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Abstract

Background: The COVID-19 pandemic
has had a major impact on access to
health care resources. Our objective
was to estimate the impact of the
COVID-19 pandemic on the incidence of
childhood cancer in Canada. We also
aimed to compare the proportion of
patients who enrolled in clinical trials
at diagnosis, presented with metastatic
disease or had an early death during
the first 9 months of the COVID-19 pan-
demic compared with previous years.

Methods: We conducted an observa-
tional study that included children
younger than 15 years with a new diag-
nosis of cancer between March 2016
and November 2020 at 1 of 17 Can-
adian pediatric oncology centres. Our
primary outcome was the monthly age-
standardized incidence rates (ASIRs) of
cancers. We evaluated level and trend
changes using interventional auto-

regressive integrated moving average
models. Secondary outcomes were the
proportion of patients who were
enrolled in a clinical trial, who had
metastatic or advanced disease and
who died within 30 days. We compared
the baseline and pandemic periods
using rate ratios (RRs) and 95% confi-
dence intervals (Cls).

Results: Age-standardized incidence
rates during COVID-19 quarters were
157.7, 164.6, and 148.0 per million,
respectively, whereas quarterly baseline
ASIRs ranged between 150.3 and 175.1
per million (incidence RR 0.93 [95% CI
0.78 to 1.12] to incidence RR 1.04 [95%
Cl 0.87 to 1.24]). We found no statis-
tically significant level or slope changes
between the projected and observed
ASIRs for all new cancers (parameter
estimate [B], level 4.98, 95% CI -15.1 to
25.04, p = 0.25), or when stratified by

cancer type or by geographic area. Clin-
ical trial enrolment rate was stable or
increased during the pandemic com-
pared with baseline (RR 1.22 [95% CI
0.70 to 2.13] to RR 1.71 [95% CI 1.01 to
2.89]). There was no difference in the
proportion of patients with metastatic
disease (RR 0.84 [95% CI 0.55 to 1.29] to
RR 1.22 [0.84 to 1.79]), or who died
within 30 days (RR 0.16 [95% Cl 0.01 to
3.04] to RR 1.73 [95% Cl 0.38 to 15.2]).

Interpretation: We did not observe
a statistically significant change in
the incidence of childhood cancer,
or in the proportion of children
enrolling in a clinical trial, present-
ing with metastatic disease or who
died early during the first 9 months
of the COVID-19 pandemic, which
suggests that access to health care
in pediatric oncology was not
reduced substantially in Canada.

oncerns have been raised that the COVID-19 pandemic

disrupted health care-seeking behaviours and access

to health care, affecting the diagnosis and management
of other conditions such as cancer. Studies conducted in the
Netherlands and United Kingdom using administrative data
have shown as much as a 50% reduction in cancer incidence in
adults after March 2020.3? Other studies in adult populations
thus far have shown a decrease in the number of new cancer
diagnoses, and cancer-related medical visits, therapies and sur-
geries,*™ raising concerns about potential excess cancer mor-
tality in the upcoming years.® This may be explained partly by
the suspension or reduction of cancer-screening procedures,

such as mammography, colonoscopy and cervical cytology by
up to 90%,*>>" because these screening initiatives play a critical
role in the detection of cancers in adults. A 2020 retrospective
single-centre cohort study in Japan that involved 123 patients
with colorectal cancer reported that significantly more of
these patients presented with complete intestinal obstruction,
which suggests that detection delays might have contributed
to diagnosis at later stages of the disease.® It is unclear
whether these findings apply to childhood cancer because
cancer screening is not part of routine pediatric care, and early
detection may not be as important in childhood cancer than in
its adult counterpart.®
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In children, case series and single-centre retrospective cohort
studies, notably from Italy and the United States, suggested a
marked reduction in incident cancers, along with high acuity of
care at presentation.!®*3 Similar concerns of delayed clinical pre-
sentation were raised in other pediatric patient populations,
with reports of children presenting at late stages of sepsis or dia-
betic ketoacidosis, which suggests a delay in seeking care.**

It is possible that fear of COVID-19 dissuaded families with
children from seeking care for nonspecific symptoms such as
pain, headache or fatigue, which are typical triggers leading to
a pediatric cancer diagnosis. Understanding the indirect effects
of health policies during the COVID-19 pandemic is important
to guide policy-making and mitigate barriers to essential health
care in future public health crises.

