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Abstract: Background. Cancer is the leading cause of disease-related death among children of
more than 1 year of age. However, childhood cancer risk factors and etiology are yet to be fully
understood. The goal of this study is to identify geographic variation among children and adolescents
diagnosed with pediatric tumors between 2001 and 2018 in the province of Quebec. Methods. We
analyzed pediatric patients less than 15 years of age from the Cancer in Young People in Canada
(CYP-C) surveillance system who were diagnosed between 2001 and 2018 with cancer in the province
of Quebec. The age-standardized age-adjusted incidence rates (AAIR) per 100,000 person years
were calculated for all childhood cancers by cancer subgroups, Quebec Health regions, and age
groups. Results. Overall, 3904 pediatric patients less than 15 years old were diagnosed with cancer
in the province of Quebec in 2001–2018. The overall incidence rate (IR) in the province of Quebec
was 16.14 (95%CL [15.56–16.73]) per 100,000 person years. For childhood cancers, regions that
presented a higher AAIR were Chaudière-Appalaches and Capitale-Nationale with 18.2 and 17.5 per
100,000 person years, respectively. The incidence rates (IRs) in Chaudière-Appalaches (95% CI
1.0439–1.3532) and in Capitale-Nationale (95% CI 1.0124–1.2942) were statistically higher than the
incidence in the province of Quebec (p = 0.0090 and p = 0.0310, respectively). When comparing the
AAIR of the CNS tumor subgroup in Chaudière-Appalaches and in Capitale-Nationale, with the
provincial average, we noticed a statistically higher incidence in Chaudière-Appalaches and a trend
for Capitale-Nationale (p < 0.0001 and p = 0.0602, respectively). Conclusion. There is evidence of
spatial clusters in Chaudière-Appalaches and Capitale-Nationale as areas for all childhood cancers.
Further studies should be performed to investigate potential risk factors in these regions.
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1. Importance of the Study

CYP-C is a national population-based registry that collects information about pedi-
atric cancer. The information received from the previous CYP-C project by Larouche et al.
showed the incidence discrepancy of central nervous system (CNS) tumors between some
geographical areas in Quebec province. Our study evaluates the existence of statistically
significant spatial-temporal clusters for sub-regional and regional levels in Quebec for
all childhood cancers. It also provides statistics on the incidence rates (IRs) for all pedi-
atric cancers in the population of Quebec from 2001 to 2018. We found that there is a
significantly higher age-adjusted incidence of childhood cancers in the Health Regions
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of Chaudière-Appalaches and Capitale-Nationale. These findings suggest there might be
some underlying etiologies (e.g., risk factors such as the environment and genetics) in these
areas, and further research is needed. Ultimately, if we find there are underlying etiologies,
this information could help public health authorities to take specific actions in these areas.

2. Introduction

Pediatric cancer occurs rarely and represents about 1% of new cancer cases per year
in North America [1]. However, cancer is the leading cause of disease-related death
among children of more than 1 year of age [2]. In 2020, for all cancers in children (defined
as aged < 15 years), the age-standardized incidence rate (ASIR) was 156.1 and 145.2 per
1,000,000 persons living in Canada and Quebec, respectively. Fortunately, there is a high
survival rate in childhood cancer. In fact, according to the Cancer in Young People in
Canada (CYP-C) database, between 2012 and 2016, for all cancers combined, the one-year
and five-year survival rates were 93.2% and 84.4%, respectively [3]. Treatment advances,
better diagnostic accuracy and tools, participation in clinical trials, and treatment in spe-
cialized centers have all contributed to better survival rates in children [4,5]. However,
pediatric cancer can cause emotional and financial problems for the child and their family
during and after cancer treatment. Children who survive are also at risk of chronic or
late-occurring effects such as endocrine complications or cardiomyopathy caused by the
cancer therapy and the disease itself [5].

Despite many epidemiological studies, childhood cancer risk factors and etiology
are yet to be fully understood. In previous studies, ionizing radiation in high doses was
considered an important risk factor for central nervous system tumors and leukemia [6,7].
Some data also showed a link between childhood cancer and genetic predispositions or the
exposition of some chemotherapy agents [8,9]. Finally, socioeconomic status may also play
an etiologic role in childhood leukemia, according to some studies [10].

