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Abstract

Background

Several studies have shown significant variation in overall survival rates from childhood can-

cer between countries, using population-based cancer registry (PBCR) data for all cancers

combined and for many individual tumour types among children. Without accurate and com-

parable data on Tumour stage at diagnosis, it is difficult to define the reasons for these sur-

vival differences. This is because measurement systems designed for adult cancers do not

apply to children’s cancers and cancer registries often hold limited information on paediatric

tumour stage and the data sources used to define it.

Aims

The BENCHISTA project aims to test the application of the international consensus “Toronto

Staging Guidelines” (TG) for paediatric tumours by European and non-European PBCRs for

six common paediatric solid tumours so that reliable comparisons of stage at diagnosis and

survival rates by stage can be made to understand any differences. A secondary aim is to

test the data availability and completeness of collection of several ‘Toronto’ consensus non-

stage prognostic factors, treatment types given, occurrence of relapse/progression and

cause of death as a descriptive feasibility study.

Methods

PBCRs will use their permitted data access channels to apply the Toronto staging guidelines

to all incident cases of six solid childhood cancers (medulloblastoma, osteosarcoma,

Ewings sarcoma, rhabdomyosarcoma, neuroblastoma and Wilms tumour) diagnosed in a

consecutive three-year period within 2014–2017 in their population. Each registry will pro-

vide a de-identified patient-level dataset including tumour stage at diagnosis, with only the

contributing registry holding the information that would be needed to re-identify the patients.

Where available to the registry, patient-level data on ‘Toronto’ non-stage prognostic factors,
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treatments given and clinical outcomes (relapse/progression/cause of death) will be

included. More than 60 PBCRs have been involved in defining the patient-level dataset

items and intend to participate by contributing their population-level data. Tumour-specific

on-line training workshops with clinical experts are available to cancer registry staff to assist

them in applying the Toronto staging guidelines in a consistent manner. There is also a proj-

ect-specific help desk for discussion of difficult cases and promotion of the CanStaging

online tools, developed through the International Association of Cancer Registries, to further

ensure standardisation of data collection. Country-specific stage distribution and observed

survival by stage at diagnosis will be calculated for each tumour type to compare survival

between countries or large geographical regions.

Discussion

This study will be promote and enhance the collection of standardized staging data for child-

hood cancer by European and non-European population-based cancer registries. There-

fore, this project can be seen as a feasibility project of widespread use of Toronto Staging at

a population-level by cancer registries, specifying the data sources used and testing how

well standardized the processes can be. Variation in tumour stage distribution could be due

to real differences, to different diagnostic practices between countries and/or to variability in

how cancer registries assign Toronto stage. This work also aims to strengthen working rela-

tionships between cancer registries, clinical services and cancer-specific clinical study

groups, which is important for improving patient outcomes and stimulating research.

Introduction

Interventions to improve survival probabilities for children with cancer require a detailed

understanding of reasons for treatment failure (e.g., tumour relapse or progression or toxicity-

related death). The extent of tumour spread at diagnosis (tumour stage) is one of the most

important prognostic factors determining the chance of a patient with childhood cancer (CC)

being ‘cured’ and is also a determinant of the intensity of treatment required. Disparities in

tumour stage at diagnosis between countries could explain part of the survival differences seen

in some international population based benchmarking studies [1–4]. Additional factors that

may explain survival differences across countries are differences in diagnostic accuracy and in

treatment [5].

PBCRs collect information on all new cancer cases that occur in a well-defined population,

corresponding to a specific geographic area, producing unbiased population-level cancer indi-

cators. So far, most PBCRs hold incomplete data on tumour stage for CC. This is because stag-

ing systems used for adult cancers are not easily applicable to CC and access to necessary

clinical data sources to assign tumour stage is difficult. In 2014, an international working

group developed consensus staging guidelines for paediatric cancers, known as the “Toronto”

guidelines (TG) [6]. The feasibility of applying these guidelines by PBCRs was thereafter tested

in Europe and Australia [7, 8]. These studies found that PBCRs are capable of assigning

Toronto stage to a high proportion (>95%) of registered cases and demonstrated the resources

required to acquire tumour staging information from clinical registries, treating hospitals or

routine health care data sources.
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The broad aims of the International Benchmarking of Childhood Cancer Survival by Stage

(BENCHISTA) Project are to improve understanding of the reasons for variation in childhood

cancer survival between countries and to highlight areas to be targeted for improvement. The

project is expected to reveal variation in stage at diagnosis and survival by stage between some

countries. If found, this would suggest that improvement initiatives should include efforts to

achieve earlier diagnosis and to reduce variation in treatments given, respectively.

Documentation of tumour stage at diagnosis using the Toronto guidelines is now a rec-

ommended variable for routine collection by PBCRs in many jurisdictions [9]. The use of

these international standardised guidelines for childhood cancer staging is crucial to allow

meaningful comparisons. Thus, this project aims to encourage and enable the greatest num-

ber of European and wider international population-based cancer registries to apply the TG

for staging patients affected by the most common solid paediatric cancers. Compared with

the feasibility study performed in Europe [8], more tumour types and the expansion of

PBCRs participation will be investigated. Moreover, the project will benefit from and help to

disseminate the recent inclusion of Toronto staging guidelines in an international electronic

cancer staging tool—with free online access or download–intended for use by all PBCRs

globally and which covers all the tumour types included in the BENCHISTA Project [10].

Lastly, the project also aims to further enhance working relationships between PBCRs, clini-

cal services and tumour-specific clinical study groups which is important for sustainable clin-

ical outcomes research using routine healthcare data. The collaboration with clinicians and

use of standardized guidelines for staging childhood cancer are key components in current

and future research.

Materials and methods

Objectives/Hypothesis

There are two main research questions aiming to explain variations in overall CC survival

across countries:

1. Are there any differences in stage at diagnosis between countries?

2. Do survival probabilities by tumour stage vary between countries?

Question 1 will be assessed by PBCRs through assignment of tumour stage at diagnosis

using a standardised and internationally comparable framework–the “Toronto” consensus

staging guidelines [6, 11].

Question 2 will be answered through PBCRs collecting detailed follow-up data of CC cases

for a minimum of 3 years. This information will be used to calculate overall survival probabili-

ties and compare survival between countries or geographic regions.

To answer these questions, participating PBCRs will provide both routinely collected and

project-specific information. Furthermore, a feasibility study will assess how easily PBCRs can

collect data on first line treatment, tumour biology, non-stage prognosticators (NSP) [11],

relapse/recurrence or progression of disease and cause of death.

Time frame

The study is conducted from 1st January 2021 to 31st January 2024. Data from PBCRs started

to flow to the data controller from March 2022 and is expected to be completed by the end of

2022.
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Study design

CCs are defined using the International Classification of Childhood Cancers, third edition

(ICCC-3) and the International Classification of Diseases for Oncology, third edition (ICD-O-

3) for tumour site [12, 13]. Only malignant behaviour is selected. The protocol appendix

includes detailed recommendations for the correct identification of cancer topography and

morphology and Toronto Stage assignment for the six cancer types included in the project.