Our objective was to measure the impact of the COVID-19
pandemic and associated restrictions on the incidence of child-
hood cancer in Canada. We also aimed to compare the propor-
tion of patients who enrolled in clinical trials at diagnosis, pre-
sented with metastatic disease or died during the first 9 months
of the COVID-19 pandemic compared with previous years.

Methods

We conducted a retrospective interrupted time series analysis
using a population-based active cancer registry (Cancer in Young
People in Canada [CYP-C]).

Study setting

In Canada, pediatric oncology care is regionalized in 17 pediatric
hematology-oncology centres, distributed across the country,
which form the C!" Council (Appendix 1, available at www.cmaj.
ca/lookup/doi/10.1503/cmaj.210659/tab-related-content).

Data sources

The CYP-C is a collaboration between the Public Health Agency
of Canada, the C'" Council and the Canadian Partnership
Against Cancer. Trained clinical research assistants or data
managers abstract data prospectively from medical records at
each site. Multiple approaches are used to ensure high-quality
data.’s"'® Data from the 5 Ontario sites are collected into the
Pediatric Oncology Group of Ontario Networked Information
System (POGONIS) and are transferred to CYP-C.

For our study, all centres contributed to accelerated data col-
lection to obtain contemporary data and entered all new cancer
diagnoses up to Nov. 30, 2020, into CYP-C as of June 22, 2021.
The CYP-C Management Committee and the Pediatric Oncology
Group of Ontario granted approval to use data in CYP-C for the
purpose of this study.

Study population

We included all patients entered into CYP-C who were younger
than 15 years of age at cancer diagnosis (aligned with CYP-C eligi-
bility criteria), diagnosed with a neoplasm included in the Inter-
national Classification of Childhood Cancer (ICCC-3), third edi-
tion,’ and diagnosed and received treatment at 1 of the
17 pediatric oncology centres during the study periods. More

than 95% of patients aged younger than 15 years at diagnosis in
Canada receive treatment in 1 of these hospitals.'”?° We defined
the COVID-19 pandemic period as March to November 2020 to
correspond with the first reports of local transmission within
Canada.?! The pre-pandemic, baseline period was December
2017 to February 2020.

Outcomes

Our primary outcome was the age-standardized incidence rate
(ASIR) of newly diagnosed cancers per million population. We used
the date of the most definitive diagnostic procedure, typically
biopsy, as the date of diagnosis. Secondary outcomes included the
proportion of patients who were enrolled in a clinical trial at diag-
nosis, presented with metastatic disease or died within 30 days of
cancer diagnosis (early death). We considered enrolment in a clin-
ical trial an important outcome because improvements in child-
hood cancer outcomes are thought to be largely attributable to
high participation rates in cooperative clinical trials,?? whereas
metastatic disease and early deaths were considered as proxies of
delayed presentation or management. For solid cancers, any dis-
tant extension was considered metastatic disease. We categorized
acute lymphoblastic leukemia as no central nervous system (CNS)
involvement (CNS 1) or CNS positive (CNS 2 or 3). Precursor B-cell
acute lymphoblastic leukemia was categorized as standard or high
risk using the National Cancer Institute (NCI) risk scale.” The pres-
ence of metastatic disease at presentation, CNS status and enrol-
ment in a clinical trial are explicitly collected by CYP-C and
POGONIS. We only considered enrolment in a therapeutic clinical
trial at the initial diagnosis (excluding trials for supportive care
interventions and for relapsed or refractory disease). Early death
included all causes of death within 30 days of cancer diagnosis.

Statistical analysis

To compare quarterly outcomes, we compared pediatric can-
cers diagnosed from December 2017 to February 2020 (base-
line period) to pediatric cancers diagnosed between March and
November 2020 (COVID-19 pandemic). Then, to evaluate the
association between the pandemic and changes in the
monthly ASIR, we used cancer diagnoses between March 2016
and November 2020.

