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abstract

PURPOSE The Pediatric Oncology COVID-19 Case Report registry supplies pediatric oncologists with data
surrounding the clinical course and outcomes in children with cancer and SARS-CoV-2.

METHODS This observational study captured clinical and sociodemographic characteristics for children (# 21
years) receiving cancer therapy and infected with SARS-CoV-2 from the pandemic onset through February 19,
2021. The demographic and clinical characteristics of the cohort were compared with population-level pediatric
oncology data (SEER). Multivariable binomial regression models evaluated patient characteristics associated
with hospitalization, intensive care unit (ICU) admission, and changes in cancer therapy.

RESULTSNinety-four institutions contributed details on 917 children with cancer and SARS-CoV-2. Median age at
SARS-CoV-2 infection was 11 years (range, 0-21 years). Compared with SEER, there was an over-representation
of Hispanics (43.6% v 29.7%, P , .01), publicly insured (59.3% v 33.5%, P , .01), and patients with he-
matologic malignancies (65.8% v 38.3%, P, .01) in our cohort. Themajority (64.1%) were symptomatic; 31.2%
were hospitalized, 10.9% required respiratory support, 9.2%were admitted to the ICU, and 1.6%died because of
SARS-CoV-2. Cancer therapy was modified in 44.9%. Hispanic ethnicity was associated with changes in cancer-
directed therapy (adjusted risk ratio [aRR]5 1.3; 95% CI, 1.1 to 1.6]). Presence of comorbidities was associated
with hospitalization (aRR 5 1.3; 95% CI, 1.1 to 1.6) and ICU admission (aRR 5 2.3; 95% CI, 1.5 to 3.6).
Hematologic malignancies were associated with hospitalization (aRR 5 1.6; 95% CI, 1.3 to 2.1).

CONCLUSION These findings provide critical information for decision making among pediatric oncologists,
including inpatient versus outpatient management, cancer therapy modifications, consideration of monoclonal
antibody therapy, and counseling families on infection risks in the setting of the SARS-CoV-2 pandemic. The
over-representation of Hispanic and publicly insured patients in this national cohort suggests disparities that
require attention.

J Clin Oncol 39:3778-3788. © 2021 by American Society of Clinical Oncology

INTRODUCTION

After its emergence in December 2019, the novel virus
SARS-CoV-2 rapidly led to a global pandemic. As of this
writing, more than 33million cases and 590,000 deaths
have occurred in the United States.1 Compared with
adults, children have a lower risk of becoming infected
with SARS-CoV-2.2,3 Children are also more likely to
have mild disease,4 but severe infection, multisystem
inflammatory syndrome, and death do occur.4-6 Risk
factors associated with serious illness in children in-
clude comorbidities such as complex congenital con-
ditions, obesity, diabetes, and cancer.4,7,8 Reports of
SARS-CoV-2 in children with cancer have been small

and/or regional (United Kingdom [UK]: N 5 54, New
York and New Jersey [NY and NJ]: N 5 98) and have
not reported any deaths solely attributable to SARS-
CoV-2.9,10 Despite lower rates of SARS-CoV-2 testing,4

Black and Hispanic adults have higher infection rates
andworse outcomes, including 3.3-fold higher mortality
than non-Hispanic Whites.11-13 Neither the UK nor
the NY and NJ studies evaluated whether non-White
children with cancer had an increased risk of SARS-
CoV-2 nor whether they had more severe infection.

Although these early reports indicate that children with
cancer may develop severe SARS-CoV-2, they provide
little understanding of the role of comorbidities and
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race or ethnicity in SARS-CoV-2 risk and severity in children
with cancer and SARS-CoV-2. The paucity of data sur-
rounding SARS-CoV-2 infection in children with cancer
makes it challenging for pediatric oncologists to provide
optimal care for their patients during the ongoing pandemic.
We sought to address this gap by creating a national US
registry to collect sociodemographic data and the clinical
course of children with cancer who acquired SARS-CoV-2.

METHODS

Study Design

This observational study aimed to provide pediatric on-
cologists real-time information about the clinical course of
SARS-CoV-2 in children with cancer. To facilitate rapid
regulatory approval, no personal health information (PHI)
was collected. Outreach occurred via e-mail solicitation to
colleagues at the US pediatric oncology programs and via
pediatric oncology–specific social media outlets. Institu-
tions entered deidentified clinical and sociodemographic
data online (REDCap; Data Supplement, online only) in the
Pediatric Oncology COVID-19 Case Report (POCC Report)
registry for each consecutive pediatric cancer patient with
SARS-CoV-2 infection. Sites entered data retrospectively
and prospectively, providing baseline data regarding SARS-
CoV-2 infection, with updates at 4 and 12 weeks after initial
infection. Data briefs were e-mailed biweekly to all US
pediatric oncology sites (Data Supplement). The institu-
tional review board at the University of Alabama at Bir-
mingham approved the study with a waiver of consent; all
participating institutions adhered to local institutional re-
view board policies and procedures.

Study Population

Registry eligibility included age 0-39 years at the time of
SARS-CoV-2 infection and receipt of cancer-directed

therapy within 1 year of infection. Cancer-directed therapy
was defined as chemotherapy, radiation, immunotherapy,
blood or marrow transplantation (BMT) for malignancy, or
graft-versus-host-disease treatment following a malignancy-
related BMT. Analyses presented here are limited to the
pediatric population (# 21 years at SARS-CoV-2 infection)
registered with POCC between April 17, 2020, and May 10,
2021, to evaluate the pediatric experience; this age group is
more commonly treated with pediatric protocols at pediatric
centers.

