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Editorial on the Research Topic 


Joining efforts to improve data quality and harmonization among European population-based cancer registries


The aim of population-based cancer registries (PBCRs) is to collect information from all new cases of cancer that occur in a defined population (1). They play an essential role in cancer surveillance, quantifying the burden of cancer in terms of incidence, prevalence and survival at population level, describing geographical variation and time trends. In addition, PBCRs are an important information source for planning and evaluating cancer control policies and healthcare systems (2, 3).

The reliability, use and comparability of the data provided by PBCRs depend on their quality as well as the harmonization of data collection and processing, coding and case definition.

The aim of this Research Topic was to share experiences on cancer data quality and harmonization in Europe, focusing on: 1) challenges in data comparability among PBCRs; 2) description of tools and activities for improving cancer data quality and harmonization; 3) Assessment of data quality in PBCRs; 4) challenges in data quality and harmonization related to national data protection regulations; 5) impact of data quality and harmonization on cancer indicators; and 6) epidemiological and statistical methods for improving data comparability.

Three of the fifteen articles included in the Research Topic focus on tools for checking internal consistency of cancer registry data. Giusti et al. give an overview of the Joint Research Centre-European Network of Cancer Registries Quality Check Software (JRC-ENCR QCS), describing its role in processing data files submitted by PBCRs contributing to the European Cancer Information System (ECIS) and its functionalities. The JRC-ENCR QCS is a Java standalone desktop software developed and updated by the JRC to support the validation of cancer registry data. It can be freely downloaded from the ENCR website (4).

Tagliabue et al. compared the functional features and the output differences between the JRC-ENCR QCS and the IARC/IACR CHECK program developed by the International Agency for Research on Cancer (IARC).

Nicholson et al. presented the design of an ontology approach to model the ENCR rules (5) for validating childhood tumors, including some examples of how the ontology handles the ENCR data-validation requirements.

Indicators related to the four dimensions of data quality have been used to evaluate PBCR data: completeness, validity, comparability and timeliness (6, 7). The article “Quality indicators: completeness, validity and timeliness of cancer registry data contributing to the European Cancer Information System” Giusti et al. reported the quality indicators from 130 European PBCRs and their time trends using the data collected in the 2015 ENCR-JRC data call. The results provided by this paper could be used as the baseline for monitoring PBCRs data quality indicators in Europe over time.

Two articles by Galceran et al. and by Visser et al. included the current ENCR Recommendations for recording/reporting urothelial tumors and the ENCR Recommendations for coding the basis of diagnosis, respectively. The ENCR Recommendations (8) provide common definitions and rules to improve the data comparability among European PBCRs.

The role of the PBCR in cancer surveillance in term of incidence is shown in two papers by (Giusti et al.) and (Trallero et al.). The article by Giusti et al. highlights geographical and time trend differences in esophageal and gastric cancer in Europe by sub-sites and morphology subgroups. A wide variability in oesophago-gastric cancers was observed, with a corresponding improvement in accuracy of registration in the analyzed period. Trallero et al. described the incidence of hematological malignancies among children in Spain during the period 1983-2018 and compared their results with other Southern European countries. Main diagnostic sub-groups of the International Classification of Childhood Cancer (2017 update) were used for reporting their results.

Three papers focused on prevalence methodology. Demuru et al. explored the validity of alternative versus standard completeness indexes for estimating complete cancer prevalence in Europe. Toffolutti et al. described the procedures to derive complete prevalence and some indicators of cancer cure using data provided by Italian PBCRs. Francisci et al. proposed a new method for estimating short term projections on cancer prevalence by phase of care (initial, continuing and final) that applies to geographical areas covered by cancer registration.

Technological advances and record linkage have contributed to the improvement of the data provided by the PBCR (9, 10). Stage and treatment variables are recommended by the ENCR to be recorded in the European PBCRs (11).

The article by Giusti et al. gives an overview of reporting and using cancer treatment data provided by the European PBCRs. A literature review, conference proceedings and data from 125 European cancer registries contributing to the 2015 ENCR-JRC data call were used to explore the current situation of cancer treatment registration in Europe.

Lopez-Cortes et al. reported the experiences of the International Benchmarking of Childhood Cancer Survival by Stage (BENCHISTA) project to ensure data quality, harmonization and comparability among the CRs participating in the project.

The application of the European General Data Protection Regulation (GDPR) (12) since 2018 has complicated the sharing of health data among European countries, in particular in the Nordic countries due to a stricter interpretation of the GDPR. Larønningen et al. described a new GDPR-compliant federated analysis programme (nordcan.R) and how to use it for computing statistics for the Nordic cancer statistics web platform NORDCAN. The programming languages used for nordcan.R were R and Stata.

Finally, Giusti et al. highlight the recent and ongoing activities of the ENCR, the JRC and the European PBCRs in data quality and harmonization.

In summary, the fifteen articles (9 original research, 3 technology and code, 2 method and 1 perspective) published on this Research Topic provide an overview of the efforts and collaborations among European PBCRs, stakeholders, the ENCR and the JRC to improve data quality and harmonization of European cancer registries. This will contribute to the knowledge of cancer epidemiology in Europe and improve insights in cancer inequalities among European countries and regions. In addition, the Research Topic “Joining Efforts to Improve Data Quality and Harmonization Among European Population-Based Cancer Registries” could provide some important elements for the current Joint Action EU4H-2024-JA-IBA-03, direct grants to Member States’ authorities: to support quality improvement of cancer registry data feeding the European Cancer Information System (13).
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An updated European Network of Cancer registries (ENCR) Recommendations on Recording and Reporting of Urothelial Tumours of the Urinary Tract had been published in 2022. After the publication by the ENCR of the “Recommendations for coding bladder cancers” in 1995, knowledge about the biology and pathology of urinary tract tumors and their classification has varied and increased substantially. On the other hand, several studies have shown that cancer registries use different definitions, criteria for inclusion and coding of urothelial tumors. This great variability among registries affects not only the criteria for recording (registration, coding and classification) but also the criteria of reporting (counting in the statistics of incidence and survival) urinary tract tumors. This causes difficulties in the data comparability from different registries. Recording and reporting of urothelial tumors requires the application of standard criteria that must take into account the combination of the multiple aspects as the primary topography, the histological type, the grade, the extent of invasion, the multi-centricity, the progressions and the time interval between tumors. This led to the creation of a Working Group of the ENCR that developed these recommendations on the recording and reporting of urothelial tumors of the urinary tract. This article reports these recommendations and the rationale for each.
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Introduction

In 1995 the European Network of Cancer Registries (ENCR) distributed the “Recommendations for coding bladder cancers” (1). These recommendations were elaborated because of the special characteristics of urothelial tumors and, especially, the difficulties of clinicians and pathologists to correctly determine their morphology, level of invasion and grade and, which makes it impossible to correctly and precisely classify them.

Among the characteristics that make it difficult to record, code and report urothelial tumors are their multicentricity, their great capacity for recurrence and progression, difficulties in correctly determining their grade and level of invasion, and the existence of variants and types that can be confused with other tumors.

After the publication of these Recommendations, knowledge of the biology and pathology of urinary tract tumors has increased substantially and, therefore, their classification has been modified (2, 3). On the other hand, several studies have shown that cancer registries use different definitions, criteria for inclusion and coding of urothelial tumors (4). A recently published study confirms that this variability is still relevant today (5). This wide variability among registries affects not only the criteria for recording (registration, coding and classification) but also the criteria of reporting (counting in the statistics of incidence and survival) urinary tract tumors. This makes it difficult to compare urothelial tumor burden between cancer registries.

The recording and reporting of urothelial tumors requires the application of standard criteria. The combination of multiple aspects must be taken into account: the primary topography, the histological type, the grade, the extent of invasion, the multi-centricity, the recurrences and progressions and the time interval between tumors, the difficulties in the obtaining of the result of biopsies, the recording stage, the existence of tumors diagnosed before the registry’s period of recording, the residence of patients at the time of diagnosis of each tumor and the standard criteria for multiplicity. All this led to the creation of a new ENCR Working Group that has reviewed and updated the ENCR Recommendations published in 1995. These new recommendations were published/distributed in June 2022 under the title “ENCR Recommendations on Recording and Reporting of Urothelial Tumours of the Urinary Tract” and European population-based cancer registries must apply them to all urothelial tumors with an incidence date of 1st January 2022 or later (6).

These recommendations are based on current knowledge about the biology, anatomical pathology and epidemiology of urinary tract tumors reflected in the fourth edition of the WHO Classification of Tumors of the Urinary System and Male Genital Organs of 2016 (2) and also in new knowledge on urothelial tumors published more recently (7–9). Although WHO 2016 classification has been used, these recommendations include all the aspects listed in the previous paragraph for recording and reporting these tumors in a harmonized way in the European cancer registries.

These recommendations will enable population-based cancer registries to improve the quality of their data and the comparability of incidence and survival data, while providing useful information to clinicians and policymakers. This document reports these recommendations and the rationale for each one of them.



Methods

In 2017, the cancer registries of Tarn (France) and Tarragona and Girona (Spain) launched a survey to European cancer registries on the practices of registration, coding and reporting of urothelial tumors. For example, in cases in which the tumor presented various levels of progression. The survey was answered by 42 registries. The conclusions of the survey were that there was an urgent need to define clear rules for the registration these tumors. As an example, in cases where the tumor had various levels of progression from a low-grade non-invasive tumor to an invasive tumor, 8 recorded only the first tumor, one recorded only the last (invasive), 13 recorded the first (low-grade non-invasive) and the last; 11 recorded combinations that included the first and the last, and 9 recorded all tumors. In relation to reporting, there was also great variability: 18 reported only the first, 13 reported only the last, 10 reported combinations of one or several tumors, and one did not report any tumor. In addition to questions on inclusion (recording) and reporting criteria, the survey also included questions on coding composite tumors such as urothelial carcinomas with squamous, adenocarcinomatous or neuroendocrine component, and neuroendocrine carcinoma with urothelial carcinoma. In this aspect, the degree of discordance was lower.

In June 2018, the ENCR launched an offer of expressions of interest from member registries to join an Urothelial Cancers Task Force that would include both cancer registry and clinical representation. The aims of the Working Group (WG) were to address the difficulties in the registration of urothelial cancers and to update the ENCR recommendations published in 1995. The new ENCR Recommendations would improve incidence and survival data comparability across different European registries and countries.

Once the WG was established, a first meeting was held by teleconference on December 5, 2018. On July 12, 2019, a first face-to-face meeting of the Working Group was held at the Join Research Center (JRC) in Ispra, Italy, at which it was decided to update and to draft the ENCR Recommendations. A second face-to-face meeting was also held in Ispra on November 8, 2019. After the second meeting, the WG continued its work virtually, introducing modifications to previous versions of the document.

During the meetings and during the virtual work of the Working Group, each of the decisions on recording and coding issues were made by consensus of at least 7 of the 8 members of the group.

Once the WG finalized the draft Recommendations, it was sent to the ENCR Steering Committee, which reviewed it and proposed some modifications. Once the Working Group and the Steering Committee agreed on the document, it was sent to all ENCR members for revision and feedback. Some registries sent their comments and asked for clarifications. All the questions asked were answered and some of the registries’ proposed modifications were introduced. Finally, on June 8, 2022, the Steering Committee approved the final version of the Recommendations that were published on the ENCR website a few days later (https://encr.eu/sites/default/files/Recommendations/ENCR%20Recommendation_UT_Jun2022_EN.pdf). Figure 1 shows the scheme of this process from the offer of expression of interest to the publication of the Recommendations.




Figure 1 | Scheme of the process of preparing the ENCR Recommendations on Urothelial Cancers.





Results and discussion

In cancer registration and especially in the registration of some types of tumors with high rates of recurrence and progression such as urothelial tumors of the urinary tract, it is important to differentiate between recording (registration) and reporting (counting) tumors. A cancer registry can record several tumors of the urothelium (of different site, grade or invasion) of the same patient but according to international criteria and for the purposes of comparability, only one or a part of them is actually reported.



Recommendations for recording urothelial tumors


The recommendations for recording of urothelial tumors are based on three general principles

First, these Recommendations apply to all urothelial tumors (transitional cell tumors) and their variants regardless of tumor topography (renal pelvis, ureter, urinary bladder, or urethra –International Classification of Diseases for Oncology, Third Edition (ICD-O-3) codes C65 to C68–). Therefore, they apply to the pure urothelial carcinomas, to urothelial carcinomas with divergent (squamous, glandular, trophoblastic and other) differentiation, and to all other variants (nested, microcystic, lymphoepithelioma-like, plasmacytoid/signet ring cell, sarcomatoid, giant cell, lipid-rich, clear cell and poorly differentiated) of urothelial carcinomas. Sarcomas and other histologic types of cancer (e.g., adenocarcinomas, squamous cell carcinomas, or neuroendocrine tumors) of the urinary tract are not included in these recommendations, although they do occur in the urinary tract and should also be recorded by registries.

Secondly, in order to correctly record and code urothelial tumors, it is essential to have access to pathological examinations (reports) since knowledge of the topography, morphological type, behavior and grade of the tumor is required. The non-existence or non-availability of anatomopathological reports prevents, in many cases, knowing whether the tumor should be registered and, in all cases, accurate coding of some variables (morphology, behavior, grade…).

Third, although in cancer registration, the usual definition of synchronous tumors includes all tumors of the same location that appear in a period of less than or equal to 3 months, these specific recommendations for urothelial tumors define synchronous tumors of the same location and laterality as those that present in a period of less than or equal to 4 months. This criterion also applies to urothelial tumors whose resection is performed in two phases since, in many of these cases, the initial resections are not complete or the second revision is sometimes delayed, particularly in elderly patients.




Criteria for the inclusion (registration) of urothelial tumors

In the following paragraphs, the 11 rules or criteria for the inclusion (registration) of urothelial tumors in the cancer registry are described. Each of the inclusion criteria is indicated in italics and indented as they are in the European Network of Cancer Registries Recommendations document (6).


Types of tumors to be included

Cancer registries must record all invasive and non-invasive urothelial carcinomas including those without histological confirmation. Obviously, the urothelial concept includes any type of urothelial carcinoma and any of its variants.

The 4th and 5th editions of the WHO Classification of Tumours of the Urinary System (2, 3) allow a clear differentiation between malignant tumors (invasive or not) and non-malignant tumors. According this new WHO Classification, papillary urothelial neoplasms of low malignant potential (PUNLMP), urothelial papillomas, inverted urothelial papillomas, urothelial proliferation of uncertain malignant potential and urothelial dysplasia are not considered malignant, and are therefore not recommended for registration in a cancer registry. However, cancer registries that for whatever reason are interested in any of these entities may register them if they wish, but they should never be included in the incidence computation.

“The following types of tumors arising in the urinary tract must be recorded:

1. Non-invasive papillary urothelial carcinoma, low-grade

2. Non-invasive papillary urothelial carcinoma, high-grade

3. Urothelial carcinoma in situ (carcinoma in situ)

4. All invasive carcinomas

5. Tumour with histologic examination but invasion cannot be assessed

6. Tumour with cytological examination only (see rule 2.b, page 6)

7. Tumour with no microscopic confirmation (see rule 2.c, page 6)”



Multiples sites

The International Rules for Multiple Primary Cancer edited jointly by the International Agency for Research on Cancer, the World Health Organization, the International Association of Cancer Registries and the European Network of Cancer Registries in 2004 (10) are for “reporting” data on cancer incidence and survival, so that cancer risk and outcome are comparable between different populations. The same Rules indicate that for collection, it is recommended that registries collect and register more detailed data and, in fact, cancer registries use different rules for defining multiple primaries when registering cancer cases. Such cases should be collapsed to conform to the international rules for analysis.

The WG that prepared these updated ENCR Recommendations considered that, in order to be able to analyze many aspects of these tumors, it is necessary to have information on all tumors with different three-digit ICD-O-3 topography. Therefore, the recommendation is

“if a patient presents with several (synchronous or metachronous) urothelial tumors in different sites, record all tumours of different three-digit sites (C65-C68) and laterality (if renal pelvis or ureter). If a metachronous tumor is diagnosed in the ureter or urethra after cystectomy, it should not be recorded if it has arisen at the surgical margin because it should be considered as a local recurrence of the removed tumor in the urinary bladder except if it is a progression.”



Progressions

A characteristic of urothelial carcinomas is their high capacity for recurrence and progression. Reported 5-year rates of non-muscle-invasive bladder carcinoma recurrence range from 50% to 70% and reported 5-year rates of progression range from 10% to 30%. Factors associated with recurrence and progression include, among others, high grade, high stage, large tumor size, multifocality, high number of previous recurrences and presence of concomitant carcinoma in situ (11), and histological variants. Tumor grade, stage, and carcinoma in situ are the most important variables for progression (12) Taking into account this ability of urothelial tumors to progress, and their different prognosis depending on their grade, level of invasion and morphology, it has been considered necessary that cancer registries record progressions in order to be able to correctly compare survival among different populations.

Studies have suggested that invasive urothelial tumors develop along at least two molecular pathways, via either high-grade papillary tumors or carcinoma in situ (7, 13). For this reason, when a new urothelial tumor is diagnosed in a patient who already has previous tumors, it can be difficult to define whether or not the new tumor represents progression. Therefore, in these recommendations the process of progression was determined not on the basis of the molecular pathway but on the basis of the severity of the tumor and its ability to progress further. Thus, carcinoma in situ was considered as progression of high-grade non-invasive carcinoma and the recommendation was defined as follows:

“If a patient presents with several urothelial tumors in the same three-digit topographical site that includes some progression of the disease, register the first tumor and then subsequently only those tumours that represent a chronological progression. The following series shows the order that represent a progression:

Non-invasive, low grade (TaG1) → Non-invasive, high grade (TaG3) → In situ (Tis) → Invasive, superficial (T1) → Muscle-invasive (T2+).

