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Childhood cancer survivors are known to be at risk of chronic co-morbidities, although
their risk of COVID-19 infection remains uncertain. Understanding the risk of COVID-19
in this population is necessary to counsel survivors and inform potential mitigation
strategies. The objective of this study was to determine whether the rates of COVID-19
infection differed between childhood cancer survivors and the general population.
Administrative health care data from a population-based registry of children and
adolescents diagnosed with cancer in Ontario, Canada, were linked with a universal
health insurance registry and a repository of laboratory data. Rates of COVID-19 testing,
test positivity and infection between March 1, 2020 and March 31, 2021 among
childhood cancer survivors (n = 10 242) were compared to matched controls from the
general population (n = 49 068). Compared to the general population, childhood cancer
survivors were more likely to have COVID-19 testing (35.9% [95% ClI, 34.5-37.4%] vs.
32.0% [95% CI, 31.4-32.6%)]), but had a lower likelihood of positive COVID-19 result
among those tested (4.3% [95% Cl, 3.6-4.9%] vs. 5.5% [95% ClI, 5.1-5.8%]) and a
similar rate of infection among all subjects at risk (1.5% [95% ClI, 1.3-1.8%] vs. 1.7%
[95% CI, 1.6-1.9%)]). These findings can inform counseling of survivors and clinician
recommendations for this population.

Keywords: childhood cancer, cancer survivors, COVID-19, survivorship, infection

INTRODUCTION

Consensus recommendations for childhood cancer survivors (CCS) have been developed to
provide guidance to CCS and their clinicians regarding COVID-19 infection, although they are
based on very limited data (1). To address this gap, we compared the COVID-19 testing, positivity
and infection rates among a population-based cohort of CCS to the rates seen in a matched cohort
from the general population in Ontario, Canada.

METHODS

Individuals diagnosed with cancer at age <18 years between 1985 and 2016 who survived >5
years and were alive on January 1, 2020 were identified from the Pediatric Oncology Group of
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Ontario Networked Information System (POGONIS).
POGONIS is an active, population-based registry of children
diagnosed with cancer at Ontario’s five specialized childhood
cancer programs that captures standardized demographic,
diagnosis, outcome and treatment information on all registered
cases and has been detailed previously (2, 3).

Population controls were identified from Ontario’s Registered
Persons Database, which is a population-based registry capturing
the majority of Ontario’s 14.5 million population and consisting
of basic demographic information about individuals with public
health care eligibility in Ontario. A maximum of five controls
were randomly selected from those individually matched to each
CCS based on year and month of birth, sex, and geographic area
of residence (first three digits of postal code).

COVID-19 testing data were obtained from the Ontario
Laboratory Information System (OLIS), an Ontario-wide
repository of lab tests and results. Starting April 7, 2020,
complete daily feeds of all COVID-19 test orders have been
recorded in OLIS, extracted from lab orders with test requests
or Logical Observation Identifiers Names and Codes indicative
of viral or respiratory virus testing specific to COVID-19. This
dataset represents the complete COVID-19 testing result status
for each tested individual in Ontario on each day. CCS and
controls were linked to OLIS using a unique, numeric identifier
to obtain COVID-19 testing dates and results between March 1,
2020 and March 31, 2021.

Statistical Analysis

We calculated the proportion of individuals undergoing COVID-
19 testing at least once (testing rate), the proportion of tested
individuals with at least one positive COVID-19 test (positivity
rate) and the proportion of all subjects with at least one positive
test (infection rate) among CCS and matched controls. These
rates were calculated for strata of current age, time since cancer
diagnosis and initial cancer diagnosis. In an analysis planned a
priori, we evaluated these outcomes among survivors who had
undergone an allogeneic bone marrow transplant (ABMT).

In multivariable analyses, we used general estimating
equations with robust variance estimators to compare testing
rates, positivity rates and infection rates between survivors and
controls while adjusting for matching and three-month calendar
periods of testing to account for variation in the positivity
rates over time. This analysis included (where applicable)
multiple tests per individual. Two-sided P <0.01 were considered
statistically significant to account for multiple testing. Analyses
were conducted using SAS Enterprise, Version 7.1 (SAS Institute,
Inc., Cary, NC, USA).

RESULTS

The study included 10 242 CCS and 49 068 matched general
population controls (Table 1), who underwent 8911 and 34 750
COVID-19 tests, respectively. The distributions of sex and age
were similar between survivors and controls. Approximately
three-quarters of CCS were >10 years since cancer diagnosis at
the time of COVID-19 testing, with a median age of 25 years.

TABLE 1 | Characteristics of childhood cancer survivors and matched general
population controls.

