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ARTICLE INFO ABSTRACT

ArtiC{e history: The COVID-19 pandemic has substantially stressed health care systems globally, subsequently reducing
Received 19 December 2020 cancer care services and delaying treatments. Pediatric populations infected by COVID-19 have shown
Received in revised form 7 January 2021 mild clinical symptoms compared to adults, perhaps due to decreased susceptibility. Several scientific
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Available online 12 January 2021 societies and governments have released information on the management of patients with cancer,

wherein they warn against exposure to SARS-CoV-2 infection and suggest continuing treatment. To
determine the best diagnostic and therapeutic approach, multidisciplinary tumor boards should convene

Iég{;}'gi‘g regularly, including through conference calls and telematics platforms. A prompt diagnostic workup may
Brain tumors reduce children’s suffering and prevent loss of confidence in the health care system among parents.
Children Moreover, ensuring adequate support and information regarding measures for preventing SARS-CoV-2
Care infection in pediatric patients and their families is essential for avoiding panic and excessive stress,

allowing early reporting of any suspected symptoms of cancer and, in turn, facilitating early diagnosis
and prompt modulation of treatment.
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1. Introduction

In December 2019, the Coronavirus Disease (COVID-19) caused
by a novel zoonotic coronavirus (SARS-CoV-2) emerged from
Wuhan, China and rapidly escalated into a global pandemic. Pre-
sently, Europe and the USA have become the epicenter of the pan-
demic, with many countries (e.g., Italy, France, Spain, and the
United Kingdom) having imposed lockdowns to limit social contact
and contain the outbreak [1,2].

The COVID-19 pandemic has affected the ability of health care
systems worldwide to properly address the new health emergency.
To increase the resources, such as hospitals beds and medical staff,
procedures deemed elective or non-urgent have been delayed,
postponed, or canceled. Based on data regarding the COVID-19 out-
break first in China and then worldwide, children aged less than
10 years old have been found to exhibit significantly lower suscep-
tibility to SARS-CoV-2 infection compared to adults [3,4].

Apart from the low incidence of infection and death, pediatric
populations have been reported to present with a less severe ill-
ness course. Moreover, one study showed that children exhibit
milder clinical symptoms and a shorter disease duration compared
to the elderly population [5].

A systematic review conducted by Christophers et al. revealed
that majority of children with SARS-CoV-2 presented with either
no symptoms or a single symptom, with 75% of asymptomatic chil-
dren exhibiting abnormal chest radiography or computed tomog-
raphy findings [6].

In addition, recent reports have focused on pediatric patients
presented with an hyperinflammatory syndrome with features of
Kawasaki disease termed multisystem inflammatory syndrome in
children (MIS-C). This clinically severe illness characterized by
fever, increase of inflammatory markers, and multiorgan dysfunc-
tion in the setting of recently proven or probable SARS-CoV-2
infection can have overlapping features with Kawasaki disease
although it should be considered as a distinct entity [7].

Presently, the extent to which emergency measures need to be
maintained has been unclear, while many concerns have been
raised regarding the delivery of care for children with chronic dis-
eases and cancer. Published evidence has shown that children with
cancer have comparable risk for SARS-CoV-2 infection as healthy
children [8].

Moreover, children and young people who had undergone pro-
longed periods of immunosuppressive chemotherapy do not have
increased risk for severe COVID-19 infection [9].

Despite the absence of clear guidelines regarding the delivery of
care for children with cancer, pediatric anticancer treatments
should not be interrupted or delayed. Conversely, active strategies
to avoid situations that increase the risk for infection and hygienic
educational programs must be guaranteed and implemented for
immunosuppressed children with cancer [10]. During the current
COVID-19 pandemic, many hospitals are responding by reducing
cancer care services and delaying treatments. However, priority
should be given to children in whom cancer treatment is likely
to be curative.

2. Potential mechanisms of children’s low susceptibility to
SARS-CoV-2

Although several hypotheses have attempted to explain why
children have low susceptibility to SARS-CoV-2, the real reasons
for the lower frequency and mild symptoms in children have yet
to be established [11].