Due to the special characteristics of urothelial tumours, the recording of the different stages should be done for these tumours in order to know their progression. Remember that all known steps of this progression should be recorded. Therefore, for example, the recording of a T2+ invasive tumor does not replace the recording of a T1 invasive tumor if the latter is known.”



Recurrences

It has already been mentioned that urothelial tumors have a great tendency to present with recurrences and progressions. Multiplicity, tumor size, and prior recurrence rate are the most important variables for recurrence (12). Recurrences do not significantly change the patient’s prognosis. Therefore the fourth rule specifies that:

“Tumours that represent recurrences (not progressions) with the same or lower level of invasion and degree do not have to be recorded”.



Synchronous urothelial tumors of the same site and laterality

Tumor multifocality, that is, the existence of two or more non-contiguous tumor formations separated by a macroscopically non-tumorous tissue area, is common in urothelial carcinomas. In carcinoma in situ, involvement of the surface urothelium is usually multifocal (14). In non-invasive urothelial tumors, multifocality is one of the factors determining clinical risk of recurrence and disease progression (2). Due to this characteristic of urothelial tumors, the WG agreed that the presence of multifocality at the same topography has to be registered as a single tumor and if the different tumors have a different level of aggressiveness (grade, level of invasion -T-), the one to be registered is the most aggressive one, to ensure a correct survival analysis. This standard should apply to synchronous tumors and, as discussed in the general principles of urothelial tumor registration, this means all tumors within a maximum period of 4 months between them.

“If a patient presents with more than one urothelial tumour in the same three-digit topographical site and laterality (if renal pelvis or ureter) in a short period of time (≤4 months – i.e. synchronous–), record only the most aggressive of them (based on the progression scheme in point 3 above) but with the date of diagnosis taken from the first tumour.

This criterion also applies to tumours whose resection is performed in two phases. In these cases, the temporal course of clinical investigation should also be considered because sometimes initial resections are not complete or the second look is sometimes delayed, particularly in old patients.”



Codes of site in synchronous tumors of bladder:

Two or more tumors may arise synchronously in the bladder, with similar or different aggressiveness. In this case, if the two (or more) tumors are in the same subsite of the bladder, this subsite should be coded, but if the tumors are in different subsites, code C67.8 should be recorded to follow ICD-O criteria on “Tumors involving more than one topographic category or subcategory”.

“Record synchronous tumors of the bladder using the synchronous tumor rule (rule 5). If the highest level of progression is present in more than one tumour and in more than one subsite (four-digit topography), code the site as C67.8 even if the tumours are not contiguous. If they appear in the same subsite, codify the corresponding subsite.”



Synchronous urothelial tumors of different site

Although the International Rules for Multiple Primary Cancers (ICD-O Third Edition) for reporting tumors consider tumors of the renal pelvis (C65), ureter (C66), urinary bladder (C67) and other and unspecified urinary organs (C68.9) as belonging to a single topographic site, it is highly recommended that tumors from different three-digit ICD-O-3 sites be recorded as different tumors. First, the separate registration of the multiple tumors allows registries to better describe the incidence. Second, for survival studies, the knowledge of the existence of multiple tumors and their site is fundamental since the prognosis depends, among other factors, on the primary site where the tumor has developed.

“If a patient presents with more than one urothelial tumor in different three-digit topographical sites in a short period of time (≤4 months –synchronous–), record each tumor separately, each one with its corresponding topography, morphology, behavior codes and incidence date (do not use grouping code C68.9 for registration purpose)”.



Bilateral tumors

Unlike synchronous urothelial tumors of different site, bilateral tumors share the same site code. However, having a single tumor at a paired site (pelvis or ureter) does not carry the same prognosis as having a tumor at each of the paired sites. Furthermore, their aggressiveness (grade, level of invasion, morphological type) may be different. For these reasons, and although only one tumor should be counted for the calculation of incidence, it is recommended that bilateral tumors of the same site be recorded according to the following criteria:

“If a patient presents with several (synchronous or metachronous) urothelial tumours in both sides of the same paired organ (e.g. right and left pelvis or right and left ureter), record all the tumors of each side of each three digit site following rules 3 to 6 (e.g. 1st urothelial carcinoma in right ureter and its progressions, and 1st urothelial carcinoma in left ureter and its progressions).”



Mixed situations of multiplicity, progressions and synchronicity/metachronicity

Due to the multifocality and progressive characteristics of urothelial tumors, there are many possible combinations of multiplicity, progression and temporality. Consider the example of a patient who presents with a mixed combination of multiple synchronous and metachronous urothelial tumors in the same and different three-digit topographies. This patient presented in this chronological order with a “Non-invasive low-grade carcinoma” of bladder (1) followed by a synchronous “Invasive carcinoma” of bladder (2) followed by an “In situ carcinoma” of right renal pelvis (3) followed by a “Non-Invasive high-grade carcinoma” of right renal pelvis (4) followed by an “Invasive carcinoma” of bladder (5).

Tumor 1 and tumor 2 are synchronous at the same site, so only the more aggressive, in this case the invasive one should be recorded (with the date of diagnosis of the first tumor). Tumor 3 should be recorded because it appeared in a different site. Tumor 4, on the other hand, should not be recorded because it must be considered a recurrence of tumor 3. Finally, tumor 5 should not be recorded either because it is a recurrence of tumor 2.

“If a patient presents with a combination of synchronous and metachronous multiple urothelial tumors in the same and/or different three-digit sites, record them according to rules 2 to 8.”



First tumor occurring outside the area of registration

In cancer registries it is possible to find cancers of the same topography separated in time. The higher the incidence of a type of cancer and its survival, the more likely it is to find this phenomenon. Colorectal and breast cancers are a good example of this. But, once again, due to their high capacity for recurrence and progression, urothelial carcinomas are the ones that present this phenomenon most frequently, except for non-melanoma skin cancers.

People can change their residence throughout their lives and each tumor is registered in association with the patient’s residence at the time of diagnosis. This may result in a first tumor being diagnosed when the patient resides outside the registry area and the next one(s) being diagnosed when the patient resides in the registry area. In this situation, if we do not record the first tumor, we will not be aware that the second is not an incident case but rather a prevalent one and, therefore, we will mistakenly count it as incident. This will cause an overestimation of the incidence. So, the recording of a first tumor diagnosed outside the area of registration allows the registry to know if a subsequent tumor is a recurrence or progression (recorded but not reported as incident) thus avoiding over-reporting.

“A patient can move from one residence to another, so place of residence should be related to the tumours and not to the patient. If information is available showing a patient resident in the coverage area of the registry has been previously diagnosed with a urothelial tumor(s) when resident outside the registration area, record all of them (the ones occurring outside the area of registration and the ones diagnosed being resident in the area of the registry) according to rules 2 to 8 (that enables the tumours to be flagged as ‘Extra-regional’ for reporting purposes).”



First tumor occurring before the operation period of the registry

A similar situation occurs when the first tumor is diagnosed before the registry operation period. If we do not record the first tumor diagnosed before the registration period, it is impossible to know that successive cancers from the same site are recurrences or progressions and not cancers that should be reported as incident. So, the recording of tumors diagnosed before the period of operation of the registry allows the registry to know whether subsequent tumors should be recorded as progression or recurrence (recorded but not reported as incident) to prevent over-reporting.

“If information is available showing a patient resident in the coverage area of the registry has been diagnosed with one or more urothelial tumors before the operation period of the registry, record all their tumors (the ones diagnosed before and the one diagnosed after first date of operation of the registry) according to rules 2 to 8.”




Recommendations for classification and coding

In the following paragraphs, the recommendations for the coding and classification of urothelial tumors are described. As has been done with the inclusion criteria section, recommendations are indicated in italics and indented as they are in the ENCR Recommendations document (6).


Classification used in the cancer registries

Cancer registries usually code topography, morphology, behavior, and grade of the tumor according to the International Classification of Diseases for Oncology (ICD-O). This classification has evolved over the years with several editions and revisions that allow coding of newly defined cancer entities. Thus, as far as possible, it is recommended that registries adapt their coding criteria to the new editions and revisions of the ICD-O.

The recommended version of the ICD-O until the end of 2019 was the International Classification of Diseases for Oncology, 3rd edition, 1st revision (ICD-O-3.1) (15) and the second revision (ICD-O-3.2) which is not yet published is recommended to be used for tumors diagnosed on or after January 1, 2020 as reported on the IACR website (16).

The new versions of the ICD-O try to adapt as much as possible to the most recent versions of the WHO Classification of Tumours, which include morphological codes. In June 2022, a new version of the “WHO Classification of Tumours: Urinary and Male Genital Tumours” has been published (3). In some cases, the latest version of the ICD-O does not include a morphological category. For example, nested urothelial carcinoma is not covered by OCD-O-3.2. However, the latest edition of the WHO Classification of June 2022 indicates that it should be coded with code 8120/3.

“All urothelial tumors must be coded according to the most recent version of the International Classification of Diseases for Oncology, 3rd Edition (ICD-O-3) (these classifications are almost equivalent to the WHO classification).”



Morphology, behavior and grade


a) Codes of the most frequent morphological categories when histology is available

Any of the morphological types can be found in any of the topographies of the urinary tract (renal pelvis, ureter, bladder, and urethra). Likewise, apart from the existing difficulties in determining the exact subtype of urothelial carcinoma, often the greatest difficulty is in determining the level of tumor invasion. This occurs because the evaluation of biopsies and transurethral resections of the bladder (TURB) can be extremely difficult for several reasons (9). First, proper pathology reporting is extremely dependent on the quality of the submitted material. Cautery artifact may hinder accurate staging at initial TURB for large tumors by understaging up to 6% of patients (17). Second, pathologists can have difficulty recognizing superficial invasion of the lamina propria and differentiating invasion of the muscularis propria from invasion of the muscularis mucosae (18).

When a tumor has been examined histologically but it has not been possible to determine the level of invasion, a dilemma arises in the cancer registry between coding behavior/2 (non-invasive carcinoma) or/3 (invasive carcinoma). In these situations, behavior/3 is never assigned by default, but only if there is a clinical impression of an invasive tumor (then use the code 8120/3). Otherwise (i.e. no obvious invasion on clinical/paraclinical examination), the code 8130/2 (non-invasive papillary tumor) must be used when the term papillary is mentioned in the pathology report or when the TURB report mentions papillary appearance. However, if the term papillary is not mentioned or there is no information about the appearance of the tumor, then it cannot be coded as papillary and code 8120/2 should be used. In this case the code pT is pTX (and not pTis), to avoid confusion with carcinoma in situ.

All in situ and invasive carcinomas should be coded as grade 3 even if the pathology report indicates “low grade” or does not indicate the grade. The reason is explained in section 2.e of these grading and coding criteria.


 





b) Codes when only cytological examination is available*

Although all cases should have histological examination, in a few cases only cytological examination can be found. This may be because the patient has not had a histologic examination or because the cancer registry does not have it available. In these cases, it is recommended to use the “Paris System reporting for urine cytology (19–22).

This System have the following seven diagnostic categories: 1. Non-diagnostic/Unsatisfactory; 2. Negative for high-grade urothelial carcinoma (NHGUC); 3. Atypical urothelial cells (AUC); 4. Suspicious for high-grade urothelial carcinoma (SHGUC); 5. High-grade urothelial carcinoma (HGUC); 6. Low-grade urothelial neoplasm (LGUN), and 7. Other: primary and secondary malignancies and miscellaneous lesion. Of these, only categories 4 and 5 should be considered as high-grade urothelial carcinomas.

In these high-grade tumors diagnosed by cytological examination only, a consensus has been agreed upon for high-grade urothelial carcinoma to be coded as behavior/2 although it was acknowledged there is a limited evidence base to support either this or coding to behavior code/3. In any case, in cancer registration if there is the clinical impression, e.g. with imaging, that the tumor is invasive then it should be coded with the behavioral code/3. In these cases, an effort should also be made to ascertain whether the tumor has a papillary appearance (8130) or not (8120) by reviewing the imaging.

Non-urothelial malignant cells may also be found on cytology. Evidently, in these cases, non-urothelial malignant cells seen on cytology should be coded according to the pathology report and clinical information. This would be the case, for example, for non-urothelial urinary tract tumors (squamous, glandular, Müllerian type, neuroendocrine, melanocytic, mesenchymal…) and metastases from tumors outside the urinary tract.

Of course, an effort should also be made to identify and code the exact topography of the tumor by radiology/imaging. If this is not known, topography 68.9 (Urinary tract, not otherwise specified (NOS) should be coded as the tumor can be located at any point between the renal pelvis and the urethra.


 





c) Codes when only non-microscopic confirmation is available (histo/cytopathological evidence unavailable)

In other rare situations, neither histological nor cytopathological evidence is available. In these cases, only tumors with a clinically malignant appearance can be recorded, which can be coded as 8000/3 because the morphologic result is not available, and grade 9 because it is also unknown. If the tumor has no malignant appearance or its appearance of malignancy is doubtful, it is not necessary to register it and, if it is decided to register it, code it as 8000/1 grade 9.

“When histo/cytopathological evidence is unavailable but clinical appearance is confirmed by the clinician, use the following codes.


 





d) Codes of behavior for unknown level of invasion

When there is a histologic examination but the exact level of invasion is unknown, it is usually because either subepithelial connective tissue or muscularis propria is not present in the specimens received by the pathologist. In either of these cases the first thing to do, if possible, is to consult the pathologist for advice/assessment.

In case of urothelial papilloma, papillary urothelial neoplasms of low malignant potential (PUNLMP) or urothelial proliferation of uncertain malignant potential, the recommendation is not to register these entities as already mentioned in the point “1.1. Types of tumors to be included” of the Criteria for the inclusion (registration) of urothelial tumors.

What should be done when subepithelial connective tissue is not present? As the lack of subepithelial connective tissue does not preclude the diagnosis of non-invasive carcinomas, if it diagnosed as a “Non-invasive papillary urothelial carcinoma” or a “Carcinoma in situ” code behavior/2. However, if morphological characteristics are not specified, code behavior/2 because it is the maximum aggressiveness that can be assumed (behavior/3 should never be assigned by default). In relation to the morphology, the code to use depends on the appearance at endoscopy: 8120 (no papillary appearance) or 8130 (papillary appearance).

And what to do when muscularis propria is not present? If sub-epithelial connective tissue is invaded, code behavior/3. But, otherwise, code behavior/2 according to the morphological characteristics (papillary or not).

“d1) “Subepithelial connective tissue” is not present in resection.

First of all, ask for pathologist assessment. If it is not possible or the pathologist can’t give an answer:

	− If “Urothelial papilloma”:/0 (there is no recommendation to record this tumor).

	− If “Papillary urothelial neoplasm of low malignant potential (PUNLMP)”:/1 (there is no recommendation to record this tumor but if it is recorded, code 8130/1 without grade and pT) (some pathologists can erroneously code pTa in PUNLMP. pTa should be used only in carcinomas).

	− If “Urothelial proliferation of uncertain malignant potential”:/1 (there is no recommendation to record this entity).

	− If “Non-invasive papillary urothelial carcinoma” or “Carcinoma in situ”:/2

	− If morphological characteristics are not specified:/2 (Codify morphology 8120 (no papillary appearance) or 8130 (papillary appearance) depending on the appearance at endoscopy).



d2) “Muscularis propria” is not present in resection.

First of all, ask for pathologist assessment. If it is not possible or the pathologist can’t give an answer:

	− If sub-epithelial connective tissue is invaded:/3.

	− Otherwise, code behavior/2 (according to the morphological characteristics).”





e) Grade

Grade registration is especially important for the non-invasive papillary urothelial carcinomas where it is necessary to distinguish between the high-grade (code 3) and the low-grade (code 1) tumors. As in 2004, the 2016 WHO Classification recommends the use of the grading classification first put forth by ISUP in 1997 (2). This 2-tiered grading system—high versus low grade—is intended to simplify clinical decision making in daily practice over the 3-tiered 1973 system. It also provides congruence between histology and cytology reports, and highlights the prompt therapeutic requirement for all high-grade lesions (flat or papillary) (23). Moreover this system does not outperform the 1973 system in prognostic value, but shows higher reproducibility (24). If the pathology report does provide tumor grades according to both 2016 and 1973 systems or does not indicate whether the tumor is low grade or high grade, but rather indicates the grade based on the three categories of level 1, 2 and 3, the following table of these Recommendations shows the correspondence between the two classifications. As a result, code 2 will no longer be used to code the grade.

In relation to the invasive urothelial carcinomas, the overwhelming majority of invasive urothelial carcinomas are high grade (25). However, some variants (e.g. large nested variant of urothelial carcinoma) may present a “pseudo-benign” (deceptively bland) appearance, but this appearance is misleading, since these variants have a poor outcome (26–28). On this basis, all invasive urothelial tumors should be recorded as ‘Grade 3’.

“Codes according to the description in the pathological report:


 






Codes for urothelial carcinomas with other morphological terms

Urothelial carcinoma has long been known to have a remarkable propensity for divergent differentiation (29), which is seen most commonly in association with high-grade and locally advanced disease. Common morphologic manifestations of divergent differentiation are along squamous and secondly glandular lines, but also along trophoblastic lines. Around 10% of cases have multiple mixed histologic types (30).

This remarkable propensity for morphological diversity is due both to divergent differentiation and to the existence of histological subtypes. Much literature has been devoted to the characterization and definition of histological entities, but only few prospective data exist (31). Recently, molecular classification (i.e. on basis of expression and genetic alterations) has enriched our understanding of bladder cancer and provided us with a new framework for stratification and assessing response to different therapy regimens (32). It is important to understand that when talking about divergent differentiation or subtypes, a therapeutic implication exists. Therefore, the pathologist must be aware of the diagnostic criteria and accurately report them (8).

