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Abstract Background: This is the first national study on trends in cancer survival and mor-

tality for children and young adolescents in the Netherlands including unique information on

stage at diagnosis.

Methods: All neoplasms in patients <18 years, diagnosed between 1990 and 2015

(N Z 14,060), were derived from the Netherlands Cancer Registry. Cohort and period sur-

vival analyses were used to estimate observed survival (OS). Time trends in OS and mortality

rates were evaluated by parametric survival models and average annual percentage change,

respectively.

Results: Between 1990 and 2015, 5-year OS and 10-year OS of childhood and young adoles-

cent cancer have improved significantly by 9 percent points, reaching 81% and 78%, respec-

tively. Favourable trends in survival were observed for all age groups and most diagnostic

(sub)groups, being particularly pronounced for advanced disease. Non-Hodgkin lymphomas

Ann Arbor stage III, metastatic neuroblastomas (age �18 months) and Ewing bone sarcomas

showed significant improvements in 5-year OS. Compared with 1990e99, the risk of dying

within five years of diagnosis was decreased significantly during 2000e09 (hazard ratio
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[HR] Z 0.8) and 2010e15 (HR Z 0.6), after adjustment for age, gender and follow-up time.

Nonetheless, the prognosis of young patients suffering from central nervous system tumours,

neuroblastoma and osteosarcomas remained modest, with 5-year OS <70% and 10-year OS

<65%. Childhood and young adolescent cancer mortality decreased by an average of 2.0%

annually between 1990 and 2018.

Conclusions: Significant progress has been realised in the prognosis of childhood and young

adolescent cancer in the Netherlands since the 1990s. Survival improvements were especially

evident for patients with advanced stages and were also reflected in the declining mortality

rates.

ª 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Five-year survival of childhood cancer has improved
from about 40% in the 1970s to approximately 80%

nowadays [1,2]. However, cancer is still one of the

leading causes of death in children and adolescents [3],

and about 25% of the paediatric patients with cancer

eventually die from their disease [1,2,4].

Until now, no comprehensive national trend analyses

on overall childhood cancer survival have been per-

formed for the Netherlands. For the southern region of
the country, a significant increase in childhood cancer

survival was shown during 1973e99, reaching a 10-year

estimate of 75% [5]. The EUROCARE-5 study reported

an overall 5-year survival of 78% for European children

(0e14 years) with cancer in 2000e07 [2]. In the United

States of America, 5-year survival of childhood cancer

(0e19 years) rose from 63% in 1975e79 to 83% in

2003e09 [4].
The abovementioned studies did not specify their

findings by stage at diagnosis. Increased precision and

wider availability of diagnostic methods may result in

earlier diagnosis and increase the detection of both

relatively indolent cancers and extremely aggressive and

lethal cancers, potentially affecting the distribution of

disease stage at diagnosis [6,7]. Stage at diagnosis is a

strong indicator of prognosis depending on the state of
treatment and could thus add valuable information

when evaluating time trends in cancer survival [8,9].

Incidence of childhood and young adolescent cancer

increased in the Netherlands between 1990 and 2017.

Besides earlier diagnosis of testicular germ cell tumours

and malignant melanomas, a shift occurred towards

more advanced disease for Hodgkin lymphomas,

rhabdomyosarcomas and non-rhabdomyosarcoma soft
tissue sarcomas [7].

Young adolescents (15e17 years) with cancer in the

Netherlands are increasingly referred for treatment in

paediatric oncology centres since 2002, initially with

haematological malignancies, gradually followed by

solid tumours [10]. To further improve outcomes of

childhood and young adolescent cancer, all Dutch
paediatric oncologic care has been concentrated in the

Princess Máxima Center for Pediatric Oncology as of

2018. To investigate the effect of this concentration of

care in the future, information on the prior situation is
fundamental. Therefore, an up-to-date nationwide and

population-based estimate of childhood and young

adolescent cancer survival in the Netherlands is desired.

In this study, we evaluated survival trends of cancer

in children and young adolescents (0e17 years) in the

Netherlands since the 1990s, by type of cancer and stage

at diagnosis, using population-based data of the

Netherlands Cancer Registry (NCR). In addition,
changes in mortality due to childhood and young

adolescent cancer between 1990 and 2018 were exam-

ined using data from Statistics Netherlands (CBS).

2. Patients and methods

2.1. Data collection

Data on all neoplasms in patients aged 0e17 years

diagnosed in the Netherlands between 1990 and 2015
were derived from the NCR, which is a nationwide

population-based cancer registry since 1989 with a

completeness of at least 96% [10]. Notification of all

newly diagnosed malignancies in the Netherlands occurs

via the Nationwide Network and Registry of Histopa-

thology and Cytopathology (PALGA) and the National

Registry of Hospital Discharges. Retrospectively, data

on patient, tumour and treatment characteristics are
extracted from medical records. Information on vital

status is obtained by annual linkage with the nationwide

Personal Records Database (BRP, last linkage: 1st

February 2020).

Since 2000, benign and borderline tumours of the

central nervous system (CNS; InternationalClassification

of Diseases for Oncology [ICD-O]-3 behaviour codes/

0 and/1) have been included in the NCR. These tumours
are included in Fig. 1 for a comprehensive overview of

childhood cancer survival and were analysed separately

(Supplementary Table S1). Pilocytic astrocytomas (ICD-

O-3 M9421/1, NZ 818) were completely registered since

http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 1. Overview of 5-year observed and 10-year estimated cancer survival of children and young adolescents (aged 0e17 years) in the

Netherlands in 2010e15 (Source: The Netherlands Cancer Registry). Ten-year survival has been estimated for the period 2010e15 using

period-based survival analysis because follow-up was complete until 1st February 2020. The error bars depict 95% confidence intervals of

the survival estimates. CNS, central nervous system.
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1989. Therefore, in addition to the results for malignant

cancers only, survival was also estimated for all cancers

and CNS tumours including pilocytic astrocytomas.

Several neoplasms were excluded because of incomplete
registration during the study period: myelodysplastic

syndromes (ICD-O-3 M9980e9989, N Z 80), myelo-

proliferative neoplasms (ICD-O-3 M9950e9962,
N Z 24), Langerhans cell histiocytosis (ICD-O-3

M9750e9754, N Z 127) and carcinoid tumour of the

appendix (ICD-O-3 codeC18.1,M8240e8249,NZ 192).

Well-differentiated chondrosarcomas (ICD-O-3 M9220/
31, N Z 27) and dermatofibrosarcomas (ICD-O-3

M8832, NZ 66) were also excluded being now classified

as borderline neoplasms.
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Disease-specific mortality data from 1990 to 2018

were derived from the cause-of-death registry of

Statistics Netherlands using ICD-9 codes 140e208 and

ICD-10 codes C00eC97. Mortality data were obtained

in 5-year age groups, where age represents age at death.

2.2. Defining diagnostic groups and stage

Neoplasms were categorised in accordance with the In-

ternational Classification of Childhood Cancer (ICCC,
third edition) [11]. Stage was classified using the Ann

Arbor staging system for lymphomas and tumour-node-

metastasis classification or extent of disease

(i.e. localised, regional or distant) for other solid tu-

mours using the Toronto Paediatric Cancer Staging

guidelines (Supplementary Table S2) [12]. For astrocy-

tomas (i.e. ICCC-3 subgroup IIIb), the World Health

Organisation (WHO) grading system for CNS tumours
was used [13].