General Pediatric Oncology Comparison

We compared the study cohort with the general pediatric
oncology population using SEER18.14,15 Sociodemographic
(age, sex, insurance, and race or ethnicity) and diagnosis
data for children diagnosed with any malignancy between
2011 and 2016 in SEER18 at age# 21 years14,15 were used
for comparison.

Independent Variables

Sites provided clinical details regarding cancer diagnosis,
recent cancer therapy, complete blood count and differ-
ential at the time of infection, history, and type of BMT,
history of relapse or progressive disease, and presence of
comorbidities. Cancer diagnoses were categorized as he-
matologic malignancies or solid tumors; absolute neutrophil
count (ANC), and absolute lymphocyte count were di-
chotomized into clinically relevant categories (ANC: $ 500
cells/mL, , 500; absolute lymphocyte count $ 1,000,
, 1,000).16-18 Sites also provided sociodemographics, in-
cluding age at SARS-CoV-2 infection (dichotomized using
median age), sex, race or ethnicity (non-Hispanic White,
Black, Hispanic or Latino, Asian, and unknown or other),
insurance (private, public, none, and unknown), and state
where SARS-CoV-2 infection was identified.

CONTEXT

Key Objective
The Pediatric Oncology COVID-19 Case Report was established to provide pediatric oncologists real-time information about

the clinical course of COVID-19 in children with cancer during the ongoing pandemic, including identifying which
children with cancer are most likely to get COVID, determining the clinical course of COVID-19 is in children with cancer,
and identifying factors associated with a severe course of COVID-19.

Knowledge Generated
Children with cancer and COVID-19 are at risk of having severe infection and having their cancer therapy modified because

of COVID-19. Children age $ 11 years, with comorbidities, neutropenia, and/or hematologic malignancies, are more
likely to get sick than their peers. Hispanic children with cancer are more likely to get SARS-CoV-2 and have their cancer
therapy modified because of infection despite not having a more severe SARS-CoV-2 course.

Relevance
These findings provide critical information for decision making among pediatric oncologists, including inpatient versus

outpatient management of COVID-19, cancer therapy modifications, consideration of monoclonal antibody therapy, and
counseling families on infection risks in the setting of the SARS-CoV-2 pandemic.
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Dependent Variables

Sites reported the following for each patient: symptoms
likely attributable to SARS-CoV-2 including symptom du-
ration, multisystem inflammatory syndrome in children,
and death; level of support required for SARS-CoV-2;
changes in cancer-directed therapy because of SARS-
CoV-2 (related or unrelated to neutropenia or thrombocy-
topenia); and SARS-CoV-2–directed treatment. The de-
pendent variables included: (1) hospitalization, (2)
intensive care unit (ICU) admission, (3) duration of SARS-
CoV-2 symptoms, and (4) changes in cancer-directed
therapy (overall; related or unrelated to neutropenia or
thrombocytopenia).

Statistical Analysis

Standard parametric and nonparametric tests were used to
compare characteristics of the cohort with SEER patients as
well as to compare patients with hematologic malignancy
and solid tumor with respect to symptoms, level of support,
and changes in cancer therapy. We constructed multi-
variable binomial regression models to examine factors
associated with hospitalization, ICU admission, and
changes in cancer-directed therapy; the latter only in-
cluded patients who had cancer therapy within 90 days of
SARS-CoV-2 infection. However, because of the sparse-
ness of data, we removed BMT and those with unknown
ANC from the ICU model. We constructed multivariable
negative binomial regression models to determine factors
associated with duration of COVID-19 symptoms (univari-
ate results in the Data Supplement). Patients without
complete data for the outcome and independent variables
included in a given model were excluded from regression
analyses (complete case analysis) using listwise deletion.
We performed the following sensitivity analyses (1) To
better compare our cohort and SEER: we matched the
geographic distribution SEER to the POCC cohort and

repeated the parametric and nonparametric tests men-
tioned above (Data Supplement), (2) included only patients
with 12-week follow-up data in our regression models, (3)
conducted multiple imputation to account for missing data
in our regression models (Data Supplement), and (4)
conducted regression analysis to evaluate for risk of hos-
pitalization and ICU admission only among those who were
symptomatic to determine whether they were distinct from
the general cohort (Data Supplement). SAS 9.4 (Cary, NC)
was used for all analyses.

RESULTS

Sites

Ninety-four pediatric oncology institutions (from 36 US
states) reported data on 917 children with cancer and
SARS-CoV-2 (Fig 1). Sites ranged in patient volume,
reporting 10-500 new pediatric cancer patients per year
(median 5 80).

Patients

Mean age at SARS-CoV-2 infection was 10.8 years (range,
0-21 years). Nearly half of the cohort were Hispanic or
Latino (43.6%), 37.6% were non-Hispanic White, and
10.3% Black (Table 1). The majority were publicly insured
(59.3%). More children had hematologic malignancies
(65.8%) than solid tumors (non-CNS: 28.9%; CNS: 3.7%).
Only 18.5% had relapsed/refractory disease and 9% car-
ried a history of BMT or were receiving graft-versus-host-
disease prophylaxis. At the time of SARS-CoV-2 infection,
19.2% had an ANC , 500. Ninety-two percent (844) of
children received cancer treatment within 90 days of their
SARS-CoV-2 diagnosis. Sixty-five percent of the cohort had
at least one noncancer comorbidity. Obesity (10.3%),
asthma (4.8%), and hypertension (4.1%) were the most
common specific comorbidities (Data Supplement).

Patients submitted per state
> 114

57

0  

Participating sites

Submitted patients

No positive patients

Legend

FIG 1. Distribution of study patients and sites. The state color represents the number of patients submitted to the
registry who were diagnosed in that state. The dots represent participating pediatric oncology sites in the state:
blue, those who have submitted patients (86), and red, those who are participating but have no children with
cancer and SARS-CoV-2 (four). The dots are arranged randomly within the state—they do not represent the sites’
actual location. Of note, there are states (eg, Hawaii) that have participating centers but no positive patients, and
states (eg, North Dakota) that have positive patients but no participating sites.