Urothelial carcinoma with squamous cell divergent differentiation (with an squamous component): We must differentiate pure squamous cell carcinoma from urothelial carcinoma with squamous cell divergent differentiation (with an epidermoid component) because they are a different tumor type and are treated differently (7). Therefore, we must code the morphology of the first one as 8070 and the latter as 8120.”

a) Urothelial cell carcinoma with epidermoid component (squamous divergent differentiation): 8120

Code squamous carcinoma only if it is a pure squamous carcinoma: 8070 “Pure squamous carcinomas” should be registered separately from urothelial carcinomas because they are a different tumor type from urothelial carcinomas and are treated differently (1, 2), even if the 2004 International Rules for Multiple Primary Cancers include this two tumors in the same morphology group.

Urothelial carcinoma with an adenocarcinomatous component (glandular divergent differentiation): The same applies to the urothelial carcinoma with an adenocarcinomatous component (glandular divergent differentiation). So, we must code as adenocarcinoma only if it is a pure adenocarcinoma (8140) and for urothelial cell carcinoma with adenocarcinomatous component, the code must be 8120.

b) Urothelial cell carcinoma with adenocarcinomatous component (glandular divergent differentiation): 8120

Code adenocarcinoma only if it is a pure adenocarcinoma: 8140

“Pure adenocarcinomas” should be registered separately from urothelial carcinomas because they are a different tumor type from urothelial carcinomas.

Urothelial cell carcinoma subtypes and ICD-O-3 specific code: ICD-O-3 and the 2016 WHO Classification, contains some subtype codes for urothelial tumors. These codes should be used whenever they are reported in pathology reports. These codes are: micropapillary: 8131, lymphoepithelioma-like: 8082, sarcomatoid: 8122, giant cell: 8031 and undifferentiated: 8020.

c) Urothelial cell carcinoma subtypes and ICD-O-3 specific code (new specific codes may appear in subsequent versions of ICD-O/WHO Classification):

	− Micropapillary: 8131

	− Lymphoepithelioma-like: 8082

	− Sarcomatoid: 8122

	− Giant cell: 8031

	− Undifferentiated: 8020



Urothelial cell carcinoma without specific subtype in ICD-O-3 classification: The other subtypes of urothelial carcinomas without a specific morphological code in the ICD-O-3 classification (e.g. nested, microcystic, plasmacytoid, signet ring cell, diffuse, lipid-rich, clear-cell) must be coded as 8120. However, it is possible that some of these subtypes may have specific codes in subsequent versions of ICD-O/WHO Classification. If this occurs, it is recommended to use the new codes that appear. This is in fact already the case since the fifth edition of the WHO classification was recently published (2022), shortly after the release of these recommendations. This new classification assigns the morphological code 8122/3 not only to sarcomatoid urothelial tumors but also to plasmocytoid, signet ring cell and diffuse urothelial tumors (3).

d) Urothelial cell carcinoma without specific subtype in ICD-O-3 classification (e.g. nested, microcystic, plasmacytoid, signet ring cell, diffuse, lipid-rich, clear-cell) (some of these may have specific codes in subsequent versions of ICD-O/WHO Classification): 8120

Urothelial cell carcinoma with neuroendocrine component (neuroendocrine differentiation): A very different case is that of neuroendocrine tumors. Neuroendocrine tumors are classified into well-differentiated neuroendocrine tumor and neuroendocrine carcinoma which includes both large- and small-cell neuroendocrine carcinoma. Whereas well-differentiated neuroendocrine tumors occur in pure form, neuroendocrine carcinomas are often admixed with some form of non-neuroendocrine carcinoma that is most frequently urothelial carcinoma (33). Both large- and small-cell neuroendocrine carcinomas can arise within the bladder. Large-cell neuroendocrine carcinoma is extremely uncommon whereas the incidence of small-cell neuroendocrine carcinoma is only 0.5-1.0% (34). The cell of origin of neuroendocrine carcinoma is unclear (35). Microscopically, large-cell neuroendocrine carcinomas are usually high-grade and poorly differentiated. Approximately 50% of cases of small-cell neuroendocrine carcinomas show an admixture of small-cell neuroendocrine carcinoma with non-small-cell carcinoma components (33, 36) and the ratio of neuroendocrine and non-neuroendocrine components may vary and the amount of the neuroendocrine carcinoma component may be important to outcomes.

The term “Neuroendocrine carcinoma” should be used in all tumors with small or large cell neuroendocrine histology in any proportion of the tumor (37). Recording the histological tumor type using the 2016 WHO classification is a required element as this parameter often has prognostic and therapeutic significance. Therefore, the code assigned to the tumor morphology should most accurately reflect the pathological diagnosis from among the following: 8041 (small cell neuroendocrine carcinoma), 8013 (large cell neuroendocrine carcinoma), 8045 (small and large cell carcinoma), 8240 (neuroendocrine carcinoma well-differentiated or low-grade), 8249 (neuroendocrine carcinoma moderately-differentiated or high grade) and 8246 (neuroendocrine carcinoma, NOS).

A tumor is classified as urothelial carcinoma if there is any urothelial differentiation [including associated urothelial carcinoma in situ (CIS)], with any other types present reported with an estimated percentage. Thus, a carcinoma showing 20% urothelial differentiation and 80% glandular differentiation should be reported under the histological tumor type “Urothelial carcinoma”. An exception to this rule is for cases with any amount of neuroendocrine component (small cell neuroendocrine carcinoma or large cell neuroendocrine carcinoma) where classification is now in the neuroendocrine tumor category. Thus, a mixed tumor with 30% small cell neuroendocrine carcinoma and 70% urothelial carcinoma should be reported under the histological tumor type as neuroendocrine tumor (small cell neuroendocrine carcinoma). This is a controversial issue, as reflected by the different approaches recommended by WHO 2016 in chapters on the neuroendocrine tumors and urothelial carcinoma variants. The International Collaboration on Cancer Reporting (ICCR) recommends the latter approach but recognizes that the percentage of the neuroendocrine component could inform patient management, particularly with newer treatment modalities such as immunotherapy.

e) Urothelial cell carcinoma with neuroendocrine component (neuroendocrine differentiation):

Always encode neuroendocrine carcinoma independently of the amount of the neuroendocrine component (See Annex 2: Comments. Neuroendocrine tumors).

	− Small cell neuroendocrine carcinoma: 8041

	− Large cell neuroendocrine carcinoma: 8013

	− Composite small and large cell neuroendocrine carcinoma: 8045

	− Neuroendocrine carcinoma well-differentiated or low-grade NET: 8240

	− Neuroendocrine carcinoma moderately-differentiated or high-grade NET: 8249

	− Neuroendocrine carcinoma, NOS: 8246”





Non-urothelial specific carcinomas

Unlike urothelial tumors with squamous, glandular or other types of differentiation, there are non-urothelial tumors of the urinary tract such as (pure) adenocarcinomas, (pure) squamous carcinomas, and neuroendocrine, melanocytic, mesenchymal or lymphoid tumors (38) which must be recorded separately from urothelial tumors following the general criteria for other tumors.

Table 1 summarizes the main criteria of inclusion (according to invasion, grade and existence of progression). For each site (right and left pelvis, right and left ureter, bladder and urethra), this table summarizes, which tumors should be registered by application of rules 2 to 8. In summary: after recording the first tumor (/2 or/3) of each site, only record subsequent tumors that represent progression, according to the grouping of categories (columns 1, 2, 3, 4 and 5).


Table 1 | Summary table of main criteria of inclusion (according to invasion, grade and existence of progression).





Coding the Basis of Diagnosis

Considering the current methods for diagnosing urothelial tumors, the possible usable codes are as follows. Evidently, as with all other cancers, if the cancer registry only has a record of the case by death certificate, the code to be used is “0” (Death certificate only).

	- Histology (Biopsy or surgical resection or autopsy specimen) …………………………………………… 7

	- Cytology only (urine) ………………………………… 5

	- Only imaging or cystoscopy without biopsy or autopsy without a tissue diagnosis …………………………․ 2

	- Death certificate only ………………………………… 0



In case of doubt, see the ENCR Recommendations on Basis of Diagnosis. It should be noted that the current recommendations on the basis of diagnosis were distributed in 1999, and it is likely that new ENCR recommendations on this subject will be published soon. Finally, if in the future the diagnostic methods for urothelial tumors are expanded and, consequently, these codes are modified or expanded, it is recommended to follow the modifications that may be defined by the ENCR.



Coding stage

Stage at diagnosis is one of the most important prognostic factors for the vast majority of tumors and this is also true for urothelial tumors (39). For this reason, survival analyses should be performed not only by sex and age but also by stage in order to distinguish whether differences in survival over time or between populations are due to a different distribution of cases by stage or to differences in cancer care.

In urothelial carcinomas, it is important to distinguish tumor invasion of the smaller, discontinuous, slender smooth muscle fibers of the muscularis mucosae (T1) from invasion of the larger, compact bundles of the muscularis propria (40, 41) and, as already commented, pathologists can have difficulty recognizing focal, superficial invasion of the lamina propria and differentiating invasion of the muscularis propria from invasion of the muscularis mucosae -ie, stage T1 from T2, which has immense implications for patient care (18).

On the other hand, although the combination of morphological, behavioral and grade codes are sufficient to distinguish between carcinomas in situ (CIS) and noninvasive papillary carcinomas, recording the T category of noninvasive tumors (pTis or pTa) in cancer registries validates the correctness of the data.

“Record “TNM-stage” (1, 4) whenever possible and, at least the “T-category”.

This is important to allow Tis tumors to be easily distinguished from other tumors with behavior/2.”




Recommendations for reporting urothelial tumors

Due to the complexity of urothelial tumors, these Recommendations are mostly devoted to recording criteria (registration, coding and classification). However, recommendations for the reporting of these tumors are also important for data comparability and are discussed below.

In order to follow the IARC/IACR/ENCR “International Rules for Multiple Primary Cancers” for computing incidence, only the first urothelial tumor regardless of the behavioral code (/2 or/3) should be counted. This will ensure incidence comparability between registries

The most important fact to note is that following the recommendations for recording provides the raw data that can be analyzed later. By doing so, data from cancer registry databases can be used to perform multiple analyses as part of local cancer surveillance and service assessment or can be transmitted for National, European or International projects.

The objectives of international projects can be very varied, so the “data call protocol” from international projects should define very accurately the criteria for inclusion of the data to be submitted and should also explain in detail how the data will be analyzed for incidence and survival estimations.

The following two examples show how the objectives and, consequently, the use of data for analysis can vary:

1. Counting the incidence of urinary bladder cancer: will a patient’s first urothelial tumor be counted regardless of whether it is invasive or non-invasive, or will only invasive urothelial tumors be counted? Will non-urothelial bladder tumors also be included in the calculation?

2. Urinary bladder cancer survival computation: will the first tumor from any patient regardless of her behavior be included in the analysis or will only invasive tumors be considered?

Table 2 summarizes the general principles and criteria for inclusion (registration), and list of coding issues in the 2022 ENCR recommendations on urothelial tumours.


Table 2 | Summary of the general principles and criteria of inclusion (registration), and list of coding issues in the 2022 ENCR recommendations on urothelial tumours.



In conclusion, due to the great variability in the criteria for registration, coding and reporting of urothelial tumors among the different cancer registries, it is very difficult to determine the quantitative impact on incidence and survival rates of these new “ENCR Recommendations on the registration and reporting of urothelial tumors of the urinary tract”. This would only be possible with the performance of a prospective study performed by all cancer registries applying both the old and the new criteria and evaluating the differences. These ENCR Recommendations imply a higher workload for the registry teams but will provide the framework to ensure comparability of outcomes for this tumor type across cancer registries in Europe and to enable a broader spectrum of analysis of incidence, survival and prevalence data for urothelial tumors. In the medium-term, an evaluation to review if the updated recommendations had any impact on the incidence and the quality of registered of urothelial tumors by registries would be desirable.

Finally, the rules we propose for the registration of urothelial tumors, which constitute the most complex example of multiple, recurrent or progressive tumors, could be extended to tumors of other locations that may present these characteristics, in particular tumors for which screening programs exist, such as breast or colon-rectal tumors.
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Population-based cancer registries are responsible for collecting incidence and survival data on all reportable neoplasms within a defined geographical area. During the last decades, the role of cancer registries has evolved beyond monitoring epidemiological indicators, as they are expanding their activities to studies on cancer aetiology, prevention, and quality of care. This expansion relies also on the collection of additional clinical data, such as stage at diagnosis and cancer treatment. While the collection of data on stage, according to international reference classification, is consolidated almost everywhere, data collection on treatment is still very heterogeneous in Europe. This article combines data from a literature review and conference proceedings together with data from 125 European cancer registries contributing to the 2015 ENCR-JRC data call to provide an overview of the status of using and reporting treatment data in population-based cancer registries. The literature review shows that there is an increase in published data on cancer treatment by population-based cancer registries over the years. In addition, the review indicates that treatment data are most often collected for breast cancer, the most frequent cancer in women in Europe, followed by colorectal, prostate and lung cancers, which are also more common. Treatment data are increasingly being reported by cancer registries, though further improvements are required to ensure their complete and harmonised collection. Sufficient financial and human resources are needed to collect and analyse treatment data. Clear registration guidelines are to be made available to increase the availability of real-world treatment data in a harmonised way across Europe.




Keywords: cancer registry, data harmonisation, questionnaire, big data, Europe, cancer registry data, cancer treament




1 Introduction

Among non-communicable diseases, cancer remains one of the most important causes of death worldwide. In 2020, 4 million new cases were estimated to be reported in Europe, with around 1.9 million deaths (1). Although improvements in cancer survival over time are being observed, wide variations between European countries still persist (2–4).

Population-based cancer registries (CRs) are responsible for collecting high-quality population-based incidence and survival data on all reportable neoplasms within a defined catchment-area. Starting from the 1940s, population-based CRs have been operational in an increasing number of European countries, adhering to international standards set by the International Association of Cancer Registries (IACR), in collaboration with the International Agency for Research on Cancer (IARC) (5–8).

Following the European Commission’s 1985 “Europe Against Cancer” Programme, the European Network of Cancer Registries (ENCR) has been operating since 1990 to strengthen the collaboration among CRs, aiming to improve the quality, comparability and availability of cancer incidence data; to provide information on and to monitor cancer incidence and mortality in Europe; and to encourage the use of CRs data in cancer control, health-care planning and research. Since 2012, the ENCR Secretariat has been hosted in Ispra, Italy, by the Directorate-General Joint Research Centre (JRC), the science and knowledge centre of the European Commission. The JRC supports the ENCR with the dissemination and harmonisation of cancer data, with the overall aim of accurately comparing data between European countries. CRs can be members of the ENCR if they are based in countries within the United Nations geographical definition of Europe, plus Cyprus. Currently, nearly 200 population-based CRs are active in Europe, of which 189 are full members and 4 are associate members of ENCR (9, 10). Finally, the JRC has been developing, maintaining and expanding the European Cancer Information System (ECIS) as the infrastructure hosting, processing and disseminating European CR data (1). Harmonised cancer burden indicators across European areas computed from CR data are released in the ECIS web application (11).

During the last decades, the role of CRs has evolved beyond providing cancer incidence and survival data. Depending on available resources, CRs are now becoming more involved in different areas of cancer control, including aetiology of cancer, evaluation of screening programmes, and monitoring quality and outcomes of cancer care and trends in cancer survival (12). In Europe, data collection on cancer treatment modalities (surgery, radiotherapy, chemotherapy, etc…) is very heterogeneous. Several CRs are collecting cancer treatment related data on a continuous or regular basis, while other CRs collect them on an ad hoc basis or only for specific projects. Some CRs collect treatment data for all tumours, others only for specific tumours. Data can be collected from medical records and administrative medical claims (such as hospital discharge records and drug prescriptions) (13).

Treatment data collected by CRs allows for the: (1) Monitoring of treatment patterns; (2) Assessment of the compliance with clinical practice guidelines; (3) Evaluation of the impact of new treatments at population level; and (4) Evaluation of access to treatment. Recommended treatment for a specific cancer strongly depends on its stage at diagnosis, as specific treatment modalities and strategies are indicated for selected stages only. The availability of data on stage is therefore a prerequisite for the use and proper interpretation of treatment data collected by CRs (13–15).

Only two previous projects (EUROCHIP-3 and EUROCOURSE) provided an overview on the availability of three main indicators in European population-based CRs: stage at diagnosis, cancer treatment delay and compliance with cancer guidelines. While overall treatment data collection was rather low (30% of CRs), an increase in data collection has been observed (43% of CRs) over time between the two projects (4, 5, 16).

In addition to stage, biomarkers have been playing an important role in guiding treatment options and in the prognosis of several tumour types such as breast, oropharyngeal and lung cancer. Although a constant increase in the number of publications on biomarkers from CRs has been observed in recent years, there is still the need of an harmonisation of such data, and possibly an increased interaction with clinicians and hospital-based registries (17, 18)

Since information about availability and comparability of treatment data is lacking, this article aims to give an overview of the current registration status for cancer treatment data among population-based CRs in Europe. The outcome of the study represents a basis for drafting recommendations to CRs either to initiate data treatment collection or to continue and improve treatment data collection, coding and reporting to assure data comparability among European CRs.



2 Methods

To explore the current situation of cancer treatment registration in Europe, a literature search was conducted, including both peer-reviewed articles and mainly cancer registration-related conference proceedings. In addition, treatment data collected in the framework of the 2015 ENCR-JRC data call were explored, and are here summarised.



2.1 Literature review



2.1.1 Peer-reviewed literature

A literature review was performed on Pubmed to identify peer-reviewed publications mentioning treatment data from CRs in the title and/or abstract. The first selection was done with keywords “cancer registry”, “cancer registries”, “tumor registry”, “tumor registries”, “tumour registry”, “tumour registries”, “oncological registry”, “oncology registry”, together with “treatment”, “surgery”, “radiotherapy”, “chemotherapy”, “therapy”. Keywords with the English language names of all European countries were applied. There was no specific starting period selected, while the end period was set at October 2, 2022.

