colorectal neoplasias.

Abstract: (1) Background: To determine the impact of the COVID-19 pandemic in the management of
colorectal cancer patients requiring surgery and to examine whether the restructuring of healthcare
systems led to cancer stage upshifting or adverse treatment outcomes; (2) Methods: A systematic
literature search of the MedLine, Scopus, Web of Science, and CNKI databases was performed
(PROSPERO ID: CRD42021288432). Data were summarized as odds ratios (OR) or weighted mean
differences (WMDs) with 95% confidence intervals (95% CIs); (3) Results: Ten studies were examined,
including 26,808 patients. The number of patients presenting with metastases during the pandemic
was significantly increased (OR 1.65, 95% CI 1.02-2.67, p = 0.04), with no differences regarding the
extent of the primary tumor (T) and nodal (N) status. Patients were more likely to have undergone
neoadjuvant therapy (OR 1.22, 95% CI 1.09-1.37, p < 0.001), while emergency presentations (OR 1.74,
95% CI1.07-2.84, p = 0.03) and palliative surgeries (OR 1.95, 95% CI 1.13-3.36, p = 0.02) were more
frequent during the pandemic. There was no significant difference recorded in terms of postoperative
morbidity; (4) Conclusions: Patients during the pandemic were more likely to undergo palliative
interventions or receive neoadjuvant treatment.

Keywords: cancer; colorectal; COVID-19; pandemic; meta-analysis

1. Introduction

The rapid worldwide spread of the new SARS-CoV 19 virus led to the implementation
of unprecedented confinement measures in order to minimize the dissemination of the
Coronavirus-19 disease (COVID-19). At the same time, healthcare systems around the
world were restructured in order to confront the pandemic; hospitals were closed or were
repurposed into COVID-19 treatment centers, most prominently by suspending outpatient
clinics and elective surgeries [1]. These radical measures have prevented people from
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carrying out annual medical screening or seeking medical advice [1,2]. Newly diagnosed
cancer cases were significantly lower in 2020 compared to the pre-pandemic era [3,4], while
cancer-related deaths were also significantly increased during the same time period [5].

Management of colorectal cancer, the third most common cancer worldwide [6], was
consequently affected by the pandemic. The number of colonoscopies and colorectal cancer
screening tests was markedly reduced in 2020 [7]; as a result, many colorectal cancer cases
remained either undiagnosed or were diagnosed at an advanced stage with significant
implications regarding the long-term oncologic outcomes of these patients [8]. At the same
time, oncology and surgery societies altered treatment guidelines, favoring postponement
of surgery [9,10]. Reports from different institutions around the world highlight the
increasing number of patients presenting late, with symptoms of bowel obstruction or
bowel perforation, which carry higher postoperative morbidity and mortality rates [11].

The aim of the present systematic review and meta-analysis is to determine the impact
of the pandemic in the management of colorectal cancer patients requiring surgery and to
assess whether the reduced accessibility to healthcare resources caused by COVID-19 led
to cancer stage upshifting or adverse treatment outcomes.

2. Materials and Methods

A systematic literature search of the MedLine, Scopus, Web of Science, and China
National Knowledge Infrastructure (CNKI) databases and clinicaltrials.gov register was con-
ducted using a combination of the search terms “COVID-19”, “coronavirus”, “pandemic”,
“colorectal cancer”, and “surgery” using the Boolean operators AND/OR as appropriate
for each database. After removing duplicated studies, the titles and abstracts generated
by the search algorithm were screened independently by two authors (GB, AP), and after
the removal of obviously irrelevant studies, the remaining were evaluated in full-text. The
reference lists were further manually checked using the snowballing technique to identify
additional potentially relevant studies. Any discrepancies and disagreements ensuing
during the initial screening process of the systematic literature search were resolved either
by common consensus or by the mediation of a third reviewer (DD).

Studies were eligible for inclusion if they provided comparative data on tumor stage
and treatment outcomes for patients managed during the pre-pandemic and pandemic
time periods. The predetermined study exclusion criteria were: (1) case reports, reviews, or
non-clinical studies, (2) studies published in non-English languages, (3) studies with non-
surgically treated patients, (4) studies not reporting tumor or treatment-related outcomes,
(5) studies not providing comparative data between pre-pandemic and pandemic patient
cohorts or comparing different patient populations, and (6) studies including patients with
pathologies other than colorectal cancer.

