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Background.  Little is known as yet about the outcome of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in-
fection in children being treated for cancer.

Methods. We collected information on the clinical characteristics and outcomes of a cohort of 29 children (16 female and 13
male; median age, 7 years [range, 0-16 years]) diagnosed with SARS-CoV-2 infection while on chemotherapy/immunotherapy
(n = 26), or after stem cell transplantation (n = 3) during the peak of the epidemic in Italy. These patients suffered from leukemia
(n = 16), lymphoma (n = 3), solid tumors (n = 10), and Langerhans cell histiocytosis (n = 1).

Results.  The course of the disease was mild in all cases, with only 12 children developing symptoms (pneumonia in 3 cases), and
none needing intensive care. Fifteen patients were hospitalized, including 7 asymptomatic patients. Nine patients (including 5 with
no symptoms) were given hydroxychloroquine, and 3 of them were also given lopinavir/ritonavir. Among the 26 patients on chemo-
therapy/immunotherapy, the treatment was suspended in 16 cases for a median of 26 days (range, 15-68 days), whereas 8 patients
continued their chemotherapy and 2 had minor modifications to their treatment regimen.

SARS-CoV-2 infection seems to take a milder clinical course in children than in adults with cancer. Specific
SARS-CoV-2 treatment seems unnecessary for most children. In light of our findings, and albeit with the necessary caution, we sug-

Conclusions.

gest avoiding major changes to planned anticancer treatments in pediatric patients acquiring COVID-19.

Key words.

COVID-19 epidemic; outcome; pediatric malignancy; SARS-CoV-2 infection.

The novel coronavirus pandemic, caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), started
at the beginning of 2020 and rapidly became a global emer-
gency, with large numbers of people becoming infected
and many dying. So far, we know that older people, espe-
cially those with metabolic or cardiovascular problems, are
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particularly vulnerable. Patients with a suppressed immune
system, such as those being treated for cancer, are also a
major concern [1]. Reports from Wuhan indicate that SARS-
CoV-2 infection seems to be more frequent in adult cancer
patients and with a higher incidence of severe events [2, 3].
Data regarding the clinical features and outcomes of SARS-
CoV-2 infection in children with tumors are limited.

Italy was the first European country to become a SARS-
CoV-2 hot spot. Concern and uncertainty about its impact on
children and adolescents with cancer prompted the Infectious
Diseases Working Group (IDWG) of the Associazione Italiana
di Oncologia e Ematologia Pediatrica (AIEOP) to prospectively
assess the clinical characteristics and outcomes in pediatric pa-
tients infected with SARS-CoV-2 while on chemotherapy, or
after stem cell transplantation, during the pandemic in Italy.
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METHODS

The IDWG invited AIEOP centers (48 hub-and-spoke centers in
all) to collect data on patients infected with SARS-CoV-2 with
a view to shedding light on the characteristics of the infection,
and to share their experience of their management. Inclusion
criteria were patients on active anticancer treatment or immu-
nosuppressed after hematopoietic stem cell transplantation,
diagnosed with SARS-CoV-2 infection by reverse-transcription
polymerase chain reaction (RT-PCR) testing on nasopharyn-
geal (NP) swabs or bronchoalveolar lavage, and age <18 years.
Novel coronavirus disease 2019 (COVID-19) was defined by
the presence of any symptoms or signs of the respiratory or
gastrointestinal tract in a patient positive for SARS-CoV-2 by
RT-PCR. Clinical, laboratory, and radiological characteristics
were used to define the severity of infection as mild, moderate,
severe, or critical, according to published criteria [4]. The study
period lasted from February 23, 2020 (2 days after the first
Italian COVID-19 patient was diagnosed) to April 24, 2020.
A paper case report form was circulated to collect data and the
IDWG repeatedly urged centers to register their cases. Patients’
follow-up was updated as at May 30, 2020.

The study was approved by the ethics committee of the
participating centers and informed consent was obtained from
parents and/or patients, as appropriate.

RESULTS

Thirty-eight patients were registered by 13 participating cen-
ters, and 29 were included in the analysis. Reasons for exclu-
sion were age >18 years (in 5 cases), being off therapy (in 2) and
nonmalignant underlying disease (in 2 patients: 1 with sickle
cell disease and 1 with immunodeficiency). The patients’ geo-
graphical distribution was consistent with the different territo-
rial involvement of the pandemic: 24 patients in the north, 4 in
the center, and 1 in the south of Italy. In particular, 14 (48.3%)
children were registered by 4 centers in Lombardy (the Italian
region most badly hit by the epidemic), and 5 by centers not far
from Lombardy.