3780 © 2021 by American Society of Clinical Oncology Volume 39, Issue 34

Johnston et al



Follow-up data at 12 weeks were available for the majority
of the cohort (77.0%).

Comparison Between Study Cohort and General Pediatric

Oncology Population

The study cohort had an over-representation of patients
who were Hispanic or Latino (POCC: 43.6% v SEER:
29.7%; P # .01), publicly insured (POCC: 59.3% v SEER:
33.5%; P # .01), and had hematologic malignancies
(POCC: 65.8% v SEER: n 5 38.3%; P # .01) compared
with the general pediatric oncology population (Table 1).

Symptoms

Sixty-four percent of children had SARS-CoV-2–related
symptoms. Patients with hematologic malignancies were
more likely to be symptomatic (67.3%) than those with solid
tumors (58.0%, P , .01; Table 2). Among those with
symptoms, the median symptom duration was 5 days
(range, 1-90 days) and did not vary by diagnosis type
(hematologic malignancies: 6 days [range, 1-90 days] v
solid tumors: 4.5 days [range, 1-58 days], P5 .41). Nearly
half of the cohort (44.5%) had systemic symptoms (eg,
fever, fatigue, etc); fever was the most prevalent systemic
symptom (39.3%). Systemic symptoms were more com-
mon in patients with hematologic malignancies (48.4%)
than in those with solid tumors (36.9%, P , .01). Respi-
ratory symptoms were the second most common symptom
type (43.3%) and were more common in children with
hematologic malignancies (45.9%) versus solid tumors
(38.2%), P5 .03. Among the 32 (3.5%) children who died
during the study period, the cause of death was SARS-CoV-
2 in 15 (1.6% of the study population; Table 2, Data
Supplement). Of these 15 patients, 60% died from SARS-
CoV-2 alone, whereas 40% died from a combination of
cancer and SARS-CoV-2.

Risk of Prolonged Symptoms

Longer duration of SARS-CoV-2 symptoms (days of
symptoms as a continuous variable) was associated with
age $ 11 years and BMT (adjusted rate ratios: 2.3, 95%
CI 5 1.6 to 3.4 and 0.4, 0.2-0.9, respectively; Table 3).

TABLE 1. Sociodemographic and Clinical Characteristics of POCC
Cohort and US Childhood Cancer Population

Characteristic

POCC Cohort
(N 5 917),
No. (%)

US Childhood
Cancer Populationa

(N 5 30,523),
No. (%) P

Mean age at COVID-19
infection, years, SD

10.7 (5.9) 11.5 (7.0) < .01

Age at COVID-19 infection, years

, 11 444 (48.4)

$ 11 473 (51.6)

Sex < .01

Male 540 (58.9) 13,321 (52.6)

Female 372 (40.6) 11,991 (47.37)

Unknown 5 (0.6) 0 (0.0)

Race or ethnicity < .01

Non-Hispanic White 345 (37.6) 15,160 (49.7)

Black 94 (10.3) 3,157 (10.3)

Hispanic or Latino 400 (43.6) 9,075 (29.7)

Asian 33 (3.6) 2,664 (8.7)

Unknown 45 (4.9) 467 (1.5)

Insurance < .01

Public 544 (59.3) 10,227 (33.5)

Uninsured 17 (1.9) 783 (2.8)

Private 319 (34.8) 15,827 (51.9)

Unknown 37 (4.0) 3,686 (12.1)

Region < .01

West 192 (20.9) 17,181 (56.3)

Midwest 153 (16.7) 2,546 (8.3)

South 309 (33.7) 6,402 (21.0)

Northeast 261 (28.5) 4,394 (14.4)

Unknown 2 (0.2) 0 (0.0)

Cancer diagnosis < .01

Hematologic malignancy 603 (65.8) 11,690 (38.3)

Solid tumor

CNS tumor 62 (6.8) 4,635 (15.2)

Non-CNS solid tumor 252 (27.5) 14,000 (45.9)

Relapse or
refractory disease

183 (20.0)

BMT 77 (8.4)

BMT type

Allogeneic 54 (70.1)

Autologous 23 (29.9)

ANC at COVID-19
infection, cells/mL

0-499 176 (19.2)

$ 500 552 (60.2)

Unknown 189 (20.6)

ALC at COVID-19
infection, cells/mL

0-999 490 (53.4)

$ 1,000 222 (24.2)

Unknown 205 (22.3)

(continued in next column)

TABLE 1. Sociodemographic and Clinical Characteristics of POCC
Cohort and US Childhood Cancer Population (continued)

Characteristic

POCC Cohort
(N 5 917),
No. (%)

US Childhood
Cancer Populationa

(N 5 30,523),
No. (%) P

Presence of $ 1 comorbidity 319 (34.8)

Completed 12-week follow-up 706 (77.0)

NOTE. Bold values represent statistically significant results (P# .05).
Abbreviations: ALC, absolute lymphocyte count; ANC, absolute

neutrophil count; BMT, blood or marrow transplantation; POCC,
Pediatric Oncology COVID-19 Case Report registry; SD, standard
deviation.

aSEER18 patients age # 21 years, diagnosed 2011-2016.
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TABLE 2. Clinical Course of COVID-19 in Childhood Cancer: Symptoms, Support, and Changes in Cancer Treatment

Clinical Course All Patients
Hematologic
Malignancy Solid Tumor P a

Symptomatic Patients
Only

Total 917 603 (65.8) 314 (34.2) 588 (64.1)

