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throughout Brazil. Participants: Patients under 18 years of age who are infected by
the SARS-CoV-2 virus (confirmed diagnosis through reverse transcriptase-polymerase
chain reaction [RT-PCR]) while under treatment at pediatric oncology centers. The
variables of interest included clinical symptoms, diagnostic and therapeutic measures.
The repercussions of SARS-CoV-2 infection on cancer treatment and general prognosis
were monitored.

Results: One hundred seventy-nine patients were included (median age 6 [4-13] years,
58% male). Of these, 55.9% had acute leukemia and 34.1% had solid tumors. The pres-
ence of SARS-CoV-2 was diagnosed by RT-PCR. Various laboratory markers were ana-
lyzed, but showed no correlation with outcome. Children with low or high BMI for
age had lower overall survival (71.4% and 82.6%, respectively) than those with age-
appropriate BMI (92.7%) (p = .007). The severity of presentation at diagnosis was
significantly associated with outcome (p < .001). Overall mortality in the presence of
infection was 12.3% (n = 22).

Conclusion: In children with cancer and COVID-19, lower BMI was associated with

worse prognosis. The mortality in this group of patients (12.3%) was significantly

KEYWORDS

1 | INTRODUCTION

In late 2019, a novel coronavirus was identified by Chinese scien-
tists in Wuhan, China.! Named severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) due to its phylogenetic proximity to the
already known causative agent of severe acute respiratory syndrome
(SARS) first identified in 2003, the virus spread quickly to other
countries.? The arrival of coronavirus disease 2019 (COVID-19) in
Brazil in February 2020 represented a great challenge in establishing
adequate strategies to mitigate the impact caused by the disease, as
the country has continental dimensions and significant regional dif-
ferences. One of these obstacles is the possibility of compromising
access by children and adolescents with cancer to pediatric oncology
centers, which is already constrained by the fact that these facilities
are almost exclusively located in urban regions such as state capitals
and regional economic centers.® Although Brazil has one of the world’s
largest and most complex publicly funded, free-at-the-point-of-care
universal health system, the Sistema Unico de Satde (SUS),* the eco-
nomic and social challenges faced by large segments of the population
can increase the risk of exposure to SARS-CoV-2, as well as cause a
worse prognosis.®

Few studies have addressed the impact of COVID-19 on the pedi-
atric population with cancer, and even fewer have been conducted
with children from low- and middle-income countries (LMICs).%” It is
already known that all age groups are susceptible to SARS-CoV-2.2 In
the oncology setting, Liang et al. suggest that adults with cancer have

an increased risk of infection with this virus.” However, Boulad, de

higher than that described in the pediatric population overall (~1%).

BMI, cancer, COVID-19, pediatric oncology, SARS-CoV-2

Rojas, and Ferrari and their respective coauthors believe that pediatric
cancer patients, although managed as high risk, may be no more vul-
nerable to infection or morbidity resulting from SARS-CoV-2 than are
other children.10-12

Given this scenario, the present study describes the impact of
COVID-19 on this population. Through a nationwide multicenter
registry,1® we identified factors related to worse prognosis in children
with cancer, such as body mass index (BMI), age, and initial clinical pre-
sentation. In addition, we evaluated the mortality/fatality rate in com-

parison with the general pediatric population.

2 | METHODS

During the 1-year period (from April 2020 to March 2021), pediatric
patients (age 0-18 years) with cancer and infected by the SARS-CoV-2
virus seen at pediatric oncology centers were registered. All patients
in this study were tested and had their confirmed diagnosis by reverse
transcriptase-polymerase chain reaction (RT-PCR). Patients with sus-
pected COVID-19 based on clinical and/or radiological criteria whose
molecular diagnostic tests were negative were excluded from the anal-
ysis. Children and adolescents who died due to causes unrelated to
COVID-19 were also excluded from the study.

Twenty-one centers located in all five regions of Brazil registered
patients in this study during the period of analysis. Data was recorded
prospectively through Redcap software, thus ensuring confiden-

tiality and allowing integration with other participating national
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institutions. Each center had access only to the information of its
unit. Only the coordinating center had access to global data. The
records were regularly assessed for compliance by the coordinating
center team (Hospital de Clinicas de Porto Alegre (HCPA) - Porto
Alegre/RS).