Characteristic No. (% [95% CI]) P value
Childhood cancer Matched general
survivors (n = 10 242) population controls
(n = 49 068)
Sex
Male 5,681 (564.5 [62.4-56.6]) 26 766 (54.5 [63.6-55.5])  0.91
Female 4,661 (45.5 [43.7-47.3) 22 302 (45.5 [44.6-46.3])
Current age, y
Median (IQR) 26 (14) 26 (14)
5-9 420 (4.1 [8.7-4.5)) 2,026 (4.1 [3.9-4.3)) 0.99
10-20 2,418 (23.6 [22.5-24.7]) 11,552 (23.5 [23.0-24.0))
21-30 3,605 (35.2 [33.8-36.6]) 17,249 (35.2 [34.5-35.8))
>30 3,799 (37.1 [35.6-38.6)) 18,241 (37.2 [36.5-37.9))
Age at cancer
diagnosis, y
Median (IQR) 6 (10) NA NA
Time since
cancer
diagnosis, y
Median (IQR) 17 (14) NA NA
5-10 2,064 (20.2 [19.2-21.1]) 9912 (20.2 [19.8-20.7])2 NA
>10 8,178 (79.9 [76.0-83.7]) 39 156 (79.8 [78.0-81.6])7
Initial cancer
diagnosis
Leukemia 2,918 (28.5 [27.3-29.7]) 13 941(28.4 [27.9-29.0)2 NA
Lymphoma 1,730 (16.9 [16.0-17.8])) 8340 (17.0 [16.6-17.4]3
CNS 2,155 (21.0[20.0-22.0]) 10314 (21.0 [20.6-21.5])2
Other 3,439 (33.6 [32.2-35.0]) 16 473 (33.6 [32.9-34.2]2
Allogenic bone
marrow
transplant
Yes 311 (3.0 [2.7-3.4]) 1496 (3.0 [2.9-3.2)2 NA
No 9,931 (97.0 [86.0-107.9]) 47 572 (97.0 [92.0-101.9)2

aValues are the count and distribution of the general population controls matched to
childhood cancer survivors who have given characteristics.

Among survivors, 28.5% were diagnosed with leukemia and 3.0%
had undergone ABMT.

Overall, a significantly greater proportion of CCS underwent
at least one COVID-19 test than controls (35.9 vs. 32.0%,
RR =1.27 (95% CI 1.21-1.34); Table 2). This was consistent
across subsets of CCS evaluated (Table 2), except among CCS
who had undergone ABMT (P > 0.01; Table 2).

Among those tested, the overall likelihood of at least one

positive test among CCS was significantly lower than matched
controls (4.3 vs. 5.5%; RR = 0.71 (95% CI = 0.61-0.82); Table 2).
This was true for most, but not all subgroups examined (Table 2).
Including all at-risk subjects, the overall risk of COVID-19
infection was lower among CCS than controls (1.5 vs. 1.7%; RR =
0.81 (95% CI = 0.70-0.92); Table 2) and, specifically among CCS
>30 years, >10 years since diagnosis, previously diagnosed with
lymphoma, and without prior ABMT (P < 0.01; Table 2).
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TABLE 2 | COVID-19 testing, positivity and infection rates among childhood cancer survivors and matched general population controls.