The results of the Pubmed search were imported in the Rayyan literature review web-tool for further screening (19). As a final step, the results were imported in the statistical software SAS Version 9.3 (SAS Institute Inc., Cary, NC, USA) in order to perform string searches through the PRXMATCH Function. A specific search string was also used to look at age groups reported in the publications.

Articles were excluded when the registry was located outside Europe, was not population-based, did not include treatment data, and when the study was not about CR data (e.g. clinical trials).

A consistency check of the selection criteria was independently performed on a sample of 100 articles on which agreement was reached on 97 out of 100 articles. After discussion on the remaining 3 articles, the resulting criteria were applied to the search algorithm.

Articles from population-based CRs in European countries (plus Cyprus) reporting on treatment data were included in the analysis. Articles from CRs operating in more than one country were also included. 
Figure 1
 describes the flowchart of the included articles.




Figure 1 | 
Flowchart of the identification, screening and eligibility of articles included in the literature review.





2.1.2 Conference proceedings

The title and the abstract of presentations given during the period 2016-2019 in scientific international CRs conferences [European Network of Cancer Registries (ENCR), Group for Cancer Epidemiology and Registration in Latin Language Countries (GRELL), the International Association of Cancer Registries (IACR)] plus the European Society for Medical Oncology (ESMO) were also screened.




2.2 The 2015 ENCR-JRC data call

In 2015 a first ENCR-JRC data call was launched by the ENCR Steering Committee and JRC, as the source for data feeding the ECIS (1). Outputs at registry level reported in the ECIS web application include incidence and mortality by cancer entity, sex, age group and geographical area. Besides this information, the protocol for the 2015 ENCR-JRC data call investigated also on cancer treatment data (20). Additional information could be retrieved by answers to dedicated questions of the questionnaire accompanying the data submission.

General (all-sites) and childhood CRs contributing to the ECIS and having answered to the 2015 ENCR-JRC data call questionnaire were included in the current analysis. Site-specific registries, and regional registries overlapping with a national CR were excluded.



2.2.1 The 2015 ENCR-JRC data call questionnaire

Filling the accompanying questionnaire was an essential requirement to complete the data submission. The questionnaire comprised 4 sections (Cancer case file; Population data; Mortality data and Life tables), and included in section 1 on the Cancer case file the following questions related to the registration of treatment data:


	
1.21 Do you record information about treatment in the registry?


	
1.21.1 Please, provide a description of the variables, if they are different than those in the protocol:


	
1.21.2 Please specify the sources of data on treatment:





The questionnaire was sent through the EUSurvey, the online survey management tool of the European Commission (21). Data from the submitted questionnaires were stored and analysed with Microsoft Excel.



2.2.2 The 2015 ENCR-JRC data call: Treatment data reported by the CRs

The protocol of the 2015 ENCR-JRC data call included 4 variables investigating the first course of cancer therapy after diagnosis by using the following variables:


	
Surgery (including any surgery to remove all or part of the cancer. Biopsy which is followed by definitive surgery was not to be included; other biopsies, where the cancer was completely excised, could be included);


	
Systemic cancer therapy, including chemotherapy, targeted therapy, immunotherapy and hormone therapy;


	
Radiotherapy;


	
Bone marrow transplantation.





All variables were recorded with yes, no or unknown.

Data were submitted by CRs to the JRC through the ENCR-JRC Portal, checked for consistency and harmonised by JRC, using the JRC-ENCR Quality Check Software (QCS), Stata and SAS statistical software (22, 23).

A quality evaluation was performed on the four most common cancer entities (1): breast, colorectal, prostate and lung. The percentage of cancer cases with surgery was calculated by CR for each site, and compared with data previously observed in studies from CRs reporting treatment patterns.





3 Results


3.1 Literature review



3.1.1 Peer-reviewed literature

A total of 2,874 articles out of 7,271 returned by the search (from year 1975 to October 2022) were included in the analysis.

The majority of papers with treatment data information came from five countries: Netherlands (632 articles - 22% of the total), Sweden (290 - 10%), United Kingdom (225 - 8%), Germany (197 - 7%) and Norway (188 - 7%) for a total of 1532 articles (53% of the total). In addition, registries operating in another 23 countries authored 912 publications (32%).

A total of 430 publications were international (15%), with data from at least two European countries (
Figure 2
). The latest ranged from large international studies such as the European Cancer Registry based study on survival and care of cancer patients (EUROCARE), the Surveillance of Rare Cancers in Europe (RARECARE/RARECAREnet), the CONCORD programme for the global surveillance of cancer survival and the European Registration of Cancer Care (EURECCA), to collaborations between CRs from as little as two different European countries.




Figure 2 | 
Number of articles on cancer treatment by CR country of operation, 1975-2022.




Since many CRs started operating later than others in the period of interest (1975-2022), the analysis was also performed for the most recent period (2013-2022), for which the percentage contribution remained unchanged (
Table 1
).


Table 1 | 
Number of articles on cancer treatment by CR country of operation, January 2013-October 2022.




The highest number of articles reporting information on treatment was related to breast cancer (442 articles - 15% of the total), followed by colorectal (413 - 14%), prostate (159 - 6%) and lung cancer (155 - 5%). Additional single cancer entities were addressed in 804 articles (28%), 603 articles (21%) reported on more than one cancer entity, whereas for 298 articles (10%) the search string could not find any specific cancer entity (
Figure 3
).




Figure 3 | 
Number of articles reporting CRs information on cancer treatment, by cancer entity. * Endometrial and cervical cancers.




Out of the total number of articles reporting cancer treatment data, 385 (13% of the total) were published between 1975 and 2002. A steep increase in the number of articles was observed in subsequent five-years periods: 269 (9%) in 2003-2007, 408 (14%) in 2008-2012, 774 (27%) in 2013-2017 and 1,038 (36%) in the latest period (January 2018-October 2, 2022) (
Figure 4
).




Figure 4 | 
Number of articles on cancer treatment by year of publication. * Up to October 2, 2022.




The selected articles were published in 599 different Journals. The 10 Journals with the highest number of papers published altogether 796 articles (28%). Epidemiology, Oncology, Surgery, specific cancer entities were the most common focus of the 599 Journals. In order to compare Journals with different periods of publication, number of articles was checked for period 2013-2022, which was already covered by the majority of Journals (
Table 2
).


Table 2 | 
Number of articles on cancer treatment published in the 10 most frequent Journals, 2013-2022.




A specific search string was used to look at age groups reported in the treatment publications. The majority, 2,043 (71%), was not focused on a specific age group (in 
Figure 5
, this group is shown as “All ages”). This group was in fact mainly composed of studies reporting only on adults, although this was not specifically investigated by the search string. Out of the remaining publications, 595 (21%) reported data on elderly populations with 70 years as a common threshold. Childhood populations were addressed in 201 articles (7%), and a further 35 articles (1%) reported data from both elderly and children.




Figure 5 | 
Number of articles on cancer treatment by age group, 1975-2022.





3.1.2 Conference proceedings

The results of the overview from the following CRs scientific meetings, having taken place between 2016 and 2019 are presented: ENCR 2016 and 2018, GRELL 2016-2019, IACR (restricted to European contributions) 2016-2019. Presentations on treatment data given by European CRs at the European Society for Medical Oncology (ESMO) Congresses 2016-2018 were also included, for a total of 213 studies (7, 24–26).

Out of 495 oral and poster presentations given at the (mainly European) GRELL and ENCR conferences in 2016-19, 132 (27%) were related to treatment.

Out of 135 CRs presentations on treatment at ENCR, IACR and ESMO (GRELL not being considered for this specific evaluation as it is only related to Latin language countries), 26 (19%) were from the Netherlands, 19 (14%) from the U.K., 11 (8%) from Belgium, 9 (7%) each from Spanish and Italian CRs. Sixteen (12%) presentations were from international studies, for the majority high-resolution ones.

Thirty-nine (18%) out of the 213 ENCR, GRELL, IACR and ESMO considered presentations were on breast cancer, 24 (11%) on colorectal cancer, 16 (8%) on lung cancer, 11 (5%) on pancreatic cancer, 10 (5%) on prostate cancer, whereas 13 (6%) took into account more than one cancer entity.

Seventy-five (35%) presentations focused on reporting treatment practice, without specific reference to guidelines, 30 (14%) on quality of care and adherence to guidelines, 26 (12%) on survival by type of treatment. Other topics addressed were the evaluation of recurrences, late effects of treatment, evaluation of new treatments at population level, new methodologies for gathering treatment data, quality of life, end-of-life care.




3.2 The 2015 ENCR-JRC data call



3.2.1 The 2015 ENCR-JRC data questionnaire

Overall, a total of 119 general (all ages and all cancer sites) and 6 specialised childhood CRs submitted data to feed the ECIS, and responded to the 2015 data call questionnaire. Eleven additional registries submitted data to the ECIS but did not fill in the questionnaire, thus not contributing to its evaluation. Out of the 125 population-based CRs included in the analysis, 21 were national CRs while 104 were regional ones, representing a total of 30 countries.

Out of the 125 CRs, 61 (49%) replied “Yes” to question “1.21 Do you record information about treatment in the registry?”, while 64 CRs (51%) replied “No”.

Specifically, 76% (15 out of 21) of the national general CRs reported recording treatment data, as compared to 41% (40 out of 98) of the regional CRs (
Figure 6
). In addition, all six childhood CRs reported dealing with treatment data.




Figure 6 | 
Number of general CRs reporting the recording of treatment data.




Of the 61 CRs declaring to record treatment data, 59 specified the source of data on treatment. The most referenced sources were hospital discharge records (N = 23), clinical records (N = 23), both sources (N = 4) and notifications from physicians and hospitals (N = 6).

Forty-two out of the 61 CRs reporting treatment data provided additional information (question “1.21.1 Please, provide a description of the variables, if they are different than those in the protocol:”). Twelve registries reported that data are available but were not submitted or will only be made available for specific studies or upon request. Eleven registries commented that they had more data available than those requested in the data call, such as starting date of therapy, or additional clinical data for selected cancers and subgroups. Regarding the question about systemic treatment, CRs reported to be able to provide detailed data on the specific type of therapy, e.g. chemotherapy, hormone therapy, immunotherapy and targeted therapy. Five registries reported that they only record treatment data for specific cancers (on colorectal cancer (5 CRs), breast cancer (4 CRs), lung cancer (2 CRs), skin melanoma (1 CR) and lymphoma (1 CR)).

In addition, out of the 125 CRs included in the analysis, 98 (78%) registries reported to collect data on cancer stage. Ninety-one collected pathological or clinical TNM (Tumour/Nodes/Metastasis), 2 childhood CRs reported using specific childhood staging only, 3 CRs were only collecting summary extent of disease and 1 ‘condensed TNM’, while 1 did not provide further information on staging (27, 28).



3.2.2 The 2015 ENCR-JRC data call: Information on cancer treatment

Overall 130 registries (124 general and 6 specialised on childhood cancers) registries contributed to the ECIS database, with a total of 34,610,818 individual cancer cases as of 16/10/2020. Out of them, 30 registries (22%) - 28 general and 2 childhood CRs- provided treatment data for all or part of the period of incidence (
Figure 7
).




Figure 7 | 
Availability of treatment information by incidence year and contributing CR in the ECIS database as of 16/10/2020.




The number of cases provided by the 28 general CRs submitting treatment data was 12,872,032 (37% of the total). From what reported in the data call questionnaire, additional 29 general registries (22% of the total) declared to record treatment information although they did not submit it, whereas two CRs submitted treatment data but did not reply to the questionnaire.

Seven registries out of 28 provided information on all 4 treatment types as defined in the protocol for data collection (surgery, systemic therapy, radiotherapy and bone marrow transplantation), 20 registries provided data on surgery, systemic therapy and radiotherapy, and one registry provided data on surgery only. As for the cancer entities with reported data on treatment, twenty-five out of 28 CRs submitted information on surgery for lung cancer, prostate, bladder, corpus uteri, melanoma, pancreas and other cancer entities. An additional registry submitted data also on surgery for colorectal cancer; all 28 registries submitted information on surgery for breast cancer.

Out of 1,491,881 breast cancer cases submitted by the 28 general registries in the period of data availability, 82% were treated with surgery (interquartile range 79%-88%). Out of 1,464,389 colorectal cancer cases provided by the 26 registries, 71% underwent surgery (interquartile range 70%-79%). For prostate, out of 1,033,071 cases from 25 CRs, 36% received surgical treatment (interquartile range 33%-51%). As for lung cancer, out of 1,388,712 cases from 25 registries, only 19% received surgery (interquartile range 15%-22%).





4 Discussion

To the best of our knowledge, this is the first analysis combining data from a literature review and conference proceedings, together with data reported by the European CRs in the 2015 ENCR-JRC dataset to get the evolution over time of the status of collecting and reporting cancer treatment data in population-based CRs. Our study highlighted that population based CRs collecting treatment data either (1) do not report the data; (2) report the data but do not publish in peer-reviewed Journals; and (3) report and publish the data.

The literature review shows that there is an increase in published data on cancer treatment by population-based CRs over the years. Most articles are from CRs operating in Western and Northern European countries, notably countries with either a national CR and/or with a long history of cancer registration. In particular, in Nordic countries an extensive record linkage between different national data sources is routinely performed by CRs, which allows detailed treatment data collection and reporting (29).

In addition to the increase of publications in peer-reviewed Journals, we also notice that the vast majority of publications were in specialised Journals for clinicians, surgeons, radiation oncologists, making this data more and more relevant, at least in some European countries. This growing interaction and collaboration of clinicians and CRs could signal an increasing benefit for both the epidemiological and clinical environment.

One reason of the scarcity of articles from some European areas might be partly due to the fact that treatment data are only reported by CRs in national or regional reports, often in their respective local languages (10). In addition, many CRs gather treatment data only for ad hoc projects, such as the EUROCARE, RARECAREnet and CONCORD high resolution studies or the EURECCA studies (30–32).

Moreover, limited resources in some European countries and regions could play a role in the difference in reporting and using treatment data among European CRs as well as less developed or absent national linkage/database structures (33).

As for the specialised childhood registries, given the much lower number of incident cases (e.g. 16.000 estimated in 2020, compared to 4 million for adults), registration and use of treatment data is more widespread than for the general CRs. The literature review showed that 8% of articles report data on treatment for the paediatric age groups, whereas childhood cancers represent only 0.4% of total incidence.

The literature review also revealed that a consistent (21%) proportion of publications from CRs is reporting data on elderly patients. Cancer cases in people aged 70 years or above represented more than 47% of the total EU-27 estimated incidence for 2020 (1), making this group underrepresented in the literature. This underreporting might be also related to the fact that in some countries treatment of elderly cancer patients is administered in settings such as hospices or to homecare services that are not reported in health care records and are not regularly accessible to the CRs. It is anyhow important to have identified such publications, since elderly people are usually even more underrepresented in clinical trials. CRs can indeed offer an added value and complementarity with clinical studies, helping exploring treatment strategies in the elderly (32).

The literature review and conference proceedings revealed that treatment data are most often collected for breast cancer, the most frequent cancer in women in Europe. Treatment data are often collected for colorectal, prostate and lung cancers, which are also among the most common. Data in the literature review are also consistent with the results derived from the dataset of the 2015 ENCR-JRC data call, where all registries reported treatment data for breast cancer, while most registries reported treatment data for colorectal, prostate and lung cancer.

Prior to the 2015 ENCR-JRC data collection, two other projects (EUROCHIP-3 and EUROCOURSE) provided information on the availability and use of treatment data in European CRs. The EUROCHIP-3 survey was carried out during 2010 and presented an overview on the availability of three main indicators in European population-based CRs: stage at diagnosis, cancer treatment delay and compliance with cancer guidelines. Information on treatment data was available in 30% of the 86 responding registries (4). The second project, EUROCOURSE (2010-2012), reported that 43% of the 106 responding registries gathered information on first treatment (5). The 2015 ENCR-JRC questionnaire reported that 49% of the 125 responding registries collect cancer treatment data. This proportion is higher (52%) if the site-specific and regional CRs overlapping with national ones is considered. A steady increase in the percentage of CRs collecting treatment data is therefore observed over the three data collection periods. A possible reason for this is the rising number of European countries and regions using electronic health records, which can be used for research purposes (33).

Evidence from the results of the ENCR-JRC 2015 data collection suggests that national registries are collecting cancer treatment data more frequently as compared to regional registries. This is consistent with the fact that usually national CRs have more resources available, either technical, financial and/or human. It was also observed that while 61 CRs reported in the questionnaire to collect treatment data, only 28 CRs actually submitted such data in the 2015 ENCR-JRC data call. Twelve registries indeed mentioned in the questionnaire that they collect treatment data but did not submit them, mainly motivating this with data incompleteness. This underreporting behaviour calls for increased awareness among the CRs on the importance in reporting treatment information.

While half of the general CRs responding to the 2015 call reported to collect treatment data, four out of five reported to collect data on cancer stage. According to the data call questionnaire, the six childhood CRs included in our analysis report to collect data on both cancer stage and treatment. Overall, more CRs are reporting data on cancer stage as compared to treatment. This finding is consistent with earlier research reporting that 61% of responding CRs collected data on cancer stage, while 43% reported cancer treatment data (5). The higher number of CRs recording stage compared to those reporting stage and treatment, is likely related to the fact that stage information has been standardised with the introduction of the TNM classification system already in the 1940s. There are also extensive training materials and activities on TNM coding, which explain its diffusion among European CRs. Such standardisation has not yet been performed thoroughly for the coding and registration of treatment data. Consensus guidelines for staging childhood cancers (the Toronto Paediatric Cancer Stage Guidelines) have been developed and endorsed for use by CRs. The international project ‘BENCHISTA’ involves most of the European CRs and is a good example of how to standardise the collected information for clinical variables like treatment and stage (34, 35).