The recorded variables include clinical symptoms, diagnostic method,
therapeutic measures, and treatment setting. In addition, the repercus-
sions of the infection on the initial treatment and on general prognosis
are evaluated. BMI for age and sex was calculated, and nutritional sta-
tus (underweight [< —2DP], adequate weight, overweight [> +1 stan-
dard deviation, SD, - equivalent to BMI 25 kg/m?2 at 19 years] or obe-
sity [> +2 SD - equivalent to BMI 30 kg/m? at 19 years]) was defined
for each child according to the World Health Organization (WHO)
classification.*

The severity of the clinical presentation at diagnosis was based
on the parameters established by Qiu et al.2> Briefly, mild disease is
defined as the absence of the need for oxygen therapy; moderate or
severe, there is hypoxemia that requires supplemental oxygen; and in
critical condition, there is a need for mechanical ventilation and/or the

presence of hemodynamic instability.

2.1 | Statistical analysis

Continuous variables were assessed with the Shapiro-Wilk test of nor-
mality; those with asymmetric distribution were expressed as medians
and interquartile ranges (IQR). Qualitative variables were summarized
as absolute and relative frequencies. The significance level adopted
was .05. Data were compiled in a Microsoft Excel spreadsheet and
analyzed in PASW Statistics Version 18.0 and WinPepi version 11.65.
Fisher’s exact test and Pearson’s chi-square test were used for cate-
gorical variables and the Mann-Whitney U test for quantitative vari-
ables. Analysis of variance (ANOVA) was used to verify the distribution
of data between three or more groups. Log rank tests (Mantel-Cox)
were used to compare Kaplan-Meier survival curves between two or

more groups.

2.2 | Ethical statement and consent to participate

Ethical approval to conduct this study has been granted by the Ethics
Committee of HCPA. The legal guardians of all participating minors
provided written informed consent in duplicate, keeping one copy of

the consent form for themselves.

3 | RESULTS

One hundred seventy-nine pediatric patients were included (Table 1)
in 21 pediatric oncology centers, of whom 55.9% had acute leukemia,
8.4% had lymphoma, and 34.1% had solid tumors. Diagnosis of COVID-
19 was confirmed by RT-PCR for all patients registered in this study.

One hundred forty-five (81%) had undergone some cancer treatment

up to 30 days before diagnosis (85.5% chemotherapy, 8.3% surgery,
and/or 6.2% radiotherapy).

Sixty-six (36.9%) children were asymptomatic or had mild symp-
toms, 72 (40.2%) had moderate to severe symptoms, and 41 (22.9%)
had a critical condition during the study. At the time of diagnosis, 34
(19.0%) were admitted to an intensive care unit (ICU) and 109 (60.9%)
to a regular ward, while 35 (19.6%) remained at home; the disposition
of one (0.5%) patient was not reported. Among the patients who did
not require hospitalization, 19 (54.3%) were asymptomatic or had mild
symptoms, eight (22.9%) were treated with antibiotics. The median
follow-up time was 44 (23-78.5) days. No asymptomatic patient or
with mild symptoms died.

Type of neoplasm, lymphocyte count, inflammatory markers (fer-
ritin, C-reactive protein, and fibrinogen), and sex were not associated
with severity or mortality. However, nutritional status defined by the
BMI characterized three different prognostic groups. Children classi-
fied as underweight (< —2 SD) had the worst prognosis, with overall
survival (OS) in the presence of infection of 71.4%, followed by children
with overweight or obesity (> +1 SD) (OS 82.6%); those who had an
adequate BMI had an OS of 92.7% (p = .007; Figure 1).

We also observed that the group of patients whose initial severity
was considered critical experienced worse outcomes when compared
to the other groups (p < .001; Figure 2).

Information on management of COVID-19 was available for 122
children. Of these, 40.2% received antivirals (n = 49), 9.0% systemic
antifungals, 95.1% antibiotics, and 17.2% corticosteroids. Oseltamivir
was the most prescribed antiviral (42.9%). With regard to antibi-
otics, azithromycin was prescribed to 72 patients (62.1%), followed
by cefepime (40.5%), vancomycin (25.9%), piperacillin/tazobactam
(19.02%), and amoxicillin/clavulanate (3.4%). Corticosteroids were
administered to 21 (17.2%) patients. Heparin (8.2%), intravenous (V)
immunoglobulin (2.5%), and hydroxychloroquine (2.5%) were also pre-
scribed.

Information on the continuity of cancer treatment was available for
178 children. Of these, 65 (36.5%) experienced a delay of treatment
(median 16 [10-28] days of delay), mainly in chemotherapy 42 (64.6%).