Symptoms

Symptomatic 588 (64.1) 406 (67.3) 182 (58.0) < .01

General systemic symptoms 408 (44.5) 292 (48.4) 116 (36.9) < .01 408 (69.4)

Fatigue 52 (5.7) 33 (5.5) 19 (6.1) 52 (8.8)

Fever 360 (39.3) 257 (42.6) 103 (32.8) 360 (61.2)

Myalgia(s) 76 (8.3) 58 (9.6) 18 (5.7) 76 (12.9)

Rash 7 (0.8) 6 (1.0) 1 (0.3) 7 (1.2)

Other 9 (1.0) 5 (0.8) 4 (1.3) 9 (1.5)

Respiratory 397 (43.3) 277 (45.9) 120 (38.2) .025 397 (67.5)

Chest pain 19 (2.1) 16 (2.7) 3 (1.0) 19 (3.2)

Cough 278 (30.3) 202 (33.5) 76 (24.2) 278 (47.3)

Hemoptysis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Rhinorrhea 148 (16.1) 101 (16.8) 47 (15.0) 148 (25.2)

Shortness of breath 94 (10.3) 66 (11.0) 28 (8.9) 94 (16.0)

Sore throat 72 (7.9) 52 (8.6) 20 (6.4) 72 (12.2)

Sputum production 10 (1.1) 4 (0.7) 6 (1.9) 10 (1.7)

Other 2 (0.2) 2 (0.3) 0 (0.0) 2 (0.3)

GI symptoms 140 (15.3) 92 (15.3) 33 (10.5) .047 140 (23.8)

Abdominal pain 20 (2.2) 18 (3.0) 2 (0.6) 20 (3.4)

Diarrhea 51 (5.6) 35 (5.8) 16 (5.1) 51 (8.7)

Nausea or vomiting 74 (8.1) 55 (9.1) 19 (6.1) 74 (12.6)

Other 38 (4.1) 29 (4.8) 9 (2.9) 38 (6.5)

Neurologic 97 (10.6) 71 (11.8) 26 (8.3) .10 97 (16.5)

Confusion 1 (0.1) 1 (0.2) 0 (0.0) 1 (0.2)

Headache 89 (9.7) 66 (11.0) 23 (7.3) 89 (15.1)

Other 8 (0.9) 5 (0.8) 3 (1.0) 8 (1.4)

Other 86 (9.4) 60 (10.0) 26 (8.3) .41 86 (14.6)

Anosmia or ageusiab 70 (7.6) 47 (7.8) 23 (7.3) 70 (11.9)

MIS-C or atypical Kawasaki 18 (2.0) 15 (2.5) 3 (1.0) 18 (3.1)

Days of symptoms, median (range) 5.0 (1.0-90.0) 6.0 (1.0-90.0) 4.5 (1.0-58.0) .41

Vital status

Deceased 32 (3.5) 17 (2.8) 15 (4.8) .13 3 (0.9)

Cause of death

COVID-19 9 (28.1) 5 (29.4) 4 (26.7)

Cancer and COVID-19 6 (18.8) 6 (35.3) 0 (0.0)

Cancer 17 (53.1) 6 (35.3) 11 (73.3)

Level of support required for COVID-19

None 604 (65.9) 369 (61.2) 235 (74.8) < .01 308 (52.4)

Hospitalization 286 (31.2) 217 (36.0) 69 (22.0) < .01 257 (43.7)

ICU admission 84 (9.2) 63 (10.5) 21 (6.7) .06 77 (13.1)

(continued on following page)

3782 © 2021 by American Society of Clinical Oncology Volume 39, Issue 34

Johnston et al



Level of Support

One third of the cohort was hospitalized (31.2%) and one
tenth (9.2%) was admitted to the ICU (Table 2). Although a
higher proportion of patients with hematologic malignancies
were hospitalized than solid tumors (36.0% v 22.0%, P ,

.01), ICU admissions did not vary with diagnosis (hema-
tologicmalignancies: 10.5% v solid tumors: 6.7%, P5 .06).
One hundred children (10.9%) required respiratory sup-
port, withmaximal support of oxygen (7.1%), bilevel positive
airway pressure (0.6%), andmechanical ventilation (2.9%),

TABLE 2. Clinical Course of COVID-19 in Childhood Cancer: Symptoms, Support, and Changes in Cancer Treatment (continued)

Clinical Course All Patients
Hematologic
Malignancy Solid Tumor P a

Symptomatic Patients
Only

Respiratory support required (maximum) 100 (10.9) 76 (12.6) 24 (7.6) .02 97 (16.5)

Oxygen 65 (7.1) 52 (8.6) 13 (4.1) 63 (10.7)

BiPAP 8 (0.9) 5 (0.8) 3 (1.0) 8 (1.3)

Mechanical ventilation 27 (2.9) 19 (3.2) 8 (2.6) 26 (4.4)

Other support 18 (2.0) 13 (2.2) 5 (1.6) .56 18 (3.1)

Vasopressors 16 (1.7) 11 (1.8) 5 (1.6) 16 (2.7)

ECMO 1 (0.1) 0 (0.0) 1 (0.3) 1 (0.2)

Dialysis 5 (0.6) 4 (0.7) 1 (0.3) 5 (0.9)

Changes in cancer therapy because of COVID-19

Any change in therapy 412 (44.9) 290 (48.1) 122 (44.9) < .01 276 (46.9)

Chemotherapy delay because of neutropenia or
thrombocytopenia

89 (9.7) 68 (11.3) 21 (6.7) .03 79 (13.4)

Chemotherapy delay not because of neutropenia or
thrombocytopenia

268 (29.2) 197 (32.7) 71 (22.6) < .01 177 (30.1)

Other delay 41 (4.5) 21 (3.5) 20 (6.4) .04 18 (3.1)