Selection of tumour types

The project will study stage distribution and survival for six solid CCs: medulloblastoma, oste-

osarcoma, Ewing sarcoma, rhabdomyosarcoma, neuroblastoma, and Wilms tumour.

These tumours have been selected based on at least one of the following considerations:

• They have generally good prognosis (Wilms tumour, localised neuroblastoma) and are cur-

able using ‘standard of care’ treatment regimens.

• For some of these tumour types, important differences in outcomes have already been dem-

onstrated between certain populations [1].

• These cancers have shown little or no improvement in survival probabilities over a long

period (1999–2007) [1].

Together, these tumour types represent a considerable percentage (about 50%) of all child-

hood solid tumours [1]. The expected numbers of cases for the three year inclusion period of

this study by cancers are shown in Table 1 by ICCC-3 classification. Approximately 9,000

cases are expected to be included: 2,300 cases of Neuroblastoma and ganglioneuroblastoma;

1,698 cases of Nephroblastoma and other nonepithelial renal tumours; 1,521 cases of Medullo-

blastoma; 1,113 cases of Osteosarcoma; 949 cases of Ewing sarcoma and related sarcomas of

bone; 1,170 cases of Rhabdomyosarcoma. These cases numbers are mostly estimated from

data held by the EUROCARE-6 project (period of diagnosis 2005–2013) [14]. The PBCRs col-

lect all the cancers recorded in the population resident in a specific jurisdiction or country, so

this study will be population based and is not biased in the ways that might affect institutional

or clinical trial series.

Table 1. Estimated number of incident cases in 3 years based on EUROCARE-6 database [14].

Area1 III(c) IV(a) VI(a) VIII(a) VIII(c) IX(a)

Nothern Europe 66 74 60 46 31 44

UK and Ireland 215 300 270 200 140 210

Central Europe 636 976 754 437 379 491

Eastern Europe 321 447 305 212 181 193

Southern Europe 283 512 309 218 218 232

Europe 1521 2309 1698 1113 949 1170

1 Area as reported in Gatta et al. [1]

III(c) Intracranial & intraspinal embryonal tumors (0–14 years)

IV (a) Neuroblastoma & ganglioneuroblastoma (0–14 years)

VI (a) Nephroblastoma & other nonepithelial renal tumors (0–14 years)

VIII (a) Osteosarcomas (0–19 years)

VIII(c) Ewing tumor and related sarcomas of bone (0–19 years)

IX (a) Rhabdomyosarcomas (0–19 years)

https://doi.org/10.1371/journal.pone.0276997.t001
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Inclusion criteria

The updated European Network of Cancer Registries (ENCR) recommendations [15] should

be followed to record the date of incidence used by PBCRs to identify cases meeting the inclu-

sion criteria:

• All children under 15 years of age will be included. For the three cancer types common in

adolescents (osteosarcoma, Ewing sarcoma and rhabdomyosarcoma), cases aged<20 years

will be included, whenever this data are held by the registry.

• Information for three consecutive and complete years of incidence must be identified and

submitted by each PBCR.

• Cases must be diagnosed in the period between 1.1.2014–31.12.2017 and have at least 3 years

of follow-up for the definition of life status, according to each PBCR’s practice.

The start date of the three year window of the selected period of incidence may be up to one

year back and forth within this 4 year time frame, to maximize the PBCR’s participation in the

project, provided that all three of the above criteria are met. All cases that cannot be staged

(due to missing information etc) must be included. The different data sources and methods

used to reconstruct the stage will also be collected.

Identification of population-based cancer registries

All European PBCRs included in the EUROCARE-6 study (31 countries) have been invited to

contribute. In addition, other non-European cancer registries from Australia, Ontario (Can-

ada), Brazil, and Japan confirmed their availability to reconstruct Toronto stage and to partici-

pate in the BENCHISTA Project. Data from large institutions or clinical networks that possess

high quality information may be acceptable providing full coverage of the incident CCs in the

specific population can be demonstrated. In this case, additional external checks to verify the

coverage will be performed comparing the number of submitted cases with incidence reported

in literature. Registries commit to apply the Toronto guidelines for tumour staging to their

existing data, using their online and usual data sources such as clinical records, pathological

reports, and hospital discharge administrative files.

Almost all participating PBCRs (~65), have already been checked for quality indicators by

the International Agency for Research on Cancer (IARC) [16], ENCR [17], European Cancer

Registry Based Study on Survival and Care of Cancer Patients (EUROCARE project, [14], and/

or by the Automated Childhood Cancer Information System (ACCIS) [18], which improves

the expected completeness and quality of the information collected for incidence and survival.

Basically, all registries included in the EUROCARE 6 survival analysis for CC will be accepted.

Cases ascertained only by death certificate (DCO), number of cases diagnosed by cytology or

histology (microscopically verified) and those with unspecified morphology codes (NOS) will

be considered as data quality indicators for the completeness and accuracy of population-level

registration of the six diagnostic groups. The number of cases lost to follow-up and censored

before the end date of follow-up will be used to assess the follow-up data quality.

Staging process

Participating PBCRs will assign tumour stage at diagnosis using the TG supported by the

detailed guidance based on the Australian experience [7] and translated in French, Spanish,

Bulgarian, Portuguese, Italian and Japanese to overcome any language barriers. The rules have

also been incorporated into a free electronic cancer staging tool available online for overview

and download at www.canstaging.org [10, 19] The TG include a two-tiered system approach
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to define stage [6, 7] where Tier 2 staging system is more detailed and intended for use in high

resource settings. All PBCRs will be asked to provide Tier 2 stage if they can access clinical

details, otherwise Tier 1 will be acceptable only for assessing proportions of localised vs meta-

static tumours at diagnosis.

Toronto stage is defined as extent of disease at the time of diagnosis and is based on evi-

dence acquired before treatment with two exceptions:

• Staging of localised (non-metastatic) Wilms tumour resected after pre-operative (neo-adju-

vant) chemotherapy, where stage is based on surgical and pathological assessment of the

nephrectomy specimen and indicated by the prefix ‘y’.

• Staging of tumours in which investigations to exclude distant metastases occured within a

short time after surgery to the primary tumour and before any systemic therapy has started.

For rhabdomyosarcoma, tumour stage should always be defined at diagnosis according to

standard clinical TNM rules with nodal involvement assessed by imaging and/or lymph node

biopsy, if performed prior to chemotherapy. Tier 2 Toronto staging includes tumour size

(</� 5cm) and classification of the anatomical site as ‘favourable’ or ‘unfavourable’.