The overall lethality rate in the presence of infection for this sample
was 12.3%, with a total of 22 deaths. The diagnosis of leukemia was pre-
sented in 10 (45.5%) of the cases, eight (36.4%) with a solid tumor, two
(9.1%) with lymphoma, and two (9.1%) other. The median time to death
was 19.5 (6.5-39) days and eight (36.4%) patients had some change in
the underlying treatment of the disease due to SARS-CoV-2 infection.

4 | DISCUSSION

Comparatively little data are available on the pediatric population
with COVID-19 in developing countries. There is even less information
about children with cancer infected with SARS-CoV-2 in these coun-
tries. The present study described the clinical presentation and course
of these patients in a middle-income country, seeking to provide clues
about possible risk factors for a less favorable prognosis. In the present

national registration study, a high lethality rate was observed in
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TABLE 1 Characteristics of patients

Variable
Age in years, median (IQR)
Sex

BMI

Oncological diagnosis

Symptoms related to
COVID-19?

Severity

Initial oxygen therapy

Laboratory tests - diagnosis

2Some patients had more than one symptom.

Male
Underweight
Normal weight
Overweight
Obese

Not reported
Leukemia/MDS

Lymphoma

Solid tumor

Other
Not reported

Absence of symptoms
Cough

Fever

Rhinorrhea

Respiratory dysfunction
Diarrhea

Headache

Ageusia and/or anosmia
Vomit

Asymptomatic
Mild
Moderate/severe
Critical

Nasal catheter

High-flow oxygen therapy
Noninvasive ventilation
Immediate invasive ventilation
None

Not reported

Lymphocytes (/ml)
C-reactive protein (ng/ml)
D-dimers (mg/L)

Ferritin (mcg/L)
Fibrinogen (mg/dl)
Creatinine

Urea

GOT

AML
B
T
MDS

Hodgkin
Not Hodgkin
Not reported

Neuroblastoma
Wilm'’s tumor
Bone tumors
Others

137
96
33
36
35
121
118
102

N =179 (%)
6.0(4-13)
103 (58)

14 (8)
110(62)
22(12)

Median (IQR)

691(220-2071)
46(10-161)

639 (306-1500)
1165 (669-2633)
403 (270-511)
0.4 (0.3-0.6)
21(14-27)
32(25-49)

Abbreviations: AML, acute myeloid leukemia; BMI, body mass index; COVID-19, coronavirus disease 2019; GOT, glutamic-oxalacetic transaminase; IQR,
interquartile range; MDS, myelodysplastic syndromes.
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FIGURE 1 Survival according to bodymass index (BMI).
Underweight: green line; Overweight and obesity: yellow line;
Adequate BMI: blue line (p =.007)

children with cancer and factors such as severity of the condition at the
time of presentation as well as nutritional status were associated with
the final prognosis.

Combating COVID-19 represents a major challenge for health
authorities. Different protocols have been tested in order to find the
best treatment to combat this disease. Thus, the fact that the patients
in this study are treated in a heterogeneous manner was expected.
Initiatives led by the International Pediatric Oncology Society (SIOP),
Child Oncology Group (COG), the St. Jude Global and Childhood Can-
cer International program, and the Brazilian Society of Pediatric Oncol-
ogy (Sociedade Brasileira de Oncologia Pediatrica[SOBOPE]) can allow
amore uniform management of these patients.1¢

Our data indicated a relationship between the severity of COVID-
19 at diagnosis and the likelihood of death in these patients. Children
classified as critically ill at diagnosis had a higher mortality rate when
compared to groups of children classified as asymptomatic or with mild
or moderate/severe symptoms. This finding is unsurprising, as the criti-
cal classification is reserved for patients at advanced stages of COVID-
19, requiring ICU admission or mechanical ventilation and, often, with
septic conditions.

Regarding biological markers, in a recent meta-analysis, EIGohary
et al. evaluated 22 studies with a total of 1018 adult patients and found
that C-reactive protein, D-dimer, and prothrombin time were signifi-
cantly higher in those with cancer.'” In the pediatric population, a study
conducted by Whittaker et al. evaluated 58 children admitted to eight
hospitals in England. The objective was to seek clinical and labora-
tory characteristics of critically ill patients who developed a multisys-

FIGURE 2 Survival according to clinical severity at diagnosis
(p <.001) Assimptomatic or mild symptoms: green line; Moderate to
severe symptoms: yellow line; Critical condition: purple line

tem inflammatory syndrome (MIS-C) during the COVID-19 pandemic,
and compare these data with other pediatric inflammatory diseases.
The authors suggested that MIS-C differs from other known pediatric
inflammatory entities.!® To date, we are not aware of a study that
sought to describe inflammatory markers in children with cancer who
developed COVID-19. In our sample, there was no correlation between
the evaluated markers and severity or prognosis.