BMT delay 6 (0.7) 5 (0.8) 1 (0.3) 2 (0.3)

Radiation delay 10 (1.1) 2 (0.3) 8 (2.6) 4 (0.7)

Scan(s) delay 17 (1.9) 2 (0.3) 15 (4.8) 8 (1.4)

Surgery delay 16 (1.7) 4 (0.7) 12 (3.8) 6 (1.0)

Other delay 16 (1.7) 13 (2.2) 3 (1.0) 8 (1.4)

COVID-19–directed therapy

Any COVID-19–directed therapy 145 (15.8) 118 (19.6) 27 (8.6) < .01 137 (23.3)

Immune-modulatory therapy 73 (8.0) 53 (8.8) 20 (6.4) 70 (11.9)

Anakinra 7 (0.8) 6 (1.0) 1 (0.3) 7 (1.2)

IVIG 22 (2.4) 20 (3.3) 2 (0.6) 22 (3.7)

Steroids 64 (7.0) 46 (7.6) 18 (5.7) 61 (10.4)

Tocilizumab 8 (0.9) 7 (1.2) 1 (0.3) 8 (1.4)

Antiviral therapy

Remdesivir 65 (7.1) 49 (8.1) 16 (5.1) 62 (10.5)

Other therapy 59 (6.4) 50 (8.3) 9 (2.9) 56 (9.5)

Anticoagulation 52 (5.7) 38 (6.3) 14 (4.5) 43 (7.3)

Bamlanivimab 19 (2.1) 16 (2.7) 3 (1.0) 15 (2.6)

Convalescent plasma 17 (1.9) 17 (2.8) 0 (0.0) 17 (2.9)

Therapy with preclinical evidence 36 (3.9) 30 (5.0) 6 (1.9) 35 (6.0)

Azithromycin 22 (2.4) 19 (3.2) 3 (1.0) 21 (3.6)

Hydroxychloroquine 30 (3.3) 25 (4.2) 5 (1.6) 29 (4.9)

NOTE. Data are No. (%) unless otherwise indicated. Bold values represent statistically significant results (P # .05).
Abbreviations: BiPAP, bilevel positive airway pressure; BMT, blood or marrow transplantation; ECMO, extracorporeal membrane oxygenation; ICU,

intensive care unit; IVIG, intravenous immunoglobulin; MIS-C, multisystem inflammatory syndrome in children.
aP value represents comparison between hematologic and solid tumor patients.
bLoss of taste or smell.
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which varied by diagnosis (hematologic malignancies:
12.6% v solid tumors: 7.6%, P 5 .02).

Hospitalization and ICU Admission

Hospitalization and ICU admission were associated with age,
comorbidities, and diagnosis. Patients with comorbidities
were at increased risk of hospitalization (adjusted risk ratio
[aRR] 5 1.3; 95% CI, 1.1 to 1.6) and ICU admission
(aRR 5 2.3; 95% CI, 1.5 to 3.6; Table 3). Additionally,
patients with public insurance (aRR5 1.3; 95% CI, 1.04 to
1.7), hematologic malignancies (aRR 5 1.6; 95% CI, 1.6;
95% CI, 1.3 to 2.1), and ANC 0-499 (aRR 5 1.4; 95% CI,
1.2 to 1.7) were at increased risk of hospitalization.

Changes to Cancer Therapy

Cancer therapy was changed because of SARS-CoV-2 in
44.9% of children (Table 2). Cancer therapy changes were
more common among patients with hematologic malig-
nancies (48.1%) than solid tumors (44.9%, P , .01).
Delays in therapy not related to cytopenias (29.2%) were
more common than delays related to cytopenias (9.7%).
Treatment delays unrelated to cytopenia were more com-
mon in patients with hematologic malignancies (32.7%)
than solid tumors (22.6%, P , .01); cytopenia-related
delays were also more common among patients with he-
matologic malignancies (11.3% v 6.7%; P 5 .03).

Hispanic patients faced a higher risk of therapy changes
than non-Hispanic Whites (aRR5 1.3; 95% CI, 1.1 to 1.6),
driven by an increased risk of changes in cancer-directed
therapy because of neutropenia or thrombocytopenia
(aRR5 1.7; 95% CI, 1.03 to 3.0). Patients with BMT had a
lower risk of change to therapy (aRR5 0.5; 95% CI, 0.3 to
0.9; Table 4). Patients with hematologic malignancies had
a higher risk of any change in therapy (aRR5 1.3; 95% CI,
1.1 to 1.5), changes because of neutropenia (aRR 5 1.7;
95% CI, 1.1 to 2.9), and changes in chemotherapy not
related to neutropenia (aRR 5 1.5; 95% CI, 1.1 to 1.9).

SARS-CoV-2 Treatment

Only 15.8% of the patients received SARS-CoV-2–directed
therapy. Immune-modulatory therapy (8.0%) and antiviral
therapy (7.1%) were the most frequently used. A larger
proportion of patients with hematologic malignancies
(19.6%) than solid tumors (8.6%, P, .01) received SARS-
CoV-2–directed therapy (Table 2).

