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ABSTRACT: 35 

Background  36 

The Global Registry of COVID-19 in Childhood Cancer (GRCCC) seeks to describe the 37 

natural history of SARS-CoV-2 in children with cancer across the world. Here we report 38 

the disease course and management of COVID-19 infection in the subset of children and 39 

adolescents with CNS tumors that were included in the GRCCC until February 2021, the 40 

first data freeze. 41 

42 

Procedure 43 

The GRCCC is a deidentified web-based registry of patients <19 years of age with cancer 44 

or recipients of a hematopoietic stem cell transplant and laboratory-confirmed SARS-45 

CoV-2 infection. Demographic data, cancer diagnosis, cancer-directed therapy, and 46 

clinical characteristics of SARS-CoV-2 infection were collected. Outcomes were collected 47 

at 30-days and 60-days post infection.  48 

49 

Results  50 

The GRCCC included 1500 cases from 45 countries, including 126 children with CNS 51 

tumors (8.4%).  Sixty percent of the cases were from middle-income countries, while no 52 

cases were reported from low-income countries. Low-grade gliomas, high-grade gliomas, 53 

and CNS embryonal tumors were the most common CNS cancer diagnoses (67%, 54 

84/126). Follow up at 30 days was available for 107 (85%) patients. Based on the 55 

composite measure of severity, 53.3% (57/107) of reported SARS-CoV-2 infections were 56 

asymptomatic, 39.3% (42/107) were mild/moderate, and 6.5% (7/107) were severe or 57 



critical. One patient died from SARS-CoV-2 infection. There was a significant association 58 

between infection severity and ANC <500 (p=0.04). Of 107 patients with follow up 59 

available, 40 patients (37.4%) were not receiving cancer-directed therapy. Thirty-four 60 

patients (50.7%) had a modification to their treatment due to withholding of chemotherapy 61 

or delays in radiotherapy or surgery.  62 

63 

Conclusion  64 

In this cohort of patients with CNS tumors and COVID-19, the frequency of severe 65 

infection appears to be low, although severe disease and death do occur. We found that 66 

greater severity was seen in patients with severe neutropenia, although treatment 67 

modifications were not associated with infection severity or cytopenias. Additional 68 

analyses are needed to further describe this unique group of patients.  69 

70 

71 
72 



INTRODUCTION: 73 

Although most children and adolescents with COVID-19 infections have favorable 74 

outcomes1-3, early evidence signaled that patients with cancer might have a higher risk of 75 

complications.4 While most children with cancer and SARS-CoV-2 will have a mild 76 

disease course, severe cases of COVID-19 and death secondary to infection occur.5-977 

Associations reported with poor outcomes for children with cancer include low absolute 78 

lymphocyte or neutrophil count5, comorbidity, hematologic malignancy diagnosis, or 79 

receipt of intensive treatment.5,6 More severe outcomes have also been reported in 80 

patients living in low-and-middle-income countries.581 

Central nervous system (CNS) tumors are the second most common group of 82 

pediatric cancers, accounting for 20-25% of all cases.10,11 Nevertheless, to date, patients 83 

with CNS tumors have contributed a small proportion of published reports of COVID-19 84 

in children with cancer.12,13 Even in case series from high-income countries, the 85 

proportion of patients with CNS tumors ranged from 3% to 9% of included patients.14-1686 

The care of children with CNS tumors requires intense multimodal therapy, including 87 

neurosurgical procedures, large field radiotherapy and high-dose chemotherapy. In the 88 

absence of data to support the safety of proceeding with these treatments in the setting 89 

of COVID infection, clinicians may be reluctant to continue these therapies as 90 

scheduled.5,17 It is therefore important to adequately characterize the clinical course of 91 

COVID infection in patients with CNS tumors. 92 

The Global Registry of COVID-19 in Childhood Cancer (GRCCC) is a deidentified 93 

multi-institutional web-based registry of children and adolescents with cancer and a 94 

confirmed diagnosis of COVID-19. In its first report, a cohort of 1500 patients was reported 95 



from 45 countries, including 318 patients treated in low-income or lower-middle-income 96 

countries.5 Here we report the disease course and management of COVID-19 infection 97 

in the subset of children and adolescents with CNS tumors that were included in the first 98 

data freeze (Februar 1, 2021) of the GRCCC. 99 

100 

METHODS: 101 

Study design and participants 102 

The GRCCC was launched on April 15, 2020 as a joint initiative of St. Jude Global and 103 

the International Society of Paediatric Oncology (SIOP). The registry captures cases 104 

voluntarily reported by healthcare professionals across the world and is housed in a 105 