2.1. Data Extraction and Outcomes Evaluated and Definitions

Data from included studies were extracted by two authors (GB, AP) and were entered
into standardized excel spreadsheets (Microsoft, Redmond, Washington, DC, USA) for data
tabulation. Data of primary importance were the time interval of data collection for the pre-
pandemic and pandemic cohorts, the the tumor, node, and metastasis (INM) classification
(TNM) stage (AJCC 8th edition) [12] of the involved colorectal tumors, the number of
total patients, the emergency presentation rates, neoadjuvant utilization rates, minimally
invasive technique utilization rates, palliative-intent surgery rates, mortality /morbidity
rates, and the length of hospital stay.

Secondary data were the patient demographics, the location of the tumors, the rates of
stoma formation, the number of tumors complicated by obstruction or perforation, and the
number of lymph nodes retrieved by surgery.

Minimally invasive surgery is defined as either laparoscopic or robotic abdominal
surgery. Palliative intent surgery refers to palliative ostomy or by-pass procedures in cases
in which tumor removal was either not possible or contraindicated. Tumors complicated by
obstruction, perforation, or acute bleeding are referred to as complicated tumors throughout
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this analysis. Finally, stoma formation corresponds to the number of ostomies performed
either for palliative reasons or for intentional diversion in cases of rectal surgery.

The present study was registered in the “International Prospective Register of System-
atic Review” in 2021 (PROSPERO ID: CRD42021288432) and was conducted according to
PRISMA guidelines [13].

2.2. Methodological Quality Assessment

Assessment of included studies for methodological integrity and accuracy of data
reporting was performed using the Newcastle-Ottawa scale (NOS). The NOS is an 8-item
scale evaluating the adequacy of the patient selection process (score of 0 to 4 stars), the
comparability of the involved groups (0 to 2 stars), and the ascertainment of the reported
exposure (0 to 3 stars). Each study is awarded a score of 0 to 9 stars, quantifying its
methodological quality, with studies scoring 7 to 9 being of high quality, studies with
scores from 5 to 6 being of mediocre quality, and studies with a score of 4 or less being of
poor quality.

2.3. Statistical Analysis

Odds Ratios (OR) were calculated for the pooled analysis of dichotomous outcomes
and Weighted Mean Differences (WMD) for continuous outcomes. The random-effects
model was a priori selected to calculate ORs, WMDs, 95% Confidence Intervals (CI), and
relevant p-values due to expected clinical heterogeneity in terms of geography, regional
covid prevalence, and the extent of elective service disruption by Covid. The Higgin's I?
statistic and relevant p-values were calculated to assess existing statistical heterogeneity
between the sampled studies. All analyses were performed with the Revman v 5.4.1 (The
Cochrane Collaboration, 2020) software. Funnel plots were constructed for each outcome
(Figures 519-536); however, statistical testing for publication bias was not possible due
to the small number of included studies. All p-values less than 0.05 were considered
statistically significant.

Leave-one-out sensitivity analysis was performed for those outcomes in which the
Higgin’s 12 test for heterogeneity was statistically significant or demonstrated a statistically
significant effect size. The analysis was performed by iteratively removing one study at
a time in order to identify outliers that contributed to the increased heterogeneity and
evaluate the robustness of the analysis after the outliers were removed.

3. Results

After screening 283 abstracts generated by the search algorithm, 10 studies were
deemed eligible for inclusion in the final quantitative analysis (Figure 1). In total, 26,808 pa-
tients were incorporated in the analysis (19,152 in the pre-pandemic cohort and 7656 in
the pandemic cohort), with five studies being from east Asia (one from Japan [14], two
from China [15,16], and two from Korea [17,18]) and the remaining five from Europe (two
from the United Kingdom [11,19], one from Italy [20], one from Ireland [3], and one from
Serbia [21]). The size of the pandemic cohorts in each study was compared to that of the
pre-pandemic cohorts after matching for the time duration of the data collection in the
pandemic cohorts (in months).
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Figure 1. Prisma flowchart of study selection.

When analyzed for methodological quality, eight studies had an NOS score of 7 to 9
and were deemed of high methodological quality, and two studies had a score of 5 or 6 and
were deemed of mediocre methodological quality. The median score of the obtained NOS
scores was 7.5 (Table 1).
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3.1. Tumor-Related Factors

Opverall, the T3 stage was the most commonly encountered, both in the pre-pandemic
(14.5%) and the pandemic (20%) cohorts. No statistically significant differences were
encountered between the compared patient populations regarding the tumor extent (T) or
nodal (N) stages of the involved tumors (Table 2). On the contrary, the number of patients
presenting with metastases was found to be significantly increased in the pandemic cohort
(OR 1.65, 95% CI11.02-2.67, p = 0.04), with high interstudy heterogeneity (1% = 91%).