DISCUSSION

We report the largest study of children with cancer and
SARS-CoV-2, providing critical data regarding the clinical
course in this population. Many children in our cohort had
severe SARS-CoV-2 courses, with 31% admitted to the

TABLE 3. Patient Characteristics Associated With Risk of Hospitalization, ICU Admission, and Duration of COVID-19 Symptoms

Patient Characteristics

Hospitalizationa ICU Admissionb Duration of COVID-19 Symptomsc

aRR (95% CI) aRR (95% CI) Adjusted Rate Ratio (95% CI)

Age at COVID-19 infection, years (ref: , 11 years)

$ 11 1.2 (1.0 to 1.5) 1.8 (1.1 to 2.9) 2.3 (1.6 to 3.4)

Race or ethnicity (ref: non-Hispanic White)

Black 0.9 (0.6 to 1.3) 1.2 (0.6 to 2.3) 0.9 (0.4 to 1.8)

Hispanic or Latino 0.9 (0.7 to 1.2) 0.9 (0.5 to 1.5) 0.9 (0.6 to 1.4)

Asian 0.9 (0.5 to 1.5) 1.9 (0.8 to 4.7) 1.7 (0.5 to 5.3)

Insurance (ref: private)

Public or uninsured 1.3 (1.04 to 1.7) 1.5 (0.9 to 2.6) 1.0 (0.6 to 1.5)

Diagnosis (ref: solid tumor)

Hematologic malignancy 1.6 (1.3 to 2.1) 1.4 (0.9 to 2.4) 0.8 (0.5 to 1.2)

BMT (ref: no)

Yes 1.2 (0.9 to 1.6) 0.4 (0.2 to 0.9)

ANC at COVID-19 infection, cells/mL (ref: $ 500 cells/mL)

0-499 1.4 (1.2 to 1.7) 0.7 (0.4 to 1.3) 0.7 (0.4 to 1.1)

Unknown 0.3 (0.1 to 0.4) – 0.3 (0.2 to 0.6)

Comorbidities (ref: no)

Yes (any) 1.3 (1.1 to 1.6) 2.3 (1.5 to 3.6) 1.2 (0.8 to 1.9)

NOTE. Bold values represent statistically significant values (P # .05).
Abbreviations: ANC, absolute neutrophil count; aRR, adjusted risk ratio; BMT, blood or marrow transplantation; ICU, intensive care unit.
aMultivariable binomial regression (n 5 828, all patients without missing data).
bMultivariable binomial regression (n 5 728, including all patients without missing data or unknown ANC).
cMultivariable negative binomial regression (n 5 261, excluding asymptomatic patients and patients with missing data).
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hospital, 9% admitted to the ICU, and 4% dying because of
SARS-CoV-2. This suggests a more severe clinical course of
SARS-CoV-2 in children with cancer than what has been
reported in children without cancer.4 The over-
representation of patients who were Hispanic, uninsured,
and with hematologic malignancies suggests that SARS-
CoV-2 infection is more likely in these patients. A more
severe clinical course was observed among children $ 11
years, with hematologic malignancies, neutropenia, and
comorbidities. SARS-CoV-2 infection led to cancer treat-
ment modifications for nearly half of the children. During
the ongoing pandemic, these findings can guide clinical
decision making among pediatric oncologists based on
evidence surrounding who is at risk for severe infection;
these include decisions about when to admit for obser-
vation, holding cancer therapy, or whether to treat with
monoclonal antibodies. It will also allow clinicians to provide
families with information about the course of SARS-CoV-2
in children with cancer.

Many children with cancer had a severe course of SARS-
CoV-2. Early in the pandemic, some hypothesized that
immunosuppressed patients would have a milder clinical
course.19 It also became apparent that children generally
experienced less severe disease than adults. Early expe-
riences suggested that children with cancer would exhibit

clinical courses similar to children without cancer.20

However, 31.2% of our pediatric cancer cohort was hos-
pitalized (v 6.7% in general pediatrics), 9.2% had an ICU
admission (v 1.8%), and 3.5% died because of COVID (v
0.2%).4 The higher hospitalization rate seen here is similar
to the NY and NJ pediatric oncology SARS-CoV-2 experi-
ence (29%)10; the UK cohort did not report hospitalization
rates.9 Our rate of ICU admissions falls between the other
cohorts (17% and 5.5%, respectively). However, mortality
rates in our cohort differed from the others, with no deaths
attributable to COVID-19 reported in the NY and NJ and UK
cohorts. It is plausible that the larger patient population
represented in our study was necessary to identify the
differences in mortality between general pediatric and
pediatric cancer patients. With this in mind, clinicians can
appropriately counsel childhood patients with cancer about
the importance of continuing prevention measures for
SARS-CoV-2 and have a low threshold to consider
monoclonal antibody administration for relevant age groups
and inpatient management when children with cancer
become symptomatic from SARS-CoV-2. When the SARS-
CoV-2 vaccine becomes available for children, these data
may facilitate discussions surrounding risks, benefits, and
prioritization of the vaccine among children with cancer. In
the meantime, pediatric oncologists can better advise

TABLE 4. Patient Characteristics Associated With Change(s) in Cancer Treatment

Patient Characteristics

Any Change(s) to
Treatmenta

Because of Neutropenia or
Thrombocytopenia

Not Because of Neutropenia or
Thrombocytopenia

aRR (95% CI) aRR (95% CI) aRR (95% CI)

Age at COVID-19 infection, years
(ref: , 11 years)

$ 11 1.1 (0.9 to 1.2) 1.4 (0.9 to 2.1) 1.0 (0.8 to 1.2)

Race or ethnicity (ref: non-Latino White)

Black 1.0 (0.7 to 1.3) 0.3 (0.1 to 1.2) 1.1 (0.8 to 1.7)

Hispanic or Latino 1.3 (1.1 to 1.6) 1.7 (1.03 to 3.0) 1.1 (0.9 to 1.5)

Asian 1.1 (0.8 to 1.7) 1.8 (0.6 to 4.8) 1.2 (0.7 to 2.0)

Insurance (ref: private)

Public or uninsured 1.0 (0.8 to 1.2) 1.3 (0.8 to 2.2) 0.9 (0.7 to 1.2)

Diagnosis (ref: solid tumor)

Hematologic malignancy 1.3 (1.1 to 1.5) 1.7 (1.1 to 2.9) 1.5 (1.1 to 1.9)

BMT (ref: no)