REDCap (Nashville, USA) database hosted at St. Jude Children’s Research Hospital 106 

(Memphis, USA). Inclusion criteria include: laboratory-confirmed cases of SARS-CoV-2 107 

infection in children and adolescents (<19 years) with cancer or who have received a 108 

hematopoietic stem-cell transplantation. De-identified data was requested on a maximum 109 

of 80 variables in an initial form.  Follow up was prompted in a second form for all patients 110 

at 30 days to evaluate clinical outcomes, including whether a patient remained 111 

hospitalized or had been discharged by the end of the 30-day period. For patients with 112 

ongoing evidence of infection at 30 days, an additional follow up form was prompted at 113 

60 days. Comorbidities included history of high-dose steroid within 14 days before 114 

diagnosis or illness, pre-existing pulmonary disease, pre-existing cardiac insufficiency, 115 

and a free text option for other conditions. Additional details of study design have been 116 

published previously.5117 

Statistical analysis 118 



Descriptive statistics were used to summarize demographic and clinical characteristics 119 

and outcomes. A five-level composite measure of severity was defined that incorporated 120 

the anatomic site of respiratory tract infection (upper versus lower), level of respiratory 121 

support, requirement for higher level of care, organ dysfunction, and death attributed to 122 

COVID-19. The five levels of severity were: asymptomatic, mild, moderate, severe, and 123 

critical.5124 

 All data analyses were done using SAS software, version 9.4 and R, version 4.0.4.  125 

Ethical oversight 126 

This study was reviewed by the St. Jude Children’s Research Hospital institutional review 127 

board and designated as not involving human subjects since no identifiable data is 128 

collected. This study was subject to approvals by local ethics committees according to 129 

local requirements.  130 

131 

RESULTS: 132 

Data submitted between April 15, 2020, and February 1, 2021 was included for analysis. 133 

Data from all institutions which could confirm that all qualifying cases had been entered 134 

without bias were included in the first analysis. Of 1500 qualifying episodes, 126 (8.4%) 135 

occurred in children with CNS tumors. The clinical characteristics of these patients are 136 

summarized in Table 1. The median age of qualifying patients with CNS tumors was 9 137 

years (range 6 months to 18 years). The United States (n=24), Argentina (n=18), and 138 

Brazil (n=9) were the countries that submitted the majority of cases (Figure 1). Sixty 139 

percent of the cases were from middle-income countries, while no cases were reported 140 

from low-income countries. Low-grade gliomas, high-grade gliomas, and CNS embryonal 141 



tumors were the most common CNS cancer diagnoses, accounting for 67% (84/126) of 142 

cases. Eighty-one patients (64.3%) were undergoing cancer-directed therapy at the time 143 

of infection and 7 (5.6%) were receiving non-curative treatment, including palliative oral 144 

chemotherapy. Of patients receiving cancer-directed therapy, 67% (59/88) had received 145 

chemotherapy in the 30 days prior to SARS-CoV-2 infection. Furthermore, 4 patients 146 

(3.2%) had either undergone myeloablative chemotherapy and autologous hematopoietic 147 

stem cell rescue or were receiving preparative therapy at the time of infection. Fifty-seven 148 

(45.2%) patients had received radiotherapy, including 27 who received craniospinal 149 

irradiation. 150 

SARS-CoV-2 infection was detected most frequently based on nasopharyngeal 151 

(77.8%, 98/126), nasal (16.7%, 21/126), or oropharyngeal swabs (15.9%, 20/126). Fifty-152 

two (41.3%) patients were symptomatic at the time of SARS-CoV-2 detection (Table 2). 153 

The most common reported symptoms were fever (67.3%, 35/52), cough (42.3%, 22/52), 154 

rhinorrhea (21.2%, 11/52), and headaches (21.2%, 11/52). The mean duration of 155 

symptoms when the patient was tested for SARS-CoV-2 was 2.7 days (range 0-11 days). 156 

Radiologic characteristics are described in Table 2, with most patients having no 157 

diagnostic imaging performed to evaluate COVID-19 pulmonary complications. At SARS-158 

CoV-2 infection, 17 patients (13.5%) had an absolute neutrophil count (ANC) of less than 159 