We calculated ASIRs using the direct method to standardize
the age-specific rates to the 2011 Canadian population.
Monthly and quarterly population estimates were based on the
quarterly population estimates by age and sex between 2016
and 2020, for all Canadian provinces and territories.??

We defined each pandemic quarter incidence rate ratio (RR) as
the quarterly ASIR divided by the median of ASIRs across the
quarters of the baseline period. We estimated the 95% confidence
interval (Cl) of the incidence RR using the method for the ASIR.%

To evaluate changes in the monthly observed ASIRs during the
pandemic period compared with the projected ASIRs, we per-
formed interrupted time series analysis using the autoregressive
integrated moving average model.?” The COVID-19 impact was
evaluated by the changes in the level (a step change) and trend
(slope) of the ASIRs.?** The methodology is detailed in
Appendix 1,231
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We performed stratified analysis by sex, cancer type and
geographic area. We categorized cancer types as leukemia and
lymphoma, CNS tumours or extracranial solid tumours?®®
because the diagnosis of some cancer types might require addi-
tional diagnostic and imaging procedures and thus may be
more affected by the pandemic. Extracranial solid tumours
included all non-CNS solid tumours, such as hepatic, renal and
bone tumours.*®

We divided Canada into 5 geographic regions (British Colum-
bia, Prairies [Manitoba, Saskatchewan and Alberta], Ontario,
Quebec and Atlantic provinces [Nova Scotia, Prince Edward
Island, New Brunswick, Newfoundland and Labrador]) to reflect
their differential burden of COVID-19. As of Aug. 1, 2020, the
number of cumulative COVID-19 cases per 100000 population
for British Columbia, the Prairies, Ontario, Quebec and Atlantic
provinces was 71.8, 182.0, 282.5, 700.8 and 63.5, respectively.*?

We used RRs and 95% Cls to compare differences in proportions
for all secondary outcomes between pandemic and baseline periods.
We defined the RR as the ratio of the proportion for the pandemic
quarter to the median of proportions in the baseline period. Whereas
the asymptotic confidence limits for the RR were estimated for a large
sample, we used exact unconditional confidence limits for RR based
on the relative risk score statistic when the count was less than 5.
When the count was zero, we computed an adjusted RR, a logit esti-
mate of the RR and Cl, using a 0.5 correction factor in each cell of 0.

All analyses were conducted using SAS (version 9.4). We
considered p values of less than 0.05 to be significant, without
adjustment for multiplicity. We used complete case analysis.

Ethics approval
The Pediatric Oncology Group of Ontario is a prescribed entity pur-
suant to Section 45 of the Ontario Personal Health Information

Table 1: Quarterly age-standardized incidence rates per million among Canadian children younger than 15 years of age who

had a new diagnosis of cancer between December 2017 and November 2020

Baseline period ASIR

December December
2017- March- June- September- 2018-
February May August  November February
Parameter 2018 2018 2018 2018 2019
All cancers combined 166.9 158.4 155.6 173.5 156.4
Sex
Male 179.7 166.8 173.7 189.5 172.9
Female 153.5 149.5 136.6 156.8 139.2
Age, yr
<1 262.8 265.0 297.2 325.8 230.8
1-4 225.2 220.1 184.1 217.4 222.7
5-9 150.0 102.5 118.1 121.8 112.0
10-14 117.7 141.3 140.5 157.7 131.1
Region
Atlantic* 156.1 191.1 152.1 171.0 142.4
Quebec 166.4 183.3 166.1 217.2 168.1
Ontario 177.9 161.3 167.8 183.6 167.8
Prairiest 136.1 130.4 151.5 144.6 170.5
British Columbia 199.0 142.9 113.7 120.0 79.4
Cancer type
Leukemia 48.5 45.6 50.1 52.5 46.0
Lymphoma 23.0 12.8 14.9 25.0 18.8
CNS 39.5 41.4 373 36.8 46.6
Neuroblastoma 13.8 11.7 12.6 15.9 9.8
Retinoblastoma 2.8 1.4 1.4 2.1 1.4
Renal tumour 8.1 10.9 3.4 53 5.3
Hepatic tumour 4.1 4.2 4.2 5.5 4.2
Bone tumour 5.4 6.7 6.1 6.7 6.0
Soft tissue 8.7 9.5 14.1 14.8 8.1
sarcoma
Germ cell tumour 8.2 7.6 4.8 2.1 6.1
Carcinomast 3.4 6.1 55 6.0 4.0
Other 1.3 0.7 14 0.7 0.0