Yes 0.5 (0.3 to 0.9) 0.3 (0.1 to 1.4) 0.5 (0.2 to 0.9)

ANC at COVID-19 infection, 500 cells/mL
(ref: $ 500 cells/mL)

0-499 1.0 (0.8 to 1.2)

Unknown 1.1 (0.9 to 1.4)

Comorbidities (ref: no)

Yes (any) 1.1 (1.0 to 1.3) 1.2 (0.8 to 1.8) 1.0 (0.8 to 1.2)

NOTE. Bold values represent statistically significant values (P # .05).
Abbreviations: ANC, absolute neutrophil count; aRR, adjusted risk ratio; BMT, blood or marrow transplantation.
aMultivariable negative binomial regressions (n 5 757, excluding patients who did not receive therapy within 90 days of SARS-CoV-2 infection).
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families as they decide whether or not to vaccinate their
child with cancer and other family members.

Hispanic and publicly insured children are over-
represented in our cohort. A hallmark of the pandemic
in the United States has been increased rates of SARS-CoV-
2 in under-represented minorities.21,22 Emerging SARS-
CoV-2 data in the general pediatric population also show
higher rates in Black, Hispanic, and Asian children.4 In-
dividuals from non-White racial or ethnic groups and lower
socioeconomic strata may be more likely to live in multi-
family dwellings and dense urban neighborhoods, work in
essential industries such as food services, and take public
transportation—all increasing the risk of SARS-CoV-2
infection.23 Despite the geographic and racial or ethnic
diversity of our cohort, the proportion of Black patients did
not differ from the general pediatric oncology population.
Many programs have standardized approaches to SARS-
CoV-2 testing and screening and discussion of risk-
reduction strategies. Teams may consider whether these
data warrant a lower threshold to test and/or counsel on
risk-reduction strategies in Hispanic and publicly insured
children to optimize prevention and treatment.

Despite comparable rates of hospitalization or ICU admission
to their peers, Hispanic children were more likely to have
changes in cancer-directed therapy because of SARS-CoV-
2. Among children with cancer, Hispanic children have
worse overall survival than their non-Hispanic White
peers.21,22 Socioeconomic status,24 adherence to oral che-
motherapy,25 and genetics26 contribute to this survival dis-
parity. In pediatric oncology, increased intensity of cancer-
directed therapy has contributed to dramatic improvements
in survival.27 Thus, if SARS-CoV-2 is more likely to lead to
changes in cancer-directed therapy in Hispanic children, the
pandemic has the potential to worsen the survival gap for
Hispanic children with cancer. Futher work is needed to
determine whether Hispanic children with SARS-CoV-2 are
more likely to be neutropenic than their peers, whether
clinicians are more likely to check blood counts in Hispanic
children with cancer and SARS-CoV-2 because of a history of
Hispanic children experiencing worse chemotherapy-related
side effects,28,29 or other reasons.

Older children, those with comorbidities, neutropenia, and/
or hematologic malignancies, were more likely to have
severe SARS-CoV-2. In the general pediatrics population,
children with comorbidities are more likely to have severe
COVID-19.4,26,30 Even with the heterogeneous comorbid-
ities in our study population, we saw an increased risk of
severe SARS-CoV-2 infection with a comorbidity. It will be
essential to determine the specific comorbidities most
associated with severe SARS-CoV-2. The emergency use
authorizations for monoclonal antibodies have a lower age
threshold of 12 years despite a lack of pediatric data; thus,
these findings provide additional data, which have the
potential to guide decisions regarding which patients may
be considered for these therapies.

By creating a national registry of SARS-CoV-2 in children
with cancer early in the pandemic, we were able to provide
our colleagues regular snapshots of the emerging clinical
course of this disease. Pediatric oncology has been lauded
for its collaborative nature which led to improvements in
survival31; the rapidity with which we engaged approxi-
mately half of the US pediatric oncology sites speaks to this
collaborative nature. Like many initial studies, we have
answered a number of questions and are now faced with
many additional questions. As we anticipate the pandemic
continuing to affect patient care for the foreseeable future,
we must better understand the roles played by biology,
immunosuppression, and sociodemographic factors in
SARS-CoV-2 vulnerability and clinical course, and how to
respond. For instance, examining length of polymerase
chain reaction positivity and viral shedding in children with
cancer can help pediatric oncology programs make in-
formed policies about retesting and isolation practices after
SARS-CoV-2 infection. We must also examine how SARS-
CoV-2 treatment and changes in cancer-directed therapy
affect the course of SARS-CoV-2 in children with cancer,
particularly given the risk of decreased cancer survival with
delays in cancer-directed therapy. Finally, we continue to
extend data collection to respond to the evolving pandemic,
including the emergence of the variants and vaccine
uptake.

Despite the essential information this study provides for
pediatric oncologists, it faces limitations. Excluding PHI
facilitated rapid regulatory approvals, allowing for 94 sites
(approximately half of the US pediatric oncology sites) to
open the study over 10 months. However, the lack of PHI
prevents comparison of our cohort with children with
cancer but without COVID-19 at participating sites, which
would have allowed for a more nuanced comparison than
the SEER comparison allows. However, we have approxi-
mately half of the US pediatric oncology centers partici-
pating with broad geographic representation, we have done
sensitivity analyses to address this limitation to the best of
our abilities, and our findings that Hispanic and publically
insured children with cancer are more likely to become
infected with SARS-CoV-2 than their peers mirror the risk
factors for SARS-CoV-2 in the general population.4,21-23 To
avoid PHI, we also did not collect information on the date of
diagnosis of SARS-CoV-2 infection, which limits our un-
derstanding of how treatment and/or clinical course
changed over the course of the pandemic. As the study
reports 10 months of data and optimal treatment for SARS-
CoV-2 remains on the table, we do not expect the findings to
have varied much over the study period. Although we have
follow-up data for the majority of patients (4-week: 86%,
12-week: 61%), these data do not encompass the entire
course of symptoms, additional support, SARS-CoV-2
treatment, or chemotherapy changes. Thus, we may
under-report these outcomes in our data, implying that the
course of SARS-CoV-2 in children with cancer is worse than
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presented. However, sensitivity analysis with those who
completed 12-week follow-up data yielded similar results
(data not shown). Determining whether symptoms, sup-
port, and treatment changes are because of SARS-CoV-2 or
cancer is difficult; we have been transparent in our
reporting process and encourage clinicians to understand
these limitations as they consider the generalizability of
these findings to other clinical situations.

