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Abstract

The aim of this study was to evaluate the treatment patterns of adolescents with cancer in Canada to ensure this population is

receiving the most appropriate care. The Treatment and Outcome Surveillance (TOS) system was compared with the Canadian Can-

cer Registry (CCR) to estimate the proportion of adolescents (15–19 years) treated in Canadian paediatric oncology centres from

1995 to 2000 inclusive. Using TOS, the demographic, disease, and clinical characteristics of adolescents treated in paediatric versus

adult centres in the Prairies were compared and differences were tested statistically. Approximately 30% of Canadian adolescents

with cancer were treated in a paediatric centre. Adolescents treated in an adult centre were older at diagnosis and more likely to

have carcinoma or germ cell tumours. The time between symptom onset and first treatment was longer for these adolescents, pri-

marily due to the time between first health-care contact and assessment by a treating oncologist or surgeon. They were less likely to

be enrolled in a clinical trial. These results suggest that care for adolescents with cancer in Canada is less satisfactory than for youn-

ger children, and can be improved.
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1. Introduction

Approximately 400 adolescents, 15–19 years old, are

diagnosed with cancer in Canada each year [1,2].

Although cancer in adolescents is relatively rare, it re-

mains the leading cause of disease-related death in this

age group [3]. Improvements in therapy and supportive

care have led to a dramatic increase in the overall sur-

vival rate among children and adolescents with cancer,

with more than 75% now surviving 5 years past diagno-
sis [4–7]. However, the improvement in 5-year survival

among adolescent cases has lagged behind the increase
vier Ltd. All rights reserved.
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seen in children with cancer. Between 1975 and 1998, the

survival rate among childhood cancer cases in the Uni-

ted States (US) rose by nearly 40% compared with

23% among adolescents with cancer [5].

Several factors may account for the relatively smaller

improvement in survival among adolescent compared
with childhood cancer cases [8–10]. The spectrum of can-

cers in adolescents differs from that in younger children,

they have different tolerances for therapy, and the pat-

tern of care they receive often differs [8,10]. In particular,

the locus of therapy varies among adolescent cancer cases

with some cases attending adult oncology centres and

others using paediatric facilities, as specialised adolescent

cancer units do not exist currently in Canada [10]. For a
number of reasons, adolescents treated in paediatric

compared with adult oncology centres generally have

better survival prospects. Paediatric oncology specialists

are more familiar with childhood cancers, age-appropri-

ate supportive care is more readily available in paediatric

centres, and the chance of being enrolled in a clinical trial

is higher in a paediatric centre [4,9–12]. In fact, several

childhood cancer care task forces have recommended re-
cently that adolescents with cancer always be treated in a

paediatric rather than an adult setting [10,13]. However,

two small regional studies in North America found that

over half of adolescents with cancer were treated at adult

oncology centres [10–12]. The treatment patterns of ado-

lescents with cancer in Canada are not clear at present

and need to be evaluated to ensure that this population

is receiving the most appropriate care [13].
Thus, the objectives of this analysis are to estimate

the proportion of adolescents with cancer in Canada

treated in paediatric compared with adult oncology cen-

tres, and to compare the demographic, disease and clin-

ical characteristics of these two groups.
2. Patients and methods

Data for this study were obtained from the Treatment

and Outcome Surveillance (TOS) system of the Canadian

Childhood Cancer Surveillance and Control Program

[2,14,15]. The TOS system was a national, population-

based surveillance mechanism conducted in paediatric

oncology centres and selected provincial cancer registries

across Canada between 1995 and 2000. Information on
all children (0–14 years) and adolescents (15–19 years)

diagnosed and/or treated with cancer in a paediatric

oncology centre in Canada was included in the system.

In addition, during the same period, information on ado-

lescents treated at adult oncology centres was collected in

three of the 10 Canadian provinces (the Prairies). Previ-

ous analyses have shown that TOS captures 99% of all

child and adolescent (0–19 years) cancer cases and 96%
of adolescent cancer cases (15–19 years) treated in paedi-

atric oncology centres in Canada [2,14]. For this analysis,
cases were assumed to have been treated at the same cen-

tre in which they were initially seen and diagnosed.

Child and adolescent cancer cases in TOS were clas-

sified according to the International Classification of

Childhood Cancer (ICCC) [16]. Information gathered

included: demographics, diagnostic data, treatments
used, and short-term outcomes. Data were extracted

from medical charts by Clinical Research Associates at

diagnosis and every 6 months for up to 5 years. The Re-

search Ethics Board of each paediatric oncology centre

and/or provincial cancer registry approved the protocol

and the parent or legal guardian of each patient pro-

vided informed consent prior to data collection.