Note: ASIR = age-standardized incidence rate, CNS = central nervous system.

COVID-19 pandemic ASIR

December
March- June- September- 2019- March- June- September-
May August  November February May August  November
2019 2019 2019 2020 2020 2020 2020
175.1 170.6 150.3 153.0 157.7 164.6 148.0
183.7 188.2 159.9 163.4 167.7 194.1 151.6
166.2 152.5 140.2 142.1 147.2 1335 144.1
338.1 203.5 221.7 321.5 312.9 309.0 253.9
233.1 258.9 210.2 199.7 228.1 242.7 217.6
135.5 141.1 109.6 121.3 97.8 95.9 109.7
134.5 122.0 127.1 112.9 127.9 139.0 108.1
158.8 152.1 113.2 60.4 177.6 123.1 201.4
215.6 144.0 128.0 137.5 151.0 167.8 131.0
177.3 188.6 165.5 168.5 162.7 169.8 153.1
138.5 181.4 138.0 178.9 173.6 184.1 163.5
176.4 158.8 191.4 130.1 108.4 133.2 113.6
53.0 58.7 47.8 56.3 49.0 59.5 49.1
18.8 15.1 25.9 15.7 22.0 28.9 17.9
47.1 45.5 30.2 28.9 354 30.2 353
14.0 12.5 8.2 10.3 13.8 11.3 11.0
6.2 1.4 4.2 3.5 2.7 4.9 3.5
8.1 4.8 7.3 8.2 9.5 7.5 8.3
4.2 2.8 2.0 6.2 2.8 4.8 3.5
7.4 6.6 5.2 5.2 4.7 33 4.5
4.7 7.4 10.0 9.3 5.9 11.0 8.8
7.5 8.6 BE5) 4.7 7.4 2.6 2.7
2.7 7.3 6.0 4.6 4.0 0.7 2.7
1.4 0.0 0.0 0.0 0.7 0.0 0.7

*Includes Nova Scotia, Prince Edward Island, Newfoundland and Labrador, and New Brunswick.

tIncludes Manitoba, Alberta and Saskatchewan.

tIncludes adrenocortical carcinoma, thyroid carcinoma, nasopharyngeal carcinoma, malignant melanoma, skin carcinoma, and other and unspecified carcinomas.
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Table 2: Results for the interventional autoregressive integrated moving average model summarizing the association of the

COVID-19 pandemic and monthly age-standardized incidence rates for new pediatric cancer diagnoses per million
population

A
Level shift interventiont Trend change intervention¥ §
ARIMA Estimate of 3 Estimate of 3 %
Parameter (pdq)(PDQ),* (95% Cl) p value (95% Cl) p value =
Cancer type
All cancers combined (L00)(000)g** 4,98 (-15.1t0 25.04) 0.6 -2.09 (-5.63 to 1.44) 0.25
Leukemia and lymphoma (100)(000) 10.27 (-0.72 to 23.25) 0.1 -1.00 (-3.27 t0 1.27) 0.4
CNS tumour (000)(011)9** -5.11 (-11.7 to 1.45) 0.1 NAt =
Extracranial solid tumour (000)(011)9** -1.33(-11.4t0 8.73) 0.8 NA -
Geographic region
Atlantic§ (101)(000) 11.98 (0.38.3 t0 62.22) 0.6 NA =
Quebec (101)(000) -16.0 (-51.1t0 19.12) 0.4 NA -
Ontario (200)(000) -7.09 (-32.6 to 18.42) 0.6 NA 0.7
Prairiesq| (011)(011) -38.7 (-126.0 to 48.41) 0.4 NA =
British Columbia (000)(000) 25.22 (-3.01 to 53.45) 0.09 NA -