Thus, pediatric cancer has a significant importance for public health because it has mul-
tiple consequences on patients, their families, and the survivors as well. It also represents
an important challenge since its causes are still mostly unknown. Detecting some spatial
clusters could help to better identify potential underlying risk factors for childhood cancer.
Therefore, spatial epidemiological studies are essential to find the most effective interven-
tion or prevention methods in pediatric cancer and to guide clinicians in the management
of children diagnosed with cancer.

The information received and analyzed from the previous CYP-C project by
Larouche et al. regarding the epidemiology of pediatric brain tumors in Canada showed
the incidence discrepancy of central nervous system (CNS) tumors between some geo-
graphical areas in Quebec province [11]. Indeed, for patients diagnosed with CNS tumors
in our province, the following five regions presented a higher age-adjusted incidence rate
(AAIR): Chaudières-Appalaches (5.95), Mauricie and Centre-Du-Québec (4.22), Capitale-
Nationale (4.18) and Outaouais (4.10). However, Chaudière-Appalaches is the only region
that showed a significantly higher AAIR [11].

To our knowledge, there are no recent studies that were conducted on the geographical
variation in all pediatric cancer incidence in the province of Quebec. If we confirm in this
study that there are some areas where the incidence of tumors is higher, we could promote
the development of further health research to have a greater understanding of risk factors,
such as environment or genetic predisposition. Furthermore, it may ultimately help public
health authorities to take specific actions in these areas [12].

The goal of this study is to provide descriptive statistics on the incidence rates (IRs)
for all pediatric cancers in the population of Quebec from 2001 to 2018. We wanted to
investigate the existence of statistically significant spatial-temporal clusters at the local,
sub-regional, and regional levels and identify areas where the number of cases per child at
risk is higher than in the province of Quebec.
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3. Materials and Methods
3.1. Patients

Patients’ data were extracted from the Cancer in Young People in Canada (CYP-C)
surveillance system. CYP-C is a national population-based registry that collects information
about pediatric cancer and benign CNS tumors, such as treatments, outcomes, and com-
plications. We analyzed pediatric patients less than 15 years of age who were diagnosed
between 2001 and 2018 with cancer in the province of Quebec. The following elements
were analyzed during this study: age at diagnosis, sex, ethnicity, zip code, and type of
cancer. Patients who were not living in the province of Quebec were excluded. Patients
were divided into three groups based on their age at diagnosis: 0–4 years, 5–9 years, and
10–14 years. Cancer types were classified into three subgroups: leukemia/lymphoma,
CNS tumors, and solid tumors. All types of cancer are described in the International
Classification of Childhood Cancer, 3rd Edition (ICCC-3) [13]. In our study, the presence of
cancer predisposition syndromes was unfortunately not known in our group of patients
because these data were not formally included during the period 2001–2018 in the CYP-C
database. This study was approved by the institutional Ethics Review Board and the CYP-C
Management Committee.

3.2. Geographical Data

For the geographical analysis, three periods of diagnosis were established during the
17-year period analyzed: 2001–2006, 2007–2012, and 2013–2018. The place of residence
of each patient was determined using the zip code at the time of diagnosis in the CYP-C
database. To better assess regional variability in the incidence of pediatric cancer, we
analyzed the cases of pediatric cancers according to the Quebec Health regions and local
area health networks.

3.3. Statistics

To estimate the age-standardized incidence rate of pediatric tumors, supplementary
information about the total number of children of the corresponding health region, year,
gender, and age groups was obtained from population estimates and projections by health
territory from the Institut de la Statistique du Québec based on the Canadian census data
of 2001, 2006, and 2011. The incidence estimations of the pediatric tumors are presented
graphically by health territory, and their evolution over time is also presented. The resi-
dence of each patient was estimated using the postal code of the residence at the time of
diagnosis in the database. The postcodes were geocoded using the Postal Code Conversion
File Plus (PCCF+). Geospatial data manipulation and mapping were performed using the
ArcGIS Pro 2.6 software and R.