500 cells/µL, while 17 (13.5%) had an absolute lymphocyte count (ALC) of less than 300 160 

cells/µL. Twenty-five (19.8%) patients had an identified comorbidity, including 161 

endocrinopathies (n=10), preexisting pulmonary disease (n=5) and history of high-dose 162 

steroid use within 14 days of infection (n=5). At presentation, 33 patients (26.2%) were 163 



admitted specifically for management of COVID-19, while 31 (22.6%) were already 164 

admitted to the hospital when infection was detected. 165 

Follow up at 30 days was available for 107 (85%) patients (Table 3). Of these, 55 166 

patients (51.4%) were never hospitalized, and 42 patients (39.3%) were discharged after 167 

a stay of less than 30 days. Based on the SARS-CoV-2 diagnosis, 14 (13.1%) patients 168 

received COVID-19-directed treatment. Azithromycin (n=11), corticosteroids (n=7), 169 

hydroxychloroquine (n=6), remdesivir (n=3), and oseltamivir (n=2), ivermectin (n=1), and 170 

tocilizumab (n=1) were the utilized medications. Of patients with follow up available, 40 171 

patients (37.4%) were not receiving cancer-directed therapy. Of patients receiving 172 

cancer-directed treatment, 34 patients (50.7%) had a modification to their treatment due 173 

to withholding of chemotherapy or delays in radiotherapy or surgery. Treatment 174 

modification was not associated with COVID-19 severity (p=0.64), ANC lower than 500 175 

cells/µL (p=0.05), ALC lower than 300 cells/µL (p=1.0), or age group (p=1.0). 176 

Six (5.6%) patients were admitted to the intensive care unit (ICU) or intermediate 177 

care unit. Furthermore, 2 patients (1.9%) were intubated, while CPAP/BiPAP was used 178 

in 1 patient (0.9%). The duration of non-invasive respiratory support had a mean of 12.5 179 

days (range 5-38 days), while the duration of intubation had a mean duration for 5 days 180 

(range 1-9). At follow-up (30 days after symptom onset), most patients (75/3%, 96/107) 181 

had laboratory-confirmed or clinical resolution of COVID-19. Only 1 patient (0.9%) expired 182 

from COVID-19 or its complications. This patient was a 15-year-old male with a diagnosis 183 

of high-grade glioma who had a lower-respiratory infection leading to respiratory failure 184 

and death. At the time of SARS-CoV-2 infection, the last chemotherapy was given in the 185 



prior 30 days and the ANC was 250 cells/µL and ALC was 330 cells/µL.  Two additional 186 

deaths (1.9%) were unrelated to COVID-19.  187 

Based on the composite measure of severity, 53.3% (57/107) of the patients were 188 

asymptomatic, 39.3% (42/107) had mild or moderate infection, and 6.5% (7/107) had 189 

severe or critical infection. Disease severity was associated with ANC lower than 500 190 

cells/µL (p=0.04), but not with recent chemotherapy administration, existence of 191 

comorbidities, or ALC lower than 300 cells/µL (Table 4). 192 

193 

DISCUSSION: 194 

In this study, we report on the largest cohort of children and adolescents with CNS tumors 195 

and COVID-19. In these 126 patients, we have shown that although rare, poor outcomes 196 

do occur with an overall mortality of close to 1%, and 7% of patients having severe or 197 

critical infection. Although multiple variables that have been associated with poor 198 

outcomes and mortality, only an ANC of less than 500 cells/µL was associated with worse 199 

outcome in this cohort. In contrast to the whole GRCCC cohort, an ALC of less than 300 200 

cells/µL and age at infection were not associated with severe or critical illness. 201 

It is important to note, that patients with CNS tumors only represented 8.4% of the 202 

whole GRCCC cohort. This is less than half of what would be expected based on the 203 

relative frequency of pediatric CNS in relation to childhood cancers. This may indicate 204 

multiple level of biases, from reporting to testing to access to care. A large variability of 205 

incidence of pediatric CNS tumors exists, with high-income countries having a higher 206 

incidence11, and could be associated with the distribution of cases in our cohort. Hence 207 

these data may be a general reflection of the status of access to care for children with 208 



CNS tumors, especially in LMICs.  This is a relevant factor to consider as poor outcomes 209 

have been reported in LMICs for the full cohort of the GRCCC.5 Furthermore, CNS tumor 210 

patients are frequently managed as outpatients, another possible selection bias.211 