Note: ARIMA = autoregressive integrated moving average, ASIR = age-standardized incidence rate, CI = confidence interval, CNS = central nervous system, NA = not applicable.
*For methodological considerations regarding ARIMA models, see Appendix 1, Supplement 2, available at www.cmaj.ca/lookup/doi/10.1503/cmaj.210659/tab-related-content.

tThe level change measures an immediate change after the onset of the pandemic.

1The trend (slope) change measures a progressive increase or decrease in ASIRs in the pandemic period compared with the hypothetical continuations of the trends from the baseline

period of March 2016 to February 2020.

§Includes Nova Scotia, Prince Edward Island, Newfoundland and Labrador, and New Brunswick.

YIncludes Manitoba, Alberta and Saskatchewan.
**Indicates that the trend change variable was not selected in the final model.

Protection Act and, therefore, research ethics board approval
was not required for the 5 Ontario sites. Collection of data in
CYP-C was approved by the Research Ethics Boards of all partici-
pating sites outside Ontario with a waiver of the requirement for
informed consent. The CYP-C Management Committee and the
Pediatric Oncology Group of Ontario granted approval to use
data in CYP-C for the purpose of this study. As we used aggre-
gate data, approval was deemed unnecessary after evaluation
by the CHU de Québec’s Research Ethics Board.

Results

During the COVID-19 pandemic quarters (March-May, June-
August and September-November 2020), the ASIRs of new can-
cer diagnoses registered in CYP-C were 157.7, 164.6 and 148.0
per million population (Table 1). These estimates were com-
parable to ASIRs from December 2017 to February 2020
(median 158.4, interquartile range [IQR] 155.6 to 170.6), with
incidence RRs of 1.00 (95% CI 0.83 to 1.19), 1.04 (95% CI 0.87 to
1.24) and 0.93 (95% CI 0.78 to 1.12) for each of the COVID-19
pandemic quarters, respectively.

We found that the quarterly ASIRs of new cancer diagnoses
were comparable to baseline values for both males and
females (Table 1 and Appendix 1, Supplementary Table S1). We
did not find statistically significant change in level and trend
between projected and observed monthly ASIRs of new cancer
diagnoses overall, when stratified by sex, cancer type (Table 2,
Figure 1) or geographical area (Table 2 and Figure 2).

Table 3 shows that the percentage of patients enrolled in clin-
ical trials was 10.7% between March and May 2020, 14.0%
between June and August 2020, and 15.0% between September
and November 2020. The median enrolment rate was 8.8% (IQR
7.0% to 9.5%) during the baseline period. There was a significant
increase in enrolment in clinical trials during the third quarter of
the pandemic (RR 1.71, 95% CI 1.01 to 2.89) compared to base-
line, which was largely attributable to an increase in enrolment
rate for leukemia and lymphoma during that period (Table 2).

For each pandemic quarter, 19.1%, 27.7% and 22.5%,
respectively, of patients presented with metastatic disease,
which was comparable to baseline overall (median 22.7%, IQR
20.5% to 24.9%) and stratified by cancer type (Table 3). Simi-
larly, the proportion of patients with leukemia who presented
with CNS involvement or NCI high-risk disease was comparable
to baseline (Table 3).

The percentage of patients who died within 30 days of presenta-
tion was 2.1% between March and May 2020, 0.8% between June
and August 2020 and 0.0% between September and
November 2020, which was comparable to the baseline rate
(median 1.2%, IQR 0.8% to 1.3%). Analyses using a weighted model
(time-dependent variance) rather than an unweighted model
(using constant variance) yielded similar results (data not shown).