Sociodemographic and clinical characteristics were described as categorical variables
using frequencies and percentages. Poisson generalized estimating equation models, which
were fitted to estimate the crude and adjusted incidence rates ratio. In the case of overdis-
persion problems, negative binomial models were applied. The Statistics Canada census
data and the Institut de la Statistique du Québec estimations were used to obtain total
population numbers as denominators detailed by postal code, sex, and age groups (0–4.99;
5–9.99; 10–14.99) for corresponding periods (2001–2005, 2006–2010, 2011–2018). The distri-
bution of children’s age in 2001 was used for age-standardized incidence rate estimations
in all models estimating the incidence rates. Statistical analyses will be performed using
SAS Statistical Software v.9.4 (SAS Institute, Cary, NC, USA) with a two-sided significance
level set at p < 0.05.

4. Results
4.1. Clinical Characteristics of the Patients

The population of Quebec at the beginning of the study period (2001) was 7,396,456
and 8,401,738 at the end of the study period (2018), including the group less than 15 years
of age, corresponding to 0.18% and 0.16%, respectively. A total of 3904 pediatric patients
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living in the province of Quebec with a diagnosis of cancer or benign CNS tumors were
identified between 2001 and 2018. There were 2096 males (53.7%) and 1808 females (46.3%),
corresponding to a male/female ratio of 1.2:1. The majority (72.1%) of the participants
were Caucasian. The proportion of children in the group age category was as follows:
47.8% in the group of 0–4 years, 25.9% in the group of 5–9 years, and 26.3% in the group
of 10–15 years. IR for the age group 0–4 years was 25.0 per 100,000 person year, with a
statistically significant difference compared to the IRs for the other age groups (p < 0.0001).
In comparison, the overall IR in the province of Quebec was 16.14 (95%CL [15.56–16.73])
per 100,000 person years. The patient’s characteristics are summarized in Table 1.

Table 1. Patient characteristics and age-standardized age-adjusted incidence rates of cancer diagnosed
among children (aged < 15 years) in the province of Quebec, 2001–2018.

Number (%) AAIR/100,000 Person Years [95%CL]

All children 3904 (100%) 17.3 [16.6–18.2]

Age groups,
n (%)

0–4 years 1867 (47.8) 25.0 [23.8–26.3]

5–9 years 1011 (25.9) 13.2 [12.3–14.1]

10–14 years 1026 (26.3) 12.9 [12.0–13.8]

Gender, n (%)
Male 2096 (53.7) 17.3 [16.4–18.3]

Female 1808 (46.3) 15.0 [14.2–15.9]

Years, n (%)

2001–2006 1254 (32.1) 15.7 [14.8–16.7]

2007–2012 1276 (32.7) 16.3 [15.4–17.3]

2013–2018 1374 (35.2) 16.5 [15.5–17.6]

Classification of
tumors, n (%)

Leukemia/lymphoma 1662 (42.6) 6.99 [6.64–7.36]

Solid tumors 1314 (33.6) 5.01 [4.70–5.33]

CNS tumors 928 (23.8) 3.97 [3.72–4.24]

4.2. Characteristics of the Cancers

In the group of 3904 patients, 1662 were diagnosed with leukemia or lymphoma
(42.6%), 928 with a CNS tumor (23.8%), and 1314 (33.6%) with a solid tumor. Overall,
25.9% of our patients had metastasis (n = 1012). The classification of tumors and IRs is also
described in Table 1.

Between 2001 and 2018, there was no statistically significant difference in the overall
incidence of childhood cancers in the province of Quebec (Table 1).

4.3. Geographic Distribution in Quebec

We calculated the age-adjusted incidence rate (AAIR) for each Quebec Health Region.
Figure 1 represents the age-adjusted incidence rate according to childhood cancer types and
health regions between 2001 and 2018 in the province of Quebec. In our cohort, for all child-
hood cancers, the five regions that presented a higher AAIR were Chaudière-Appalaches
(18.2), Capitale-Nationale (17.5), Lanaudière (16.8), Montreal (16.6), and Laval (16.5).