Mortality data were classified into four main groups:

leukaemias (ICD-9 codes 204e208, ICD-10 codes

C91eC96), lymphomas (200e203, C81eC88, C90),

CNS tumours (191e192, C70eC72) and non-CNS solid

tumours (other ICD-9 and ICD-10 codes, except un-

known primary sites [199, C77eC80]).

2.3. Statistical analyses

Survival time was calculated from the date of diagnosis

until the date of death due to any cause (i.e. event) or

censoring (i.e. emigration, loss to follow-up or 1st

February 2020), whichever came first. Traditional

cohort-based survival analysis was used to calculate 5-

year and 10-year observed survival (OS) using 6-month

intervals during the first year of follow-up and annual

intervals onwards. Period-based survival analysis was
performed to estimate 10-year survival for the latest

diagnostic period [14]. OS was used instead of relative

survival as competing causes of death are rare among

patients with childhood cancer in developed countries

[15]. Changes over time in OS were evaluated with a p-

trend analysis for period of diagnosis using parametric

survival models (streg) adjusted for follow-up time (in

years) [16]. Similar models were used to estimate the risk
of dying (i.e. hazard ratio, HR) within 5 years of diag-

nosis for three diagnostic periods: 1990e99, 2000e09 and

2010e15. Gender, age at diagnosis and disease stage (if

applicable) were entered into multivariable models to

adjust for case-mix. Patients who were diagnosed at au-

topsy were excluded from the survival models (N Z 40).

Mortality rates for the age group 0e19 were stand-

ardised using the World Standard Population. Age-
specific mortality rates were given for the age groups: 0,

1e4, 5e9, 10e14 and 15e19 years. Mortality rates were

presented in the figures as three-year moving averages

by taking the average of the rates of each given year and

the rates either side of it. Changes in mortality between
1990 and 2018 were evaluated by calculating the average

annual percentage change (AAPC) and corresponding

95% confidence interval (CI). AAPC was estimated from

a regression line which was fitted to the natural loga-

rithm of the rates using the calendar year as a regressor

variable [17].

Survival and mortality analyses were performed using

STATA/SE 16.1 (StataCorp LP, College Station, Texas,
USA) and SAS software (SAS system 9.4, SAS Institute,

Cary, NC, USA), respectively. Two-sided p-values

<0.05 were considered statistically significant.

3. Results

In total, 14,060 cancers (including benign and borderline

CNS tumours) newly diagnosed in children and young

adolescents in the Netherlands during 1990e2015 were

included.

Fig. 1 displays the most recent 5-year and 10-year OS

for all childhood cancers combined and by ICCC-3

diagnostic (sub)group. Children and young adolescents
diagnosed in the period 2010e15 showed a 5-year OS of

84% and a 10-year OS of 80%, including benign and

borderline CNS tumours. The 5-year OS and 10-year OS

were 81% and 78%, respectively, when non-malignant

CNS tumours were excluded. OS rates were close to

95e100% for Hodgkin lymphomas, retinoblastomas,

gonadal germ cell tumours and thyroid carcinomas,

followed by lymphoid leukaemias, renal tumours and
malignant melanomas of which 5-year and 10-year OS

exceeded 90% and 85%, respectively. The worst prog-

noses (i.e. 5-year OS <70% and 10-year OS <65%) were

observed for malignant CNS tumours (60% and 48%,

respectively), neuroblastoma (64% and 62%,

respectively) and osteosarcomas (68% and 63%,

respectively).

3.1. Survival trends for all children and young adolescents

with cancer combined

An overview of trends in cancer survival over time

among children and young adolescents in the

Netherlands for the period 1990e2015 is provided in

Table 1, overall and by gender, age at diagnosis and
ICCC-3 diagnostic (sub)group. In addition to the results

for malignant cancers, survival estimates are also dis-

played for all cancers and CNS tumours including

pilocytic astrocytomas. Benign and borderline CNS tu-

mours (N Z 1203) are separately presented in

Supplementary Table S1. For all malignant childhood

cancers combined, both 5-year and 10-year OS

improved by 9 percent points between 1990 and 2015.
The improvement in OS was seen regardless of gender

and age. The largest improvement was observed among

young adolescents (15e17 years), where 5-year and 10-

year OS increased by 13 and 11 percent points,

respectively.



Table 1
Trends in observed 5-year and 10-year cancer survival in children and young adolescents (aged 0e17 years) in the Netherlands, 1990e2015.

Numbers at risk 5-year observed

survival (%), SE

p-Trend 10-year observed

survival (%), SE

p-Trend 10-year

estimateda

survival

(%), SE

1990e99 2000e09 2010e15 1990e2015 1990e99 2000e09 2010e15 1990e2009 1990e99 2000e09 2010e15

All cancers

(malignant only)

4542 5015 3056 76.3 0.4 72.0 0.7 77.0 0.6 81.3 0.7 <0.001 72.1 0.5 69.2 0.7 74.7 0.6 <0.001 77.6 0.8

Gender

Boys 2554 2840 1688 75.6 0.5 71.3 0.9 75.8 0.8 81.8 0.9 <0.001 71.1 0.6 68.3 0.9 73.7 0.8 <0.001 77.6 1.0

Girls 1988 2175 1368 77.1 0.6 72.9 1.0 78.7 0.9 80.7 1.1 <0.001 73.4 0.7 70.4 1.0 76.1 0.9 <0.001 77.5 1.1

Age (in years)

0 344 383 228 71.2 1.5 66.8 2.5 74.2 2.2 72.8 2.9 0.12 70.1 1.7 65.6 2.6 74.2 2.2 0.03 71.0 3.0

1e4 1399 1451 835 77.3 0.7 73.0 1.2 78.0 1.1 83.5 1.3 <0.001 73.6 0.8 70.5 1.2 76.6 1.1 <0.001 80.1 1.4

5e9 935 1069 597 76.1 0.8 73.5 1.4 75.8 1.3 80.5 1.6 0.003 72.3 1.0 70.4 1.5 73.9 1.3 0.08 77.1 1.7

10e14 954 1113 728 76.2 0.8 72.8 1.4 76.1 1.3 80.8 1.5 <0.001 71.1 1.0 69.7 1.5 72.3 1.3 0.18 76.2 1.6

15e17 910 999 668 76.8 0.8 70.0 1.5 79.1 1.3 82.8 1.5 <0.001 71.7 1.0 67.0 1.6 75.9 1.4 <0.001 78.4 1.6

All cancers, including

pilocytic astrocytomasb
4786 5371 3272 77.4 0.4 73.1 0.6 78.3 0.6 82.4 0.7 <0.001 73.4 0.4 70.4 0.7 76.1 0.6 <0.001 79.0 0.7

ICCC-3 diagnostic group

I. Leukaemias 1336 1558 900 80.1 0.6 74.0 1.2 81.1 1.0 87.5 1.1 <0.001 75.3 0.8 70.8 1.2 79.2 1.0 <0.001 83.3 1.3

Ia. Lymphoid leukaemias 1047 1222 696 85.8 0.6 80.7 1.2 87.0 1.0 91.2 1.1 <0.001 81.3 0.8 77.1 1.3 84.9 1.0 <0.001 87.8 1.3

Ib. Acute myeloid

leukaemias

241 263 155 59.1 1.9 50.0 3.2 57.4 3.0 76.1 3.4 <0.001 52.1 2.2 47.9 3.2 55.9 3.1 0.04 67.7 3.9