For all diagnostic groups including Wilms tumour, the presence of distant metastases is

assessed clinically (including imaging) or pathologically at the time of diagnosis and before

neoadjuvant therapy. Metastases are defined at diagnosis.

Standardization (training)

To ensure registries assign TG stage in a standardized way, three online training sessions have

been held. Clinical experts nominated by the relevant European tumour-specific clinical trial

groups led on-line training courses, including exercises held in collaboration with the Belgium

PBCR personnel. Attendees included cancer registration officers, clinicians, PBCR directors,

and other professionals involved in the project. Recordings of the three training workshops

can be accessed here:

• Osteosarcoma and Ewing sarcoma: https://mediacentral.ucl.ac.uk/Play/71900

• Neuroblastoma and Wilms tumour: https://mediacentral.ucl.ac.uk/Play/71797

• Rhabdomyosarcoma and Medulloblastoma: https://mediacentral.ucl.ac.uk/Play/72207

The topics covered were:

• General principles of ’Toronto staging’.

• Introduction, general aspects, diagnosis, therapy and non-stage prognosticators for each

tumour.

• Staging exercises based on fictional cases.

• Brief explanation of variables requested to the PBCRs.

• Use of cancer staging tool and applied exercises.

For quality assurance purposes, and more specifically to analyse standardization proce-

dures in the application of TG across registries, an exercise consisting of fictitious cases for

staging has been generated and made available to participating PBCRs. Moreover, a survey to

understand methods of data collection (availability of imaging, participation in training ses-

sions, etc.) and to identify country-specific difficulties is also under current completion by

participating PBCRs. Furthermore, a help desk promoting the interection between registries
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and clinicians to clarify grey cases was established and a Question & Answers document with

all the queries posed by registrars is constantly updated and available on the project website

[20].

Variables to be collected and structure of the case records to be submitted

For each tumour, PBCRs must complete a record template including compulsory and optional

variables. The structure of the record is presented in Table 2.

Compulsory variables. Each record (case) includes demographic variables such as sex,

year of birth, age at diagnosis in months, basis of diagnosis, plus information on examinations

performed and data sources (clinical documents, administrative database, pathological data-

base, etc) used by registrars for staging (see structure of the record, Table 2). If the tumour rep-

resents a second or third malignancy, the ICCC-3 classification of the previous tumour and

the corresponding year of diagnosis should be reported. PBCRs should use all available sources

of hospital data and enlist input from appropriate clinical staff where required to ensure con-

sistent clinical interpretation of diagnostic investigations. Follow-up data (life status and time

in days from diagnosis to death or last follow up) must be ensured up to at least three years

from diagnosis.

Optional variables. This project will also assess availability of relevant information from

registries regarding all six tumour types and non-stage prognosticators (NSP), primary treat-

ment modalities used, relapse/recurrence/progression and cause of death. This information

will be used for descriptive analyses of data availability, quality and completeness across partic-

ipating countries.

Moreover, these optional variables may be useful as additional factors to explain any

changes found in survival by stage. These analyses will focus on registries reporting a high per-

centage of completeness and on achieving data quality assurance.

Specific NSPs are requested for medulloblastoma, rhabdomyosarcoma, neuroblastoma

and Wilms tumour, utilising the more recent Toronto guidelines on NSPs [11]. Consider-

ing that for most registries the main source available for stage reconstruction was, accord-

ing to the European Joint Action on Rare Cancer pilot study, the clinical records of major

hospital admissions, NSPs should be available [8]. Even if they are not the major objective

of the study, NSPs are important to better understand survival differences, as they charac-

terize the behaviour of the tumour and are crucial for clinical risk stratification for

treatment.

Individual information on treatment modalities given to each patient (surgery, chemother-

apy, radiotherapy) is required. If a registry is not able to identify first line therapy, it is recom-

mended to include all treatments given in the first 12 months following date of diagnosis.

Knowledge of relapse/recurrence or progression of the disease is important for under-

standing the success of first line therapy and for estimation of event-free survival. PBCRs are

therefore asked to provide data on occurrence of relapse/recurrence/progression for all cases

within the 3 years of follow-up to understand the feasibility of collecting this data item. The

distinction between relapse, recurrence or progression is not requested as this is not

standardized.

Cause of death, categorised as due to tumour, toxicity, comorbidity or other cause, is an

additional optional variable. This categorization requires a clinical review of the information

reported to the PBCRs on causes of death, which may be multiple. Collection of this data item

is important to understand the feasibility of future studies testing the hypothesis that differ-

ences in survival rates between countries may be partially ascribed to variation in deaths due

to toxicity of treatment.
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Table 2. Structure of the record.

Variable No. of

characters

Notes and encoding

Basic variables

Registry 10 alphabetic

Registry Patient Identification code 10 assigned by the registry, it is a project-specific pseudonymised code

Year of birth 4 yyyy

Age at diagnosis 3 Numeric (in months)

Year of diagnosis 4 yyyy

Sex 1 boy/girl/unknown 1/2/9

Base of diagnosis (as coded in the ENCR

protocol)

1 DCO/Clinical/Clinical investigation/Specific tumour markers /Cytology/Histology of a metastasis/

Histology of a primary tumour /Unknown 0/1/2/4/5/6/7/9

ICDO-3-Topography 3 Only the numeric part of the ICD-O-3 topography code will be reported (the “C” and “.” will not be

included)

ICDO-3-Morphology 4 Malignant, only, behaviour = 3

First previous cancer 1 Y/N/unknown 1/0/9

First previous cancer definition International Classification of Childhood Cancers (ICCC) 3rd edition

Year of diagnosis of the first previous cancer 4 yyyy / 9

Second previous cancer 1 Y/N/unknown 1/0/9

Second previous cancer definition International Classification of Childhood Cancers (ICCC) 3rd edition

Year of diagnosis of the second previous

cancer

4 yyyy / 9

Imaging/examination used for staging before

any treatment

CT/ MRI primary site 1 Y/N/unknown 1/0/9

MRI whole neuraxis 1 Y/N/unknown 1/0/9

MRI whole neuraxis outcome Negative/Positive/Suspicious/Unknown 0/1/2/9

CT thorax 1 Y/N/unknown 1/0/9

CT thorax outcome Negative/Positive/Suspicious/Unknown 0/1/2/9

Imaging of regional lymph nodes 1 Y/N/unknown 1/0/9

Imaging of regional lymph nodes outcome Negative/Positive/Suspicious/Unknown 0/1/2/9