The COVID-19 pandemic has changed health care delivery, creating additional 212 

barriers to diagnosis and treatment for children with cancer. It is important to point out 213 

that, although the direct effects of COVID-19 were generally mild in this cohort, almost 214 

one-third of patients had a modification to their cancer-directed therapy. This is consistent 215 

with other reports that describe important interruptions to cancer therapy, especially in 216 

low- and middle-income countries.17,18 Results to date suggest that in most patients, 217 

particularly in those with minimal or absent symptoms, cancer-directed therapy can be 218 

continued although progression to more severe disease is still a risk. The ultimate 219 

consequences of these interruptions remain unquantified but are likely to influence cancer 220 

outcomes. Health systems interventions must be considered for this vulnerable 221 

population in order to minimize avoidable mortality and morbidity.  222 

There are several limitations to this study. First, the requirement to only include 223 

patients with laboratory confirmed SARS-CoV-2 infection likely influenced the 224 

underrepresentation of low-income settings, as seen by the fact we had no patients from 225 

low-income countries. Furthermore, regional representation of the included patients is 226 

varied, with little contribution from Eastern Europe, Africa, and Southeast Asia. 227 

Contribution to the GRCCC was voluntary and have been associated with awareness of 228 

the existence of the registry. Second, we did not capture testing practices at the 229 

institutions that contributed patients to the GRCCC. It is possible that testing practices or 230 

recall biases might have contributed to patient characteristics and outcomes. 231 



Nonetheless, to limit this possibility, we did request that all institutions submitting cases 232 

include all patients that were found to have COVID-19. Third, the registry did not capture 233 

the specific SARS-CoV-2 variant infecting patients, hence it is unknown if this factor may 234 

have contributed to clinical presentation or infection outcomes. Finally, although it is the 235 

largest cohort reported, only a small number of severe cases were included. This limited 236 

that capacity to analyze factors, inherent to cancer treatment or patients, that may 237 

contribute to infection severity in children with CNS tumors.  238 

Although this is the largest cohort of patients reported to date, additional insight is 239 

needed, including the effects of treatment modifications on long-term outcomes and the 240 

description of clinical outcomes of COVID-19 in low-income countries. Furthermore, the 241 

included data describes the first year of the pandemic and outcomes may have changed 242 

with greater access to testing, increased knowledge of clinical course, and with the 243 

possible availability of COVID-19 vaccinations for children and adolescents. Finally, some 244 

of the included data  in this study point to possible biases that exist in the care of pediatric 245 

CNS tumors and warrant further investigation, as these may have worsened during the 246 