Data on prognosis and outcome of pediatric cancer patients
infected with SARS-CoV-2 remain scarce. A study carried out with
523 adult patients with COVID-19 in four hospitals in Wuhan estab-
lished an association of low BMI and protein levels with higher risk of
death. In that study, patients with BMI under 20.5 kg/m? were more
prevalent among ICU nonsurvivors than those with a normal BMI.?
In addition, obesity and overweight were described as risk factors in a
meta-analysis by Hussain et al. In 14 studies selected for quantitative
analysis, BMI >25 was directly associated with higher mortality, as
were factors such as advanced age (>70 years), severe comorbidities,
and requiring advanced respiratory support.2> Some studies in Brazil
have addressed the impact of nutritional status on the survival of acute
leukemias and found that low weight for age at diagnosis is associated
with a worse prognosis due to a higher rate of recurrences.?! In a
cohort that analyzed obesity in lymphoblastic leukemia, the 5-year
event-free survival in patients was significantly lower than that of the
non-overweight/obesity patients.?? In this context, we observed that
pediatric cancer patients with a BMI below the value considered appro-
priate for their age were also significantly more likely to die acutely
when infected with SARS-CoV-2. Likewise, the group of patients
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classified as overweight/obese had a worse prognosis than patients
with adequate nutritional status. Considering these analyses, our data
suggest that the nutritional situation may have an impact on the clinical
response and prognosis related to SARS-CoV-2 acute infection.

It can be observed that 49 (40.2%) patients of our sample (n = 122)
received antiviral treatment, especially oseltamivir. Due to lack of
evidence regarding effective treatments for COVID-19 in the first
few months of pandemic, it is believed that some treatment cen-
ters appealed to these antivirals in off-label use. To the present day,
oseltamivir is not recommended against SARS-CoV-2 infection.23 Also,
evidences of proven benefit from the use of corticosteroids was not
clear until June 2020, when the preliminary data from the RECOVERY
Trial was published.?4

Our study has some limitations, mostly inherent to the conduct
of a multicenter registry in a country of continental dimensions with
major regional differences. As the questionnaire was completed by
local teams at each facility rather than centrally, some data required
careful monitoring to ensure uniformity and consistency; despite our
best efforts, some data could not be obtained for all patients. Another
important point refers to the short follow-up period. We were able to
identify acute repercussions such as hospitalizations and survival. Only
through continuous monitoring of these patients will we be able to
understand the long-term repercussions of infection in these children.
In addition, it is possible that not all children diagnosed with COVID-19
in the period of interest entered the register or there was a variation in
systematic screening between institutions, causing a selection bias and,
consequently, leading to a higher proportion of most serious patients.
It is also important to mention that due to the small number of events,
results of amultivariable analysis could be biased and therefore has not
been performed.2°>26

Despite these, a very striking result is the case fatality rate in our
sample. Unfortunately, it is similar to what was previously described by
Montoya et al., who observed 10% of deaths in a pediatric cancer popu-
lation with COVID-19 (ages ranging from O to 16) from six tertiary cen-
tersin Peru,® but very different from what was described in other pedi-
atric studies. In a nationwide register-based study conducted in Brazil,
it was found a rate of 0.7% of the deaths related to COVID-19 in the
healthy pediatric population.?” In a systematic review that evaluated
131 studies across 26 countries, the case fatality rate was less than
1%.8 It shows that despite socioeconomic differences between high-
income and low-income countries, the mortality rate of COVID-19 in
healthy childrenis similar and very lower than those with cancer. In this
context, the reasons why children with cancer in LMICs are at greater
risk of developing severe forms of COVID-19 and progressing to death
remain to be clarified. It is possible that immunosuppression associated
with treatment or underlying disease plays a role, but the relationship
between survival and BMI found in our study suggests that social issues
leading to a more precarious nutritional status may be important in the
origin of this result. With the continuity of the record, we hope to be
able to better understand how variables related to the socioeconomic
context can interfere in the prognosis, as well as to determine the long-

term impact of SARS-CoV-2 infection in these children.
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