Ic. Chronic

myeloproliferative

diseases

20 35 22 70.1 5.2 30.0 10.2 80.0 6.8 90.9 6.1 <0.001 60.0 6.6 30.0 10.2 77.1 7.1 0.001 84.6 8.2

IdeIe. Other and

unspecified leukaemias

28 39 27 58.0 5.1 60.7 9.2 57.8 8.0 55.6 9.6 0.68 57.5 6.1 57.1 9.4 57.8 8.0 0.98 54.6 9.3

II. Lymphomas 715 746 472 87.5 0.8 82.1 1.4 90.2 1.1 91.3 1.3 <0.001 84.9 0.9 80.4 1.5 89.2 1.1 <0.001 88.3 1.5

IIa. Hodgkin lymphomas 327 377 227 94.7 0.7 91.7 1.5 95.7 1.0 97.3 1.1 0.004 92.3 1.0 89.5 1.7 94.7 1.2 0.01 94.9 1.5

IIb. Non-Hodgkin

lymphomas

248 233 170 77.7 1.6 68.5 3.0 82.0 2.5 85.2 2.7 <0.001 73.8 2.0 66.9 3.0 81.1 2.6 <0.001 79.7 3.2

IIc. Burkitt lymphomas 137 131 70 86.9 1.8 83.1 3.2 89.3 2.7 90.0 3.6 0.11 85.8 2.1 82.4 3.3 89.3 2.7 0.10 90.2 3.5

IIdeIIe. Other and

unspecified lymphomas

3 5 5 69.2 12.8 NA NA NA NA NA NA NA NA NA

III. CNS tumours

(malignant only)

634 683 487 50.8 1.2 50.4 2.0 45.0 1.9 59.6 2.2 0.01 43.4 1.4 46.0 2.0 41.0 1.9 0.10 48.4 2.4

IIIa. Ependymomas 102 104 50 61.0 3.1 55.5 4.9 60.4 4.8 73.3 6.4 0.05 50.5 3.5 44.6 4.9 56.4 4.9 0.22 63.4 6.7

IIIb/d. Astrocytomas and

gliomas

266 301 226 47.3 1.8 56.6 3.0 36.5 2.8 50.7 3.3 0.10 43.5 2.1 55.1 3.1 33.2 2.7 <0.001 41.5 3.5

IIIc. Embryonal tumours 189 233 148 51.2 2.1 48.4 3.6 47.9 3.3 60.0 4.0 0.02 42.4 2.4 42.0 3.6 42.8 3.2 0.65 47.2 4.3

IIIeeIIIf. Other and

unspecified CNS

tumours

77 45 63 50.7 3.7 27.3 5.1 50.7 7.5 79.4 5.1 <0.001 34.2 4.3 26.0 5.0 48.4 7.5 <0.001 70.1 7.1

III. CNS tumours, including

pilocytic astrocytomasb
878 1039 703 64.8 0.9 62.5 1.6 62.3 1.5 71.4 1.7 <0.001 59.1 1.1 58.6 1.7 59.5 1.5 0.68 65.0 1.9

IV. Neuroblastoma 220 251 151 60.9 2.0 55.9 3.3 63.2 3.0 64.1 3.9 0.046 57.7 2.3 54.1 3.4 60.8 3.1 0.07 61.5 3.9

IVa. Neuroblastoma 210 244 147 59.8 2.0 54.3 3.4 62.6 3.1 63.2 4.0 0.04 56.5 2.3 52.4 3.4 60.1 3.1 0.049 60.8 4.0

V. Retinoblastoma 129 112 71 95.5 1.2 90.7 2.6 100 97.2 2.0 0.02 95.0 1.4 90.7 2.6 100 0.99 97.2 2.0

VI. Renal tumours 255 273 134 88.2 1.3 85.9 2.2 88.6 1.9 91.7 2.4 0.10 87.1 1.5 85.9 2.2 88.2 2.0 0.43 88.7 2.8

VIa. Nephroblastoma 251 268 129 88.1 1.3 86.1 2.2 88.4 2.0 91.3 2.5 0.14 87.3 1.5 86.1 2.2 88.4 2.0 0.44 88.8 2.8
(continued on next page)
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Table 1 (continued )

Numbers at risk 5-year observed

survival (%), SE

p-Trend 10-year observed

survival (%), SE

p-Trend 10-year

estimateda

survival

(%), SE

1990e99 2000e09 2010e15 1990e2015 1990e99 2000e09 2010e15 1990e2009 1990e99 2000e09 2010e15

VII. Hepatic tumours 58 74 33 70.1 3.6 61.3 6.5 77.0 4.9 69.7 8.0 0.27 70.2 4.0 61.3 6.5 77.0 4.9 0.05 74.1 7.0

VIIa. Hepatoblastoma 41 56 25 78.6 3.7 65.5 7.5 89.3 4.1 76.0 8.5 0.21 79.3 4.1 65.5 7.5 89.3 4.1 0.01 78.7 7.7

VIII. Bone tumours 277 348 212 67.8 1.6 61.0 2.9 70.4 2.5 72.4 3.1 0.003 60.9 2.0 55.9 3.0 64.9 2.6 0.02 68.8 3.1

VIIIa. Osteosarcomas 148 169 97 64.0 2.4 56.7 4.1 68.0 3.6 68.0 4.7 0.04 56.1 2.8 51.3 4.1 60.4 3.8 0.06 63.0 4.6

VIIIb. Chondrosarcomas 8 7 3 83.3 8.8 NA NA NA NA 80.0 10.3 NA NA NA NA

VIIIc. Ewing bone

sarcomas

97 129 91 65.1 2.7 60.8 5.0 64.1 4.2 71.0 4.8 0.10 57.7 3.3 54.5 5.1 60.1 4.3 0.49 66.3 5.3

VIIIdeVIIIe. Other and

unspecified bone

tumours

24 43 21 93.0 2.7 87.5 6.8 95.2 3.3 95.2 4.6 0.30 90.8 3.6 87.5 6.8 92.8 4.0 0.40 92.0 5.5

IX. Soft tissue sarcomas 353 343 215 67.7 1.6 63.6 2.6 68.8 2.5 72.5 3.1 0.03 63.0 1.8 60.2 2.6 65.9 2.6 0.20 73.6 3.2

IXa.

Rhabdomyosarcomas

203 172 107 67.3 2.1 59.8 3.5 72.7 3.4 72.7 4.3 0.01 62.5 2.5 56.8 3.5 69.2 3.5 0.01 72.3 4.6

IXbeIXe. Other and

unspecified soft tissue

sarcomas

150 171 108 68.2 2.3 68.9 3.8 64.9 3.6 72.2 4.3 0.67 63.6 2.7 64.8 3.9 62.5 3.7 0.43 74.7 4.3

X. Germ cell and gonadal

tumours

267 240 156 89.1 1.2 85.0 2.2 89.2 2.0 96.2 1.5 0.001 86.4 1.5 84.2 2.2 88.7 2.0 0.16 94.8 1.8

Xa. Intracranial and

intraspinal germ cell

tumours

48 41 29 81.3 3.6 70.8 6.6 85.4 5.5 93.1 4.7 0.02 76.4 4.5 68.8 6.7 85.4 5.5 0.11 89.9 5.6

Xc. Gonadal germ cell

tumours: testis

102 83 62 93.9 1.5 92.2 2.7 92.8 2.8 98.4 1.6 0.14 92.4 1.9 92.2 2.7 92.8 2.8 0.88 98.3 1.7