Patients’ clinical characteristics and treatments are summar-
ized in Table 1. The source of contagion was a member of the
family in 11 cases, healthcare workers (n = 2), or people housed
in facilities reserved for patient families (n = 3). The SARS-
CoV-2 infection was confirmed by NP swab in 10 cases (all
members of patients families), and clinically suspected in 6 cases
due to the presence of fever, cough, and dyspnea. The source
of contagion remained undetermined for 13 children. Overall,
25 patients were on chemotherapy at the time of developing
SARS-CoV-2 infection. One patient was receiving immuno-
therapy with brentuximab vedotin and nivolumab monoclonal
antibody for a refractory Hodgkin lymphoma. Three patients
had undergone allogeneic stem cell transplantation for juvenile
myelomonocytic leukemia, acute lymphoblastic leukemia, and

Table 1. Demographic and Clinical Characteristics of Severe Acute
Respiratory Syndrome—Positive Patients

Characteristic Total (n=29)
Median age, y (range) 7(0-16)
Sex
Female 16 (55.2)
Male 13(44.8)
Sign and symptoms, No. N
Fever 8
Respiratory symptoms 7
Pneumonia 3
Vomiting and diarrhea 1
Fatigue 1
Severity of illness?
Asymptomatic 18 (62.0)
Mild 7(24.0)
Moderate 4(13.8)
Severe 0
Critical 0
Type of cancer
Leukemia (lymphoblastic, n = 14, myeloid, n = 2) 16 (55.2)
Lymphoma (Hodgkin, n = 2; non-Hodgkin, n = 1) 3(10.3)
Ewing sarcoma 2(6.9)
Rhabdomyosarcoma 1(3.4)
Hepatoblastoma 2(6.9)
Wilms tumor 1(3.4)
Central nervous system tumors 1(3.4)
Desmoplastic fibroma 1(3.4)
Rhabdoid tumor 1(3.4)
Langerhans cells histiocytosis 1(3.4)
Treatment phase
Intensive chemotherapy® 21(72.4)
Low-dose chemotherapy 4(13.8)
Allogeneic stem cell transplant 3(10.3)
Immunotherapy® 1(3.4)

Data are presented as No. (%) unless otherwise indicated.

“Categories from Dong et al [4].

Chemotherapy for induction, reinduction, and consolidation in cases of leukemia or solid tumors.
“Monoclonal antibodies (brentuximab vedotin).

Hodgkin lymphoma. They were still on immunosuppressant
therapy 5, 9, and 22 months after their transplant. Two of them
had received an alpha-beta T-depleted haploidentical graft, and
1 a graft from a sibling. In all, 12 patients were severely neutro-
penic (neutrophils <0.5 X 10° cells/L) at the time of their testing
for SARS-CoV-2 positivity.

Eleven patients were symptomatic: 8 tested positive while
treated with intensive chemotherapy, 1 was positive after stem
cell transplantation, and 1 patient was positive while treated with
immunotherapy; only 1 patient was receiving low-dose chemo-
therapy. Fever and respiratory symptoms were the most common
clinical signs and only 1 patient required oxygen support. Three
patients had radiologically documented pneumonia (abnormal
findings on chest radiograph in 1, and on lung computed tomog-
raphy scan in 2), but none of them required mechanical ventilation
or admission to the intensive care unit (ICU). One patient also had
gastrointestinal symptoms (vomiting and diarrhea). Based on the
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criteria proposed by Dong et al [4], 4 patients (14%) had moderate
illness and none had the severe form of COVID-19 disease. Among
the 11 symptomatic patients, 7 had a white blood count <2 X 10°
cells/L, 8 patients had a lymphocyte count <1 X 10° cells/L, and 7
had a neutrophil count <0.5 X 10° cells/L.

Eighteen patients were asymptomatic and their SARS-CoV-2
positivity was found after performing an NP swab due to their
having been in contact with a suspected case, or for screening
purposes prior to hospital admission for chemotherapy or inva-
sive procedures requiring sedation.

Fifteen of the 29 patients (51.7%) were hospitalized, 7 of
them with no symptoms (3 were already in hospital, and 4 were
admitted in isolation as a precaution) (Table 2). The 3 patients
already in hospital were tested after knowing the positivity for
SARS-CoV-2 in parents or family members. Broad-spectrum
antibiotics were administered empirically to 7 symptomatic pa-
tients with fever and severe neutropenia (6 patients) or cough
(1 patient). Azithromycin was administered to 6 patients as
part of COVID-19 treatment (1 patient with fever, pneumonia,
and neutropenia; 1 patient with fever and neutropenia; 1 pa-
tient with fever and cough) or prophylaxis (3 asymptomatic
children). To prevent the worsening of SARS-CoV-2 infection,
hydroxychloroquine was given to 9 patients, 5 of them asymp-
tomatic. Three patients received also lopinavir/ritonavir be-
cause symptomatic (2 patients) or in treatment with high-dose
steroids (1 patient).