The proportion of adolescents treated in paediatric
versus adult oncology centres by age at diagnosis and

diagnostic category for all geographical regions in Can-

ada was assessed by comparing incidence counts in the

TOS system to those in the Canadian Cancer Registry

(CCR). The CCR compiles basic diagnostic information

for all cases of cancer in Canada from the provincial and

territorial cancer registries. Given that TOS has nearly

complete coverage of cancer cases treated in paediatric
oncology centres, it was assumed that adolescent cases

included in the CCR but not in TOS were not diagnosed

or treated in a paediatric oncology centre. For this table

only, the eligibility criteria for the CCR were applied to

the TOS data, so patients diagnosed with Langerhans

cell histiocytosis, myelodysplastic syndromes, skin carci-

nomas and benign brain tumours were excluded.

To evaluate the demographic, disease and clinical
characteristics of adolescent cancer cases treated in pae-

diatric compared with adult oncology centres, cases

from the Prairie region were used as this was the only re-

gion in Canada where information on almost all adoles-

cents with cancer was gathered, irrespective of treatment

location (422/423 = 99.8%). Out of 422 adolescent can-

cer cases included in TOS from the Prairie region, 204

consented to participate and are included in this analysis
(204/422 = 48.3%). Sensitivity analyses found no differ-

ence between adolescents who consented to participate

compared with those who did not consent based on gen-

der, age at diagnosis, and diagnostic category (data not

shown).

Outcomes compared between adolescents treated in

paediatric and adult centres included diagnosis, age at

diagnosis, time (in days) between consecutive health-
care events, type of health-care practitioner first con-

tacted and enrolment in a clinical trial. Date of onset

of symptoms and date of initial health-care contact were

often estimated by the patient or their parents (58% of

dates of onset and 81% of dates of initial health-care

contact). Outlying dates were reviewed on a case-by-case

basis for their clinical plausibility.

The Statistical Analysis System, version 8.01 for Win-
dows (SAS Institute, Inc., Cary, NC), was used for all of

the analyses. Differences between adolescents treated in



406 J. Klein-Geltink et al. / European Journal of Cancer 41 (2005) 404–410
paediatric compared with adult oncology centres were

evaluated using v2 tests, Fisher�s exact tests, or Wilcoxon

non-parametric tests, as appropriate [17]. All tests of sig-

nificance were two-sided (P < 0.05).
3. Results

Thirty percent of adolescents diagnosed with cancer in

Canada between 1995 and 2000 were treated in a paediat-

ric oncology centre (Table 1). The highest proportion of
Table 1

Proportion of adolescent cancer cases, 15–19 years, treated in

paediatric centres by region, age at diagnosis and diagnostic category,a

Canada, 1995–2000

Adolescents

treated in

paediatric

centres

(TOS)b

(n)

Adolescents

diagnosed

with cancer

(CCR)

(n)

Percent of

adolescents

with cancer

treated in

paediatric

centres

(TOS/CCR)

(%)

Region

Atlantic 63 192 32.8

15–17 years 52 99 52.5

18–19 years 11 93 11.8

Quebec 128 541 23.7

15–17 years 115 290 39.7

18–19 years 13 251 5.2

Ontario 225 918 24.5

15–17 years 215 502 42.8

18–19 years 10 416 2.4

Prairies 218 423 51.5

15–17 years 149 224 66.5

18–19 years 69 199 34.7

BC 69 284 24.3

15–17 years 69 155 44.5

18–19 years – 129 –

Canada 706 2364 29.9

15–17 years 601 1271 47.3

18–19 years 105 1093 9.6

Diagnostic Category

Leukaemia 135 265 50.9

Lymphomas 223 675 33.0

CNS 86 218 39.4

Bone 67 175 38.3

Soft tissue 58 164 35.4

Germ cell 62 341 18.2

Carcinoma 52 455 11.4

Otherc 23 71 32.4

Source: The Canadian Childhood Cancer Surveillance and Control

Program (TOS) and The Canadian Cancer Registry (CCR).

Note. Dashes (–) represent fewer than five cases.