Xc. Gonadal germ cell

tumours: ovary

53 57 31 97.2 1.4 94.3 3.2 98.2 1.7 100 0.16 96.3 1.8 94.3 3.2 98.2 1.7 0.30 100

Xb, XdeXe. Other and

unspecified germ cell

tumours

64 59 34 80.2 3.2 76.6 5.3 78.0 5.4 91.2 4.9 0.14 75.6 3.9 75.0 5.4 76.3 5.5 0.89 87.9 5.6

XI. Other epithelial

tumours

290 375 214 90.2 1.0 87.9 1.9 91.2 1.5 91.5 1.9 0.13 86.5 1.3 84.7 2.1 87.9 1.7 0.20 90.4 2.0

XIb. Thyroid carcinomas 85 84 69 99.6 0.4 100 98.8 1.2 100 0.93 98.8 0.8 98.8 1.2 98.8 1.2 0.99 98.5 1.5

XId. Malignant

melanomas

120 183 82 92.5 1.3 90.0 2.7 95.1 1.6 90.1 3.3 0.60 88.7 1.8 85.0 3.3 91.2 2.1 0.10 92.5 2.8

XIa, XIc, XIeeXIf.

Other and unspecified

85 108 63 77.9 2.6 72.6 4.9 78.6 4.0 84.1 4.6 0.26 72.3 3.2 70.2 5.0 73.9 4.2 0.44 79.3 5.1

XII. Other and unspecified 8 12 11 87.1 6.0 NA 100 90.9 8.7 NA 85.0 8.0 NA 100 NA NA

SE, standard error; ICCC, International Classification of Childhood Cancer; CNS, central nervous system.

NA, estimation of a reliable survival rate was not possible because of number at risk <10.
a 10-year survival has been estimated for the period 2010e15 using period-based survival analysis because follow-up was complete until 1st

February 2020.
b Including pilocytic astrocytomas, other CNS tumours having a behaviour code/0 and/1 and completely registered since 2000 only were

excluded. All benign and borderline CNS tumours are separately described in Supplementary Table S1.
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Table 2
Multivariable-adjusteda hazards of death within five years of diagnosis by period of diagnosis for childhood and young adolescent cancer in the

Netherlands, 1990e2015.

Period of diagnosis

1990e99 2000e09 2010e15

N at risk HR N at risk HRadjusted
a (95% CI) p-Value N at risk HRadjusted

a (95% CI) p-Value

All cancers (malignant only) 4542 Ref 5015 0.8 (0.7e0.9) <0.001 3056 0.6 (0.6e0.7) <0.001

All cancers, including pilocytic astrocytomasb 4786 Ref 5371 0.8 (0.7e0.9) <0.001 3272 0.6 (0.6e0.7) <0.001

ICCC-3 diagnostic group

I. Leukaemias 1336 Ref 1558 0.7 (0.6e0.8) <0.001 900 0.4 (0.4e0.5) <0.001

Ia. Lymphoid leukaemias 1047 Ref 1222 0.6 (0.5e0.8) <0.001 696 0.4 (0.3e0.6) <0.001

Ib. Acute myeloid leukaemias 241 Ref 263 0.8 (0.6e1.0) 0.047 155 0.4 (0.3e0.6) <0.001

Ic. Chronic myeloproliferative diseases 20 Ref 35 0.2 (0.1e0.4) <0.001 22 0.1 (0.0e0.3) <0.001

IdeIe. Other and unspecified leukaemias 28 Ref 38 1.1 (0.5e2.3) 0.89 27 1.1 (0.5e2.7) 0.77

II. Lymphomas 715 Ref 746 0.5 (0.4e0.7) <0.001 472 0.5 (0.3e0.7) <0.001

IIa. Hodgkin lymphomasc 319 Ref 376 0.4 (0.2e0.8) 0.01 227 0.3 (0.1e0.7) 0.004

IIb. Non-Hodgkin lymphomasc 233 Ref 221 0.5 (0.3e0.7) <0.001 132 0.4 (0.3e0.7) 0.001

IIc. Burkitt lymphomas 137 Ref 131 0.6 (0.3e1.2) 0.13 70 0.5 (0.2e1.3) 0.16

IIdeIIe. Other and unspecified lymphomasd 3 Ref 5 NA 5 NA

III. CNS tumours (malignant only) 634 Ref 683 1.1 (1.0e1.3) 0.09 487 0.7 (0.6e0.9) 0.001

IIIa. Ependymomas 102 Ref 104 0.9 (0.6e1.4) 0.57 50 0.5 (0.3e0.9) 0.02

IIIb/d. Astrocytomas and gliomas 266 Ref 301 1.7 (1.4e2.2) <0.001 226 1.2 (0.9e1.6) 0.13

IIIb. Astrocytomase 206 Ref 156 1.0 (0.7e1.3) 0.87 107 1.1 (0.8e1.5) 0.55

IIIc. Embryonal tumours 189 Ref 233 1.0 (0.8e1.3) 0.92 148 0.6 (0.4e0.8) 0.001

IIIeeIIIf. Other and unspecified CNS tumours 77 Ref 45 0.6 (0.4e1.0) 0.07 63 0.2 (0.1e0.3) <0.001

III. CNS tumours, including pilocytic astrocytomasb 878 Ref 1039 1.0 (0.9e1.1) 0.90 703 0.7 (0.6e0.8) <0.001

IV. Neuroblastoma 220 Ref 251 0.8 (0.6e1.0) 0.049 151 0.7 (0.5e1.0) 0.05

IVa. Neuroblastomaf 194 Ref 229 0.7 (0.5e1.0) 0.02 140 0.6 (0.4e0.8) 0.003

V. Retinoblastomad 108 Ref 112 NA 71 NA

VI. Renal tumours 255 Ref 273 0.8 (0.5e1.3) 0.35 134 0.6 (0.3e1.1) 0.09

VIa. Nephroblastomag 221 Ref 264 0.8 (0.5e1.3) 0.36 129 0.6 (0.3e1.3) 0.18

VII. Hepatic tumours 58 Ref 74 0.5 (0.3e1.0) 0.045 33 0.7 (0.3e1.4) 0.29

VIIa. Hepatoblastomag 34 Ref 56 0.2 (0.1e0.6) 0.003 23 0.5 (0.2e1.4) 0.20

VIII. Bone tumours 277 Ref 348 0.7 (0.5e0.9) 0.01 212 0.6 (0.5e0.9) 0.01

VIIIa. Osteosarcomasg 141 Ref 163 0.7 (0.5e1.0) 0.05 96 0.7 (0.4e1.0) 0.06

VIIIb. Chondrosarcomasd 8 Ref 7 NA 3 NA

VIIIc. Ewing bone sarcomasg 89 Ref 120 0.7 (0.5e1.2) 0.19 90 0.5 (0.3e0.8) 0.004

VIIIdeVIIIe. Other and unspecified bone tumoursd 24 Ref 43 NA 21 NA

IX. Soft tissue sarcomas 353 Ref 343 0.9 (0.7e1.1) 0.25 215 0.7 (0.5e1.0) 0.03

IXa. Rhabdomyosarcomasg 181 Ref 161 0.6 (0.4e0.9) 0.01 105 0.5 (0.3e0.8) 0.001

IXbeIXe. Other and unspecified soft tissue sarcomasg 123 Ref 153 1.2 (0.8e1.9) 0.46 102 0.7 (0.4e1.1) 0.13