Children’s vaccines are supposed to induce cross-reactivity
against SARS-CoV-2 [12]. Unfortunately, antisera and T cells from
mice immunized with different vaccines did not develop cross-
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reactivity against SARS-CoV-2. Therefore, other factors, including
the inability of children to mount a prompt hormonal response,
upregulated anti-inflammatory cytokines in the lungs, or a weaker
immune reactivity to viral infections, may explain the phe-
nomenon of reduced susceptibility among children affected by
SARS-CoV-2 [13].

Recently, the distribution and functioning of viral receptors has
been suggested as key factors for age-related differences in the
incidence and severity of the SARS-CoV-2 infection. Previous stud-
ies have demonstrated that some coronaviruses, such as SARS-
CoV-2, bind to angiotensin-converting enzyme-2 (ACE2) cell recep-
tors in humans. However, ACE2 expression in the rat lung reduces
dramatically with age, a finding seemingly in contrast with the low
susceptibility of children to COVID-19 [3,14].

Research on the SARS-CoV-2 entry and infectivity has identified
Neuropilins as entry factors due to their high expression on epithe-
lial cells that line the respiratory tract and their function in
enabling cell, vascular, and tissue penetration. In particular, the
activation of the Neuropilin-1 (NRP1), a transmembrane receptor
which acts primarily as a co-receptor for different ligands and
highly expressed in the respiratory and olfactory epithelium, can
induce multiple effects, including cell proliferation and angiogene-
sis. Therefore, NRP1 could act as a potential host factor for SARS-
CoV-2 infection by promoting the interaction between the viral
spike (S) protein and the surface of human cells [15].

Other theories include evidence that children have fewer
underlying medical disorders, healthier respiratory tract mucosae,
and lower reactivity of the innate immune response compared to
adults in whom the prompt and vigorous immune response acti-
vates a detrimental cascade immune-associated with acute respi-
ratory distress [16].

Another proposed mechanism is related to the role of the thy-
mus and its natural progressive decline over time. Thymic involu-
tion generally starts after the first year of age, with an accelerated
reduction soon after puberty. Notably, progressive thymic decline
produces a significant reduction in T cell output, with those over
50 years old possible having a T cell supply sustained only by exist-
ing naive and memory T cells. Moreover, a comparison of func-
tional CD4 and CD8 T cell changes with age showed that CD8 T
cells are more susceptible to the effects of aging, with a more sen-
sible reduction in their functional memory subset. CD8 T cells
function primarily in antiviral immunity give their ability to recog-
nize and destroy virus-infected cells. Overall, the aforementioned
data appear to suggest that thymus involution might be involved
in the weaker immune responses generally observed among
elderly individuals [13,17].

3. Childhood tumors and SARS-CoV-2

The risk for severe SARS-CoV-2 disease increases with advanced
age, smoking habits, and comorbidities, such as cancer [18]. In fact,
Liang et al., who analyzed the clinical characteristics of 18 adults in
a cohort of 1590 Chinese cases, observed that patients with cancer
had a higher risk for severe events (e.g., intensive care unit admis-
sion or death) than those without cancer due to their immunosup-
pressed status [19].

The management of patients with cancer during the COVID-19
epidemic must consider their increased risk for severe disease,
subsequently providing appropriate education regarding hand
hygiene, infection control measures, high-risk exposure, signs
and symptoms of COVID-19, minimizing outpatient visits, and
the use of telemedicine [20,21].

Although children with cancer are considered a high-risk popu-
lation, only a few published studies have described outcomes of
SARS-CoV-2 infection in children with cancer. In Lombardia (Italy),
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pediatric onco-hematologic centers registered 21 cases of SARS-
CoV-2 infection between February and April 2020, among whom
only nine with a positive swab had typical symptoms, such as
cough, fever, and/or colds. Moreover, 10 of them were affected
by leukemia, 2 by lymphoma, 9 by solid tumors, including a case
with brain cancer. Chemotherapy was provided to 15 patients,
while 10 cases required delay of the therapy, reduction of admin-
istered drug doses, or delayed surgery. The patient with Hodgkin’s
lymphoma, previously treated with radiotherapy, developed mild
pneumonia [22]. Interestingly, a decrease in new diagnoses (re-
duced by approximately 55% compared to the previous year) was
observed, perhaps due to delayed access to healthcare facilities, a
change in parental behavior toward avoiding SARS-CoV-2 infec-
tion, and a reduction in patient migration between regions or
states [23].