Also, between 2001 and 2018, for all childhood cancers, the AAIR in the areas of
Chaudière-Appalaches was 1.19 (95%CL [1.04–1.35], p = 0.0090) times higher than the
average AAIR in the province of Quebec. The same comparison shows that the AAIR
in the Capitale-Nationale was 1.14 (95%CL [1.01–1.29], p = 0.0310) times higher than the
provincial average AAIR.
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For the group of CNS tumors, when we looked at each Quebec Health Region, the
AAIR was higher in Chaudière-Appalaches and Capitale-Nationale with rates of 6.3 and
4.6 per 100,000 person years, respectively (Figure 2). When comparing the AAIR of CNS
tumors in Chaudière-Appalaches and in Capitale-Nationale with the provincial average,
we noticed a statistically higher incidence in Chaudière-Appalaches and Capitale-Nationale
(p < 0.0001 and p = 0.0602, respectively), as well.
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For the group of solid tumors, the incidence in Capitale-Nationale was statistically
higher than the IR in the province of Quebec (p = 0.0020). On the other hand, in the area
of Côte-Nord, we saw a statistically significant decrease in AAIR (1.8 per 100,000 person
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years) when compared to the provincial AAIR (p = 0.0243), meaning that there could be
fewer cases of solid tumors in this region.

There was no statistically significant difference in the incidence of leukemia/lymphoma
in each Quebec Health Region compared with the IR in the province of Quebec.

5. Discussion

The goal of this retrospective study was to provide statistics on the IRs of all childhood
cancers among the Quebec population from 2001 to 2018 and to find statistically significant
spatial-temporal clusters at regional levels. In our cohort, the population was mainly
Caucasian, and the incidence rates were higher in males and in patients aged 0–4 years.
These findings are also reported in the study of Siegel et al., where the CDC analyzed
data from United States Cancer Statistics (USCS) over the period 2003 to 2014. Incidence
rates for 0–4, 5–9, and 10–14 years were 22.9, 12.3, and 13.3 per 100,000 person years,
respectively [12].

The childhood cancer group with the highest incidence rate was leukemia/lymphoma
(6.99), as described in the literature, where leukemia was the most common childhood
cancer, followed by CNS tumor and lymphoma [12,14,15].

The overall incidence of childhood cancers in Quebec between 2001 and 2018 was
stable in our study. A large US study also reported, for the period 2001–2009, a stable
incidence in the population younger than 20 years for leukemia, lymphoma, and CNS
tumors [16]. By contrast, in a study by Xie et al., where the Canadian Cancer Registry (CCR)
was used, for males and females of less than 15 years of age, we reported an increase in
incidence by 0.5% annually from 1992 to 2010, respectively, and an increase by 3.2% from
2004 to 2010 in Canada [15]. The same observation was made in a European population-
based registry study where the incidence increased significantly by 0.54% per year in
children aged 0 to 14 years for the period 1991–2010 [17]. Variability in studies could be
explained by varying patterns across regions and by different intervals of monitoring in
each study.

More importantly, we found that the Health Regions of Chaudière-Appalaches and
Capitale-Nationale showed a significantly higher AAIR when compared to the provincial
average for all childhood tumors and CNS tumors. These results are consistent with
what has been previously reported in the study by Larouche et al. [11]. However, in
this previous study, the Health Region of Chaudière-Appalaches was the only one that
had a significantly higher AAIR for CNS tumors during the period 2001–2015. For solid
tumors, only Capitale-Nationale showed a significantly higher AAIR in our study. We also
demonstrated a significantly lower AAIR for solid tumors in Côte-Nord. Nevertheless,
the low number of events in this region must be taken into consideration, and we must be
careful in interpreting these data. To our knowledge, there are no other studies that have
made these important findings in the province of Quebec.