Subgroup COVID-19 Testing Rate? COVID-19 Test Positivity Rate® COVID-19 Infection Rate'
No. (%)? RR (95%ClI)® No. (%)? RR (95% CI)® No. (%)? RR (95% CI)°
Childhood Matched Childhood Matched Childhood Matched
cancer population cancer population cancer population
survivors controls survivors controls survivors controls
(n=10242) (n =49 068) (n =3680) (n=15695) (n =10242) (n =49 068)
Total 3680 (35.9) 15695 (32.0) 1.27 (1.21-1.34)° 157 (4.3) 856 (5.5) 0.71(0.61-0.82)° 157 (1.5) 856 (1.7) 0.81(0.70-0.92)°
Current age, y
59 166 (39.5) 622 (30.7) 1.64 (1.31-2.07)° 4(2.4) 27 (4.3) 0.72 (0.35-1.48) 4 (1.0 27 (1.3)  1.01(0.49-2.08)
10-19 795 (32.9) 3171 (27.5) 1.44(1.30-1.60)° 41 (5.2) 199 (6.3) 0.64 (0.48-0.86)° 41 (1.7) 199 (1.7)  0.82(0.62-1.10)
20-29 1440 (39.9) 6137 (35.6) 1.30(1.20-1.41)° 72 (5.0 343 (5.6) 0.79 (0.64-0.97) 72 (2.0) 343 (2.00 0.89(0.73-1.10)
>30 1279 (33.7) 5765(31.6) 1.14(1.05-1.24)° 40 (3.1) 287 (5.0)  0.63(0.47-0.83)° 40(1.1) 287 (1.6) 0.66 (0.50-0.87)°
Time since cancer
diagnosis, y
5-10 792 (38.4) 3002 (30.3) 1.65 (1.48-1.83)° 38 (4.8) 165 (5.5)  0.66 (0.49-0.87)° 38(1.8) 165(1.7)  0.90 (0.68-1.19)
>10 2888 (35.3) 12693 (32.4) 1.20 (1.13-1.26)° 119 (4.1) 691 (5.4) 0.72 (0.61-0.84)° 119 (1.5) 691 (1.8) 0.78 (0.67-0.92)°
Initial cancer diagnosis
Leukemia 1055(36.2) 4443 (31.9) 1.16(1.11-1.22)° 44 (4.2) 226 (5.1) 0.76 (0.58-0.99) 44 (1.5) 226 (1.6) 0.86 (0.66-1.12)
Lymphoma 645 (37.3) 2700 (32.4) 1.17 (1.10-1.24)° 26 (4.0) 167 (6.2) 0.58(0.42-0.82° 26 (1.5) 167 (2.0)  0.68 (0.49-0.94)°
CNS 753 (34.9) 3245 (31.5) 1.13(1.06-1.20)° 34 (4.5) 190 (5.9) 0.72 (0.52-0.98) 34 (1.6) 190 (1.8) 0.82(0.61-1.11)
Other 1227(85.7) 5307 (32.2) 1.12 (1.07-1.17)° 53 (4.3) 273 (5.1)  0.74(0.57-0.95) 53 (1.5) 273(1.7)  0.82 (0.64-1.05)
Allogenic bone
marrow transplant
Yes 111 (35.7) 494 (33.0) 1.19(0.90-1.58) 6 (5.4) 19 (3.9) 1.22 (0.58-2.55) 6 (1.9 19(1.3) 1.36(0.67-2.78)
No 3569 (35.9) 15201 (32.0) 1.28(1.21-1.34)° 151 (4.2) 837 (6.5)  0.69 (0.60-0.80)° 151 (1.5) 837 (1.8) 0.79 (0.69-0.91)°

aNumber and percentages are based on the number of individuals.

bFrom multivariable generalized estimating equations that include (where applicable) multiple tests per individual, for a total of 8911 COVD-19 tests among childhood cancer survivors
and 34 750 COVID-19 tests among matched general population controls.

CIndicates that P < 0.01.

JdCOVID-19 testing rate is defined as the proportion of individuals undergoing COVID-19 testing at least once.

€COVID-19 test positivity rate is defined as the proportion of tested individuals with at least one positive COVID-19 test.

"COVID-19 infection rate is defined as the proportion of all subjects with at least one positive test.

DISCUSSION

To our knowledge, this is the largest study to evaluate the risk
of COVID-19 infection among childhood cancer survivors, and
the only one in which this risk is compared to matched general
population controls. CCS did not appear to be at increased
risk of COVID-19 infection, and on the contrary in some
cases were less likely to be infected than matched controls. It
may be that heightened health-related awareness (or anxiety)
among CCS may both lower the threshold to seek out testing,
and motivate more vigilant precautionary behavior that reduced
overall COVID infection risk.

Although health care providers managing CCS care should
be familiar with recommended precautions to reduce the risk
of COVID-19 in this patient population (1), CCS-specific
recommendations are, in fact, based on extremely limited data.
A retrospective study of 321 CCS tested at one hospital in the
United States reported that 10.9% (n = 35) of subjects had
COVID-19-related symptoms, and 7.8% (n=20) tested positive
for COVID-19 antibodies, which they noted was lower than the
general population of the same age and location (4).

Prior evidence showed that long-term survivors of ABMT may
be at greater risk of viral infection than the general population (5).
However, we did not find that CCS of ABMT had significantly

different rates of positive tests or infection compared to controls,
but these results should be interpreted with caution due to the
small sample size.

This study has limitations that warrant consideration.
We did not have data regarding COVID-19 symptoms or
exposure history and our findings cannot distinguish biologic
susceptibility from behavioral contributors to infection risk.
In addition, we did not have up-to-date data regarding
hospitalization rates or other measures of COVID-19 severity,
and could not evaluate whether infected survivors experience
more severe symptoms than the general population. Finally,
our results precede the widespread rollout of COVID-19
vaccination in Ontario, and so while we can be certain
that the results do not reflect preferential vaccination of
survivors, we cannot comment on the effectiveness of vaccination
of CCS.

CONCLUSIONS

The results provide reassurance that the risk of COVID-
19 infection does not appear to be increased among CCS
overall. As such, CCS and health care providers should
adhere to CCS-specific recommendations to reduce COVID-19
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infection risk. Future studies to examine whether CCS are
more likely to experience severe COVID-19 related symptoms
and morbidity would be valuable, as would an evaluation
of the effectiveness of COVID vaccination among survivors,
some of whom may have immune deficiencies related to
prior treatment.
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