In their study on pediatric cancer patients (aged 0-18 years) in
Madrid, De Rojas et al. identified 15 patients with SARS-CoV-2
infection: 73% with hematological neoplasms and 27% with solid
tumors. Among such patients, 60% received chemotherapy within
15 days prior to the diagnosis of SARS-CoV-2 infection, while 40%
required a modification or delay in their chemotherapy. Most
patients received hydroxychloroquine and azithromycin, tocilizu-
mab, lopinavir-ritonavir, corticosteroids, and remdesivir in differ-
ent combinations as therapy, with no adverse effects related to
the COVID 19 treatment having been registered. Two patients
needed oxygen support, while one required invasive ventilation
support [24].

A screening plan was performed at the Memorial Sloan Ketter-
ing Cancer Center to evaluate the risk associated with SARS-CoV-2
infection. Accordingly, such data revealed that pediatric patients
with cancer had low overall morbidity due to SARS-CoV-2, with
only 5% of infected patients requiring hospitalization for severe
symptoms [25].

On the other hand, reports from pediatric oncology centers in
France have registered worse outcomes. Notably, 5 out of 33
patients with cancer infected with SARS-CoV-2 required intensive
care. Among the five patients, three were immunosuppressed after
recently receiving chemotherapy for relapsed B-cell lymphoblastic
leukemia, two received allogenic stem cell transplantation, and
finally one had a high-grade glioma with poor clinical conditions
[26].

Therefore, the general management of children with cancer is
based on prudential measures for avoiding exposure to SARS-
CoV-2 infection while trying to guarantee treatment. Common
habits generally adopted by children with cancer continue to be
valid, such as frequent hand washing, use of face masks, and avoid-
ing crowded places or contact with individuals having respiratory
disorders. Moreover, new rules should be considered for all chil-
dren with cancer, such as providing only one parent access to pedi-
atric units, physically isolating children in a single bedroom,
adopting online medical counseling for limiting hospital accesses,
and an appropriate identification and treatment of severe cases
[27,28].

4. Impact of COVID-19 pandemic on pediatric cancer clinical
trials

Chemotherapy has made a significant contribution to the suc-
cessful treatment of childhood cancer and has led to a marked
increase in the cure rate of most of these diseases. Clinical research
has been fundamental to enhancing medical treatment progress
and patient care but the current COVID-19 pandemic has led to
the shift of priority to SARS-CoV-2 affected patients.

This has had a severe impact on the development of clinical
research in other fields, such as in cancer clinical trials.
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Furthermore, pharmaceutical companies have devoted their eco-
nomic resources to the development of technologies and drugs
against COVID-19 reducing resources for clinical research in the
field of oncology.

In order to limit the negative impact on patients, the EMA
(European Medicines Agency) and many scientific societies have
issued recommendations and guidelines in order to support the
conduct of clinical trials in this patient setting while continuing
to ensure patient safety. Nevertheless, a negative impact has been
reported on ongoing and starting studies, especially in recruitment
and enrollment, with protocol deviations as patients miss hospital
visits as well as delayed data reporting or monitoring activity
[29,30].

However, health systems and healthcare staff have been able to
respond to the evolving COVID-19 pandemic. At present, the
results across all clinical trial activities are better than what was
reported in early phases of the outbreak (April 2020) with no mod-
erate or severe impact on singular activities. The impact of COVID-
19 on ongoing trials is especially related to the sites’ ability to
recruit and enroll patients and the increasing costs of personal pro-
tective equipment [31].

At this time of health emergency we must not forget that cancer
is still the main disease-related cause of death in children. There-
fore, research in this field needs to continue to be supported both
scientifically and economically [32]. The optimal use of modern
technologies such as video, apps or mobile phones, electronic con-
sent and telemedicine consultation could replace some protocol
mandatory hospital visits and provide an efficient tool to greatly
reduce the bureaucratic burden and methods of data entry [33].