CSF 1 Y/N/unknown 1/0/9

CSF outcome Negative/Positive/Suspicious/Unknown 0/1/2/9

MIBG scan 1 Y/N/unknown 1/0/9

MIBG scan outcome Negative/Positive/Suspicious/Unknown 0/1/2/9

Abdominal ultrasound 1 Y/N/unknown 1/0/9

Abdominal ultrasound outcome Negative/Positive/Suspicious/Unknown 0/1/2/9

Bone scan 1 Y/N/unknown 1/0/9

Bone scan outcome Negative/Positive/Suspicious/Unknown 0/1/2/9

Bone marrow aspirate or biopsy 1 Y/N/unknown 1/0/9

Bone marrow aspirate or biopsy outcome Negative/Positive/Suspicious/Unknown 0/1/2/9

x-ray thorax 1 Y/N/unknown 1/0/9

x-ray thorax outcome Negative/Positive/Suspicious/Unknown 0/1/2/9

PET 1 Y/N/unknown 1/0/9

PET outcome Negative/Positive/Suspicious/Unknown 0/1/2/9

Tissue biopsy 1 Y/N/unknown 1/0/9

Tissue biopsy outcome Negative/Positive/Suspicious/Unknown 0/1/2/9

Source used for staging

Clinical report (hospital clinical records) 1 Y/N/unknown 1/0/9

Pathological report 1 Y/N/unknown 1/0/9

(Continued)
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Table 2. (Continued)

Variable No. of

characters

Notes and encoding

Administrative files (hospital discharge, etc.) 1 Y/N/unknown 1/0/9

Clinical study group 1 Y/N/unknown 1/0/9

Others (string) 10 alphabetic

Toronto staging, Neuroblastoma

Stage Tier 1 2 L/LR/M/MS/X 1/2/3/4/9

Stage Tier 2 2 L1/L2/M/MS/X 1/2/3/4/9

Laterality 1 Not applicable/Right/Left/Unilateral NOS/Bilateral//unknown 0/1/2/3/4/9

�_NSP: N-Myc 1 Amplified Y/N/unknown 1/2/9

Toronto staging, Wilms tumour

Stage Tier 1 after pre-surgery chemotherapy 1 L/M/X 1/2/9

Stage Tier 2 after pre-surgery chemotherapy 1 y-I/y-II/y-III/IV/9 1/2/3/4/9

Stage Tier 1 after immediate surgery (i.e.,

surgery first)

1 L/M/X 1/2/9

Stage Tier 2 after immediate surgery 1 I/II/III/IV/X 1/2/3/4/9

Laterality 1 R/L/B 1/2/3

�_NSP: Wilms Presence of anaplasia 1 No/Yes, but unknown if focal or diffuse/Yes, focal/Yes, diffuse/ Anaplasia unknown 0/1/2/3/9

Toronto staging, Medulloblastoma

Stage Tier 1 1 L/M/X 1/2/9

Stage Tier 2 2 M0/M1/M2/M3/M4/X 0/1/2/3/4/9

�_Evaluation of postoperative residual disease R0/R1/R2/R+/unknown 0/1/2/3/9

�_NSP: Wingless (WNT) medulloblastoma 1 Y/N/unknown 1/0/9

�_NSP: Sonic Hedgehog (SHH)

medulloblastoma

1 Y/N/unknown 1/0/9

Toronto staging, Osteosarcoma, Ewing

sarcoma

Stage Tier 1 1 L/M/X 1/2/9

Stage Tier 2 1 L/M/X 1/2/9

Toronto staging, Rhabdomyosarcoma

Stage Tier 1 1 L/M/X 1/2/9

Stage Tier 2 1 I/II/III/IV/X 1/2/3/4/9

�_NSP: FKR-PAX3 rhabdomyosarcoma 1 Y/N/unknown 1/0/9

�_NSP: FKR-PAX7 rhabdomyosarcoma 1 Y/N/unknown 1/0/9

Primary Treatment defined as given within 1

year from diagnosis

�_Surgery 1 Y/N/unknown 1/0/9

�_Chemotherapy 1 Y/N/unknown 1/0/9

�_Chemotherapy type 1 Preoperative chemo/Postoperative chemo/Both, preoperative and postoperative chemo/

Chemotherapy only/ Unknown 1/2/3/4/9

�_Radiotherapy 1 Y/N/unknown 1/0/9

Relapse/recurrence/progression

�_Relapse/ recurrence/ progression 1 Y/N/unknown 1/0/9

�_Time in days from diagnosis to relapse/

recurrence/progression

numeric

Follow-up

Status of life alive/dead 1 alive/dead/unknown 1/2/9

�_Causes of death (CoD) 1 Toxicity of treatment, Tumor, Comorbidity previously present in the child, Others, unknown 1/2/3/

4/9

(Continued)
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Data quality

Quality data checks on the database will be performed at the IRCCS Foundation National Can-

cer Institute of Milan (INT) and problematic cases will be resolved with each PBCR. Indicators

of quality and completeness of incidence data will be collected (DCO, microscopically verified

cases, etc). Some additional indicators to define the accuracy of sub-typing definition specific

for the six CC studied will be investigated. Furthermore, the number of cases received will be

checked comparing them with the incidence reported in literature: the Automated Childhood

Cancer Information System and the EUROCARE project papers on childhood cancers inci-

dence and survival recently published [1, 18].

Statistical analysis

The formal assessment of statistical power to detect differences in stage distribution and sur-

vival probabilities between countries is limited by the total number of incident cases of these

rare tumour types per country. Therefore, analyses of stage distribution and survival probabili-

ties for each tumour type per country will be descriptive, with 95% confidence intervals

reported. As a population-based study, these are the largest numbers available and are not

biased in the ways that may affect institutional or clinical trial series. The expected number of

cases available in Europe by cancer type and by area, in three years, is approximately 9000

(Table 1). These numbers will be increased by the participation of some non-European juris-

dictions (Australia, Brazil, Japan, Ontario (POGO, Canada)

Endpoint 1: To formally assess differences in tumour stage at diagnosis, we will group Euro-

pean countries according to the geographical regions used in EUROCARE 5, to achieve the

necessary groups’ size [1]. Non-European jurisdictions will be considered individually. For

expected case numbers by registry (based on the number of cases obtained from the EURO-

CARE 5 study) there is approximately 60% power to detect a 10% difference in lower stages

(localised, loco-regional) versus more advanced stage (metastatic) between two countries or

regional groupings where there is a total of approximately 250 cases of each tumour type in

each geographical comparator group (medulloblastoma, Wilms tumour). For group sizes with

around 300 cases (neuroblastoma), the power would be 70%. The sarcomas, that collectively

comprise about 35% of the cohort, will be combined for assessment of differences in stage dis-

tribution at diagnosis, according to the same country groupings.

Endpoint 2: Survival differences between countries/regional groups, and how much of

these differences are explained by variations in stage distribution will be studied by a multivari-

able Cox regression. Stage and other relevant prognostic variables (age at diagnosis, sex and/or

primary site for at least some diagnostic groups), and confounders (including stage migration)

will be included in the model. NSPs and recurrence/progression data will be considered, when-

ever they are available.

In this project it is not possible to calculate a sample size or a minimum detectable effect

with the information available.