The analysis of treatment data provided by the 28 general CRs contributing to the ECIS database revealed that for the main solid tumours the proportion of cancer patients treated with surgery was: 82% for breast cancer, 71% for colorectal, 36% for prostate and 19% for lung cancer. These results are consistent with previously published evidence on the impact of surgical treatment in Europe and in the USA (36–40).

In the recent years exploratory analyses on treatment in Europe by stage, age group, sex, period of incidence and geographical area from the ECIS database were carried out, addressing specifically breast, colorectal, prostate, endometrium and glioblastoma. Such analyses investigated to what extent some selected clinical and treatment patterns by age group, stage and period could be monitored using the 2015 ENCR-JRC dataset (40–45).

A limitation in the literature review could be the focus on the proceedings from scientific conferences of only four international societies, and the lack of other grey literature such as reports on CRs websites, or in languages other than English.

A further limitation was given by the use of search strings: although checks were performed on the results, the search method reduced the level of detail of the results from the review. Lastly, only titles and abstracts were reviewed, thus losing potential information from the full articles’ text.

Regarding the 2015 ENCR-JRC dataset, one limitation consisted in the impossibility to distinguish between chemotherapy and other types of systemic therapy. This issue has been addressed in the new 2022 ECIS call for data protocol, where information on timing (neoadjuvant or adjuvant therapy), crucial for monitoring clinical care, has been added; systemic therapy information has been split in different variables (chemotherapy, targeted therapy, immunotherapy, hormone therapy, other/unspecified), and surgery has been detailed between local surgery and operative surgery (46).

In order to use treatment information and to ensure its quality and comparability at European level, a more harmonised collection of these variables among European population-based CRs is required. In fact, the availability of comparable information on treatment (and stage at diagnosis) is crucial to improve the interpretation of cancer outcome disparities between populations, therefore bringing valuable real life information for patients, clinicians, policymakers and other stakeholders.



5 Conclusion and way forward

Treatment data are increasingly being reported by CRs, though further improvements are needed to ensure complete and harmonised coverage of such important information. Sufficient technical, financial and human resources are needed to collect treatment data in a harmonised way, while clear guidelines for treatment data collection need to be developed.

To address these challenges, the ENCR Working Group on Treatment Data Harmonisation was set up in June 2021, with the aim of bringing together European experts in cancer registration, epidemiology and from the clinical field to discuss and draft guidelines for improved data collection and harmonisation of treatment data among European population-based CRs. This ongoing activity will be a key step to provide cross-comparisons between European regions and countries, contributing to design actions to ensure better integrated and comprehensive cancer care and addressing unequal access to optimal care, namely the ultimate goal of the European Commission’s Europe’s Beating Cancer Plan (47).



6 The ENCR working group on treatment data harmonisation
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Introduction

Comparable indicators on complete cancer prevalence are increasingly needed in Europe to support survivorship care planning. Direct measures can be biased by limited registration time and estimates are needed to recover long term survivors. The completeness index method, based on incidence and survival modelling, is the standard most validated approach.





Methods

Within this framework, we consider two alternative approaches that do not require any direct modelling activity: i) empirical indices derived from long established European registries; ii) pre-calculated indices derived from US-SEER cancer registries. Relying on the EUROCARE-6 study dataset we compare standard vs alternative complete prevalence estimates using data from 62 registries in 27 countries by sex, cancer type and registration time.





Results

For tumours mostly diagnosed in the elderly the empirical estimates differ little from standard estimates (on average less than 5% after 10-15 years of registration), especially for low prognosis cancers. For early-onset cancers (bone, brain, cervix uteri, testis, Hodgkin disease, soft tissues) the empirical method may produce substantial underestimations of complete prevalence (up to 20%) even when based on 35-year observations. SEER estimates are comparable to the standard ones for most cancers, including many early-onset tumours, even when derived from short time series (10-15 years). Longer observations are however needed when cancer-specific incidence and prognosis differ remarkably between US and European populations (endometrium, thyroid or stomach).





Discussion

These results may facilitate the dissemination of complete prevalence estimates across Europe and help bridge the current information gaps.






Keywords: cancer prevalence, cancer registries, cancer survivors, cancer survivorship, EUROCARE, Europe, SEER program




1 Introduction

Cancer prevalence statistics enumerate the number, or the proportion, of people in a population living after a cancer diagnosis at a specific date. Unlike other surveillance metrics based on cancer registries’ observations, such as incidence or survival, direct measures of prevalence are intrinsically incomplete, as they cannot include the cancer survivors diagnosed before the start of registration. Complete prevalence must be necessarily estimated to recover long term survivors, especially when the period of registration is limited.

The completeness index method is one of the most accurate and used methods to estimate complete prevalence starting from limited-duration prevalence measured by cancer registries (1). Based on incidence and relative survival modelling and on their relationship with prevalence, this method provides a correction factor, the so-called completeness index, or R-index, to complete cancer-specific registries observations.

The completeness index method has been systematically validated and applied since many years in the USA (2), where complete prevalence statistics are published annually as an integral part of the SEER Cancer Statistics (3). A software to implement the method is distributed by the National Cancer Institute, along with completeness indexes derived from the SEER registries datasets (4).

Conversely, in Europe complete prevalence estimates are not systematically available in all countries with active population-based cancer registries. European cancer prevalence estimates by country are made available by GLOBOCAN (5), however they are limited to 5-years since diagnosis (6). Occasionally, on a project basis, the completeness index method has been applied to European CRs data to derive complete prevalence of rare cancers (7–9) or frequent cancers by European country and area (10, 11). Complete prevalence is periodically estimated through the completeness index approach only in Italy (12, 13), where the method was first proposed. Experiences in other countries refer to limited-duration prevalence (14) or to different methods (15–19). Only some European registries operating since the 50s, such as those in Nordic countries or Slovenia, are able to measure a virtually complete prevalence without any estimation (20, 21).

Integrating traditional surveillance metrics with accurate complete prevalence estimates is of increasing importance, given the remarkable growth of cancer survivors in all ageing societies. They represent a heterogeneous population, in terms of healthcare needs and quality of life, that should be better quantified and qualified (22–27). Given this background, closing the existing gaps in Europe is one of the priorities in cancer surveillance.

Promoting the use and dissemination of complete cancer prevalence indicators by country in Europe was one of the goals of the European Joint Action on Cancer iPAAC (Innovative Partnership for Action Against Cancer) (28). Exploring the feasibility of viable solutions to facilitate the use of completeness indexes was part of the project’s activities.

With this purpose, in the present study we compared the standard method of deriving prevalence completeness index in Europe (by modelling incidence and survival data from European populations) with alternative approaches that do not require any statistical modelling, namely: i) empirical indexes derived from the longest prevalence data available from European registries; ii) publicly available model-based indexes estimated from SEER-US data (4). The study aims to assess under which conditions of application (registration time length and cancer type) these “non-standard” approaches may adequately surrogate the reference method, which remains the “gold standard”.

Nowadays, indeed, cancer prevalence observations are available for time series and populations to a much greater extent than when R-indexes were first proposed (1). Assessing application conditions of empirical R-indexes may facilitate the use and dissemination of complete prevalence estimates across Europe and contribute to bridge the present information gaps. For the same reasons it is worth exploring the application limits to European data of SEER-US indexes that are publicly available and ready to be used.




2 Materials and methods

The study relies on the dataset of the EUROCARE-6 project, a wide collaborative study on cancer survival and prevalence in Europe (29) based on cancer registries data. The dataset includes pseudonymised individual data on cancer patients’ incidence and life status, as well as life tables and resident population in each registry.

For the purpose of the study we selected 62 general cancer registries from 27 European countries (21 with national population coverage) providing prevalence data up to 1/1/2013, the most recent common prevalence index date available in the dataset. At this date the maximum duration of registration ranged from 5 to 35 years, with median at 20 years.

The following four different types of analyses were conducted each using a specific dataset depending on the scope. Cancer registries included 5% to 50% coverage of the 27 countries’ population (Table 1).

	a) Empirical completeness indexes. Pooled prevalence data from 8 registries with an observation period of 35 years (maximum available duration of registration) were used to estimate European empirical completeness indexes.

	b) Model-based completeness indexes. Pooled incidence and relative survival data from 11 registries with at least 30 years of observation were used to derive standard European model-based completeness indexes.

	c) Validation of completeness indexes. Registry-specific prevalence from the registries with at least 20 years of observation were the reference to validate European model-based completeness indexes (gold-standard method) estimated in step b. Registries in dataset b) were excluded from the validation dataset.

	d) Complete prevalence estimation. Registry-specific observed prevalence from all eligible 62 registries, up to their maximum registration duration (from 5 to 35 years), were used to estimate complete prevalence in each registry according to standard and alternative methods.




Table 1 | Description of the registries included in each analysis-specific dataset.



To compare complete prevalence values estimated from the different completeness indexes we performed distinct analyses for a selection of 30 common index cancers. Cancer entities were defined according to the Third Revision of the International Classification of Diseases for Oncology (ICDO-3). Only malignant primary cancers were included, except for brain and urinary bladder (Supplementary Materials, Table A1). Non-malignant tumours proportion by registry ranges from 0 to 28% for brain cancer and from 0 to 54% for urinary bladder, thus reflecting varying registration criteria across Europe. The first primary tumour for each cancer entity was considered, meaning that each person was counted only once and that people with multiple primary cancers affecting different sites contribute to prevalence counts of different entities. Consequently, cancer-specific counts do not sum up to counts of all cancers combined.



2.1 Observed limited-duration prevalence

Limited-duration prevalence observed in each registry population was computed at the index date with the counting method, available in the SEER*Stat software (30) by enumerating the number of patients known to be alive at the index date. Life-table survival probabilities stratified by registry, sex, grouped age at diagnosis (0-59, 60-74, 75+), cancer site and 5-year period of diagnosis, were attributed to patients lost to follow-up to count those estimated alive at the prevalence index date. Age at the prevalence date was detailed in 5-year groups and 85+. The proportion of lost to follow-up is generally very low, below 2% in most countries.




2.2 Completeness index estimation (R-index)

R-index at duration d (Rd) is defined as the ratio of prevalence at duration d to estimated complete prevalence. It expresses an estimation of percent completeness of a given limited-duration prevalence. Complete prevalence is therefore estimated dividing the number of observed prevalent cases at a given duration d (Nd) by the corresponding R-index at the same duration (1).

For each cancer we derived R-index by sex, age at prevalence date ( ) in 5-year age groups and annual registration duration (d). Model-based and empirical approaches were both considered.

	i) European empirical R-index (EU emp)

	Empirical R-indexes were obtained from the pool of registries in dataset a) (Table 1) as the ratio of the observed prevalent cases at duration d to the observed prevalent cases at the maximum duration (35 years), namely  . Age at prevalence date was grouped in 5-year classes except for extreme ages (0-29 and 80+) for which wider groupings were used to avoid random fluctuations due to the scarce number of cases. Using these empirical indexes is to assume that observed 35-year limited duration prevalence equals (i.e. is sufficiently close to) complete prevalence.

	ii) Standard European model-based R-index (EU mod)

	For the pool of registries in dataset b) (Table 1) we computed incidence rates and relative survival (RS) with the SEER*Stat software (30). RS, the ratio of observed survival in a group of cancer patients to the expected survival in a comparable group from the general population, was determined using the Ederer 2 cohort method. Incidence and survival data were stratified by cancer type, sex, 5-year period of diagnosis (1980-1984, 1985-1989, 1990-1994, 1995-1999, 2000-2004, 2005-2009, 2010-2014) and age at diagnosis (5-year and 85+ for incidence; cancer-specific strata for relative survival are given in Table A1 Supplementary Materials). We modelled pooled incidence and relative survival data following the standard methodology (2). We fitted a mixture “cure-model” of Weibull type to RS data. These models assume that only a fraction of patients will die of the disease, with time to death following a Weibull distribution, while the others are considered as cured. The non-linear regression procedure (NLIN) available in the SAS Software (SAS System for Windows, version 9.4; SAS Institute, Cary, NC) was used to estimate model parameters.

	We fitted two alternative logistic age-cohort models to incidence rates stratified by age and period of diagnosis. Non-parametric cohort-effect was modelled through 10-year groups and parametric dependency on age at diagnosis was assumed by using respectively an exponential or a six-degree polynomial. Both models were estimated with the SAS LOGISTIC procedure.

	Parameters of survival and incidence models were then imported in the software implementing the completeness index standard method (COMPREV) (4) to produce European model-based R-indexes.

	iii) SEER model-based R-index (SEER mod)

	Model-based R-indexes, estimated by the US National Cancer Institute (NCI) from the SEER-Program cancer registries data, were extracted from the COMPREV software (4).






2.3 Validation of the completeness indexes

The completeness index method allows to estimate any limited-duration prevalence beyond the longest observed period. Prevalence at any duration d2 can be estimated dividing observed prevalence at maximum available duration d1 by the ratio of the two corresponding R-indexes: Rd1/Rd2.

We used this property to validate R-indexes estimated by modelling European data, i.e. by using the gold standard method. For each eligible registry observed, 20-year prevalence was compared with estimated 20-year prevalence. To simulate a registration activity shorter than 20 years, observed prevalence was artificially truncated at durations d=5,10,15 years. The goodness of fit was measured separately for each cancer type as the weighted average percent relative difference in absolute value between estimated (N’) and observed (N) 20-year number of prevalent cases ( ):

	

Registry-specific proportions of cancer cases (wr) were used as weights. The absolute value of the relative difference avoids compensations between under- and over-estimations and provides a maximum average discrepancy compared to observations. The registries used for this validation (dataset c in Table 1) did not coincide with those used for estimating European model-based R-indexes (dataset b in Table 1).




2.4 Comparison of complete prevalence estimates

Cancer-, sex-, age- and duration-specific prevalence completeness indexes were applied to observed prevalence at maximum available duration in each of the 62 registries in dataset d) to obtain estimates of complete prevalence at 1/1/2013. Standard model-based complete prevalence estimates were compared to those obtained with alternative R-indexes (EU emp or SEER mod).

Weighted average percent relative difference between alternative and standard estimates of complete prevalence (PRD) was analysed by cancer site, sex and grouped registration duration (10-14 years, 15-19 years, 20-24 years, 25-35 years). The resident population covered by each registry was used as weight in the average.





3 Results



3.1 Incidence and relative survival models

In general, mixture cure models fitted data well and observed relative survival generally lied within the confidence limits estimated for predicted survival (examples are reported in the Supplementary Materials, Figure A1). Moreover, in most cases the survival curves reached a plateau within 20 years of follow-up, meaning that the cure assumption is satisfied in this time interval.

Diagnostic plots and values of the Akaike Information Criterion (AIC) showed that polynomial models fitted incidence data much better than exponential models for all the considered cancer types (Supplementary Materials, Figure A2). This is particularly evident for cancers at early onset or with bimodal age at diagnosis. Age polynomials provide indeed higher flexibility in modelling age trends compared to the exponential model.




3.2 Trends of the completeness indexes

Some examples of cancer-specific completeness indexes trends by age at prevalence date and duration of registration are shown in Figures 1–3. The comparison of the three different methods (SEER mod, EU mod and EU Emp) is restricted to the age range 30-79 years for which R-index can be estimated for all methods by 5-year age classes. Wider groups (0-29 and 80+) are in fact needed to compute empirical indexes for extreme age ranges with few cases.




Figure 1 | Prevalence completeness index (R index) at 1st January 2013 estimated for some tumours at low prognosis (oesophagus, pancreas, gallbladder) according to alternative methods: SEER model-based, EU model-based, EU empirical by age at prevalence date and registration time length (15 and 35 years).



Completeness index increases with the length of registration period and is higher for cancers at low prognosis (Figure 1) than for those at high to medium prognosis (Figure 2). A reduced survival implies indeed a more complete observed prevalence. Generally, R-index is close to 100% at young age and decreases with advancing age at prevalence date. For early onset tumours (Figure 3), however, young survivors can be partly not observable depending on the length of registration activity. Prevalence completeness is highest for low prognosis cancers diagnosed mainly in the elderly (Figure 1). At 15 years of registration, R-index is above 80-90% with minimum values for the eldest survivors. The empirical index trend is less smooth compared to model-based R-indexes because, being based on observations, it is more subject to random fluctuations, as also proven by confidence intervals (not shown in the graphs). At 35-years of registration all methods provide R-index values around 100%, meaning that such duration is sufficiently long to detect practically all survivors.




Figure 2 | Prevalence completeness index (R-index) at 1st January 2013 estimated for some frequent medium-high prognosis tumours (breast, colon-rectum, corpus uteri) according to alternative methods: SEER model-based, EU model-based, EU empirical by age at prevalence date and registration time length (15 and 35 years).






Figure 3 | Prevalence completeness index (R-index) at 1st January 2013 estimated for some tumours diagnosed at young age (testis, bones, cervix uteri) according to alternative methods (SEER model-based, EU model-based, EU empirical by age at prevalence date and registration time length (15 and 35 years).



Prevalence completeness is intermediate for higher prognosis cancers diagnosed in middle to old age (Figure 2). In the examples shown (breast, colorectal and corpus uteri cancers), at 15 years of registration, R-index varies from 95-100% to 50-70% as a function of age at prevalence date. SEER R-index values are slightly lower compared to those based on European data, reflecting a more favourable prognosis for US patients. At 35 years, model-based R-indexes tend to converge to 100% (95-98% for the eldest age group).

Cancers at early onset show the lowest R-index values and the most marked variations (Figure 3). At 15 years, observed prevalence is far from being complete for most age groups, particularly for bone cancers that are almost equally diagnosed at all ages. A registration period of 35 years appears insufficient to observe all long-term survivors, as shown by the residual gap (up to 50%) between empirical and model-based R-index estimates. By contrast, SEER and standard R-index, which are both model-based, show a quite similar age profile.