5. Effects of COVID-19 on pediatric patients with brain tumors

The activities of each cancer discipline has been adversely
affected by the COVID-19 pandemic. In an effort to prepare for
future outbreaks of the COVID-19 pandemic, health care systems
are establishing plans, including limitations to the operating
rooms, reduction of elective or non-urgent procedures, and delay
of medical treatments. At present, no clear indications have shown
that active treatment of children with cancer should be inter-
rupted. However, postponing considerably intensive treatments,
such as therapies involving bone marrow transplantation, may be
reasonable and should be approached on a case-by-case basis
according to each clinical and epidemiological condition [10].

Moreover, malignant pediatric brain tumors are characterized
by rapid growth requiring prompt diagnosis and appropriate treat-
ment. Therefore, a delay or modification in therapy may compro-
mise their effectiveness and lower patients’ survival rates. Flores
et al. reported that delayed diagnosis of brain tumors are corre-
lated with a worse prognosis. A prolonged pre-diagnostic symp-
tomatic interval has negative and severe consequences, such as
death or serious brain damage following the increase in intracra-
nial pressure [11]. Children with delayed brain cancer diagnosis
have a higher risk for developing irreversible neurological disabil-
ities from acquired brain lesions, such as loss of vision and endocri-
nopathies [28,34-36]. Thus, early diagnosis remains a priority for
minimizing neurological morbidity, preventing the onset of acute
symptoms and sequelae, allowing extensive tumor resection, and
reducing parents’ psychological discomfort and health costs. As
such, for cases with a suspected brain tumor, promptly contacting
the pediatric cancer center in order to optimize further procedures
and avoid delays of treatment should be mandatory. A prompt
diagnostic workup reduces children’s suffering and prevents par-
ents’ loss of confidence in the health care system [16].

However, there is no doubt that the COVID-19 pandemic is still
causing delayed and suboptimal treatment for patients with can-
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cer. This could lead to excess deaths from cancer in the next year or
two both in adults and children [37].

Changes in the decision-making process for children with brain
tumors due to fear and pressure of SARS-CoV-2 infection could
negatively influence their final outcome. Never have multidisci-
plinary tumor boards serve as crucial a role during the current
COVID-19 outbreak. All pediatric cases diagnosed with a new brain
tumor should be discussed in a multidisciplinary tumor board in
order to determine the optimal therapy for each child. Therefore,
medical counseling and multidisciplinary tumor boards need to
continue to be active during the ongoing current COVID-19 pan-
demic by adopting new technology solutions, such as call-
conferences and telematic platforms, to ensure that patients
receive the best diagnostic and therapeutic approach that would
improve their survival chances [17].

Surgery still remains the first treatment approach given its
curative potential for non-malignant tumors and ability to obtain
tumor tissue for the pathological diagnosis of malignant tumors.
Therefore, health care systems should ensure dedicated cancer
operating lists to mitigate the pressures of the COVID-19 pan-
demic. Adjuvant radiotherapy and/or chemotherapy can then fol-
low on a case-by-case basis.

6. Conclusions

In the absence of underlying medical disorders, children
infected by SARS-CoV-2 develop milder and shorter clinical symp-
toms than adults without requiring intubation for severe acute res-
piratory distress and intensive care unit admission. Available data
show that children are less susceptible to SARS-CoV-2. Although
the reasons for such low susceptibility remain unclear, several the-
ories have been formulated. Moreover, little is known regarding
the impact of SARS-CoV-2 infection on children with cancer, with
the management of this vulnerable subset of patients being based
on local and unstructured measures. Several scientific societies and
governments have provided information on the management of
patients with cancer; nonetheless, clear warnings are essential to
avoid inappropriate behavior and initiatives. Educational hygiene
programs remain fundamental and must be implemented for the
management of the current and the future infectious epidemics.
Published studies suggest that cancer treatments for pediatric
patients should continue, without substantial interruptions or
modifications. Multidisciplinary tumor boards have to convene
regularly, including through call-conferences and telematics plat-
forms. Given the current circumstances surrounding the pandemic,
ensuring adequate support and information regarding measures
for preventing SARS-CoV-2 infection in pediatric patients and their
families is essential. Adequate knowledge and information are
essential to avoid panic and excessive stress, thereby allowing
early reporting of any suspected symptoms of cancer and, in turn,
facilitating early diagnosis and prompt modulation of treatment.
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