Table 2. (Continued)

Variable No. of

characters

Notes and encoding

Time in days from diagnosis to death or last

follow up

numeric

�_ are optional variables

https://doi.org/10.1371/journal.pone.0276997.t002
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Ethical consideration

Ethical approval for the project has been given by the Research Ethics Committee of University

College London on 22nd of April 2021. Also, the Ethical Committee of the Fondazione IRCCS

“Istituto Nazionale dei Tumori” (INT) approved the project during the e-session on 25th of

May 2021.

Individual patient consent is not required as data are collected under existing permissions

for cancer registration in each jurisdiction [21–23]. The project has a named Patient/Parent

involvement and engagement (PPIE) Lead and dedicated PPIE working group to ensure repre-

sentation of the patient voice throughout. Such external communication and dissemination

with key stakeholders will be crucial to raise awareness of the project and its rationale. A for-

mal communication and dissemination plan is available on the project website [20].

Data management plan

Participating PBCRs will submit their maximally depersonalized dataset of cases to INT for

analysis. The database of the project will be securely stored at INT for a maximum of 10 years,

after which it will be destroyed unless ethical and regulatory approval is granted for further

research.

The project’s database is under the governance of the BENCHISTA project working group

(PWG) and should be used according to the purposes for which the ethical approval has been

granted. Only the INT—personnel involved in the project—will be able to access the BENCH-

ISTA database. The BENCHISTA data remain the property of the contributing registries,

whose consent is required before they can be used for purposes other than those originally

envisaged in the BENCHISTA protocol. All members of the PWG that provide data must be

informed of any analysis being proposed and carried out. Moreover, they all agreed on a com-

mon policy about communication, dissemination and publication.

Privacy

A Data Transfer Agreement (DTA) is a formal contract that documents which data are being

transferred, the format and level of pseudonymisation and how the data can be used. The

agreement protects the PBCRs providing the data, ensuring that data will not be misused, and

prevents miscommunication as any questions about data use are formally agreed in advance.

Each PBCR has one or two representatives in the PWG. In PWG meetings, held quarterly

throughout the year, the whole materials and all the major and critical points (e.g., data-trans-

fer and data-use issues) were discussed to obtain a collaborative understanding on the project

and protocol.

Given the large number of PBCRs participating in the BENCHISTA Project (more than 60

registries) a single DTA was proposed to create a Consortium agreement.

Project governance

To facilitate the organization and development of the project, a Project Management Team

(PMT) and an Independent Advisory Board (IAB) have been set up. Importantly, the manage-

ment groups include members of the steering committees of the International Association of

Cancer Registries (IACR), ENCR, International Society of Paediatric Oncologist (SIOP), Euro-

pean Society for Paediatric Oncology (SIOPE), Nordic Society of Paediatric Hematology and

Oncology (NOPHO), Italian Association of Paediatric Hematology and Oncology (AIEOP)

and Spanish Society of Paediatric Haematology and Oncology (SEHOP).
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As stated in the Transparency Statement document of the project, the information will be

collected from different cancer registries across the world in line with their national regula-

tions and GDPR for data collection and protection of data for research use. The list of the

groups involved in the project along with all the important links, details and documents (e.g.,

the publication policy and newsletters) are available in the BENCHISTA website [20].

To ensure understanding and awareness of individual health care data usage in research,

the BENCHISTA Project will establish a relationship with associations of parents and patients

focused on paediatric cancers at a national and international level. Also, this collaboration will

improve the communication of the final results of BENCHISTA to people who make decisions

and to ultimately improve the public health organization at the national level for paediatric

cancers.

Discussion

The BENCHISTA Project was born from the excellent synergy and collaboration emerged in

the leading team and in the working group of the European Joint Action on Rare Cancer pilot

project [8]. All the PBCRs participating in the pilot study enthusiastically accepted the pro-

posal to expand the number of cases and the type of cancer to be staged with the Toronto

Guidelines. Thanks to this important feedback, the researchers made an effort to include as

many PBCRs as possible in order to stimulate the collection, address specific research hypothe-

ses and focus on service/quality improvement. Rare cancers like the paediatric ones need of a

high participation to provide clear results and, even if the stage at diagnosis is not always con-

sistently collected or defined by PBCRs some of them are starting to apply the internationally

recognised Toronto staging guidelines. A summary of these guidelines has been included in

the TNM Classification of Malignant Tumours, 8th edition (2017) [24], and in a specific elec-

tronic cancer staging tool [14].

Differences in stage distribution could be due to real differences in burden of disease at

diagnosis or to different diagnostic and staging criteria used by clinicians between countries or

to different capabilities of PBCRs to access the necessary clinical information and/or interpret

it to assign Toronto stage to each case.

To understand whether different diagnostic and staging approaches between countries

have an impact on the risk of dying, information about the examinations performed to stage

patients will be considered. Moreover, to adjust the different sources used by the registrars to

assign the Toronto stage, the examinations results used by registrars to reconstruct stage will

also be considered in the analysis.

From the PBCRs’ perspective, their straightforward access to correct information, the pres-

ence of trained registrars involved in the data collection, the possibility to discuss difficult

cases with clinicians and the availability of enough professionals working at the registries

impact the integrity of collected information. All this information are captured trough an

online survey and will help to investigate reasons for disparities across participating PBCRs

and to interpret variations or lack of data availability in terms of stage at diagnosis.

The results of the project will be critically discussed considering several other factors related

with the outcome collected at country level (e.g., social inequalities, presence of centre of refer-

ence or network of hospitals with teams involved in clinical international/national studies)

[25], the creation of a questionnaire could be considered to address these factors.

To overcome problems of language barriers and comparability between cancer registries in

assigning Toronto stage, the collaboration of clinicians involved in the training course and in

the governance of the project was/is crucial. The help desk, the Question & Answers docu-

ment, the training courses and the test with the fictitious cases are all available in the project’s
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website aiming to provide guidance to all the PBCRs’ personnel and to improve standardiza-

tion and data management.

Regarding the transfer and collection of data, it is important to highlight there is noticeable

heterogeneity in DTA requirements across countries and the processes required to set up a

general DTA have been exhaustive and time-consuming. Administrative barriers should be

reduced to optimize the exchange of data for research [21–23]. Thus, permanent data transfer

agreements among research institutes, or at least agreed templates should be established to

ensure efficient implementation of digital solutions for the exchange of health data among

researchers.

The BENCHISTA Project is focused on obtaining the necessary information to apply the

Toronto Staging guidelines on recently diagnosed cases obviously balancing between the need

to have at least three years of follow-up and a good access to the required clinical data to retro-

spectively stage the patients. Hence, this project can be viewed as a feasibility project of wide-

spread use of Toronto Staging at a population level by CRs, specifying data sources used and

how well standardised the processes can be.