CNS, central nervous system.
a Malignant neoplasms only, excluding langerhans cell histiocyto-

sis, myelodysplastic syndromes, skin carcinomas, and benign brain

tumours.
b Adolescents captured through TOS are assumed to represent all

adolescents treated in paediatric centres in Canada.
c Other includes hepatic tumours, renal tumours, sympathetic ner-

vous system tumours, and other and unspecified malignant neoplasms.
adolescents who underwent treatment in a paediatric cen-

tre was found in the Prairie region (52%), while all other

regions had similar referral rates, varying between 24%

and 33%. The proportion of adolescents treated in a pae-

diatric centre varied by age at diagnosis and diagnostic

category. Cases less than 18 years of age were more likely
to receive their treatment in a paediatric centre (47%)

compared with those aged 18 and 19 years at diagnosis

(10%). Only in the Prairie region was a substantial pro-

portion of 18 and 19 year olds treated in a paediatric cen-

tre (35%). Adolescents with carcinoma were the least

likely to be treated in a paediatric centre (11%), while

cases of leukaemia were the most likely (51%). Recon-

naissance analysis found little variation in age at diagno-
sis or diagnostic category between regions based on the

CCR data (data not shown).

According to the analyses from the Prairie region,

adolescents treated in an adult oncology centre were sig-

nificantly older at diagnosis than those treated in a pae-

diatric oncology centre (17.4 years versus 16.5 years)

(Table 2). There was no difference in the gender distribu-

tion of cases by centre. Adolescents treated in an adult
centre were more likely to have a diagnosis of carcinoma

(31% versus 17%, respectively) or germ cell tumour (19%

versus 10%, respectively) and less likely to have lym-

phoma (21% versus 32%, respectively) compared with

adolescents treated in a paediatric centre. Within the

Prairie region, the proportion of adolescents treated in

a paediatric versus adult oncology centre differed signif-

icantly by province. Virtually no adolescents in Sas-
katchewan were treated in an adult centre, compared

with approximately one quarter of adolescents with can-

cer in Manitoba and over one-third of adolescents with

cancer in Alberta. Again reconnaissance analysis found

no difference in the distribution of age at diagnosis or

diagnosis between the three provinces in the Prairie re-

gion (data not shown).

The median number of days between onset of symp-
toms and first treatment was significantly longer for

adolescents treated in an adult compared with a paediat-

ric centre (92 versus 57 days), primarily due to the time

between first health-care contact and assessment by a

treating oncologist or surgeon (Table 3). Adolescents

treated in a paediatric centre waited a median of 7 days

between first health-care contact and assessment by a

treating oncologist or surgeon compared with 34 days
for those treated in an adult centre.

According to our analyses, adolescents treated in an

adult centre were significantly less likely to be enrolled

in a clinical trial compared with those treated in a pae-

diatric centre (0% versus 21%) and more likely to receive

care according to individualised treatment plans (83%

versus 44%) (Table 4). No difference was found in the

type of health-care practitioner first contacted by ado-
lescent cancer cases from paediatric or adult centres

(Table 5). Adolescents from both centres were most



Table 3

Time (days) between consecutive health-care events for adolescent cancer cases, 15–19 years, by type of treatment centre, Prairie region, 1995–2000

Consecutive health-care events Paediatric centre Adult centre P valuea

Median (IQR)b (n = 152)c Median (IQR)b (n = 52)c

Onset of symptoms to first treatment 57 (29–138) 92 (56–240) 0.02

Onset of symptoms to first health-care contact 20 (0–70) 25 (0–61) 1.00

First health-care contact to assessment by oncologist 7 (0–35) 34 (4–90) < 0.01

Assessment by oncologist to first treatment 8 (1–19) 1 (0–19) 0.05

Source: The Canadian Childhood Cancer Surveillance and Control Program (TOS).
a Significance of difference was tested using the Wilcoxon non-parametric test.
b IQR = Inter-quartile range.
c Wait times were not available for all time periods for 21 subjects (n = 10 for paediatric centres, n = 11 for adult centres).