Among the 26 patients on chemo- or immunotherapy, their
treatment was suspended in 16 cases for a median of 26 days
(range, 15-68 days), and only resumed when 2 tests for SARS-
CoV-2 performed at least 24 hours apart were negative.

Chemotherapy was continued in 10 patients (5 symptomatic,
5 asymptomatic). Eight patients continued their originally

Table 2. Management of Severe Acute Respiratory Syndrome
Coronavirus 2 Infection According to Symptoms

Management Asymptomatic (n=18) Symptomatic (n=11) Total (N =29)
Quarantine
Hospital 7(38.9) 8(72.7) 15(51.7)
Home 11(61.1) 3(27.3) 14 (48.3)
Treatment
Broad-spectrum antibiotics 5(27.8) 8(72.7) 13 (44.8)
Hydroxychloroquine 5(27.8) 4(36.4) 9(31.0)
Lopinavir/ritonavir 1(5.6) 2(18.2) 3(10.3)
Oxygen support 1(9.0) 1(3.4)
Chemotherapy
Suspended 11(61.1) 5(45.4) 16 (55.2)
Dose reduction or delayed 1(5.6) 1(9.0) 2(6.9)
Unchanged 4(22.2) 4(36.4) 8(27.6)
Not applicable® 2(11.1) 1(9.0) 3(10.3)

Data are presented as No. (%).
?After stem cell transplantation in 3 patients.

planned regimen (intensive chemotherapy for acute lympho-
blastic leukemia in 4, for hepatoblastoma in 2, for Wilms tumor
in 1, and for rhabdoid tumor in 1); treatments underwent minor
modifications in 2 patients involving chemotherapy being de-
layed by a week for a patient with acute lymphoblastic leukemia
in the induction phase, and a 50% drug dose reduction for a pa-
tient with a bone desmoplastic fibroma. None of these patients
developed COVID-19 after these treatments.

As of May 30, 2020, 27 patients became SARS-CoV-2 negative
in a median time of 22 days (range, 7-73 days); the median time
to negativity was 19 days (range, 7-30 days) in 8 patients who
received hydroxychloroquine and 22 days (range, 12-73 days) in
the remaining 19 patients. Two patients were still SARS-CoV-2
positive, both asymptomatic: 1 patient affected by AML = acute
myeloid leukemia in the consolidation phase, who became inter-
mittently positive for 93 days, treated with hydroxychloroquine,
lopinavir/ritonavir, and lastly with immune plasma; and 1 pa-
tient affected by acute lymphoblastic leukemia in the induction
phase, who was intermittently positive for 54 days. Both patients
continued chemotherapy. All 29 patients included were alive
and well, but 1 patient affected by a large cell anaplastic non-
Hodgkin lymphoma with persistence of molecular evidence of
disease (positive NPM-ALK transcript on peripheral blood and
bone marrow) had a clinical progression after 2 weeks of chemo-
therapy withdrawal due to the SARS-CoV-2 infection.

DISCUSSION

At the start of the SARS-CoV-2 pandemic, there was great
concern for patients with cancer because of their well-known
susceptibility to infection. For this reason, the AIEOP-IDWG
organized a prospective data collection to acquire information
as rapidly as possible on the characteristics and outcome of
SARS-CoV-2 infection in pediatric cancer patients as the epi-
demic spread through Italy.

At the time of our data collection, all hospitals were adopting
the preventive measures recommended by national health au-
thorities (stricter hand hygiene; use of surgical or filtering
facepiece-2 masks for patients, parents, and hospital workers;
restricted access; physical distancing in daily activities). Eight
centers were also screening for SARS-CoV-2 with NP swabs in
all patients admitted to hospital for treatment or procedures
requiring sedation [5]. All of these measures may have con-
tributed to containing the diffusion of SARS-CoV-2 infection
at Italy’s pediatric hematology-oncology centers. Interestingly,
all symptomatic patients but 1 were receiving intensive che-
motherapy, stem cell transplantation, or immunotherapy, sug-
gesting that the most immunosuppressed patients may be more
prone to develop symptoms.

We registered only 29 infected patients during the 2-month
study period. As expected, the majority came from Lombardy
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or nearby areas. Only 1 case was registered after April 15, 2020,
indicating that the measures put in place nationwide (lock-
down) and in hospitals were effective.