Participation in the project is intended to encourage PBCRs to routinely and consistently

apply TG to all prospectively registered cases of childhood cancer to ensure the quality of the

data, an essential feature for proper future assessments.

Additionally, the project will produce practical recommendations on strengthening collab-

oration between PBCRs and clinical/hospital registries so that staging of CC patients becomes

more accurate, efficient and complete. This will ultimately allow future benchmarking research

in survival analysis by stage to be undertaken in a more sustainable manner as prospective clin-

ical observational studies using routine health care data. Stage at diagnosis is a variable col-

lected for adult cancers by many national PBCRs. For childhood cancers, the ENCR-Joint

Research Center data call for the European Cancer Information System now includes the TG,

which are endorsed by the Union for International Cancer Control, International Agency for

Research on Cancer, and the international associations of PBCRs (IACRand the ENCR).

PBCRs aim to improve the standards of registry in terms of health service and population-

based recording of cancer, but also to encourage the collection of new important clinical vari-

ables such as stage at diagnosis, recurrences, NSP and cause of death. Some of these parameters

are an essential component of risk stratification aiming to guide the treatment protocol, any

potential changes in it and improving short and long-term outcomes. The collection of these

variables at PBCRs level is important to develop future studies and stimulate closer interac-

tions with clinicians responsible of clinical/hospital registries and databases to better under-

stand outcomes differences between countries.

Acknowledgments

BENCHISTA project working group members

Australian CR: Joanne Aitken 3, Leisa O’Neill4; Austrian CR: Monika Hackl 5; Belgian

CR: Elizabeth Van Eycken 6, Nancy Van Damme 6; Dana-Farber Cancer Institute: Lindsay

Frazier 7; Brasil: Beatriz De Camargo 8, Marceli de Oliveira Santos 8; Ontario Children

CR_POGO: Sumit Gupta 9, Jason D Pole 9 10; Bulgarian CR: Zdravka Valerianova 11, Dobrin

Konstantinov 11; Croatian CR: Mario Sekerija 12 13; Czech National CR: Jan Stary 14, Jaroslav

Sterba 15; Danish Childhood Cancer registry and Department of pediatric oncology: Lisa L

Hjalgrim 16; Danish Cancer Society: Jeanette F Winther 16; Estonia National Institute for

Health Development: Keiu Paapsi 17; National Registry of Childhood Cancer—Solid tumours:

Brigitte Lacour 18 Emmanuel Desandes 18, Jacqueline Clavel 19, Claire Poulalhon 19 (compre-

hend ‘National Registry of Childhood Cancer–Solid tumours’ & ‘Hematopoietic

PLOS ONE The BENCHISTA project protocol

PLOS ONE | https://doi.org/10.1371/journal.pone.0276997 November 3, 2022 13 / 20

https://doi.org/10.1371/journal.pone.0276997


malignancies’); German Childhood CR, Mainz: Friederike Erdmann 20 Claudia Spix 20; Greek

Nationwide Registry for Childhood Hematological Malignancies and Solid Tumours (NARE-

CHEM-ST): Eleni T Petridou 21 22, Evdoxia Bouka 22; Hungarian Child CR: Zsuzsanna Jakab
23; Bergamo CR: Giuseppe Sampietro 24; Puglia CR: Francesco Cuccaro 25 Danila Bruno 25;

Toscana CR: Adele Caldarella 26; Friuli Venezia Giulia CR, CRO Aviano National Cancer

Institute: Luigino Dal Maso 27; Palermo CR: Walter Mazzucco 28; Registro tumori dell’Emilia-

Romagna, Unità di Piacenza: Elisabetta Borciani 29; Registro tumori dell’Emilia-Romagna,

Unità di Parma: Maria Michiara 30; Registro tumori dell’Emilia-Romagna, Unità di Reggio

Emilia: Lucia Mangone 31; Registro tumori dell’Emilia-Romagna, Unità di Modena: Gianbat-

tista Spagnoli 32; Registro tumori dell’Emilia-Romagna, Unità di Ferrara: Stefano Ferretti 33;

Registro tumori dell’Emilia-Romagna, Unità della Romagna, IRCCS IRST Meldola: Fabio Fal-

cini 34 35; Childhood Cancer Registry of Piedmont: Milena M Maule 36 37, Carlotta Sacerdote
37; Registro Tumori di Ragusa e Caltanissetta: Eugenia Spata 38; Registro Tumori Regione

Marche: Sonia Manasse 39, Paola Coccia 40; Registro tumori ATS della Città metropolitana di

Milano: Antonio G Russo 41, Federico Gervasi 41; Trento Cancer Registry (Trento CR), Servi-

zio Epidemiologia Clinica e Valutativa, APSS Trento: Roberto V Rizzello 42; Integrated Cancer

Registry CT-ME-EN: Margherita Ferrante 43, Marine Castaing 44; Siracusa province CR:

Anselmo Madeddu 45; Veneto CR: Massimo Rugge 46 47, Stefano Guzzinati 47; Campania

Childhood CR: Francesco Vetrano 48; Pavia CR: Lorenza Boschetti 49; Trapani CR: Giuseppina

Candela 50; Registro Tumori ATS Insubria: Maria L Gambino 51; Monza-Brianza CR: Magda

Rognoni 52; Latina CR: Silvia Iacovacci 53; Cremona & Mantova CR: Paola Ballotari 54; Liguria

CR, Ospedale Policlinico San Martino IRCCS: Luca Boni 55; Alto Adige CR: Guido Mazzoleni
56; Brescia CR: Michele Magoni 57; Basilicata CR: Rocco Galasso 58; Osaka CR: Kayo Nakata 59;

Center for Cancer Registries, National Cancer Center: Tomohiro Matsuda 60; Malta National

Cancer Registry, Health Information and Research: Miriam J Azzopardi 61; Norwegian CR:

Tom Børge Johannesen 62, Aina H Dahlen 63; Polish Childhood Cancer Registry, Medical Uni-

versity of Lublin: Jerzy Kowalczyk 64; Portuguese Pediatric CR: Ana M Ferreira 65, Gabriela

Caldas 66; Romanian Child CR: Mihaela Bucurenci 67 Dana Coza 67 68; Cancer Registry of

Republic of Slovenia: Vesna Zadnik 69; Basque Country, Euskadi-CIBERESP CR: Arantza

Lopez de Munain 70; Childhood and Adolescents CR—CISCV: Fernando Almela-Vich 71,

Nieves Fuster-Camarena 72; Girona CR, CIBERESP, ICO, IDIBGI: Rafael Marcos-Gragera 73

74 75; Granada CR, EASP, CIBERESP, ibs.GRANADA, UGR: Maria Josè Sanchez 73 76; Murcia

CR, CIBERESP, IMIB-Arrixaca: Maria Dolores Chirlaque 77; Navarra CR, CIBERESP, IdiSNA:

Marcela Guevara Eslava 78 79; Tarragona CR: Jaume Galceran 80; Spain RETI-SEHOP: Adela

Cañete Nieto 81, Elena Pardo 82; Childhood Switzerland CR: Claudia E Kuehni 83 84, Shelagh M

Redmond 85; The Netherlands CR: Otto Visser 86; England NDRS/NHS Digital: Lucy Irvine 87,

Paul Stacey 87; Northern Ireland CR: Anna Gavin 88; Scottish CR: David S Morrison 89;

WCISU: Dyfed Wyn Huws 90, Janet Warlow 90; Ireland CR: Deirdre Murray 91; Swedish Child-
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19. Centre de Recherche en Epidémiologie et en Statistique Sorbonne-Paris Cité (CRESS),
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Hospital Universitario y Politécnico La Fe, Valencia, España; Departamiento de Pediatrı́a,

Universidad de Valencia, Valencia, España.