Children with cancer and SARS-CoV-2 are at risk of having
severe infection, especially those $ 11 years, with
comorbidities, neutropenia, and/or hematologic malig-
nancies. Hispanic children with cancer appear more likely
to get SARS-CoV-2 and have their cancer therapy modified

because of infection despite not having a more severe
SARS-CoV-2 course. These findings provide critical data for
pediatric oncologists when they are considering inpatient
versus outpatient management, cancer treatment modifi-
cations, and the potential role of monoclonal antibody
therapy. Additionally, these findings provide data that cli-
nicians can use to guide families (regarding infection risks
in the setting of SARS-CoV-2) and systems (regarding
vaccine prioritization among pediatric patient groups). The
over-representation of Hispanic and publicly insured pa-
tients in this national cohort and the higher likelihood of
cancer treatment modifications in Hispanic children are
concerning and require attention.
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APPENDIX

POCC Representative Site Name Division and Department

Aditi Dhir, MD University of Miami Miller School of Medicine Division of Hematology/Oncology
Department of Pediatrics

Adonis Napoleon Lorenzana, MD Ascension Saint John Hospital Hematology/Oncology

Ajay Gupta, MD, MS Roswell Park Comprehensive Cancer Center Division of Pediatric Oncology

Akshat Jain, MD, MPH Loma Linda University Medical Center Department of Pediatrics and Clinical Medicine
Division of Hematology Oncology and Stem Cell
Transplantation

Alan K. Ikeda, MD Alliance for Childhood Diseases/Cure 4 the Kids
Foundation

Pediatric Hematology/Oncology

Alexander J. Chou, MD Montefiore/Einstein Division of Pediatric Hematology, Oncology and Cellular
Therapy

Department of Pediatrics

Alice K. Hoeft, MS Cook Children’s Medical Center Research Administration Office - Data Science and
Analytics

Alissa R. Kahn, MD Saint Joseph’s Regional Medical Center The Valerie Fund Children’s Center for Pediatric Cancer
and Blood Disorders, Department of Pediatrics

Amy M. Moskop, MD, MS Medical College of Wisconsin and Children’s Wisconsin Department of Pediatrics, Division of Hematology/
Oncology/Blood and Marrow Transplantation

Anca Dumitriu, MD Medical University of South Carolina Pediatric Hematology/Oncology

Andrew B. Smitherman, MD University of North Carolina at Chapel Hill Pediatric Hematology/Oncology

Aniket Saha, MD, MS Prisma Health Upstate/BI-LO Charities Children’s
Cancer Center/Greenville Health System

Pediatric Hematology/Oncology

Anna Sechser Perl, MD Saint Peter’s University Hospital Department of Pediatrics
Pediatric Hematology/Oncology

Anurag K. Agrawal, MD UCSF Benioff Children’s Hospital Oakland Division of Oncology
Department of Pediatrics

Archana Sharma, DO Rutgers Cancer Institute of New Jersey - Robert Wood
Johnson University

Division of Pediatric Hematology/Oncology
Department of Pediatrics

Ashley E. Pinchinat, MD New York Medical College/Westchester Medical Ctr/
Maria Fareri Children’s Hospital

Division of Pediatric Hematology, Oncology, and Stem
Cell Transplantation

Department of Pediatrics

Bradley H. Gampel, MD, MS New York - Presbyterian Morgan Stanley Children’s
Hospital at Columbia University Medical Center

Pediatric Hematology/Oncology/Stem Cell Transplant

Branko Cuglievan, MD MD Anderson Cancer Center Pediatrics

Carla M. Schwalm, MD Bronson Children’s Hospital Pediatric Hematology/Oncology

Carly R. Varela, MD Inova Fairfax Hospital Pediatric Hematology/Oncology

Caroline S. Hesko, MD, MPH University of Vermont Children’s Hospital Pediatric Hematology/Oncology

Caroline Y. Hu, MD Kaiser - Oakland Pediatric Hematology/Oncology

Caryn E. Sorge, MD University of Kentucky Pediatric Hematology/Oncology

Catherine Aftandilian, MD Stanford University Pediatric Hematology/Oncology

Catherine W.H. Boston, MD Driscoll Children’s Hospital Pediatric Hematology/Oncology

Catriona Mowbray, PhD, RN, BSN,
CPHON

Children’s National Medical Center Center of Cancer and Blood Disorders,
Division of Oncology

Chana L. Glasser, MD NYU Langone Hospital - Long Island Pediatric Hematology/Oncology

Chibuzo C. O’suoji M.D, M.S Texas Tech University Health Sciences Center Pediatric Hematology/Oncology

(continued on following page)
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(continued)
POCC Representative Site Name Division and Department

Chittalsinh M. Raulji, MBBS, FAAP University of Nebraska Medical Center, Children’s
Hospital and Medical Center, Omaha

Division of Pediatric Hematology/Oncology
Department of Pediatrics

Christina J. Bemrich-Stolz, MD,
MSPH

University of Alabama at Birmingham Pediatric Hematology/Oncology
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