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Abstract Survival for childhood central nervous system (CNS) tumours varies across Eur-

ope, partly because of the difficulty of distinguishing malignant from non-malignant disease.

This study examines bias in CNS tumours survival analysis to obtain the reliable and compa-

rable survival figures.

* Corresponding author: Evaluative Epidemiology Unit, Fondazione IRCCS Istituto Nazionale dei Tumouri, Via Venezian 1, 20133 Milano,

Italy. Tel.: þ39 02 23903518; fax: þ39 02 23903522.

E-mail addresses: gemma.gatta@istitutotumori.mi.it (G. Gatta), Rafael.Peris@uv.es (R. Peris-Bonet), O.Visser@iknl.nl (O. Visser), charles.

stiller@new.ox.ac.uk (C. Stiller), rmarcos@ico.scs.es (R. Marcos-Gragera), mariajose.sanchez.easp@juntadeandalucia.es (M.-J. Sánchez),

brigitte.lacour@univ-lorraine.fr (B. Lacour), peter.kaatsch@unimedizin-mainz.de (P. Kaatsch), franco.berrino@istitutotumori.mi.it (F. Berrino),

s.rutkowski@uke.de (S. Rutkowsky), laura.botta@istitutotumori.mi.it (L. Botta).

http://dx.doi.org/10.1016/j.ejca.2017.05.028

0959-8049/ª 2017 Elsevier Ltd. All rights reserved.

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.ejcancer .com

European Journal of Cancer 82 (2017) 137e148

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:gemma.gatta@istitutotumori.mi.it
mailto:Rafael.Peris@uv.es
mailto:O.Visser@iknl.nl
mailto:charles.stiller@new.ox.ac.uk
mailto:charles.stiller@new.ox.ac.uk
mailto:rmarcos@ico.scs.es
mailto:mariajose.sanchez.easp@juntadeandalucia.es
mailto:brigitte.lacour@univ-lorraine.fr
mailto:peter.kaatsch@unimedizin-mainz.de
mailto:franco.berrino@istitutotumori.mi.it
mailto:s.rutkowski@uke.de
mailto:laura.botta@istitutotumori.mi.it
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejca.2017.05.028&domain=pdf
http://dx.doi.org/10.1016/j.ejca.2017.05.028
www.sciencedirect.com/science/journal/09598049
www.ejcancer.com
http://dx.doi.org/10.1016/j.ejca.2017.05.028
http://dx.doi.org/10.1016/j.ejca.2017.05.028


Europe;

Population-based

cancer registries;

Disparities;

Central nervous

system

We analysed survival data for about 15,000 children (age <15) diagnosed with CNS be-

tween 2000 and 2007, from 71 population-based cancer registries in 27 countries. We selected

high-quality data based on registry-specific data quality indicators and recorded observed 1-

year and 5-year survival by countries and CNS entity.

We provided age-adjusted survival and used a Cox model to calculate the hazard ratios

(HRs) of death, adjusting by age, site and grading by country.

Recording of non-malignant lesions, use of appropriate morphology codes and complete-

ness of life status follow-up differed among registries. Five-year survival by countries varied

less when non-malignant tumours were included, with rates between 79.5% and 42.8%. The

HRs of dying, for registries with good data, adjusting by age and grading, were between

0.7 and 1.2; differences were similar when site (supra- and infra-tentorial) was included.

Several sources of bias affect the correct definition of CNS tumours, the completeness of

incidence series and the goodness of follow-up. The European Network of Cancer Registries

needs to improve childhood cancer registration and stress the need to update the International

Classification for Cancer. Since survival differences persisted even when restricting the analysis

to registries with satisfactory data, and since diagnosis of CNS tumours is difficult and treat-

ment complex, national plans must aim for the revision of the diagnosis and the coordination

of care, with adequate national and international networks.

ª 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The central nervous system (CNS) is the most common

site of solid tumours affecting children [1]. Five-year

survival of children with malignant CNS tumours in

Europe in 2005e2007 was 58%, from 54% in Eastern

regions and the UK and Ireland to 65% in the North [2].

There is presumably ample room for improvement in

regions with low survival. However, data on CNS tu-
mours collected by European population-based cancer

registries (CRs) are not completely comparable. In a

previous analysis of European childhood cancer sur-

vival, the differences in registration criteria were so

extensive that CNS tumours had to be removed from the

analysis of all childhood cancers combined for reliable

comparison of survival across countries [2].

We analysed the main sources of bias in childhood
CNS tumour survival across Europe, considering the

completeness of incidence series, standardisation of the

definition of disease entities, the collection and

completeness of benign and borderline lesions, and the

quality of follow-up. The major aim was to produce more

reliable survival figures for CNS tumours by country,

eliminating as far as possible biases affecting compari-

sons, to illustrate survival variability between countries.

2. Materials and methods

2.1. Study design and data collection

The EUROCARE-5 database [2] covers about 38,000

CNS tumours, defined as group III in the International

Classification of Childhood Cancers, third edition

(ICCC-3) [3], diagnosed in European children aged

0e14 years from 1-Jan-1978 to 31-Dec-2007, with vital

status updated to 31-Dec-2008. We obtained data from

71 population-based CRs in 27 countries (Table 1).
Most countries had national cancer registration. All

registries sent data for anonymous central analysis ac-

cording to a standardised protocol [4].

Tumours were grouped into the six categories defined

by ICCC-3, group III [3,5]. The EUROCARE-5 protocol

[4] asked registries to include bothmalignant tumours (5th

digit in the morphology code equal to 3 in the Interna-

tional Classification of Diseases for Oncology third edi-
tion, ICD-O M) and tumours with non-malignant

behaviour (5th digit in the morphology codes: 0 or 1).

However, some registries communicated to have an

incomplete collection of non-malignant tumours (Austria,

Bulgaria, Finland, Latvia, Lithuania and Poland).

To analyse survival differences between countries, we

had to check the quality of data. For CNS tumour, most

important indicators of data quality were: the pro-
portions of unspecified intracranial and intraspinal

neoplasmsdICCC-3-IIIf; the proportion of glioma

NOS (M-9380/2-3, excluding optical nerve); the pro-

portion of non-malignant tumours, which may suggest,

if too low, incomplete registration; the 5-year survival of

CNS tumours with very bad prognosisdatypical ter-

atoid/rhabdoid tumours (M-9508/3), anaplastic astro-

cytoma (M-9401/3), anaplastic oligodendroglioma (M-
9451/3) and glioblastoma (M-9440/3-9442/3) which, if

higher than average, suggests errors in follow-up.

2.2. Data analysis

Observed survival was calculated by the actuarial

method. Survival was analysed on a data set containing
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