X. Germ cell and gonadal tumours 267 Ref 240 0.7 (0.4e1.2) 0.20 156 0.2 (0.1e0.6) 0.001

Xa. Intracranial and intraspinal germ cell tumours 48 Ref 41 0.6 (0.2e1.5) 0.26 29 0.3 (0.1e1.2) 0.08

Xc. Gonadal germ cell tumours: testisg 101 Ref 83 0.8 (0.3e2.4) 0.22 62 0.2 (0.3e2.4) 0.72

Xc. Gonadal germ cell tumours: ovaryd 44 Ref 50 NA 29 NA

Xb, XdeXe. Other and unspecified germ cell tumours 64 Ref 59 0.9 (0.4e1.9) 0.84 34 0.5 (0.1e1.9) 0.33

XI. Other epithelial tumours 290 Ref 375 0.7 (0.4e1.1) 0.14 214 0.7 (0.4e1.2) 0.21

XIb. Thyroid carcinomasd 85 Ref 84 NA 69 NA

XIb. Differentiated thyroid carcinomasd 24 Ref 47 NA 45 NA

XIb. Medullary thyroid carcinomasd 41 Ref 17 NA 13 NA

XId. Malignant melanomasg 110 Ref 170 0.5 (0.2e1.5) 0.25 74 0.8 (0.3e2.7) 0.76

XIa, XIc, XIeeXIf. Other and unspecified 85 Ref 108 0.7 (0.4e1.2) 0.18 63 0.5 (0.2e1.1) 0.08

XII. Other and unspecifiedd 8 Ref 12 NA 11 NA

HR, hazard ratio; CI, confidence interval; ICCC, International Classification of Childhood Cancer; CNS, central nervous system.
a Adjusted for gender (boys/girls), age (continuous, years) and duration of follow-up (categorical, years).
b Including pilocytic astrocytomas, other CNS tumours having a behaviour code/0 and/1 and completely registered since 2000 only were

excluded.
c Adjusted for gender, age, duration of follow-up and Ann Arbor stage; patients with unknown Ann Arbor stage were excluded from this

analysis (ICCC-3 diagnostic group IIa, N Z 9; IIb, N Z 65).
d Regression analyses were not conducted because estimation of reliable HRs was not possible because of insufficient numbers of events

(Nevent < 15 for the entire study period).
e Adjusted for gender, age, duration of follow-up and degree of malignancy; patients with an unknown degree of malignancy were excluded

from this analysis (N Z 10).
f Adjusted for gender, duration of follow-up and stage at diagnosis, but not adjusted for age because age was included in the stage classification;

patients with unknown disease stage were excluded from this analysis (N Z 38).
g Adjusted for gender, age, duration of follow-up and stage at diagnosis; patients with unknown disease stage were excluded from this analysis

(ICCC-3 diagnostic group VIa, N Z 34; VIIa, N Z 9; VIIIa, N Z 14; VIIIc, N Z 18; IXa, N Z 35; IXb-e, N Z 51; Xc-testis, N < 5; XId,

N Z 31).
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Fig. 2. Overview of time trends in 5-year observed survival of childhood and young adolescent cancer in the Netherlands by ICCC-3

diagnostic group, 1990e2015 (Source: The Netherlands Cancer Registry). The error bars depict 95% confidence intervals of the sur-

vival estimates. a Including pilocytic astrocytomas, other CNS tumours having a behaviour code/0 or/1 and completely registered since

2000 only were excluded. ) ptrend over the diagnostic periods <0.05. )) ptrend over the diagnostic periods <0.01. ))) ptrend over the

diagnostic periods <0.001. CNS, central nervous system; ICCC, International Classification of Childhood Cancer.

M. Schulpen et al. / European Journal of Cancer 157 (2021) 81e9388
Multivariable regression analysis for the risk of dying

within five years of diagnosis, adjusted for follow-up

time, age and gender, showed a significantly reduced HR

for all malignant childhood cancers combined in the
periods 2000e09 (HR Z 0.8) and 2010e15 (HR Z 0.6),

using 1990e99 as reference (Table 2).

3.2. Survival trends in patients with haematological

malignancies

Since the 1990s, 5-year OS of leukaemia has significantly

improved by 14 percent points, reaching 88% for chil-

dren diagnosed in 2010e15, whereas 10-year OS has

increased by 12 percent points, reaching 83% (Table 1,

Fig. 2). For lymphoid leukaemias, 5-year OS rose from

81% to 91%. The largest improvements in 5-year OS

were seen for acute myeloid leukaemia (50e76%) and

chronic myeloproliferative diseases (mostly chronic
myeloid leukaemia; 30e91%). The risk of dying from

leukaemia significantly decreased in the most recent time

periods (2000e09: HR Z 0.7; 2010e15: HR Z 0.4)

compared with 1990e99 (Table 2).
Significant improvements of 9 and 8 percent points in

5-year and 10-year OS, respectively, were seen for lym-

phomas, reaching 91% and 88%, respectively (Table 1,

Fig. 2). Although the prognosis of Hodgkin lymphomas
was already good in 1990e99, 5-year OS significantly

increased further to 97% in 2010e15. The increase in 5-

year OS was particularly evident for Ann Arbor stage II

(Fig. 3). A marked improvement in survival was

observed for non-Hodgkin lymphomas with 5-year OS

increasing from 69% in 1990e99 to 85% in the latest

period. The improvement in 5-year OS seemed to be

confined to Ann Arbor stages II and III (Fig. 3).
Multivariable-adjusted regression analysis showed a

significantly reduced HR of dying for Hodgkin

(2000e09: HR Z 0.4; 2010e15: HR Z 0.3) and non-

Hodgkin (2000e09: HR Z 0.5; 2010e15: HR Z 0.4)

lymphomas (Table 2).

3.3. Survival trends in patients with CNS tumours

A significantly increased survival for malignant CNS

tumours was only detected for 5-year OS, which
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Fig. 3. Time trends in 5-year observed survival of childhood and young adolescent cancer by stage at diagnosis in the Netherlands,

1990e2015 (Source: The Netherlands Cancer Registry). The error bars depict 95% confidence intervals of the survival estimates. ) ptrend
over the diagnostic periods <0.05. )) ptrend over the diagnostic periods <0.01. ))) ptrend over the diagnostic periods <0.001.
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improved from 50% in the 1990s to 60% in 2010e15

(Table 1, Fig. 2). Improvements were observed for

ependymomas, embryonal tumours and other and un-

specified CNS tumours. The period survival estimate
indicated that 10-year survival of malignant CNS tu-

mours increased after 2009. Noteworthy is the tempo-

rary decline in 5-year OS of malignant CNS tumours

between 1990e99 and 2000e09, followed by an increase
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Netherlands, 1990e2018 (Source: Statistics Netherlands). AAPC, average annual percentage change.
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in the latest period (Table 1). This pattern was mainly

observed for astrocytomas and gliomas with a decrease

in 5-year OS from 57% to 37%. Within this group, a

shift occurred in the distribution of the WHO grades

between 1990e99 and 2000e09: the proportion of grade

II tumours markedly decreased, whereas the proportion

of grade IV tumours almost doubled (Supplementary
Fig. S1). The 5-year OS for WHO grade IV tumours

decreased from 13% in 1990e99 to 7% in 2010e15 (not

significant, Fig. 3).