Interpretation

We did not find a statistically significant difference in the inci-
dence of new cancer diagnoses in Canadian children aged
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Figure 1: Observed and projected monthly age-standardized incidence rates (ASIRs) of new pediatric cancer diagnoses per million, overall and strati-
fied by cancer type: A) all cancers combined, B) leukemia and lymphoma, C) central nervous system tumour and D) extracranial solid tumour. We com-
pared the monthly observed ASIRs in the pandemic period of March to November 2020 with the projected hypothetical continuation of the trends in the

prepandemic period of March 2016 to February 2020.

younger than 15 years during the first 9 months of the COVID-19
pandemic compared with previous years. In addition, we
observed no significant differences in the proportion of
patients enrolled in a clinical trial, presenting with metastatic
disease or who died within 30 days of presentation.

Our findings suggest that among children in Canada, cancer
diagnosis was not delayed during the pandemic, unlike findings
described in previous reports.l%3 Although access to emergency
departments markedly dropped during the pandemic, there may
have been less reluctance by families and health care profession-
als to access health care for serious symptomatology.3*3* Further-
more, most newly diagnosed patients in Canada have access to
publicly funded health care, lessening the impact of financial
hardship. Alternatively, it may also suggest that delays were suffi-

ciently short that they did not affect cancer incidence rates when
calculated monthly. Of note, we did not observe a reduction in
new cases of extracranial solid tumours or CNS tumours; diagno-
sis of these cancers is dependent on adequate access to diagnos-
ticimaging and surgical procedures. We studied the first 9 months
of the pandemic; it is possible that changes in cancer detection
and outcomes will be appreciable only in the longer term.

Our findings regarding stable enrolment in clinical trials also
diverge from the experiences of other researchers.’>° For
example, the Innovative Therapies for Children with Cancer
consortium in Europe reported a profound disruption in pediat-
ric early clinical research owing to a reduction in personnel,
cancellation of monitoring visits and difficulty with sample
transportation,* which led to a 75% reduction in enrolment.?’
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Figure 2: Observed and projected monthly age-standardized incidence rates (ASIRs) for all pediatric cancers combined per million, by geographic area:
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2020 with the projected hypothetical continuation of the trends in the prepandemic period of March 2016 to February 2020.

Our results mostly reflect enrolment in phase Il clinical trials
led by academic consortia and are probably not generalizable
to enrolment in early phase or translational trials that may

require travel to quaternary hospitals or may not have been
prioritized by institutions because of resource constraints. The
ongoing recruitment in clinical trials that we observed might
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Table 3: Proportion of children enrolled in a clinical trial, with metastatic disease at cancer diagnosis and who died within

30 days

Baseline period Pandemic
December 2017- September-November
February 2020 March-May 2020 June-August 2020 2020
No* (%) RR No. (%) RR No. (%) RR

Patient characteristic Median % (range) n=235 (95% ClI) n=240 (95% Cl) n=220 (95% ClI)
Patients enrolled in a clinical trial at cancer diagnosis

All cancers combined 8.8 (4.7-15.6) 25(10.7)  1.22(0.70-2.13)  35(14.0) 1.60(0.95-2.69)  35(15.0)  1.71(1.01-2.89)

Leukemia and lymphoma 12.3(4.6-30.8) 20(19.1) 1.55(0.83-2.91) 30 (21.2) 1.73(0.96-3.12) 35(31.0) 2.52(1.43-4.47)

CNS tumour 2.5(1.2-12.1) 5(3.8) 1.13(0.08-16.80) <5(4.4)  1.33(0.09-19.76) 0(0) 0.235 (0.01-4.60)

Extracranial solid tumour 8.5 (4.7-15.6) 5(4.0) 0.61 (0.07-2.73) 5(6.1) 0.93(0.21-3.79) <5(3.0) 0.46 (0.05-2.26)
Patients with metastatic disease at cancer diagnosis

All cancers combined, except 22.7 (16.9-28.0) 30(19.1)  0.84(0.55-1.29)  45(27.7)  1.22(0.84-1.79)  30(22.5)  0.99 (0.65-1.49)

leukemia

Lymphoma 34.8 (21.1-43.2) 5(18.2) 0.510.21-1.22)  15(34.1)  0.95(0.50-1.82)  15(44.4)  1.24(0.65-2.39)