Table 2

Demographic and diagnostic characteristics of adolescent cancer cases, 15–19 years, by type of treatment centre, Prairie region, 1995–2000

Paediatric centre (n = 152) Adult centre (n = 52) P valuea

n (%)b n (%)

Age at diagnosis (years) < 0.01

15–17 115 (75.7) 25 (48.1)

18–19 37 (24.3) 27 (51.9)

Mean (SD) 16.5 (1.4) 17.4 (1.5)

Gender 0.80

Female 76 (50.0) 27 (51.9)

Male 76 (50.0) 25 (48.1)

Diagnostic category 0.05

Leukaemia 17 (11.2) – –

Lymphomas 49 (32.2) 11 (21.2)

CNS 20 (13.2) 6 (11.5)

Bone 14 (9.2) – –

Soft tissue 6 (4.0) – –

Germ cell 15 (9.9) 10 (19.2)

Carcinoma 25 (16.5) 16 (30.8)

Otherc 6 (4.0) – –

Location of centre < 0.01

Alberta 75 (62.5) 45 (37.5)

Saskatchewan 58 (98.3) – –

Manitoba 19 (76.0) 6 (24.0)

Source: The Canadian Childhood Cancer Surveillance and Control Program (TOS).Note. Dashes (–) represent fewer than five cases.

SD, standard deviation.
a Differences were tested using the v2 test.
b Column percentages are presented for age at diagnosis, gender, and diagnostic category, while row percentages are presented for location of

centre.
c Other includes: sympathetic nervous system tumours, renal tumours, hepatic tumours, other and unspecified malignant neoplasms.

Table 4

Treatment protocol for adolescent cancer cases, 15–19 years, by type of treatment centre, Prairie region, 1995–2000

Initial treatment protocol Paediatric centre (n = 152) Adult centre (n = 52) P valuea

n (%) n (%)

Clinical trial 32 (21.1) – – < 0.01

Non-clinical trial 45 (29.6) – –

Individualised treatment 67 (44.1) 43 (82.7)

No treatment – – 5 (9.6)

Unknown 8 (5.3) – –

Source: The Canadian Childhood Cancer Surveillance and Control Program (TOS).

Note. Dashes (–) represent fewer than five cases.
a Differences were tested using the Fisher�s exact v2 test.
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Table 5

Health-care practitioner first contacted by adolescent cancer cases, 15–19 years, by type of treatment centre, Prairie region, 1995–2000

Health-care practitioner first contacted Paediatric centre (n = 152)b Adult centre (n = 52)b P valuea

n (%) n (%)

General practitioner 97 (67.8) 34 (79.1) 0.50

Emergency room physician 22 (15.4) 5 (11.6)

Paediatrician – – – –

Other 22 (15.4) – –

Source: The Canadian Childhood Cancer Surveillance and Control Program (TOS).

Note. Dashes (–) represent fewer than five cases.
a Differences were tested using the Fisher�s exact v2 test.
b Information on the health-care practitioner first contacted was not available for 18 subjects (n = 9 for paediatric centres, n = 9 for adult centres).
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likely to have first contacted a general practitioner
regarding their symptoms (68% and 79%, respectively)

and least likely to have first contacted a paediatrician

(1% and 0%, respectively).
4. Discussion

Thirty percent of adolescents (15–19 years) with can-
cer in Canada are treated in paediatric oncology centres,

with the remaining majority receiving treatment in an

adult setting. Adolescents in the Prairie region are signif-

icantly more likely to be treated in a paediatric centre

than adolescents in other parts of the country. Based

on our national and regional analysis, adolescents trea-

ted for cancer in an adult centre are older at diagnosis

and are more likely to have an epithelial type of cancer
(i.e., carcinoma or germ cell tumour) compared with

those treated in a paediatric centre. Adolescents treated

in adult centres report longer waiting times between

health-care events and are less likely to be enrolled in

a clinical trial. These results suggest that care for adoles-

cents with cancer in Canada is less satisfactory than for

younger children, and can be improved.

Outcomes for adolescents with cancer are generally
more favourable when treatment is provided in a paedi-

atric compared with an adult oncology centre [10–

13,18,19]. Comprehensive care provided by specialists

in paediatric oncology is more readily available in paedi-

atric centres, and the opportunity for enrollment in clin-

ical trials is higher [10–12]. Furthermore, clinical trials

offered in paediatric centres are more appropriate for

certain types of cancer in adolescents than those offered
in adult centres. Recent data show that survival of ado-

lescents treated on paediatric versus adult protocols for

some cancers, including acute lymphoblastic leukaemia

and Ewing�s sarcoma, is higher [18]. Five year survival

rates for adolescents treated on paediatric protocols

was over 64% in the US and 78% in Europe, compared

with 57% for adolescents on adult protocols in the US

[10]. This and other evidence has led several childhood
cancer task forces to recommend that adolescents al-
ways be treated in paediatric rather than adult centres

[10,11,13]

However, the large majority of adolescents with can-

cer are still treated in adult centres with lower access to

clinical trials, especially paediatric-specific trials [20].