The risk of dying from all malignant CNS tumours,

ependymomas, embryonal tumours and other and un-

specified CNS tumours significantly decreased in

2010e15 (HR Z 0.7, HR Z 0.5, HR Z 0.6 and

HR Z 0.2, respectively) (Table 2).
3.4. Survival trends in patients with non-CNS embryonal

tumours

Concerning neuroblastoma (i.e. ICCC-3 diagnostic

subgroup IVa), a significant increase was observed in 5-

year and 10-year OS (both þ9 percent points), reaching
63% and 61%, respectively (Table 1). This improvement

was especially observed in children aged �18 months

(Fig. 3). OS of retinoblastoma also improved over time

and approached 100%. The prognosis of renal tumours

did not change markedly, but was favourable during the

entire period. For hepatic tumours, OS fluctuated over

time without a clear pattern.

Multivariable regression analyses using 1990e99 as
reference showed a reduced HR of dying from neuro-

blastoma (IVa) in the periods 2000e09 (HR Z 0.7) and

2010e15 (HR Z 0.6) and from hepatic tumours in

2000e09 (HR Z 0.5) (Table 2).
3.5. Survival trends in patients with bone tumours and soft

tissue sarcomas

Since the 1990s, 5-year and 10-year OS for bone tu-

mours significantly improved by 11 and 13 percent

points, respectively, reaching 5-year OS of 72% and 10-

year OS of 69% in 2010e15 (Table 1, Fig. 2). The largest

OS improvement was observed for osteosarcomas. For

other subgroups, no statistical significance was reached.
Regarding stage at diagnosis, trends in 5-year OS of

localised and metastatic osteosarcomas and Ewing bone

sarcomas were in the positive direction, but only reached

statistical significance for metastatic Ewing bone sar-

comas (Fig. 3).

For soft tissue sarcomas, 5-year OS improved from

64% in 1990e99 to 73% in 2010e15 (Table 1, Fig. 2).

The period survival estimate suggested an increase in 10-
year OS after 2009, reaching 74% in 2010e15. The

improvement in 5-year OS was observed for rhabdo-

myosarcomas only. Although the prognosis improved

across all disease stages, statistical significance was only

attained for stage I rhabdomyosarcomas (Fig. 3).

The risk of dying using 1990e99 as reference

decreased for all bone tumours combined and rhabdo-

myosarcomas in the periods 2000e09 (HR Z 0.7 and
HR Z 0.6, respectively) and 2010e15 (HR Z 0.6 and

HR Z 0.5, respectively). For Ewing bone sarcomas, the

reduced mortality risk was restricted to the period

2010e15 (HR Z 0.5, Table 2).
3.6. Survival trends in patients with epithelial and other

childhood cancers

A significant improvement of 11 percent points in 5-year

OS was seen for germ cell and gonadal tumours,
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reaching 96% for patients diagnosed in 2010e15. Ten-

year OS improved from 84% in 1990e99 to 95% in

2010e15 (Table 1, Fig. 2). Remarkable is the survival

improvement for intracranial and intraspinal germ cell

tumours. The prognosis of testicular and ovarian germ

cell tumours and other epithelial tumours did not

change significantly over the time period studied, but

their survival was already close to or exceeded 90%.
Early stages of testicular and ovarian germ cell tumours

had an excellent prognosis during the entire study

period with a 5-year OS of 100% in 2010e15. The same

was observed for thyroid carcinomas. Finally, an

improvement in 5-year OS of stage III/IV malignant

melanomas was detected (from 68% in 1990e99 to 88%

in 2010e15), whereas stage I/II malignant melanomas

had already a favourable prognosis in 1990e99 (Fig. 3).
For germ cell and gonadal tumours, the

multivariable-adjusted HR of dying was significantly

reduced when comparing 2010e15 with 1990e99

(HR Z 0.2, Table 2).

3.7. Mortality trends in children and young adolescents

with cancer

Fig. 4 presents trends in cancer mortality in the

Netherlands between 1990 and 2018 among children and

young adolescents (0e19 years). Overall, cancer mor-

tality decreased by 2.0% annually from 37 per million

person-years in 1990 to 20 in 2018. This significant

decline extended over all age groups with AAPC values
ranging from �2.3% for 15- to 19-year-olds to �1.8%

for 5 to 9 and 10 to 14-year-olds, except for infants

where the mortality trend remained stable over time. Of

the total 3449 childhood and young adolescent cancer

deaths between 1990 and 2018, 1189 were due to hae-

matological malignancies (936 leukaemia and 253 lym-

phoma), 1015 to CNS tumours, 1212 to non-CNS

(extracranial) solid tumours and 33 to an unknown
primary site. Age-specific mortality trends for leukae-

mias, lymphomas, CNS tumours and non-CNS solid

tumours are visualised in Supplementary Fig. S2. From

the age of 1 year, mortality due to haematological ma-

lignancies (leukaemias and lymphomas) and non-CNS

solid tumours generally declined in subsequent age

groups. For CNS tumours, the decrease in mortality

seemed to be restricted to 15- to 19-year-olds.
4. Discussion

This is the first nationwide, population-based study on

time trends in survival and mortality of childhood and

young adolescent cancer in the Netherlands. Since the
1990s, the OS of malignant cancers has improved,

reaching 81% 5 years after diagnosis and 78% after 10

years. This improvement was observed for both genders,

all age groups and most diagnostic (sub)groups and was
particularly pronounced for advanced disease. The

increasing OS was supported by steadily decreasing

mortality rates among all age groups, except infants.

However, the prognosis of patients with malignant CNS

tumours, neuroblastoma and osteosarcomas remains

unfavourable.

Our results for the Netherlands are in line with

findings of large population-based studies from Europe
showing increasing trends in 5-year OS of childhood and

young adolescent cancer with rates approximating

75e80% around 2000 [2,18]. In addition, survival esti-

mates of the most common ICCC-3 diagnostic groups

(5-year OS 2010e15: 88% for leukaemias, 91% for

lymphomas and 60% for malignant CNS tumours [71%

including pilocytic astrocytomas]) were in accordance

with rates reported in Europe as a whole and individual
European countries, as is shown in a selected overview

in Supplementary Table S3. With respect to non-CNS

solid tumours, the present observations were generally

similar as previously published Europe-wide results as

well [2,18]. Survival comparisons of CNS tumours

across countries are hampered by differences in diag-

nosis, classification and registration practices (inclusion

or exclusion of borderline and benign tumours) and
should take the incidence of the various subtypes into

account [2,7]. The drop in OS of astrocytomas and gli-

omas for patients diagnosed in 2000e09 might be

attributable to refined diagnostics, that is, imaging,

anddin comparison with the 1990sdincreasing

completeness of registration of CNS tumours with a

very poor prognosis. This is reflected by the increasing

incidence of brain stem tumours with a dismal outcome
and a shift in the classification of these tumours from

‘other and unspecified CNS tumours’ (i.e. ICCC-3

diagnostic group IIIeeIIIf) to ‘gliomas, not otherwise

specified (NOS)’. Furthermore, optic nerve tumours

with a favourable prognosis were mainly classified as

‘pilocytic astrocytomas’ in 2000e09 whereas as ‘Gli-

omas, NOS’ in 2010e15 and were therefore increasingly

considered to be malignant in the latter period (Hoo-
gendijk R, personal communication).

This study showed an increase in survival of young

patients with cancer in the Netherlands, which was

especially evident for patients with advanced stages. The

improved prognosis of advanced disease can partially be

attributed to advances in diagnostic technologies, which

on the one hand led to better tumour localisation and

severity assessment, but also may have resulted in stage
migration and thus artificial increases in stage-specific

survival by upstaging [6,7,19]. During 1990e2017, stage

migration towards advanced disease has been observed

in the Netherlands in children and young adolescents

diagnosed with Hodgkin lymphomas,

rhabdomyosarcomas and non-rhabdomyosarcoma soft

tissue sarcomas [7].