pandemic. 247 



REFERENCES: 248 
1. Dong Y, Mo X, Hu Y, et al. Epidemiology of COVID-19 Among Children in China. 249 
Pediatrics. Jun 2020;145(6)doi:10.1542/peds.2020-0702 250 
2. Bellino S, Punzo O, Rota MC, et al. COVID-19 Disease Severity Risk Factors for Pediatric 251 
Patients in Italy. Pediatrics. Oct 2020;146(4)doi:10.1542/peds.2020-009399 252 
3. Bailey LC, Razzaghi H, Burrows EK, et al. Assessment of 135794 Pediatric Patients Tested 253 
for Severe Acute Respiratory Syndrome Coronavirus 2 Across the United States. JAMA Pediatr. 254 
Feb 1 2021;175(2):176-184. doi:10.1001/jamapediatrics.2020.5052 255 
4. Liang W, Guan W, Chen R, et al. Cancer patients in SARS-CoV-2 infection: a nationwide 256 
analysis in China. Lancet Oncol. Mar 2020;21(3):335-337. doi:10.1016/S1470-2045(20)30096-6 257 
5. Mukkada S, Bhakta N, Chantada GL, et al. Global characteristics and outcomes of SARS-258 
CoV-2 infection in children and adolescents with cancer (GRCCC): a cohort study. Lancet Oncol. 259 
Oct 2021;22(10):1416-1426. doi:10.1016/S1470-2045(21)00454-X 260 
6. Johnston EE, Martinez I, Davis ES, et al. SARS-CoV-2 in Childhood Cancer in 2020: A 261 
Disease of Disparities. J Clin Oncol. Dec 1 2021;39(34):3778-3788. doi:10.1200/JCO.21.00702 262 
7. Montoya J, Ugaz C, Alarcon S, et al. COVID-19 in pediatric cancer patients in a resource-263 
limited setting: National data from Peru. Pediatr Blood Cancer. Feb 2021;68(2):e28610. 264 
doi:10.1002/pbc.28610 265 
8. Arous R, Djillali IS, Rouis NO, et al. High mortality of COVID-19 in children with cancer in 266 
a single center in Algiers, Algeria. Pediatr Blood Cancer. Jun 2021;68(6):e28898. 267 
doi:10.1002/pbc.28898 268 
9. Faura A, Rives S, Lassaletta A, et al. Initial report on Spanish pediatric oncologic, 269 
hematologic, and post stem cell transplantation patients during SARS-CoV-2 pandemic. Pediatr 270 
Blood Cancer. Sep 2020;67(9):e28557. doi:10.1002/pbc.28557 271 
10. Ostrom QT, Cioffi G, Waite K, Kruchko C, Barnholtz-Sloan JS. CBTRUS Statistical Report: 272 
Primary Brain and Other Central Nervous System Tumors Diagnosed in the United States in 273 
2014-2018. Neuro Oncol. Oct 5 2021;23(12 Suppl 2):iii1-iii105. doi:10.1093/neuonc/noab200 274 
11. Steliarova-Foucher E, Colombet M, Ries LAG, et al. International incidence of childhood 275 
cancer, 2001-10: a population-based registry study. Lancet Oncol. Jun 2017;18(6):719-731. 276 
doi:10.1016/S1470-2045(17)30186-9 277 
12. Ronsley R, Bouffet E. COVID-19 in pediatric cancer: Where are the brain tumors? Neuro 278 
Oncol. Nov 2 2021;23(11):1977-1979. doi:10.1093/neuonc/noab189 279 
13. Hammad M, Shalaby L, Sidhom I, et al. Management and Outcome of Coronavirus 280 
Disease 2019 (COVID-19) in Pediatric Cancer Patients: A Single Centre Experience from a 281 
Developing Country. Clin Lymphoma Myeloma Leuk. Nov 2021;21(11):e853-e864. 282 
doi:10.1016/j.clml.2021.07.025 283 
14. Millen GC, Arnold R, Cazier JB, et al. Severity of COVID-19 in children with cancer: Report 284 
from the United Kingdom Paediatric Coronavirus Cancer Monitoring Project. Br J Cancer. Feb 285 
2021;124(4):754-759. doi:10.1038/s41416-020-01181-0 286 
15. Madhusoodhan PP, Pierro J, Musante J, et al. Characterization of COVID-19 disease in 287 
pediatric oncology patients: The New York-New Jersey regional experience. Pediatr Blood 288 
Cancer. Mar 2021;68(3):e28843. doi:10.1002/pbc.28843 289 
16. Bisogno G, Provenzi M, Zama D, et al. Clinical Characteristics and Outcome of Severe 290 
Acute Respiratory Syndrome Coronavirus 2 Infection in Italian Pediatric Oncology Patients: A 291 



Study From the Infectious Diseases Working Group of the Associazione Italiana di Oncologia e 292 
Ematologia Pediatrica. J Pediatric Infect Dis Soc. Nov 10 2020;9(5):530-534. 293 
doi:10.1093/jpids/piaa088 294 
17. Graetz D, Agulnik A, Ranadive R, et al. Global effect of the COVID-19 pandemic on 295 
paediatric cancer care: a cross-sectional study. Lancet Child Adolesc Health. May 2021;5(5):332-296 
340. doi:10.1016/S2352-4642(21)00031-6 297 
18. Majeed A, Wright T, Guo B, Arora RS, Lam CG, Martiniuk AL. The Global Impact of 298 
COVID-19 on Childhood Cancer Outcomes and Care Delivery - A Systematic Review. Front Oncol. 299 
2022;12:869752. doi:10.3389/fonc.2022.869752 300 

301 
302 



LEGENDS: 303 
304 

Table 1: Demographic, World Bank country income level, and basic cancer-related 305 
descriptors of cohort. 306 

307 
Table 2: Baseline characteristics of patients and SARS-CoV-2 infection. 308 

309 
Table 3: COVID-19 outcomes and modifications to cancer therapy. 310 

311 
Table 4: Distribution of clinical severity. This measure included the following levels of 312 
severity: asymptomatic, mild or moderate, and severe or critical. Fisher test was used for 313 
comparison. 314 

315 
Figure 1: Countries submitting data to the GRCCC on patients with CNS tumors and 316 
COVID-19. 317 
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