3.3 Validation of the completeness indexes

Tables 2A, B report observed 20-year prevalence proportion per 100,000 for the pool of registries in the validation dataset, for male and female populations, respectively. The weighted average percent relative differences, in absolute value, between registry-specific 20-year observed and standard estimated prevalence (APRD) is also reported and is obtained by artificially truncating observed prevalence at 5,10 and 15 years.


Table 2a | Validation of European model-based R-index, men.




Table 2b | Validation of European model-based R-index, women.



Average discrepancies between estimates and observations decrease as registration length increases. Particularly with registration times of 15 years the fit to observations is always good (APRD are well below 5%, maximum 6.3% for cervical cancer). At 10 years the validation is equally satisfying for all cancers examined (APRD values do not exceed 5%) except for young-onset cancers (cervix uteri, thyroid, brain and, to lesser extent, skin melanoma, bones, testis and Hodgkin lymphoma), suggesting that 15-year observed prevalence provides a more robust basis for this class of tumours.

Conversely prevalence observations limited to 5-years lead to less precise estimates in most of the cases (APRD exceed 5%) especially, but not only, for young-onset cancers (21% for cervical cancer, 12.5% for prostatic cancer).




3.4 Comparative assessment of complete prevalence estimates

Empirical (EU Emp) and SEER (SEER mod) complete prevalence estimates were compared to the standard model-based estimates (EU mod) for all 62 eligible cancer registries (dataset d). PRD between alternative and standard complete prevalence estimates of some index tumours is plotted in Figure 4 by registration time length (from 5 to 35 years).




Figure 4 | Percent relative difference (%) by registration length at 1/1/2013 of complete prevalence estimates obtained with SEER model-based or EU empirical R-index against EU model-based estimate as reference value. Each point corresponds to one of the 62 registries in dataset d of Table 1.



Consistently with Figures 1, 2, when considering cancers at late age at onset with low (pancreas, lung) or good prognosis (colon-rectum and breast), the empirical estimates (Figure 4, blue crosses) approach model-based estimates as registration length increases. PRD values between -5% and 0 are indeed reached already after 10 years of registration. Conversely, for testicular and cervical cancers empirical indexes provide complete prevalence estimates that are systematically lower than model-based estimates (PRD at about -10% or -20% respectively) regardless of the registration time length, consistently with R-index patterns for early-onset tumours (Figure 3).

Differences between SEER and standard European complete prevalence estimates (Figure 4, purple circles) are almost null at all durations for pancreatic and breast cancers, and after 20 years of observation, for colorectal and lung cancers. Being model-based, SEER R-indexes reproduce standard estimates better than the empirical indexes for cervical and testicular cancers (PRD approaching zero with growing registration time).

A complete picture of percent relative differences between alternative and standard complete prevalence estimates is given in Tables 3A, B (EU Emp vs EU mod) and Tables 4A, B (SEER mod Vs EU mod), as a function of the duration of registration, starting from the group of 10 registries in operation for 10-14 years to the group of 17 registries active for 25-35 years. Mean standard complete prevalence proportion and PRD values in each pool of registries are reported by sex and cancer site. Negative values of PRD indicate an average underestimation of complete prevalence compared to the standard method.


Table 3a | Comparison between empirical and standard model-based complete prevalence at 1/1/2013 by cancer site for the 62 European registries included in the study grouped by registration time length (from 10-14 years to 25-35 years), Men.




Table 3b | Comparison between empirical and standard model-based complete prevalence at 1/1/2013 by cancer site for the 62 European registries included in the study grouped by registration time length (from 10-14 years to 25-35 years), Women.




Table 4a | Comparison between SEER and standard model-based complete prevalence at 1/1/2013 by cancer site for the 62 European registries included in the study grouped by registration time length (from 10-14 years to 25-35 years), Men.




Table 4b | Comparison between SEER and standard model-based complete prevalence at 1/1/2013 by cancer site for the 62 European registries included in the study grouped by registration time length (from 10-14 years to 25-35 years), Women.



The empirical R-index underestimates compared to the gold standard (Tables 3A, B) but the difference declines as registration time increases. The two methods lead to similar complete prevalence (PRD not exceeding 5% in absolute value) already after 10 or 15 years of registration for most cancers of the elderly, including those at highest prevalence (breast, prostate, colon and rectum, bladder) and those at poorest prognosis (e.g. oesophagus, larynx, gallbladder, pancreas, multiple myeloma) that show the lowest discrepancies. Most tumours at early onset represent an exception to this general pattern. PRD values reach 10-20% (testis, brain, bones, soft tissues and cervical cancers, Hodgkin lymphoma) and are scarcely sensitive to the duration of registration. On the contrary, more comparable estimates were observed for skin melanoma and thyroid cancers, both at early onset and with remarkably rising incidence across Europe.

SEER R-indexes may provide either under- or over-estimations of standard complete prevalence (Tables 4A, B) that diminish as registration time grows. They provide similar estimates to the standard method after 10 or 15 years of registration for most tumours and, being based on models as well, even for most of early onset tumours (Hodgkin lymphoma, soft tissues, bones, cervix uteri, skin melanoma). Wider discrepancies were instead found when incidence and survival patterns in US and European populations determine differences between standard and SEER R-index values (non-Hodgkin lymphomas, thyroid, corpus uteri, testis, brain, larynx and stomach cancers). Notably PRD values (within 5%) for male brain cancer do not properly reflect the actual differences between SEER and standard R-index by age (under- and over- estimations are compensated in the weighted average) regardless of the duration of registration.

This comparative assessment of the alternative methods to derive complete cancer prevalence is summarised in Table 5 to facilitate readability and use of the results.


Table 5 | Summary table reporting the registration time length (years) associated to comparable complete prevalence estimates (within a tolerance lower than 5%) between alternative (Empirical or SEER model-based) and standard completeness index method.







4 Discussion

To our knowledge, this is the first study exploring the validity of alternative approaches to derive prevalence completeness indexes. The study relies on an exceptionally wide European population-based dataset covering 50% of the population of the 27 countries involved.

Model-based R-indexes were introduced more than 20 years ago (1). Nowadays observations of cancer prevalence are available for time series and populations of much greater extension, thus testing the validity of empirical indexes that have now become available is relevant for a wider application of the method. The completeness index method is indeed particularly suited for local registry-based applications that rely on the available observed limited-duration prevalence.

Other methods to estimate complete prevalence include those modelling prevalence as a function of cancer-specific incidence and survival, both derived from cancer registries’ data. Unlike the completeness index method, these methods do not rely on observed limited-duration prevalence and are more suited to derive time projections of cancer prevalence or national estimates in countries with partial registration coverage (15–18, 25).

From the validation study, a registration time period of at least 10 years turned out to be necessary to safely apply the prevalence completeness index method, confirming this cut-off as a general recommendation.

In many situations empirical R-index was found to provide complete prevalence estimates comparable to the “gold-standard”. Registries’ observation time window, cancer specific incidence age profile and prognosis act as modulating factors. For tumours mainly diagnosed in the elderly, EU empirical and EU model-based R-indexes led to similar results (within an average tolerance of 5%) when applied to prevalence data observed for at least 10 years.

By contrast, the empirical method underestimates very long-term survivorship for tumours with early age at onset, even when based on 35 years of observations. For this specific class of neoplasms, model-based methods are structurally more suited to capture unobserved survivors in the very long term. This limitation is also reflected in the estimation of all cancers that include a non-negligible proportion of juvenile cancers.

Using model-based completeness indexes derived from external rather than local patients’ populations (SEER versus European) led to comparable prevalence estimates for the majority of cancers, even when applied to minimum registration periods (10 years). The list includes also most of the early onset tumours and, as a consequence, the complex of all cancer sites. Notable discrepancies were instead observed as a result of geographical differences in cancer incidence and survival patterns, regardless of the natural history of the disease (age at onset and prognosis). This, for instance, is the case of endometrial and thyroid cancers, or of brain tumours, as the inclusion criteria of non-malignant entities may vary between SEER and European registries, thus affecting the consistency of estimates.

The results we obtained were coherent with the patterns of the relevant factors influencing cancer prevalence, e.g. age at prevalence date, low to high cancer prognosis, incidence age profile, length of the registration time period.

European model-based R-index values were slightly higher than those estimated from SEER data consistently with the prognostic differences between European and USA cancer patients, the latter generally reported to present more favourable survival levels (31). Differences are also partly due to incidence modelling choices. SEER R-indexes were indeed often derived by adopting exponential rather than polynomial incidence models (4). Finally, differences between IARC and SEER rules for identifying multiple primary tumours could also have an impact.

Parametric mixed cure models of Weibull type were used for modelling survival (1, 2). More flexible cure fraction models could have been considered (32, 33) but the choice is limited to Weibull or exponential types in the COMPREV software.

The empirical indexes were derived by pooling data of 8 European registries with available 35-year observed prevalence at the index date. The limit at 35-years is arbitrary and just reflects the maximum available time span in the EUROCARE-6 dataset. However, it has been proven to provide a sufficient basis to estimate complete cancer prevalence for major cancers and for a variety of less frequent tumours with late age at onset. Lower values might be critical and extending this limit in applications to more recent prevalence index dates is advisable, considering the continuous progresses of cancer survival over time and the availability of longer registration time series.

Empirical indexes were subject to random fluctuations when based on sparse cases, for instance in correspondence of young age at prevalence date for tumours at late onset like pancreatic or prostatic cancer. However, such fluctuations are of scarce practical relevance because the index is applied to values of observed prevalence which are almost null in these circumstances.

R-indexes were generally positively validated on a fully independent dataset of 20 registries, therefore showing that the estimation datasets used to derive model-based completeness indexes were sufficiently representative of the prevalence patterns in other European populations. However, we cannot exclude that for some neoplasms the geographical heterogeneity of incidence or prognosis may have required area-specific R-indexes.

Notably the empirical completeness R-indexes are easy to compute but inevitably refer to a specific point in time (the index date of the maximum observable cancer prevalence). Thus they must be computed on a date which is reasonably close to the index date of the limited-duration prevalence we want to complete.

Conversely model-based R-indexes require higher computational effort to model incidence and relative survival trends, but they dynamically evolve over time (the period of diagnosis is parameterised in the models) and R-index values for varying prevalence index dates can be derived through the Comprev software (4).

In conclusion, the study tests the feasibility of using alternative formulations of the completeness index method to integrate limited-duration prevalence measured by population-based cancer registries. We focused on the European context where the lack of systematic data on the overall number of cancer survivors in many countries hinders the planning of health services and particularly survivorship care planning. This appears even more limiting in light of the future scenario in which the population of cancer survivors is indeed expected to increase significantly due to ongoing demographic changes and continued advances in therapies and diagnosis. Our results may facilitate the use and dissemination of complete cancer prevalence estimates across Europe and help to close the present information gaps.
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Purpose

The aim of this study was to compare the functional characteristics of two computer-based systems for quality control of cancer registry data through analysis of their output differences.





Methods

The study used cancer incidence data from 22 of the 49 registries of the Italian Network of Cancer Registries registered between 1986 and 2017. Two different data checking systems developed by the WHO International Agency for Research on Cancer (IARC) and the Joint Research Center (JRC) with the European Network of Cancer Registries (ENCR) and routinely used by registrars were used to check the quality of the data. The outputs generated by the two systems on the same dataset of each registry were analyzed and compared.





Results

The study included a total of 1,305,689 cancer cases. The overall quality of the dataset was high, with 86% (81.7-94.1) microscopically verified cases and only 1.3% (0.03-3.06) cases with a diagnosis by death certificate only. The two check systems identified a low percentage of errors (JRC-ENCR 0.17% and IARC 0.003%) and about the same proportion of warnings (JRC-ENCR 2.79% and IARC 2.42%) in the dataset. Forty-two cases (2% of errors) and 7067 cases (11.5% of warnings) were identified by both systems in equivalent categories. 11.7% of warnings related to TNM staging were identified by the JRC-ENCR system only. The IARC system identified mainly incorrect combination of tumor grade and morphology (72.5% of warnings).





Conclusion

Both systems apply checks on a common set of variables, but some variables are checked by only one of the systems (for example, checks on patient follow-up and tumor stage at diagnosis are included by the JRC-ENCR system only). Most errors and warnings were categorized differently by the two systems, but usually described the same issues, with warnings related to “morphology” (JRC-ENCR) and “histology” (IARC) being the most frequent. It is important to find the right balance between the need to maintain high standards of data quality and the workability of such systems in the daily routine of the cancer registry.





Keywords: data quality, population-based cancer registry, incidence, quality check systems, IARC, JRC-ENCR, cancer research




1 Introduction

One of the main objectives of population-based cancer registries is to collect complete and accurate data on cancers diagnosed in the population under registration. Data quality is an important issue in cancer registration because incomplete or poor-quality data generate flawed results.

Each cancer registry uses its own, internal rules for cancer coding and registration, as well as common rules developed and used by both the corresponding national registration network and the international registration networks, such as the European Network of Cancer Registries (ENCR) or the International Agency for Research on Cancer and the International Association of Cancer Registries (IARC/IACR). Registrars are encouraged to attend proposed training courses: for example, the North American Association of Central Cancer Registries (NAACCR) offers professional qualification and refresher courses, so that cancer registration is done in the most standardized way possible, with little variation due to personal interpretation or lack of up-to-date information.

In recent years, some registries have been using electronic health records for incidence calculation. Created for administrative purposes, electronic health records are timely and inexpensive but do not provide the same degree of clinical detail as medical records. They can be very useful, however, to improve the completeness and quality of cancer incidence data (e.g., pharmaceutical databases for drug treatment of cancer patients).

Data quality checks can be done at different points in time.

The NAACCR network in the US provides registries with a program that checks data quality at the time of data entry but also on already entered records (GenEDITS Plus) (1).

In Europe, IARC (2) and the European Commission Joint Research Center (JRC) in collaboration with the ENCR (3, 4) have made available to cancer registry operators two computer-based edit check systems: the IARC/IACR CHECK program and the JRC-ENCR quality check software. Both systems automatically check the quality of the data produced by the registries, leading to the definition of high-quality datasets standardized according to international criteria (3, 5, 6).

Each of these check systems has its own characteristics: both analyze common as well as system-specific variables and identify errors and deficiencies that, if corrected, will improve the quality of the generated data.

Every five years, IARC calls on cancer registries around the world to send in their data, so it can update the database it maintains and uses to monitor cancer. Based on the collective registry data IARC publishes the volume Cancer Incidence in Five Continents, an “invaluable source of information about the global burden and distribution of cancer” (2). In conjunction with this call, the Joint Research Center (JRC) of ENCR has also requested the submission of incidence databases from European registries, to build a large European database in the framework of the European Cancer Information System (7). To produce valid results, the submitted data must be comparable with each other, as complete as possible, and of good quality.

The aims of this study were two: to perform a quality evaluation of the data submitted to these international calls, and to compare the functional characteristics of the two most used systems to check the accuracy of cancer registry data.

The datasets of each registry participating in the study were checked with both systems. Outputs were compared to identify the characteristics and differences detected by each system in an effort to improve the quality of the recorded data and assess the functionality of each check system.




2 Materials and methods



2.1 Data sources

Twenty-two Italian population-based cancer registries affiliated with the Italian Network of Cancer Registries (AIRTUM) (8) participated in the study. The analyzed data spanned from 1986 to 2017, depending on the incidence periods recorded by each registry.

AIRTUM coordinates the national network of general and specialized (pediatric and pancreatic cancer) population-based cancer registries. It designs and conducts collaborative descriptive studies and research activities related to cancer epidemiology in Italy.

Italian cancer registries routinely collect data on incident cancer cases among all residents in the covered area through clinical records, regional mortality files, pathology files, pharmacology files, laboratory databases and hospital discharge databases (electronic health records). The data are collected by trained registrars according to established abstracting rules and standardized manuals such as the International Classification of Diseases for Oncology, third edition (ICD-O-3) and the TNM Staging Manual (9, 10). For the present study all registries sent in data on all primary tumors including data (if collected) of non-malignant tumors of the central nervous system and urinary bladder.

The registrars use all available pathologic and clinical information to document the date of diagnosis, ICD-O-3 cancer site (topography), histology (morphology), tumor behavior, stage, cancer-specific characteristics (e.g., human epidermal growth factor receptor-2, prostate-specific antigen, Gleason score), demographics and follow-up for vital status.

Data are structured as one record per person per cancer: persons with multiple cancers have multiple records.




2.2 Data quality

Measurement of the quality of registry data is based on four parameters: comparability, completeness, accuracy and timeliness (11). Our analysis was mainly focused on the accuracy of cancer registry data.




2.3 Quality checks

The data were processed using two computer-based data-checking systems developed to assess the quality of population-based cancer registry data.

The IARC/IACR CHECK program, produced by the World Health Organization, is freely available (5). It was created to assess the quality of data provided by registries from worldwide countries for the publication of Cancer Incidence in Five Continents. It validates code assignment (sex, incidence and birth date, ICD-O-3 topography, morphology and behavior) and checks the consistency between data items (age versus birth and incidence dates, chronology between birth and incidence dates, sex versus site, sex versus histology, age versus site, age versus histology, site versus histology, basis of diagnosis versus histology).

The JRC-ENCR quality check software (3) is produced by the JRC in collaboration with ENCR and is freely available for the quality control of cancer registry data. It checks for consistency within variables (patient record format, date of cancer incidence, basis of diagnosis, tumor characteristics and stage at diagnosis and patient follow-up) and consistency between variables (coherence between date of birth, date of incidence and date of last known vital status; consistency between age, tumor topography and morphology; consistency between basis of diagnosis, tumor morphology and behavior; consistency between tumor morphology and grade, between topography and laterality, between topography and morphology). Lastly, it offers the possibility of checking the consistency of vital status and autopsy, autopsy and basis of diagnosis, survival, date of incidence and follow-up.

The number of variables used in the checks is greater in the JRC-ENCR than in the IARC check system. For example, JRC-ENCR evaluates variables such as stage at cancer diagnosis, vital status and patient follow-up.