At the group level, we observed increases in survival
and substantially decreased HRs of dying over time for
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most of the diagnostic (sub)groups. Therefore, prog-

ress has undoubtedly been made in the treatment of

paediatric cancer, for example, by improved classifi-

cation of tumours, development of new effective

(chemo)therapeutic agents, better use of (combinations

of) classical treatments in a risk-stratified and/or

response-adapted fashion and improved supportive

care [20e27]. For example, the optimal use of anti-
leukaemic agents, progress in supportive care and

precise risk assessment have been listed as important

contributors to the improved outcome of paediatric

patients with acute lymphoblastic leukaemia

(ALL) [21,24], whose 5-year OS in the Netherlands

reached 91% in 2010e15.

Finally, concentration of paediatric oncologic care

may have had a favourable influence on the prognosis of
young patients with cancer [28,29]. Reedijk et al. [10]

showed that between 2004 and 13, 82% of children and

young adolescents diagnosed with cancer in the

Netherlands were treated in paediatric oncology centres.

The proportion of 15- to 17-year-old patients who were

referred to a paediatric oncologist increased markedly

over time from 33% to 54%. Coincidentally, the largest

survival improvement was observed among these pa-
tients following previous results for ALL and Hodgkin

lymphoma [30,31].

The improved survival of patients with childhood and

young adolescent cancer in the Netherlands between

1990 and 2015 coincided with a decline in mortality and

a minimal increase in incidence, supporting that true

progress has been made [7,32,33]. Furthermore, in-

creases in 5-year OS were not exclusive to the most
incident paediatric cancers (i.e. leukaemias,

lymphomas and CNS tumours) and were observed for

the vast majority of the main ICCC-3 diagnostic groups.

A major strength of this study is the use of quality

controlled, population-based data from the NCR, which

registers all morphologically verified cancers diagnosed in

each hospital in the Netherlands. In addition to overall 5-

year and 10-year survival, we also presented survival es-
timates for several subgroups, including stage at diag-

nosis. Stage-specific survival of childhood and young

adolescent cancer has seldom been reported before.

Finally, tumours that were only consistently registered

during part of the study period were excluded to reduce

the effect of registration artefacts. The limitations

encompass the missing stage information for some tu-

mours and changes in stage registration over time.
5. Conclusion

Significant progress has been realised in the prognosis of
childhood and young adolescent cancer in the Netherlands

since the 1990s. This was demonstrated by increases in

survival of most tumours and accompanying decreases in

the multivariable-adjusted risk of dying. The increase in
survival was also reflected in the markedly declining cancer

mortality rates. Survival improvements were especially

evident for patients with advanced stages.
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for Pediatric Oncology is required. Further information

is available from the corresponding author on request.
Conflict of interest statement

The authors declare no conflicts of interest.
Funding

The present work was funded by Stichting Kinderen

Kankervrij (KiKa) (project number 207). The funding

source had no role in the study design, data collection,

analyses and interpretation of the results or in the
writing of this manuscript and the decision to submit the

article for publication.
Acknowledgements

The authors would like to thank KiKa for funding

this study and the registration team of the Netherlands

Comprehensive Cancer Organisation (IKNL) for the

collection of data for the Netherlands Cancer Registry.

In addition, all paediatric oncology centres and oncol-

ogists in the Netherlands who have treated paediatric
patients with cancer since the 1990s and have made their

data available are thanked. The authors also thank Prof.

Pieter Wesseling and Raoull Hoogendijk for sharing

their knowledge concerning the diagnosis of CNS tu-

mours in young patients.



M. Schulpen et al. / European Journal of Cancer 157 (2021) 81e93 93
Appendix A. Supplementary data

Supplementary data to this article can be found online

at https://doi.org/10.1016/j.ejca.2021.08.001.

References

[1] Kaatsch P. Epidemiology of childhood cancer. Canc Treat Rev

2010;36(4):277e85.
[2] Gatta G, Botta L, Rossi S, Aareleid T, Bielska-Lasota M,

Clavel J, et al. Childhood cancer survival in Europe 1999-2007:

results of EUROCARE-5ea population-based study. Lancet

Oncol 2014;15(1):35e47.

[3] Steliarova-Foucher E, Colombet M, Ries LAG, Moreno F,

Dolya A, Bray F, et al. International incidence of childhood

cancer, 2001-10: a population-based registry study. Lancet Oncol

2017;18(6):719e31.
[4] Ward E,DeSantis C, RobbinsA,Kohler B, JemalA. Childhood and

adolescent cancer statistics. CA e Canc J Clin 2014;64(2):83e103.

[5] Reedijk AM, Janssen-Heijnen ML, Louwman MW,

Snepvangers Y, Hofhuis WJ, Coebergh JW. Increasing incidence

and improved survival of cancer in children and young adults in

Southern Netherlands, 1973-1999. Eur J Canc 2005;41(5):760e9.

[6] de Vries E, Karim-KosHE, Janssen-HeijnenML, Soerjomataram I,

Kiemeney LA, Coebergh JW. Explanations for worsening cancer

survival. Nat Rev Clin Oncol 2010;7(1):60e3.

[7] Reedijk AMJ, Kremer LC, Visser O, Lemmens V, Pieters R,

Coebergh JWW, et al. Increasing incidence of cancer and stage

migration towards advanced disease in children and young adoles-

cents in The Netherlands, 1990-2017. Eur J Canc 2020;134:115e26.

[8] Dama E, Pastore G, Mosso ML, Maule MM, Zuccolo L,

Magnani C, et al. Time trends and prognostic factors for survival

from childhood cancer: a report from the Childhood Cancer

Registry of Piedmont (Italy). Eur J Pediatr 2006;165(4):240e9.

[9] Pritchard-Jones K, Kaatsch P, Steliarova-Foucher E, Stiller CA,

Coebergh JW. Cancer in children and adolescents in Europe:

developments over 20 years and future challenges. Eur J Canc

2006;42(13):2183e90.

[10] Reedijk AMJ, van der Heiden-van der Loo M, Visser O, Karim-

Kos HE, Lieverst JA, de Ridder-Sluiter JG, et al. Site of child-

hood cancer care in The Netherlands. Eur J Canc 2017;87:38e46.

[11] Steliarova-Foucher E, Stiller C, Lacour B, Kaatsch P. Interna-

tional classification of childhood cancer, third edition. Cancer

2005;103(7):1457e67.

[12] Gupta S, Aitken J, Bartels U, Bhakta N, Bucurenci M,

Brierley JD, et al. Development of paediatric non-stage prog-

nosticator guidelines for population-based cancer registries and

updates to the 2014 Toronto Paediatric Cancer Stage Guidelines.

Lancet Oncol 2020;21(9):e444e51.

[13] Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC,

Jouvet A, et al. The 2007 WHO classification of tumours of the

central nervous system. Acta Neuropathol 2007;114(2):97e109.

[14] Brenner H, Hakulinen T. Up-to-date and precise estimates of

cancer patient survival: model-based period analysis. Am J Epi-

demiol 2006;164(7):689e96.