Table 2. Pooled analysis outcomes.

Patients in

Patients in the 95%

Number Total . the N 2 12
Outcome of Studies Patients Prepander})uc Pandemic OR/WMD Confidence p-Value I p-Value
Cohort 1n(%) o Intervals
Cohort n(%)
Tumor-Related Factors
Tis-T1 stage 5 7301 628 (4.1) 276 (6.3) 1.14 0.87-1.48 0.34 41% 0.15
T2 stage 5 7301 703 (4.6) 255 (5.9) 0.91 0.78-1.06 0.2 0% 0.6
T3 stage 5 7301 2198 (14.5) 883 (20) 1.18 0.82-1.7 0.38 88% <0.001
T4 stage 6 7385 736 (4.2) 290 (5.7) 1.19 0.79-1.8 0.4 80% <0.001
N + stage 6 7385 1797 (10.2) 720 (14.3) 1 0.89-1.11 0.96 0% 0.54
M + stage 6 19,414 2020 (11.8) 711 (13.5) 1.65 1.02-2.67 0.04 91% <0.001
Right-sided tumors 7 19,893 5294 (37.5) 1834 (37.4) 0.88 0.51-1.52 0.66 99% <0.001
Left-sided tumors 7 19,893 4946 (35) 1759 (35.9) 0.91 0.56-1.5 0.72 96% <0.001
Rectal tumors 8 22,794 4794 (29.8) 1934 (33.2) 0.93 0.63-1.37 0.71 95% <0.001
Presentation-Related Factors
Emergency presentation 3 18,965 2851 (19.3) 1149 (27.3) 1.74 1.07-2.84 0.03 95% <0.001
Complicated tumor 3 4562 113 (3.9) 84 (5.1) 1.72 0.78-3.78 0.18 82% 0.004
Treatment-Related Factors
Neoadjuvant therapy 3 7668 1459 (27.4) 656 (30.6) 1.22 1.09-1.37 <0.001 0% 0.4
Palliative intent surgery 4 4795 114 (6.6) 126 (7.3) 1.95 1.13-3.36 0.02 54% 0.09
Mmm;auy Invasive 6 22,584 7680 (48.1) 2056 (34.9) 0.68 0.37-1.24 0.2 98% <0.001
urgery
Stoma Formation 5 19,683 1425 (10.2) 479 (8.4) 091 0.51-1.62 0.74 94% <0.001
Treatment Outcome Factors
Mortality 1 13,060 163 (1.6) 74 (2.6) N/a N/a N/a N/a N/a
Morbidity 2 1810 63 (6.1) 37 (4.8) 0.92 0.55-1.55 0.76 25% 0.25
Length of hospital stay 3 2011 N/a N/a 0.51 —0.93-1.94 0.49 79% 0.008
Lymph node harvest 3 1894 N/a N/a 1.57 —1.99-5.13 0.39 64% 0.06

Tis = T in situ, OR= Odds Ratio, WMD = Weighted Mean Difference, I?= Higgin’s I? statistic, N/a = Not available.

Data on the distribution of tumors throughout the hindgut were available in eight stud-
ies, reporting similar patterns of distribution in both the pandemic and the pre-pandemic
cohorts, with right-sided tumors (of the cecum, ascending, and transverse colons) being
the most common tumor type in both the pre-pandemic (37.5%) and the pandemic (37.4%)
cohorts. Forest plots are available for review in the Supplementary Material, Figures S1-59.

3.2. Presentation-Related Factors

Data from three studies encompassing 18,965 patients indicated a statistically signifi-
cant increase of emergency presentations during the pandemic (OR 1.74, 95% CI 1.07-2.84,
p = 0.03, Figure 510), from 19.3% in the pre-pandemic group of patients to 27.3% in the
pandemic group. Study heterogeneity was high (12 = 95%). Although there was a trend
towards increased number of complicated tumors (by perforation or obstruction) in the
pandemic group of patients (5.1% versus 3.9% in the pre-pandemic group), the difference
was not statistically significant (Table 2, Figure S11).

206



Cancers 2022, 14, 1229

3.3. Treatment-Related Factors

Neoadjuvant therapy utilization rates were significantly higher during the pandemic
era, administered to 30.6% of the group population versus 27.4% of the group population
during the pre-pandemic era (OR 1.22, 95% CI 1.09-1.37, p < 0.001, Figure S12), with no
encountered interstudy heterogeneity (I> = 0%). Similarly, patients in the pandemic group
were more likely to be treated with palliative intent (OR 1.95, 95% CI 1.13-3.36, p = 0.02,
12 = 54%, Figure S13).