However, similar studies on the epidemiologic mapping of childhood cancers have
been performed in Canada and other countries with reported evidence of geographic
variation as well [18–20]. For example, a study by Holmes Jr. et al. on the epidemiologic,
racial, and healthographic mapping of Delaware pediatric cancer between 2004 and 2014
described a significant childhood cancer variation for two zip codes (Newport and Lincoln).
Newport is related to chemical companies and automotive industries, which could be
associated with potential carcinogens. Lincoln is a community based on agriculture, and
exposure to pesticides has been suggested consequently [19]. Indeed, the literature pro-
posed that cancers may be explained by several factors, such as exposition to carcinogenic
chemicals (e.g., drinking water, air pollution, environmental toxins) [21] and heritable
genetic factors for a minority of cancers [22]. Cluster findings by the Centers for Disease
and Prevention have suggested that infections could be associated with the development
of leukemias and lymphomas, as well [23]. Finally, an association between exposition
to metals and hepatocellular carcinoma or between lead and the Wilms tumor has been
reported in some studies [24].
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With these data, we can wonder whether there would be genetic and/or environmental
issues that could explain the geographic variations in Chaudière-Appalaches and Capitale-
Nationale. The Health Region of Chaudière-Appalaches is composed mostly of agriculture
(20% of farms in the province of Quebec and 11% of cultivated areas) and industries (e.g.,
plastic, metallurgy, textiles). High numbers of soilless farms in Chaudière-Appalaches,
where there are often pigs and poultry, can create a significant deterioration in the quality
of surface water and potentially groundwater. In groundwater, there are sometimes high
levels of arsenic [25]. Although most studies did not find an association between arsenic
exposure and childhood cancers [26], a study by Liaw et al. suggested that exposure to
high arsenic levels in drinking water may increase childhood liver cancer mortality [27].
Moreover, studies in the literature are also related to early-life exposure to arsenic and
cancer development later in life [28]. The aqueduct network in Chaudière-Appalaches is
composed in part of horizontal drains placed under meadows or pastures. Therefore, there
is a high risk of bacteriological contamination as well as nitrates [25]. This could have an
impact on the incidence of childhood cancers, as the literature suggests that exposure to
nitrate from drinking water may increase the risk of CNS tumors [29].

Capitale-Nationale is in south-central Quebec, to the north of the St. Lawrence River.
In its southern part, there is mostly agriculture and urbanization. In its northern part,
forestry and mining predominate. In Portneuf, the quality of groundwater was affected
in areas of intensive potato cultivation, with a nitrate value that exceeded the standard
value [30]. In Shannon, a study was conducted by the Regional Director of Public Health
for the National Capital Region because of a report of the Regroupement des Citoyens
de Shannon (RCS) that noted an abnormal number of cancer cases, especially among the
residents of the Courcelette sector. Several environmental issues have been raised, such
as the contamination of groundwater by trichloroethylene (TCE). The exposure of TCE is
recognized as a risk factor for non-Hodgkin’s lymphoma, brain, kidney, and liver cancer.
However, it was difficult to evaluate the duration and intensity of TCE exposure on citizens,
and the study could not conclude on the real causality of the risk of cancer [31]. A judgment
of Quebec Court Appeal was in favor of the potential risk of health integrity from TCE
exposure and individual claims circulated last year for those who suffered harm arising
from this [32].

Other examples of environmental concerns come from the use of pesticides. Public
Health from the Monteregie area undertook a study to estimate the exposition of pesticides
used for apple cultures on farmers, their children, and the population living in this area.
Without surprise, these people had a higher urine concentration of pesticides 24 h and
7 days after pesticide pulverization [33]. In France, an ongoing study named Pestiriv is
evaluating the exposition of pesticides used in vineyards on residents living there, and
the distance in relation to this between homes and vines [34]. Also, in France, a recent
publication demonstrated evidence of a slight increase in the risk of acute lymphoblastic
leukemia in children living in an area of high viticulture density and the authors pointed
out the hypothesis of environmental exposure to pesticides [35].

Thus, in the area described in our study, there might be an exposition of potential
carcinogens around the environment that should be investigated, taking into consideration
the impact of cancer on pediatric patients.

This study has several limitations. First, each Health Region is associated with a large
area. Even if we found a geographical cluster in Chaudière-Appalaches, this territory
remains very large, which may have limited our analysis. The use of CLSC territories could
have been an alternative because they correspond to smaller areas. However, we attempted
to estimate the incidence rate of childhood cancer based on local area health networks,
and the number per network was too low, which could have affected the power of this
study. Secondly, we had to combine the northern territories (Northern Quebec, Nunavik,
Terre-Cries-Baie-James) for data analysis because there were too few events per region.
Thirdly, in our study, the cancer predisposition syndrome status was unknown. Patients’
genetic assessment data were not formally included in the first version of the registry,
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and this restricted our ability to consider this variable in the geographical variation for
childhood cancer incidence.

6. Conclusions

In conclusion, this study reports statistics on the IRs of all childhood cancers for
patients less than 15 years of age over a 17-year period. It suggests a significantly higher
age-adjusted incidence of childhood cancers in certain geographic areas in the province of
Quebec. Further research is needed to examine these findings and identify epidemiologic
features that may help to find the underlying etiologies for the higher incidence of childhood
cancers in these areas.
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