[15] Sankila R, Martos Jimenez MC, Miljus D, Pritchard-Jones K,

Steliarova-Foucher E, Stiller C. Geographical comparison of

cancer survival in European children (1988-1997): report from the

Automated Childhood Cancer Information System project. Eur J

Canc 2006;42(13):1972e80.

[16] Dickman PW, Sloggett A, Hills M, Hakulinen T. Regression

models for relative survival. Stat Med 2004;23(1):51e64.
[17] Boyle P, Parkin DM. Cancer registration: principles and methods.

Statistical methods for registries. IARC Sci Publ 1991;(95):

126e58.

[18] Magnani C, Pastore G, Coebergh JW, Viscomi S, Spix C, Ste-

liarova-Foucher E. Trends in survival after childhood cancer in

Europe, 1978-1997: report from the automated childhood cancer

information system project (ACCIS). Eur J Canc 2006;42(13):

1981e2005.
[19] Feinstein AR, Sosin DM, Wells CK. The Will Rogers phenome-

non. Stage migration and new diagnostic techniques as a source of

misleading statistics for survival in cancer. N Engl J Med 1985;

312(25):1604e8.

[20] O’Leary M, Krailo M, Anderson JR, Reaman GH, Children’s

Oncology Group. Progress in childhood cancer: 50 years of

research collaboration, a report from the Children’s Oncology

Group. Semin Oncol 2008;35(5):484e93.
[21] Pui CH, Evans WE. A 50-year journey to cure childhood acute

lymphoblastic leukemia. Semin Hematol 2013;50(3):185e96.

[22] Rossig C, Juergens H, Schrappe M, Moericke A, Henze G, von

Stackelberg A, et al. Effective childhood cancer treatment: the

impact of large scale clinical trials in Germany and Austria.

Pediatr Blood Canc 2013;60(10):1574e81.

[23] Mauz-Korholz C, Metzger ML, Kelly KM, Schwartz CL,

Castellanos ME, Dieckmann K, et al. Pediatric Hodgkin lym-

phoma. J Clin Oncol 2015;33(27):2975e85.

[24] Pui CH, Yang JJ, Hunger SP, Pieters R, Schrappe M, Biondi A,

et al. Childhood acute lymphoblastic leukemia: progress through

collaboration. J Clin Oncol 2015;33(27):2938e48.

[25] Doganis D, Zborovskaya A, Trojanowski M, Zagar T, Bouka P,

Baka M, et al. Wilms tumour event-free and overall survival in

Southern and Eastern Europe: pooled analyses of clinical data

from four childhood cancer registries (1999-2017). Eur J Canc

2019;115:37e46.

[26] Elgarten CW, Aplenc R. Pediatric acute myeloid leukemia: up-

dates on biology, risk stratification, and therapy. Curr Opin

Pediatr 2020;32(1):57e66.

[27] Tas ML, Reedijk AMJ, Karim-Kos HE, Kremer LCM, van de

Ven CP, Dierselhuis MP, et al. Neuroblastoma between 1990 and

2014 in The Netherlands: increased incidence and improved sur-

vival of high-risk neuroblastoma. Eur J Canc 2020;124:47e55.

[28] Knops RRG, van Dalen EC, Mulder RL, Leclercq E,

Knijnenburg SL, Kaspers GJL, et al. The volume effect in pae-

diatric oncology: a systematic review. Ann Oncol 2013;24(7):

1749e53.

[29] van Goudoever H. Concentrating childhood cancer treatment in

The Netherlands. Paediatr Padol 2015;50(Suppl 2):38e41.

[30] Reedijk AMJ, Zijtregtop EAM, Coebergh JWW, Meyer-

Wentrup FAG, Hebeda KM, Zwaan CM, et al. Improved sur-

vival for adolescents and young adults with Hodgkin lymphoma

and continued high survival for children in The Netherlands: a

population-based study during 1990-2015. Br J Haematol 2020;

189(6):1093e106.

[31] Reedijk AMJ, Coebergh JWW, de Groot-Kruseman HA, van der

Sluis IM, Kremer LC, Karim-Kos HE, et al. Progress against

childhood and adolescent acute lymphoblastic leukaemia in The

Netherlands, 1990-2015. Leukemia 2021;35(4):1001e11.
[32] Cho H, Mariotto AB, Schwartz LM, Luo J, Woloshin S. When do

changes in cancer survival mean progress? The insight from

population incidence and mortality. J Natl Cancer Inst Monogr

2014;49:187e97.
[33] Ellis L, Woods LM, Esteve J, Eloranta S, Coleman MP,

Rachet B. Cancer incidence, survival and mortality: explaining the

concepts. Int J Canc 2014;135(8):1774e82.

https://doi.org/10.1016/j.ejca.2021.08.001
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref1
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref1
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref1
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref2
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref2
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref2
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref2
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref2
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref2
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref3
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref3
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref3
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref3
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref3
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref4
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref4
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref4
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref4
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref5
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref5
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref5
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref5
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref5
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref6
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref6
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref6
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref6
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref7
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref7
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref7
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref7
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref7
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref8
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref8
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref8
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref8
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref8
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref9
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref9
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref9
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref9
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref9
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref10
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref10
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref10
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref10
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref11
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref11
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref11
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref11
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref12
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref12
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref12
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref12
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref12
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref12
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref13
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref13
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref13
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref13
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref14
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref14
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref14
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref14
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref15
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref15
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref15
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref15
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref15
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref15
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref16
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref16
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref16
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref17
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref17
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref17
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref17
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref18
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref18
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref18
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref18
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref18
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref18
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref19
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref19
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref19
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref19
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref19
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref20
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref20
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref20
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref20
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref20
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref21
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref21
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref21
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref22
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref22
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref22
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref22
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref22
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref23
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref23
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref23
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref23
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref24
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref24
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref24
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref24
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref25
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref25
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref25
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref25
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref25
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref25
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref26
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref26
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref26
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref26
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref27
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref27
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref27
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref27
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref27
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref28
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref28
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref28
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref28
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref28
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref29
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref29
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref29
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref30
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref30
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref30
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref30
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref30
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref30
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref30
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref31
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref31
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref31
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref31
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref31
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref32
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref32
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref32
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref32
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref32
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref33
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref33
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref33
http://refhub.elsevier.com/S0959-8049(21)00509-8/sref33

	Significant improvement in survival of advanced stage childhood and young adolescent cancer in the Netherlands since the 1990s
	1. Introduction
	2. Patients and methods
	2.1. Data collection
	2.2. Defining diagnostic groups and stage
	2.3. Statistical analyses

	3. Results
	3.1. Survival trends for all children and young adolescents with cancer combined
	3.2. Survival trends in patients with haematological malignancies
	3.3. Survival trends in patients with CNS tumours
	3.4. Survival trends in patients with non-CNS embryonal tumours
	3.5. Survival trends in patients with bone tumours and soft tissue sarcomas
	3.6. Survival trends in patients with epithelial and other childhood cancers
	3.7. Mortality trends in children and young adolescents with cancer

	4. Discussion
	5. Conclusion
	Author contribution
	Data statement
	Conflict of interest statement
	Funding
	Acknowledgements
	Appendix A. Supplementary data
	References