Minimally invasive approaches were more commonly used in the pre-pandemic group
(48.1% versus 34.9% in the pandemic group, Figure 514), albeit without attaining statistical
significance (p = 0.2). The same was evident for the stoma formation rates as well, with
the pre-pandemic stoma rates being 10.2% and the pandemic being 8.4% (p = 0.74, Table 2,
Figure S15).

3.4. Treatment Outcome Factors

There was no statistically significant difference recorded in terms of length of hospital
stay (p = 0.49, Figure S17), lymph node yield (p = 0.39, Figure S18), or postoperative
morbidity (p = 0.76, Figure S516). Mortality rates were only reported in a single study on
13,060 patients, indicating mortality rates of 1.6% in the pre-pandemic patient population
and 2.6% in the pandemic one (Table 2).

3.5. Sensitivity Analysis

No single study was found to be the cause of the increased statistical heterogeneity
observed for the T3/T4 stage, right-sided, left-sided, rectal tumor location, complicated
tumor presentation, palliative intent surgery, minimally invasive surgery, and stoma for-
mation outcomes. The study by Shinkwin et al. [11] was responsible for the encountered
heterogeneity in the metastatic tumor (M+) outcome, while the study by Lim et al. [18]
was responsible for the observed heterogeneity in the emergency presentation outcome.
In both cases, after removal of the outlier studies, the recalculated OR failed to retain
their statistical significance, therefore suggesting the presence of a type I statistical error.
Finally, the heterogeneity encountered in the length of hospital stay outcome was attributed
solely to the study by Cui et al. [16]; however, removal of the study, the significance of the
obtained OR, was not influenced.

4. Discussion

The COVID-19 pandemic has significantly decreased the availability of health ser-
vices for non-covid patients [22]. With regard to colorectal neoplasias, the unprecedented
burden of the pandemic on healthcare systems has led to a considerable reduction in the
number of diagnostic and surveillance endoscopic procedures performed in the general
population [23,24]. Recent reports indicate that such drastic changes in clinical practice
are projected to lead to increased incidence and tumor stage upshifting as missed cancer
cases keep accumulating, in turn increasing colorectal cancer-associated mortality [25]. The
problem is further compounded by the encountered delays and postponements of elective
colorectal surgical procedures [2], carrying severe implications regarding the long-term
impact of the pandemic in the survival of colorectal cancer patients.

Patient demographics and location of the tumors in the pandemic group of patients
did not exhibit any significant differences when compared to the pre-pandemic group.
Similarly, no differences were registered regarding the T and N staging of involved tu-
mors; however, there was a significant increase in the number of patients presenting with
metastatic neoplasms during the pandemic. In fact, patients operated for colorectal cancer
during the pandemic were 65% more likely to be affected by metastatic colorectal tumors
(p = 0.04). This implies that diagnostic and treatment delays may have led to significant
tumor upstaging as has been previously postulated [26,27]. Although this explanation is
both worrying and compelling, it should be examined in the context of reduced elective,
but not emergent, operations during the pandemic era.

207



Cancers 2022, 14, 1229

More specifically, results obtained from the present meta-analysis demonstrate that the
odds of performing an emergency operation were significantly increased (by 74%, p = 0.03)
during the pandemic, similarly to the odds for palliative-intent surgery (by 95%, p = 0.02).
Both of these findings suggest that patients with advanced, symptomatic tumors comprised
a larger percentage of the patient pool treated surgically during the pandemic, indicating
that surgical healthcare accessibility was preferentially maintained for this particular patient
subset. However, when patients with complicated tumors (by perforation or obstruction)
were assessed, no statistically significant differences were encountered (Table 1, p = 0.18),
although it is plausible that this is the result of a type Il statistical error due to the small
number of patients involved in this outcome.

Another finding of the pooled data analysis is the increased rate of neoadjuvant
therapy utilization. Patients receiving surgical treatment for colorectal cancer during
the pandemic were 22% more likely to have undergone neoadjuvant therapy (p < 0.001).
Deferral of surgery in favor of neoadjuvant therapy appears to provide an effective solution
while waiting for the resumption of normal elective surgical practice. Morris et al. in a
population-based study in England reported a 44% increase in the rate of neoadjuvant
therapy utilization for rectal cancer during the pandemic era, with long-course regimens
being preferred over short-course ones [2]. In our pooled patient cohort, neoadjuvant
therapy rates rose form 27.4% in the pre-pandemic group to 30.6% in the pandemic group,
clearly indicating a shift in clinical practice brought upon by the COVID-19 pandemic,
which appears to be consistent across different included studies (I?> = 0%) and falls within
the general underlying trend favoring surgery deferral.