The two systems generate two types of indicators from the checked datasets: errors and warnings. These are specified with short labels that may differ depending on the system used (see Supplementary Materials).

Errors are defined as unacceptable values of variables or unacceptable combinations of variables (impossible code, impossible code combination, missing variable, wrong format or value of variable out of range), while warnings pertain to unusual codes or unlikely code combinations (possible but very rare code or possible but very rare code combination), which may, however, be accepted after specific verification.

Data analysis on quality checks performed by the JRC-ENCR and IARC systems for multiple primaries was not part of this study.





3 Results



3.1 AIRTUM cancer registries

Table 1 lists the contributing cancer registries and the number of cases provided by each registry. We analyzed 22 Italian population-based cancer registries for a total of 1,305,689 cases with different incidence periods (spanning from 1986 to 2017) depending on the registry.


Table 1 | The 22 Italian cancer registries participating in the study.






3.2 Data quality checks

The median percentages of DCO cases (cancer with a diagnosis by death certificate only) and microscopically verified cases were 1.2% (range 0.03 to 3.06) for males and 1.4% (range 0.03 to 3.2) for females and 86.3% (range 81.7 to 93.9) for males and 87.3% (range 82.7 to 94.1) for females (data not shown), respectively. Standardized incidence and mortality rates, included temporal trends, where computed (data not shown); the integrated interpretation of these indicators add evidence of the good quality of cancer data of Italian registries.

In this analysis, only variables that presented problems are discussed. For the complete list of variables used by the two check systems, see the Supplementary Materials.




3.3 General analysis



3.3.1 Errors

Both systems detected some errors in the checked cases. In the 1,305,689 cases checked, the JRC-ENCR system detected 2,248 errors (0.17%) and the IARC system 45 errors (0.003%). Table 2 lists the detected errors by type.


Table 2 | Types of errors reported by the check systems (common types of errors between the two systems are aligned).



The proportion of true errors identified by the JRC-ENCR system was 98%, whereas this proportion was 2.2% with the IARC check system. Both system identified the same false errors (n=44).




3.3.2 Warnings

Among the 1,305,689 checked cases, the JRC-ENCR system reported 36,534 warnings (2.8%) and the IARC system 31,700 (2.4%) (Table 3).


Table 3 | Types of warnings reported by the systems (common types of warnings between the two systems are aligned).



The distribution of warnings by registry differed between the two check systems, from a maximum of 10.93% to a minimum of 0.38% with the JRC-ENCR system and from a maximum of 9.23% to a minimum of 0.12% with the IARC system (data not shown).





3.4 Comparison of JRC-ENCR and IARC check systems

This part of the analysis concerns comparisons between errors and warnings identified by the JRC-ENCR and IARC systems. A case may present one or more problems (errors and/or warnings) simultaneously, which may either be reported by both systems or by one of them only. When an error or warning detected by both check systems is identified, it means it has been categorized in the same way by both systems. The IARC check system detected 45 errors in the analyzed registry data; the errors categorized in the same way by the JRC-ENCR system were 42 (Table 4).


Table 4 | Errors reported by both or one of the systems.



In the case series examined, 29,467 warnings (48.17% of total warnings) were detected only by the JRC-ENCR system and 24,633 (40.27% of total warnings) only by the IARC system, while 7,067 warnings (11.55% of total warnings) were detected and categorized in the same way by both systems (Table 5). The differences can be attributed to the different number of variables considered by the two check systems: the IARC system considered 10 variables and the JRC-ENCR system 39.


Table 5 | Warnings reported by both or one of the systems.



The types of warnings reported by the JRC-ENCR system only are presented in Table 6, while Table 7 lists the types of warnings reported by the IARC system only.


Table 6 | Warnings reported by JRC-ENCR only.




Table 7 | Warnings reported by IARC only.



Table 8 shows some of the most common combinations of topographies and morphologies flagged as warnings by the two check systems, listed by number and type. The JRC-ENCR system specifically flags the coding of morphologies of the hematopoietic system in tumors arising at sites other than bone marrow (429 warnings and 932 warnings depending on the morphology considered). The largest number of warnings with the IARC system (585) concerns certain morphologies of ovarian pertinence coded in tumors arising in the pancreas, peritoneum, and uterine cervix and body. The differences between the systems can be attributed to the different criteria defining the morphology-site combination.


Table 8 | Most common examples of morphology and site combinations (ICD-O-3 codes) reported as warnings.







4 Discussion

There is an obvious need to control the quality of data produced by cancer registries. Quality control takes place when data are used to carry out research, for example a survival study (9); to manage large databases of registry data (10); or to evaluate the performance of the registry itself (11). The present analysis addresses the quality control of population-based registry data by measuring the efficacy of two computer-based check systems. To our knowledge, this is the first published analysis of its kind.



4.1 Errors

The JRC-ENCR software tends to find a greater number of errors because, unlike the IARC system, it includes the evaluation of variables related to patient follow-up, vital status and TNM staging.

Both systems report errors such as the use of incorrect ICD-O-3 topography codes (for example, C22.9, C26.1, C45.0, liver unspecified, spleen, mesothelioma of pleura; all these are ICD-10 codes) (12). The IARC program also reports on morphologies it fails to recognize, for example those coded 8741, 8349, 8509 and 8348, which are new morphology codes included in the revised version of ICD-O-3 (13) and already in use by registries. This issue will be easily solved with updated checking algorithms.




4.2 Warnings



4.2.1 Morphology and topography

Both systems flag unusual combinations of morphology and topography, but use different criteria in the selection of such combination.

According to Berg, tumors with a primitive or mixed cell type may develop in any organ. They may arise from pluripotent stem cells remaining in the organ or by dedifferentiation, and this may explain why almost any type of cancer can be found in almost any site upon occasion (14).

The JRC-ENCR check system flags up certain combinations of morphology and topography that the IARC system does not identify as incompatible. For example, it rejects the combination of morphology 8000 (neoplasm) with topographies C42.0, C42.1 and C77 (blood, bone marrow and lymph node); it accepts morphology 8098 (adenoid basal carcinoma) only in the cervix uteri, while the IARC system accepts it also in C44 (skin); it accepts morphology 8124 (cloacogenic carcinoma) only for tumors in C21.2 (cloacogenic zone), whereas the IARC system accepts it at other sites of the gastrointestinal tract as well (C20.9 rectum, C21.1 anal canal, C21.8 overlapping lesion of rectum, anus and anal canal). Cloacogenic carcinoma, also called basaloid carcinoma, is an entity originating from the anal transitional epithelium. It is debated whether this neoplasm should be considered a separate entity from squamous cell carcinoma of the anal canal, given the differences in cells of origin, proteomic signatures and survival rates (15), or be classified as a carcinoma of squamous cell nature but manifesting a tendency toward glandular differentiation similar to that sometimes seen in tumors of the oral cavity, larynx or esophagus, currently designated as basaloid carcinomas (16). The specific expression of several types of cell keratins in the anal transitional zone is also found in epithelium of other squamocolumnar junctions such as the esophagogastric and endo-exocervical junctions (17, 18). The literature reports very rare cases of basaloid cell carcinoma arising in the colon and rectum (19).

The morphology code 8510 (medullary carcinoma) for tumors arising in the thyroid gland is accepted by the IARC but not the JRC-ENCR system. The JRC-ENCR system instead accepts code 8345 (medullary carcinoma with amyloid stroma) for thyroid cancer, reserving 8510 for cancers arising in breast, stomach and colon. This is justified by the fact that, despite some common morphologic features (lymphocytic infiltration, poorly differentiated cells), they are distinct entities. Medullary thyroid carcinoma is a neuroendocrine malignancy originating from parafollicular cells (C cells), whereas medullary carcinoma arising in other organs such as breast, stomach or colon is a very uncommon cancer (less than 5% of breast cancers and 0.05% of colon cancers) with neuroendocrine-like features, poorly differentiated aspects, microsatellite instability, lymphocytic infiltration and specific molecular characteristics (20). The American Network of SEER registries accepts both codes for thyroid carcinoma with medullary histology (21). The IARC system classifies medullary carcinoma as “not site-specific carcinoma” and therefore accepts it for cancers arising at any site except bone, connective tissue and nervous system (C40-C42, C47, C48, C49, C70, C71, C72, C77).

The morphology codes 8370, 8700, 9490 and 9500 (adrenal cortical carcinoma, pheochromocytoma, ganglioneuroma, neuroblastoma) are not accepted by the JRC-ENCR system at the generic site C74.9 (adrenal gland NOS), but only at specific subsites of the adrenal gland such as C74.0 (cortex of adrenal gland) or C74.1 (medulla of adrenal gland), according to the specific morphology. Neuroblastoma is due to differentiation arrest of the neural-crest-derived sympathoadrenal lineage. The sympathoadrenal lineage is derived from neural crest cells that emigrate from the dorsal neural tube and migrate to distant sites during the early stages of embryogenesis (22). Clinically, neuroblastoma manifests as a primary tumor anywhere along the sympathetic nervous system, with >50% occurring in the adrenal medulla (C74.1) (23). The site of origin is therefore C74.1 (medulla of adrenal gland), as correctly indicated by the JRC-ENCR system. The IARC system, however, accepts coding of this morphology also at the generic site C74.9. There is a plausible reason for this: the IARC system has a global distribution, and there are geographic areas where it is difficult to obtain the information needed for complete cancer incidence estimation, so all the collected information is used, even if it shows a lesser degree of accuracy (24).

Another difference is the use of code C80.9 (unknown primary site) in combination with hematopoietic morphologies (9590-9597 or 9699), which is accepted by the IARC system but not the JRC-ENCR system. The consistency check between topography and morphology brings to the fore two types of issues: the possible registration of an extranodal lymphoma whose precise organ of origin is unknown (the ICD-O-3 rule is to code lymphoma to C80.9, unknown primary site, if it is suspected to be extranodal and no site of origin is indicated) and the use of the code for unknown site rather than lymph node for a lymphoma of nodal origin. The JRC-ENCR system requires checking of all lymphoma cases coded with this topography, whereas the IARC system accepts any morphology of lymphoma at any site of origin because lymphomas are considered tumors with a non-specific site profile.

A further example involves morphology codes 8120 (transitional cell carcinoma) and 8130 (papillary transitional cell carcinoma), which according to the JRC-ENCR system are compatible with just a few sites of tumor origin (C56 ovary and C65-C68 renal pelvis, ureter, bladder, other urinary organs), while the IARC system accepts them for many other topographies (C11 nasopharynx; C14 other and ill-defined sites in lip, oral cavity and pharynx; C20 rectum, C21 anus and anal canal, C26 intestinal tract NOS; C30 nasal cavity and middle ear; C31 accessory sinuses; C53 cervix uteri; C61 prostate; C64 kidney). For tumors arising in the nasal cavity and accessory sinuses, the JRC-ENCR system accepts the morphology code 8121, Schneiderian (cylindrical [transitional] cell) carcinoma. Schneiderian carcinoma is a typical cancer of the nasal cavity and sinuses and is closely related to non-keratinizing squamous cell carcinoma. A typical feature is lack of maturation in the epithelial nests as in transitional cell carcinoma of the urinary tract, which this tumor subtype resembles.

Certain combinations of tumor morphology and topography are accepted by the JRC-ENCR system but trigger a warning from the IARC system. For example, morphology code 8401 (apocrine adenocarcinoma) is accepted for breast cancer by the JRC-ENCR system, while the IARC system accepts only C00 lip, C44 skin, C51 vulva, C60 penis, C63.2 scrotum NOS, C76 other and ill-defined sites as possible sites.

The IARC system reports tumors with a site-specific profile, but in most cases an unlikely combination between site and morphology according to IARC is accepted by JRC-ENCR. For example, adenocarcinoma, intestinal type (8144/3) is accepted for a larger number of sites by the JRC-ENCR than the IARC system.

Another difference in the selection of warnings concerns the use of morphology codes 8012 (large cell carcinoma NOS) or 8041-8045 (small cell carcinoma, oat cell carcinoma, small cell carcinoma fusiform cell, small cell carcinoma intermediate cell and combined small cell carcinoma) for tumors in sites other than the lung. Both systems limit the use of these morphologies to cancers arising in the respiratory system, but while the JRC-ENCR system considers coding these morphologies unusual only in tumors arising in C38, C40-C42, C47, C48.0, C49, C70-C72 and C77 (pleura, bone, joints and articular cartilage; peripheral nerves and autonomic nervous system; retroperitoneum and peritoneum; connective, subcutaneous and other soft tissues; meninges, brain and spinal cord, cranial nerves and other parts of the central nervous system; lymph nodes), the IARC system uses stricter limits and allows these morphologies only in cancers of the lung, ill-defined sites of the respiratory system, and intrathoracic organs (C34, C39.8, C39.9, C76.1 thorax, C76.7 other ill-defined sites, C76.8 overlapping lesion of ill-defined sites) in addition to unknown primary sites (C80.9). This results in the generation of a much greater number of warnings by the IARC system than the JRC-ENCR system.

The same applies to the use of morphology codes 8441 (serous cystadenocarcinoma), 8460 (papillary serous cystadenocarcinoma), 8470 and 8471 (mucinous cystadenocarcinoma and papillary mucinous cystadenocarcinoma) for cancers arising at sites C25 (pancreas), C48 (peritoneum and retroperitoneum) and C53, C54, C55 (cervix uteri, corpus uteri, uterus NOS). The IARC system accepts these morphologies only at the following sites: C56 (ovary), C57 (other and unspecified female genital organs) and C76 and C80 (abdomen, pelvis, other ill-defined sites, and unknown primary site). The JRC-ENCR system accepts morphology codes 8441, 8460 and 8471 also for cancers in C54 (corpus uteri), and code 8470 not only for cancers of the female genital tract (C56, C57) but also in C18 (colon) and C25 (pancreas). The result is a marked difference in warnings by the two systems: 585 by IARC and 24 by JRC-ENCR.

The IARC check system devised consistency checks between tumor site and morphology using the data collected in its large database, similar to what Berg did when he devised a system based on morphologic similarities and differences for the recognition of multiple tumors (14). In addition, the IARC checks refer to groups of morphologies that are accepted only for tumors arising in certain organs (tumors with a specific site profile) or that are not allowed in certain organs (tumors with an inverse site profile); there is also a group of morphologies that have no organ specificity and can be assigned to tumors arising in any organ (tumors with no specific site profile) (5). This leads to different choices in generating errors or warnings compared to the JRC-ENCR system. The IARC system only checks morphologies that are normally attributed on the basis of a cytologic/histologic diagnosis, whereas the JRC-ENCR system also performs the opposite check: generic morphology codes (8000, 9590, 9960) with a basis of cytologic/histologic diagnosis.




4.2.2 Staging and follow-up variables

The JRC-ENCR system gives out more warnings related to variables not considered in the IARC system (e.g., TNM stage, TNM Staging Manual edition, patient follow-up). Many of the reported warnings are due to incorrect coding of tumor stage or to the combination of a clinical basis of diagnosis and pathologic stage variables. Not all cancer registries can code tumor stage at diagnosis; moreover, the use of incorrect codes related to pathologic and clinical staging is frequent. Minicozzi’s study of the presence and quality of staging at diagnosis in European population-based cancer registries showed that only half of the Italian registries participating in the study were able to provide staging information; particularly case records compiled in an automated manner or directly from pathology laboratory reports were lacking this variable (25).

These checks, along with demographic data, ensure appropriate staging of registered cases, making it possible to study cancer survival and improving the accuracy of the registry’s output. For example, it is unlikely that an advanced-stage neoplasm in the lung or pancreas will grant the patient who carries it a long survival time (26).




4.2.3 Behavior and stage

The unlikely combination of a tumor’s behavior code and its registered stage (e.g., infiltrating carcinoma with behavior code/3 and in situ stage, pTis) (170 warnings) will lead the registry to review the case because of a suspected registration error. A possible scenario, on the other hand, is that of an in situ neoplasm developing aggressive behavior over time and ultimately generating metastases (27).




4.2.4 Histology and grade

Both the JRC-ENCR and IARC systems flag issues related to the incorrect combination of histology and tumor grade. Grade refers to differentiation in solid tumors (codes 1, 2, 3, 4, 9): it is a measurement of how closely the tumor cells resemble the parent tissue (organ of origin) (See Supplementary Materials). Well-differentiated tumor cells (grade 1) closely resemble the tissue from the organ of origin. Poorly differentiated (grade 3) and undifferentiated (grade 4) tumor cells are disorganized and abnormal looking. Codes 5, 6, 7 and 8 are cell indicators, because they describe the lineage or phenotype of the cell and are used only for hematopoietic and lymphoid neoplasms; code 9 indicates cell type not determined, not stated, or not applicable (13). Both systems follow a specific routine to identify incorrect or missing combinations to be flagged for revision (9).

The systems check the morphology codes of solid tumors requiring a specific grade (e.g., undifferentiated sarcoma 8805/3 with grade 4). The JRC-ENCR system will flag the combination of grades 5-8 and morphology codes outside the 9590-9992 range (hematopoietic system codes). The IARC system also performs the opposite check, flagging grade codes greater than or equal to 1 and less than or equal to 4 in combination with histology codes greater than or equal to 9590. Moreover, the IARC system flags more cases because it requires a specific grade for many hematopoietic neoplasms and does not accept the value 9 (not specified); for example, all B-cell lymphomas should have grade 6.




4.2.5 Histology and age

Another issue flagged by the systems concerns inappropriate combinations of tumor morphology and patient age at diagnosis, e.g., 9945 (chronic myelomonocytic leukemia) or 9876 (atypical chronic myeloid leukemia) for age less than 30 years; cancer site C51-C52 (vulva and vagina) for age less than 20 years, or cancer site C60 (penis) for age less than 30 years. Burkitt lymphoma (code 9687) is expected to be diagnosed in children aged less than 14 years, but the registries use the same morphology code for Burkitt-like lymphoma. The distinction between Burkitt and Burkitt-like lymphoma is morphologic: tumor cells in Burkitt-like lymphoma are slightly larger, with more nuclear variability and increased nucleolar prominence. This tumor may arise in patients with a median age of 47 years, but the use of this code in patients aged more than 14 years generated many warnings (28).