82. Registro Español de Tumores Infantiles (RETI-SEHOP). Facultad de Medicina y Odonto-

logı́a, Universitat de València. Avda. Blasco Ibáñez, 15–46010 Valencia (España)

83. Swiss Childhood Cancer Registry, Institute of Social and Preventive Medicine, University

of Bern, Bern, Switzerland.

84. Paediatric Oncology, Department of Paediatrics, University Children’s Hospital of Bern,

University of Bern, Bern, Switzerland.

85. Institute of Social and Preventive Medicine, University of Bern, Bern, Switzerland.

86. Department of Registration, Netherlands Comprehensive Cancer Organisation (IKNL),

Utrecht, The Netherlands.

87. National Cancer Registration and Analysis Service (NCRAS), Public Health England, Lon-

don, UK.

88. Northern Ireland Cancer Registry, Queen’s University Belfast, Belfast, Northern Ireland,

UK.

89. Public Health Scotland, South Gyle, Edinburgh, United Kingdom.

90. Welsh Cancer Intelligence and Surveillance Unit, Public Health Wales, Cardiff, Wales,

UK; Honorary Research Fellow, Swansea University, Swansea, Wales, UK.

91. Computational Neuroimaging Group, Academic Unit of Neurology, Biomedical Sciences

Institute, Trinity College Dublin, Dublin, Ireland.

92. Swedish Childhood Cancer Registry, Karolinska Institute, Stockholm, Sweden.

93. National Cancer Registration and Analysis Service, Public Health England, London, UK.

94. Division of Pediatric and Adolescent Medicine, Oslo University Hospital, Oslo, Norway.

PLOS ONE The BENCHISTA project protocol

PLOS ONE | https://doi.org/10.1371/journal.pone.0276997 November 3, 2022 18 / 20

https://doi.org/10.1371/journal.pone.0276997


95. Department of Medical Oncology and Hematology, Pediatric Oncology Unit, Fondazione

IRCCS Istituto Nazionale dei Tumori, Milan, Italy.

96. pediatric oncologist, Gustave Roussy cancer campus, Villejuif, France

97. Paediatric Oncology, Great North Children’s Hospital, Newcastle upon Tyne, UK.

98. London Sarcoma Service, University College London Hospitals NHS Trust, London, UK.

99. UCL Cancer Institute, London, UK.

100. Dipartimento di Medicina Clinica e Sperimentale, UO Oncoematologia Pediatrica,

Azienda Policlinico-S.Marco, University of Catania, Catania, Italy.

101. Editorial Board "Epidemiologia & Prevenzione", 20148 Milano, Italy.

102. Bethany’s Wish/National Cancer Research Institute (Consumer member), London, UK.

Author Contributions

Conceptualization: Gemma Gatta, Kathy Pritchard-Jones.

Funding acquisition: Angela Lopez Cortes, Kathy Pritchard-Jones.

Investigation: Laura Botta, Gemma Gatta, Fabio Didonè, Angela Lopez Cortes, Kathy Pritch-

ard-Jones.

Methodology: Gemma Gatta, Kathy Pritchard-Jones.

Project administration: Laura Botta, Gemma Gatta, Kathy Pritchard-Jones.

Supervision: Laura Botta, Gemma Gatta, Kathy Pritchard-Jones.

Writing – original draft: Laura Botta, Gemma Gatta, Kathy Pritchard-Jones.

Writing – review & editing: Laura Botta, Gemma Gatta, Fabio Didonè, Angela Lopez Cortes,

Kathy Pritchard-Jones.

References
1. Gatta Gemma, Botta Laura, Rossi Silvia, et al and the EUROCARE Working Group. Childhood cancer

survival in Europe 1999–2007: results of EUROCARE-5—a population-based study. Lancet Oncology,

2014, 15: 35–47. https://doi.org/10.1016/S1470-2045(13)70548-5 PMID: 24314616

2. Sankila R, Martos Jimenez MC, Miljus D, Pritchard-Jones K, Steliarova-Foucher E, Stiller C. Geograph-

ical comparison of cancer survival in European children (1988–1997): report from the Automated Child-

hood Cancer Information System project. Eur. J. Cancer, 42(13):1972–80, 2006. https://doi.org/10.

1016/j.ejca.2006.05.013 PMID: 16919765

3. 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. Cancer, 42

(13):2183–90, 2006. https://doi.org/10.1016/j.ejca.2006.06.006 PMID: 16919780

4. Pritchard-Jones K, Graf N, van Tinteren H, Craft A. Evidence for a delay in diagnosis of Wilms’ tumour

in the UK compared with Germany: implications for primary care for children. Arch Dis Child. 2016 May;

101(5):417–20. https://doi.org/10.1136/archdischild-2015-309212 PMID: 26948824

5. Whelan J, Hackshaw A, McTiernan A, Grimer R, Spooner D, Bate J, et al. Survival is influenced by

approaches to local treatment of Ewing sarcoma within an international randomised controlled trial:

analysis of EICESS-92. Clin Sarcoma Res. 2018 Mar 30; 8:6. https://doi.org/10.1186/s13569-018-

0093-y PMID: 29610659

6. Gupta S, Aitken JF, Bartels U, Brierley J, Dolendo M, Friedrich P et al. Paediatric cancer stage in popu-

lation-based cancer registries: the Toronto consensus principles and guidelines. Lancet Oncol. 2016