Surgical practices did not significantly differ, although there was a clear trend towards
less minimally invasive surgery in the pandemic cohort (34.8% of cases vs. 48.1% in the
pre-pandemic cohort). This change in practice is directly attributable to fear of COVID-19
spread via aerosolization during pneumoperitoneum evacuation, a concern that has contro-
versially led to opposition of minimally invasive techniques during the initial phase of the
pandemic [28,29]. Subsequently published guidelines from surgical societies have proposed
reinstatement of minimally invasive techniques in both elective and emergency surgical
practice, provided that precautionary protective practices, such as use of personal protective
equipment, pneumoperitoneum release filters, and liberal preoperative COVID-19 molecu-
lar testing are followed [30,31]. Despite the reduced rates of minimally invasive technique
utilization in the pandemic cohort, the length of hospital stay—although inconsistently
reported in included studies—remained comparable between the two evaluated groups.
The same holds true for stoma formation rates as well, despite the evidently increased rates
of emergency surgery, suggesting that the employed surgical strategies remained roughly
unchanged.

Lymph node yield, morbidity, and mortality rates could rationally represent metrics
of surgical safety and efficacy; however, they were seldom reported. A eta-analysis of
two studies [15,16] revealed a combined morbidity rate of 6.1% in pre-pandemic patients
versus 4.8% in their pandemic counterparts, without any statistically significant difference.
Similarly, lymph node yield was equivalent in the two groups based on pooled outcomes
from three studies [16,20,21]. Although the paucity of data precludes any concrete assump-
tions to be made, safety of surgical practice appears to be maintained in the pandemic era
despite the looming threat of COVID-19 infection, with oncologic surgical benchmarks
being seemingly comparable to the pre-pandemic controls.

The study by Kuryba et al. [19] was the only study to report data on mortality, derived
from a large UK-based population registry, revealing 2.6% mortality rates in the pandemic
cohort versus 1.6% in the pre-pandemic one. The encountered marginal increase in mortality
was mainly attributable to emergency surgery cases (OR 1.74, p = 0.003) and was especially
pronounced in so-called “hot-sites”, i.e., centers that accommodated COVID-19 positive
patients as well as elective and emergency colorectal cancer cases. More importantly,
COVID-19 superinfection in patients undergoing surgery resulted in a tenfold increase in
mortality rates in both elective and emergency cases and was accompanied by prolongation
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of hospital stay that reached a median of 17 to 20 days, highlighting the detrimental effects
of COVID-19 infection in such patients.

One major limitation of the present study is that the evaluated outcomes were inconsis-
tently reported amongst included studies reporting on widely varying number of patients
as is exhibited in Table 2. Moreover, differences in the local prevalence of COVID-19, the
type of confinement and social distancing measures imposed by governmental authorities,
and the extent of surgical service disruption could not be accounted for, given that the
majority of included studies are single-center reports. This fact renders the obtained results
highly susceptible to the possibility of selection and sampling biases. Another caveat of
the meta-analysis is the inability to assess the impact of the pandemic on disease-free and
overall survival, which remain as yet uncertain. Finally, there was high interstudy statistical
heterogeneity encountered for the metastatic tumors and emergency surgery outcomes,
coupled together with the results of the sensitivity analysis that demonstrated the presence
of single study outliers, whose subsequent removal altered the significance of the obtained
cumulative results. As such, no concrete conclusions can be reached for these particular
outcomes, and they should be interpreted with caution.

5. Conclusions

The COVID-19 pandemic has resulted in demonstrable changes in the surgical prac-
tice involving colorectal malignancies. Patients during the pandemic were more likely
to undergo palliative interventions as opposed to pre-pandemic controls. In addition,
neoadjuvant therapy utilization rates were increased in the pandemic era as a means of safe
postponement of surgery in select cases. These evident changes in practice recorded during
the initial months of the pandemic are rational, taking into account the severe sequelae of
COVID-19 infection during the perioperative period. However, they may be alarmingly
associated with tumor upstaging, with significant implications regarding the long-term
oncologic survival of patients with colorectal neoplasias.
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