Similar to our results, two previous studies on adoles-

cents with cancer in Canada and the US found that

54% and 64%, respectively, were treated in adult com-
pared with paediatric centres [10,11]. In most Canadian

provinces, more than 60% of adolescents were treated in

adult centres between 1995 and 2000; only in the Prairie

region were the majority of adolescents with cancer trea-

ted in paediatric centres (67%). Age restrictions imposed

by the paediatric centres do limit where adolescents with

cancer can be treated [2]. Across the country, the oldest

age seen at paediatric centres varies from 16 to 19 years.
However, there seems to be no consistency between age

restrictions and location of treatment for adolescents

with cancer in Canada.

Thus, we can only speculate on why the majority of

adolescents with cancer attended adult oncology cen-

tres for treatment and why the proportion is dramati-

cally different for the Prairie region. Previous studies

have postulated that older adolescents often do not
feel comfortable attending paediatric clinics as they

are child-oriented with lower possibility of contact

with peers [12,21,22]. Consistent with our results, ado-

lescents with cancers more common among adults are

more likely to be referred to an adult centre [10,12].

However, there was no difference in the distribution

of age at diagnosis or diagnostic category between re-

gions in Canada or between provinces in the Prairie re-
gion. Although the paediatric centre in Saskatchewan

is the only one in Canada to treat patients up to 19

years of age treats only a small percentage of cases

in the Prairies. Perhaps in the Prairie region there is

a stronger culture of general practitioners referring

older adolescents to paediatric centres as opposed to

adult centres. Without further investigation into this is-

sue, we are unable to offer more explanation.
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The results from our regional analyses show that

nearly 80% of adolescents with cancer did not participate

in a clinical trial, irrespective of locus of treatment. This

finding is consistent with a report from the US that more

than 75% of adolescents with cancer are not enrolled in

clinical trials [12]. Again, given our data, we can not eval-
uate why adolescents with cancer are not being enrolled

in clinical trials as often as children with cancer. Adoles-

cents may be reluctant to participate in clinical trials as

they do not want to be separated from their peer group

[12,21,22]. Adolescents may not be offered enrolment in

trials as often as children [10,12]. Trials specific to their

cancer type may not be available, especially in adult cen-

tres [23–25]. However, data show that adolescents with
cancer are also not being enrolled in adult oncology trials

[10,12], meaning that optimum treatment may not be

available or offered to this age group.

Finally, the time between first health-care contact and

assessment was found to be significantly longer for ado-

lescents treated in adult compared with paediatric cen-

tres. This may be due to the types of cancers referred to

each centre (e.g., adolescents with epithelial type cancers
aremore likely to be referred to an adult centre), or it may

be due to longer delays experienced in adult centres as a

result of higher caseloads and fewer resources per patient

[26]. Older adolescents also may be less diligent about

obtaining health-care as they become independent from

their parents [26]. A large majority of dates of first

health-care contact were estimated by the patients or

their parents in our study and may not be accurate. Still,
other reports found the time between onset of symptoms

and treatment was relatively longer for adolescents com-

pared with children treated for cancer within the same

paediatric centre [27], which suggests there may be a

gap in available health-care for adolescents with cancer.

The definitive answer to this question is being explored

in an American study by Pollock and colleagues [28] out-

lined in their recent protocol, ‘‘Development of Interven-
tion Strategies to Reduce the Time Between Symptom

Onset and Diagnosis of Childhood Cancer’’.

There are a few limitations to this study. First, clini-

cal information for adolescents treated in adult centres

was available in only three of 10 provinces, and a low

proportion of these cases consented to participate

(204/422 = 48% participation). The adolescents from

the Prairies who consented to participate do represent
all adolescents with cancer in the region. However, with-

out information on adolescents with cancer from adult

centres in other provinces we cannot extrapolate our

findings to the whole country. Furthermore, given our

data, we are not able to evaluate the reasons for attend-

ing an adult compared with a paediatric centre, nor can

we determine whether non-participation in a clinical

trial was voluntary.
Notwithstanding, the results of this study have poten-

tially important implications. The longer time to diagno-
sis and lower opportunity to be enrolled in a clinical trial

among adolescents treated in adult centres may have a

significant impact on the outcome of therapy in this

group. Examination of treatments and outcomes for

adolescents with cancer by type of treatment centre is

the crucial next step being explored in our study.
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