Apr; 17(4):e163–72. https://doi.org/10.1016/S1470-2045(15)00539-2 PMID: 27300676

PLOS ONE The BENCHISTA project protocol

PLOS ONE | https://doi.org/10.1371/journal.pone.0276997 November 3, 2022 19 / 20

https://doi.org/10.1016/S1470-2045%2813%2970548-5
http://www.ncbi.nlm.nih.gov/pubmed/24314616
https://doi.org/10.1016/j.ejca.2006.05.013
https://doi.org/10.1016/j.ejca.2006.05.013
http://www.ncbi.nlm.nih.gov/pubmed/16919765
https://doi.org/10.1016/j.ejca.2006.06.006
http://www.ncbi.nlm.nih.gov/pubmed/16919780
https://doi.org/10.1136/archdischild-2015-309212
http://www.ncbi.nlm.nih.gov/pubmed/26948824
https://doi.org/10.1186/s13569-018-0093-y
https://doi.org/10.1186/s13569-018-0093-y
http://www.ncbi.nlm.nih.gov/pubmed/29610659
https://doi.org/10.1016/S1470-2045%2815%2900539-2
http://www.ncbi.nlm.nih.gov/pubmed/27300676
https://doi.org/10.1371/journal.pone.0276997


7. Youlden DR, Frazier AL, Gupta S, Pritchard-Jones K, Kirby ML, Baade PD et al. Stage at diagnosis for

childhood solid cancers in Australia: A population-based study. Cancer Epidemiol. 2019 Mar 1; 59:208–

214. https://doi.org/10.1016/j.canep.2019.02.013 PMID: 30831553

8. Gatta G, Botta L, Capocaccia R, Cañete A, Pritchard-Jones K; JARC Pilot Study Toronto Guidelines

Working Group. Staging childhood cancers in Europe: Application of the Toronto stage principles for

neuroblastoma and Wilms tumour. The JARC pilot study. Pediatr Blood Cancer. 2021 Sep; 68(9):

e29020. Epub 2021 Jun 11. https://doi.org/10.1002/pbc.29020 PMID: 34114308.

9. https://www.encr.eu/call-for-data. Accessed 30th September 2022.

10. www.canstaging.org. Accessed 30th September 2022.

11. Gupta S, Aitken J, Bartels U, Bhakta N, Bucurenci M, Brierley JD et al. Development of paediatric non-

stage prognosticator guidelines for population-based cancer registries and updates to the 2014 Toronto

Paediatric Cancer Stage Guidelines. Lancet Oncol. 2020 Sep; 21(9):e444–e451. https://doi.org/10.

1016/S1470-2045(20)30320-X PMID: 32888473.

12. Steliarova-Foucher E, Stiller C, Lacour B, Kaatsch P. International Classification of Childhood Cancer,

third edition. Cancer. 2005 Apr 1; 103(7):1457–67. https://doi.org/10.1002/cncr.20910 PMID:

15712273.

13. World Health Organization. (2013). International classification of diseases for oncology (ICD-O), 3rd

ed., 1st revision. World Health Organization.

14. http://www.eurocare.it/Eurocare6/ProtocolsEU6/tabid/93/Default.aspx. Accessed 30th September

2022.

15. https://encr.eu/sites/default/files/pdf/incideng.pdf. Accessed 30th September 2022.

16. https://iicc.iarc.fr/. Accessed 30th September 2022.

17. https://www.encr.eu/. Accessed 30th September 2022.

18. https://accis.iarc.fr/. Accessed 30th September 2022.

19. Soerjomataram I, Ervik M, Fox C, Hawkins S, Yeung K, Napolitano G et al. CanStaging+: an electronic

staging tool for population-based cancer registries. Lancet Oncol. 2021 Aug; 22(8):1069. https://doi.org/

10.1016/S1470-2045(21)00188-1 PMID: 34339643.

20. https://www.ucl.ac.uk/child-health/research/developmental-biology-and-cancer/benchista-project.

Accessed 30th September 2022.

21. https://www.rarecancerseurope.org/content/download/294217/5832976/1/Rare-Cancer-Agenda-2030.

pdf. Accessed 30th September 2022. (pag. 36).

22. Position paper on the Commission’s proposal for a General Data Protection Regulation https://www.

encr.eu/sites/default/files/pdf/PositionPaperEUdataProtection_20120914.pdf

23. Casali PG, Vyas M; European Society for Medical Oncology (ESMO). Data protection and research in

the European Union: a major step forward, with a step back. Ann Oncol. 2021 Jan; 32(1):15–19. Epub

2020 Oct 21. https://doi.org/10.1016/j.annonc.2020.10.472 PMID: 33096210.

24. https://www.uicc.org/news/8th-edition-uicc-tnm-classification-malignant-tumors-published. Accessed

30th September 2022.

25. Erdmann F, Feychting M, Mogensen H, Schmiegelow K, Zeeb H. Social Inequalities Along the Child-

hood Cancer Continuum: An Overview of Evidence and a Conceptual Framework to Identify Underlying

Mechanisms and Pathways. Front Public Health. 2019 Apr 18; 7:84. https://doi.org/10.3389/fpubh.

2019.00084 PMID: 31106186.

PLOS ONE The BENCHISTA project protocol

PLOS ONE | https://doi.org/10.1371/journal.pone.0276997 November 3, 2022 20 / 20

https://doi.org/10.1016/j.canep.2019.02.013
http://www.ncbi.nlm.nih.gov/pubmed/30831553
https://doi.org/10.1002/pbc.29020
http://www.ncbi.nlm.nih.gov/pubmed/34114308
https://www.encr.eu/call-for-data
http://www.canstaging.org
https://doi.org/10.1016/S1470-2045%2820%2930320-X
https://doi.org/10.1016/S1470-2045%2820%2930320-X
http://www.ncbi.nlm.nih.gov/pubmed/32888473
https://doi.org/10.1002/cncr.20910
http://www.ncbi.nlm.nih.gov/pubmed/15712273
http://www.eurocare.it/Eurocare6/ProtocolsEU6/tabid/93/Default.aspx
https://encr.eu/sites/default/files/pdf/incideng.pdf
https://iicc.iarc.fr/
https://www.encr.eu/
https://accis.iarc.fr/
https://doi.org/10.1016/S1470-2045%2821%2900188-1
https://doi.org/10.1016/S1470-2045%2821%2900188-1
http://www.ncbi.nlm.nih.gov/pubmed/34339643
https://www.ucl.ac.uk/child-health/research/developmental-biology-and-cancer/benchista-project
https://www.rarecancerseurope.org/content/download/294217/5832976/1/Rare-Cancer-Agenda-2030.pdf
https://www.rarecancerseurope.org/content/download/294217/5832976/1/Rare-Cancer-Agenda-2030.pdf
https://www.encr.eu/sites/default/files/pdf/PositionPaperEUdataProtection_20120914.pdf
https://www.encr.eu/sites/default/files/pdf/PositionPaperEUdataProtection_20120914.pdf
https://doi.org/10.1016/j.annonc.2020.10.472
http://www.ncbi.nlm.nih.gov/pubmed/33096210
https://www.uicc.org/news/8th-edition-uicc-tnm-classification-malignant-tumors-published
https://doi.org/10.3389/fpubh.2019.00084
https://doi.org/10.3389/fpubh.2019.00084
http://www.ncbi.nlm.nih.gov/pubmed/31106186
https://doi.org/10.1371/journal.pone.0276997