CNS tumour 4.7 (3.3-13.0) <5(1.9) 0.42 (0.02-4.08) 10 (15.6)  3.47(0.96-22.07) 5(7.6) 1.69 (0.37-12.46)

Extracranial solid tumour 30.4 (22.4-37.2) 25(31.6)  1.02(0.64-1.63) 20(31.8) 1.03(0.64-1.67) 15(25.4)  0.82(0.49-1.39)
Patients with acute lymphoblastic leukemia with advanced disease

NCI high riskt 28.3 (22.2-43.1) 15(33.3)  1.18(0.66-2.10)  15(27.9)  0.99 (0.56-1.75)  15(27.8)  0.98 (0.53-1.80)

CNS involvementt 16.1 (8.7-26.9) 15(25.0)  1.56(0.73-3.30) 20 (28.6)  1.78(0.89-3.56)  15(23.3)  1.45(0.68-3.09)
Patients who died within 30 days

All cancers combined 1.2 (0.8-1.3) 5(2.1) 1.73(0.38-15.19)  <5(0.8)  0.67 (0.08-4.14) 0(0) 0.16§ (0.01-3.04)

Note: CI = confidence interval, CNS = central nervous system, NCI = National Cancer Institute, RR = rate ratio.
*The number of new cases were randomly rounded up or down to a multiple of 5 to reduce risk of disclosure, in line with Canadian Cancer Registry requirements, although

percentages were based upon the true number of cases.

TNCI high risk defined as age < 1 year or = 10 years, or initial white blood cell count > 50 x 10°/L.%

Central nervous system involvement was defined as those with CNS2 or CNS3 status.
§We added a correction factor of 0.5 in every cell containing a zero.

be explained by enrolment in therapeutic trials being con-
sidered an integral component of high-quality care in pediatric
cancer?? and thus being prioritized by institutions. It is also
possible that the impact of the COVID-19 pandemic was min-
imized by the proactive and extensive changes established by
some research consortia and funding agencies, such as flexibil-
ity for patients’ enrolment and follow-up schedules, and
implementation of remote monitoring visits,* which could
benefit children and their families as the pandemic wanes.

Limitations

Interpretation of our findings requires consideration of some
limitations. The CYP-C collects data only from pediatric oncol-
ogy centres. It is possible that some children are not yet prop-
erly referred to tertiary centres. However, this would be more
concerning if new diagnoses had decreased. External factors
unrelated to the COVID-19 pandemic might affect enrolment
in clinical trials, given that the availability of clinical trials var-
ies over time. For example, accrual in the Children’s Oncology
Group front-line trials for acute B-cell lymphoblastic leukemia
started in 2020 for several Canadian hospitals and may partly
explain the increase in clinical trial enrolment for patients
with leukemia. Moreover, estimates of enrolment rate may be
unstable given the relatively small number of patients and

clinical trials. Some positive findings could be attributed to
type I errors caused by the large number of comparisons with-
out adjustment for multiplicity. Finally, the study follow-up
period does not allow the full range of the possible negative
impacts of the COVID-19 pandemic to be understood. Our data
likely did not capture adjustment of treatments such as delays
in chemotherapy, radiotherapy or hematopoietic stem cell
transplantation. As subsequent waves of COVID-19 cases
unfold in Canada and abroad, continued surveillance is neces-
sary to understand the ramifications of the extensive changes
made in response to the COVID-19 pandemic, such as reorg-
anization of care and more generalized use of telehealth.

Conclusion

We did not observe a statistically significant change in the
ASIRs of childhood cancer during the first 9 months of the
COVID-19 pandemic in Canada compared with the period
before the pandemic. Moreover, enrolment in clinical trials
remained stable, and we did not observe an increase in the
proportion of patients with metastatic disease or early mor-
tality. Although these results are reassuring, continued sur-
veillance is necessary to ascertain potential long-term nega-
tive effects of the COVID-19 pandemic among children with
cancer.
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