The SARS-CoV-2-positive patients in our series had various
types of cancer and were at different points in their treatment,
and 3 had undergone a bone marrow transplant.

Although most of the children were immunosuppressed,
only 37.9% had coronavirus-related symptoms, and they were
generally mild. Only 1 child needed temporary oxygen sup-
port, and none of the patients were admitted to ICU. Vomiting
and diarrhea were observed only in 1 patient despite that
gastrointestinal symptoms seem rather frequent in pediatric
COVID-19.

Our results seem to contrast with reports concerning adults
with cancer. In a group of 28 adult oncology patients treated at
3 COVID hospitals in the Wuhan region (China), for instance,
22 necessitated oxygen therapy and 15 developed severe clinical
events (admission to ICU in 8 cases, mechanical ventilation in 10,
and death in 8). Patients who had received anticancer treatments
(including chemotherapy, targeted therapy, and/or radiotherapy)
within 14 days before becoming infected with COVID-19 were
at higher risk of developing severe complications [2]. This picture
was confirmed in other experiences in China [3, 6]. In a recent
series of 52 patients treated at the Renmin Hospital of Wuhan
University from January 1 to April 15, 2020, 55.5% of them de-
veloped complications including acute respiratory syndrome
(17.3%), sepsis (15.3%), and multiorgan dysfunction syndrome
(5.8%) [6]. The higher susceptibility of patients with cancer was
confirmed when COVID-19-related deaths in Italy in the early
period of the pandemic were analyzed, with 20.3% of fatalities
occurring in patients with a history of active cancer [7].

Although a previous report emphasized that immunocom-
promised children are at risk of a more severe disease if they
become infected by the human coronaviruses [8], the course of
COVID-19 in our series of children with cancer did not seem
to differ significantly from findings in other studies on children
with and without comorbidities. The Wuhan Children’s
Hospital described 171 children with confirmed COVID-19
and the course of their disease was mild in most cases, with
only 3 children admitted to intensive care for ventilatory sup-
port. One of them was a child with leukemia, on maintenance
chemotherapy [9]. A similar picture emerged in March 2020,
concerning a cohort of 100 children in 17 Italian pediatric
emergency departments, with severe and critical conditions
being reported in 1 case each [10]. So far, data on children with
oncological diseases are scarce. A flash survey conducted in 25
European countries in the first 3 weeks of the pandemic identi-
fied 8 children (4 from Italy) with various types of cancer who
had contracted the virus. The all had mild disease, with only 1
needing oxygen during the night [11].

A recent letter described the experience of the Memorial
Sloan Kettering hospital in New York, where 20 of 178 children

with cancer tested positive for SARS-CoV-2. Only 1 patient was
admitted, and did not need intensive care [12].

We report a similarly mild disease in children with cancer
who became infected with the coronavirus, as observed in
children without comorbidities [4, 10]. We did not find males
more susceptible to SARS-CoV-2 infection, as suggested for the
New York series [12].

Although there is evidence of SARS-CoV-2 producing
mainly mild disease in children, there remains the problem of
how to manage SARS-CoV-2-positive children with cancer. All
our cases were quarantined at home or in hospital, and a treat-
ment was given to 9 patients, including 5 who were asympto-
matic. This was justified by the wish to shorten the period of
viral replication in an immunocompromised patient so that
their anticancer treatment could be started or restored as soon
as possible. Overall, the type of treatment for the viral infec-
tion was empirical, at the clinician’s discretion, and largely
based on the therapies recommended for adults, such as
hydroxychloroquine and lopinavir/ritonavir.

Interestingly, 16 patients had their chemotherapy suspended
until they had 2 negative NP swabs, but 10 patients continued
their chemotherapy as originally scheduled (8 with no changes
at all, and 2 with minor modifications). These data suggest
that chemotherapy can be continued in patients with mild or
no symptoms of COVID-19 without any worsening of the in-
fection. This aspect is a major cause of concern, however, and
needs to be analyzed in larger cohorts of patients.

In conclusion, it has generally been reported that SARS-
CoV-2 infection takes a milder clinical course in children than
in adults. Our experience is reassuring as we confirmed this
milder spectrum in children with cancer as well. Further studies
are needed to clarify the risk of SARS-CoV-2 infection in pedi-
atric cancer patients, and to ascertain how best to manage their
chemotherapy. Meanwhile, our data indicate that it may not be
necessary to modify or delay their cancer treatment program,
especially for patients who remain asymptomatic or have only
mild symptoms of the viral disease.
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