The JRC-ENCR system also takes into account patient age for some morphologies. For example, the system accepts basis of diagnosis 2 (clinical) for 8960 (Wilms tumor, nephroblastoma) at age 0-8 years, or basis of diagnosis 4 (specific tumor markers) for 9732 (multiple myeloma) at ages over 40 years; the IARC system does not consider age in these cases but only morphology.




4.2.6 Basis of diagnosis and morphology

The two systems differ in how they treat the variables “basis of diagnosis” and “morphology”. The JRC-ENCR system marks a larger number of cases, because it flags some morphologies that are accepted by the IARC system with a clinical basis of diagnosis (1 or 2), e.g., 8170 (hepatocellular carcinoma), 9732 (multiple myeloma) and 9761 (Waldenstrom globulinemia). Moreover, for cases with death certificate only (DCO) as the basis of diagnosis, the JRC-ENCR system accepts morphologies that can be identified from the underlying cause of death code (ICD-10), while the IARC system flags all DCO cases with morphologies different from those accepted even without microscopic verification.

Another difference between the two systems is related to morphology code 8720 (melanoma): in the absence of histologic or cytologic examination the IARC system accepts only cases arising in C44 (skin) or C69 (eye and adnexa), whereas the JRC-ENCR system accepts melanoma arising at any site.

The large number of warnings detected by the systems is also due to the increased use of electronic health data. In hospital discharge records some cancer codes from the ICD-9-CM classification contain morphologic information (e.g., Hodgkin lymphoma, melanoma, myeloid leukemia, lymphoid leukemia, mycosis fungoides, non-Hodgkin lymphoma): to make incidence calculations, the registries use these codes associated with a clinical basis of diagnosis, but this is not accepted by the JRC-ENCR system in combination with such specific morphology.

The same applies to in situ neoplasms: these require a histologic basis of diagnosis, but the information may have come from hospital discharge records, where some tumor sites are labeled with a specific code when they exhibit in situ behavior (e.g., in ICD-9-CM, 233.0, carcinoma in situ of breast or 233.7, carcinoma in situ of bladder).

The JRC-ENCR system performs an additional check for basis of diagnosis 6 (histology of a metastasis): it considers it unlikely that a lymphoma or leukemia diagnosis is based on a metastasis (W-BDMU) (811 cases), whereas a bone marrow aspirate can be used as the basis of diagnosis for lymphomas.




4.2.7 Sex and histology

With regard to sex/histology consistency checks, IARC warnings are mostly due to unacceptable combinations, such as typical ovarian histology in cancer arising in C25 (pancreas) in a male patients while the JRC-ENCR system flags only cases in which ovarian morphology is not allowed in C25, e.g., 8471 (papillary mucinous cystadenocarcinoma).






5 Conclusion

The IARC/IACR CHECK program, intended for cancer registries worldwide, utilizes a less demanding checking system that is easy to use for all registries. At present its checking routine for histology requires updating with the new morphology codes included in the second revision of ICD-O-3. The JRC-JRC-ENCR quality check software carries out a number of additional checks compared to IARC. For this reason, it would be advisable to use both systems for data quality control, since they provide checks on different groups of variables (stage, follow-up) or on the same variables but with different modalities.

Finally, periodic checks are useful for identifying issues that inevitably arise when working with data. However, it is important to find the right balance between the need to maintain high standards of data quality – otherwise the data are useless – and the workability of such systems in the daily routine of the cancer registry.
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Objectives

To describe the procedures to derive complete prevalence and several indicators of cancer cure from population-based cancer registries.





Materials and methods

Cancer registry data (47% of the Italian population) were used to calculate limited duration prevalence for 62 cancer types by sex and registry. The incidence and survival models, needed to calculate the completeness index (R) and complete prevalence, were evaluated by likelihood ratio tests and by visual comparison. A sensitivity analysis was conducted to explore the effect on the complete prevalence of using different R indexes. Mixture cure models were used to estimate net survival (NS); life expectancy of fatal (LEF) cases; cure fraction (CF); time to cure (TTC); cure prevalence, prevalent patients who were not at risk of dying as a result of cancer; and already cured patients, those living longer than TTC at a specific point in time. CF was also compared with long-term NS since, for patients diagnosed after a certain age, CF (representing asymptotical values of NS) is reached far beyond the patient’s life expectancy.





Results

For the most frequent cancer types, the Weibull survival model stratified by sex and age showed a very good fit with observed survival. For men diagnosed with any cancer type at age 65–74 years, CF was 41%, while the NS was 49% until age 100 and 50% until age 90. In women, similar differences emerged for patients with any cancer type or with breast cancer. Among patients alive in 2018 with colorectal cancer at age 55–64 years, 48% were already cured (had reached their specific TTC), while the cure prevalence (lifelong probability to be cured from cancer) was 89%. Cure prevalence became 97.5% (2.5% will die because of their neoplasm) for patients alive >5 years after diagnosis.





Conclusions

This study represents an addition to the current knowledge on the topic providing a detailed description of available indicators of prevalence and cancer cure, highlighting the links among them, and illustrating their interpretation. Indicators may be relevant for patients and clinical practice; they are unambiguously defined, measurable, and reproducible in different countries where population-based cancer registries are active.





Keywords: prevalence, cancer cure indicators, time to cure, Italy, survival, cure fraction, cure prevalence




1 Introduction

Unlike other indicators of cancer burden (i.e., incidence, survival, or mortality), complete prevalence cannot be directly observed by cancer registries (CRs) because cancer survivors diagnosed before the start of registration are not included in the CR databases. The more recently the CR started registration, the greater the number of unobserved survivors (1). Therefore, complete prevalence and indicators of cancer cure, almost always based on statistical models, are reported less frequently than other indicators of cancer burden.

In the last decade, some epidemiologic investigations have explored the issue of estimating cancer cure in high-income countries (2–10), even if the usefulness to estimate indicators of cancer cure is held back by the lack of a shared definition of cure (11, 12). Nevertheless, several indicators of “cancer cure” have been proposed, particularly, the following: the cure fraction or the estimated probability of cure among incident cases (13, 14); the time to cure, the time necessary to make the excess risk of death due to cancer negligible (3, 4, 8, 10); already cured or the proportion of prevalent cases that have already reached the time to cure in a specific point in time (4); and cure prevalence or the proportion of all prevalent cases not expected to die due to their cancer (4, 15).

This article aimed to provide a complete and detailed description of the methodology and the procedures needed to derive complete prevalence and indicators of cancer cure from population-based CR data. The description has been accompanied by an application using the latest available Italian data. Improvement in the previously used algorithms (4, 5, 15, 16) to calculate cure indicators has been described, as well as validations of survival models and indicators. Finally, the epidemiological interpretation of indicators and the links among them are highlighted, with a discussion of assumptions made and their limitations.




2 Materials and methods



2.1 Study population

This study included 31 population-based Italian CRs with at least 9 years of registration and patient vital status ascertainment at least 1 year after the last incidence date. By the end of 2017, the maximum duration of registration ranged from 9 to 40 years, with a median of 22 years (Table 1). Twenty CRs are located in north-central Italy [i.e., homogeneous areas in terms of incidence and survival (16)] and 11 in the South-Islands. CRs coverage varied with regards to the population size (0.2 to 2.8 million inhabitants), and overall, they cover more than 28 million people of all ages (43% of the population in north-central Italy, 55% in the South-Islands, and 47% overall; Figure 1). Since a key methodological point for the estimation of cure indicators is the availability of reliable estimates of “long-term” incidence and survival in the population of interest, Italian CRs with at least 15 years of registration (Table 1) and complete follow-up at the end of 2018 were included for the estimation of model-based incidence and survival. The geographical representativeness of these CRs is similar (~30%) between the north-central area and the South-Islands. Up to 1 January 2018, nearly 3.3 million (3,276,906, Table 1) incidents of malignant cancer cases were diagnosed in nearly 3 million (2,957,828) men and women, of all ages, in areas covered by CRs. They were two times higher than the number of cases included in the previous Italian report (17), including 443,901 female breast cancer cases, and 420,726 colorectal and 370,034 lung cancers (Table 2). For breast and colorectal cancer patients, prevalence and indicators of cancer cure were also calculated by stage at diagnosis including information from CRs with<33% of missing stage information for at least 15 consecutive years (i.e., respectively from six CRs for breast cancer and five CRs for colorectal cancer, approximately 6% of the Italian population) (Table 1).


Table 1 | Period of registration, population, and incident cases in Italian cancer registries, 1978–2017.






Figure 1 | Areas and proportions of the Italian population included in the analyses. North-Centre includes Umbria and northern CRs.




Table 2 | Cancer sites or types and number of cases included: Italian cancer registries, 1978–2017.






2.2 Cases and groupings

Prevalence and indicators of cancer cure were calculated for all malignant cancers and 62 types or their combinations (Table 2) using ICD-10 classification. In addition, ICD-O-3 topography and morphology codes were used to define specific subtypes (18). Urinary bladder cancers with benign or uncertain behavior and in situ tumors were also accounted for (ICD-10: D09.0, D30.3, D41.4), while non-melanoma skin cancers (ICD-10: C44) were excluded. To estimate cancer-specific prevalence for each patient, we considered only the first primary cancer occurring in that specific site. Multiple primary cancers in different organs diagnosed in the same person were included in each site-specific analysis. For the combinations of cancer types, only the first primary tumor was considered.




2.3 Quality checks

To ensure comparability and to verify the completeness of CR incidence and follow-up data and in agreement with well-established international guidelines and standards (16, 19), the following three quality indicators were calculated for each CR: the proportion of cases known by death certificate only (DCO), a common indicator for cancer registration accuracy and completeness; the proportion of microscopic verifications (MVs), an indicator of the quality of the documentation available to the registry; and the percentage of cases lost to follow-up before 5 years (<5% loss leads to little bias in survival analyses) (20).




2.4 Limited duration prevalence

Limited duration prevalence (LDP) on 1 January 2018 (i.e., index date) was computed from observed incidence and follow-up data for each CR. LDP includes only cases diagnosed after the start of the CR activity and was calculated up to the maximum registration period (between 9 and 40 years), stratified by cancer type, sex, 5-year age groups (from 0–4 to 80–84, and 85+), and years since diagnosis. The calculations were performed by counting the number of persons known to be alive at the index date and adjusting for those lost to follow-up, as implemented in the SEER*Stat software (21). For the eight CRs with the last year of incidence before 2017 (i.e., 2015 or 2016), LDP was calculated for the last 3 years available and projected to 1 January 2018 by CRs, cancer type, sex, age, and time since diagnosis, using a linear regression model with the calendar year as an independent variable (17, 22).




2.5 Survival

Reliable estimates of long-term (>15 years) survival are crucial for both the estimation of cure indicators and the complete prevalence through statistical modeling and completeness index estimation (see below). They should be representative of the population under study and sufficiently robust to allow modelization of survival in the distant past or near future.

Net survival (NS) is the probability that cancer patients survive their cancer up to a given time since diagnosis, after controlling for competing causes of death. NS allows comparison of populations as if the disease under study was the only possible cause of death. NS was calculated for cases of all ages diagnosed in 1991–2017 and follow‐up until the end of 2018, using the cohort method and the Pohar Perme approach (23), as implemented by the SEER*Stat software (21).

DCO only and cases incidentally diagnosed at autopsy were excluded from the analysis.

Expected survival was computed from the regional life tables provided by the Italian National Institute of Statistics for each CR area, stratified by age (in years), sex, and calendar year (24).

For the pool of CRs with ≥15 years of incidence (Table 1) and follow-up until 2018, NS estimation was calculated by cancer type, sex, age at diagnosis (0–44, 45–54, 55–64, 65–74, 75+ years), and period of diagnosis (in 3-year periods from 1991–1993 to 2015–2017). For cancers with available stage information (i.e., breast and colorectal), NS estimation was calculated in the period 1997–2017 for a subset of CRs.

Conditional net survival (CNS) was calculated as the probability of surviving an additional number of years, given that patients already survived t years (16).

Model-based net survival was calculated using mixture cure models which consider a population as a mixture of two groups: the cured (i.e., patients who will have the same life expectancy as the general population) and not cured (i.e., the patients expected to die due to their cancer) (13). Consequently, the mixture cure model is a combination of two models which estimate both the proportion of cured patients (i.e., CF: the cure fraction) and the survival function of the remaining “not-cured” patients (i.e., fatal cases, 1 − CF).

For any cancer type and sex, the model which best fit NS and CNS was explored starting from an age-stratified Weibull model. When this model did not converge, alternative models were explored, i.e., Weibull without age stratification, age-stratified exponential, or exponential without age stratification. For rare cancer types, with few patients in some strata of sex or age, parameters were calculated by collapsing the relevant strata as specified in Supplementary Table 1. Parameters were estimated using the SAS NLIN procedure. The goodness of fit of “model-based” NS to “observed” NS was evaluated by likelihood ratio tests and by visual comparison (4, 25, 26), for each cancer type, period of diagnosis, sex, and age group.




2.6 Incidence

Incidence function is needed to describe the risk of being diagnosed with cancer, throughout the life span of each birth cohort in the population (i.e., to estimate the incidence before the start of registration by CRs and completeness index, see below). In the present study, a sixth-degree polynomial on age was the best-fitting model and was used to estimate incidence rates by cancer type and sex (27).

Age and cohort parameters of the incidence function were estimated using SAS logistic procedure by fitting crude incidence rates of patients diagnosed between 1990 and 2014 (in 5-year periods) in the same CRs used for survival modelization, between 1995 and 2014 for breast and colorectal cancers by stage. Incidence data were categorized according to cancer type, sex, 5-year age groups, and birth cohort (<1899, 1900–1904, …, 2000–2014). The goodness of fit of the incidence models was assessed by the Akaike information criterion (AIC) as well as by visual comparison between estimated and observed rates.




2.7 Completeness index

The completeness index (RL) represents the proportion of prevalence observed from CRs with L years of registration, and it is necessary to calculate the complete prevalence as LDP/RL (28, 29). RL represents the percentage of completeness of LDP and varied between 0 and 1, depending on the prevalence observed by the registry. Values close to 1 indicate a high level of completeness and, therefore, a small correction to be applied to the observed prevalence. RL was calculated by cancer type and sex, using the model-based net survival (NS) and incidence (I):

	

where x is the age at prevalence and x − t is the age at diagnosis. The completeness index was calculated using the ComPrev software (30).

To evaluate the effect of using different periods of incidence and survival on the completeness index estimates and complete prevalence, a validation was conducted using two registries with a long observation period: Veneto (28 years of duration, in the north, with high prevalence and relatively high incidence rate in comparison with all of Italy) and Ragusa (37 years, in the south, a low incidence and prevalence area). We compared the maximum observed LDP for the two CRs (LDPmax at 28 years for Veneto CR and at 37 years for Ragusa CR) with the LDP of the same duration ( ) estimated by completing LDP at 15 years using three different completeness indexes RL(x): one based on the 1990–2017 incidence and survival, one on the 2003–2017, and using the RL(x) provided by the ComPrev software, estimated on SEER data. The calculation has been done as

	

where Rmax is the index at 28 years for Veneto CR and at 37 years for Ragusa CR.




2.8 Complete prevalence in 2018

Complete prevalence (Prev) was calculated on 1 January 2018. Estimation was based on observed LDP and, for the period before the start of registration, on the estimated fraction of prevalence not observed in the recorded data (28, 29). The estimated complete prevalence at age x (Prev(x)) includes all incident cases diagnosed at any age and can be split into two components, observed LDP (durations from x − L to x years) and estimated unobserved ones (from 0 to x − L − 1):

	

Prev(x) was calculated as absolute numbers and proportions by CR, cancer type, sex, and age at prevalence.

For each registry with L<40 years, we also estimated the annual LDP up to 40 years after diagnosis:



This estimation by years since diagnosis will be used for the calculation of already cured patients described in Section 2.11.

The absolute number of prevalent cases in Italy was obtained as the sum of proportions of prevalence estimates (age-, sex-, and cancer type-specific, obtained pooling CRs in the north-central area and in the South-Islands included in this study) multiplied by the corresponding Italian population in the same areas at the index date (24).




2.9 Complete prevalence projections

To obtain complete prevalence projections after 2018 for all CRs, and up to 2018 for CRs with missing incidence data in 2016 or 2017, the complete prevalence was estimated over the last three calendar years available by CR, cancer type, sex, and age. The number of prevalent cases was projected using a linear regression model with the calendar year as an independent variable, assuming that prevalence would follow a linear function. This simplified assumption (linear and constant trend) may not be valid for long-term projections, but it is reasonable in the medium-term (e.g., 10 years) (17) for common cancer types. The proportions of prevalence estimates (age-, sex-, and cancer type-specific) from CRs in the north-central area and the South-Islands included in this study were multiplied by the corresponding Italian population in the same area at the index date by sex and age (24). It should be noted that the Italian population is observed until 2021 and forecasted in subsequent years when we used estimates based on the “median” forecast scenario.




2.10 Life expectancy of fatal cases, cure fraction, and time to cure

Life expectancy of fatal (LEF) cases is the survival experienced by the 50th percentile (i.e., median LEF) of fatal cases. In the example (Figure 2A) LEF was 1.8 years corresponding to NS = 75.7% half of those above the green dashed line. Not all cancer patients die because of their neoplasm and, for most cancer types, the NS curve reaches a plateau after a certain number of years (approximately 15 years). Notably, we can observe that a small or large proportion of patients will not die because of their neoplasm even if the plateau is not reached.




Figure 2 | Examples of calculation of cure fraction, median life expectancy of fatal (LEF) cases (A), and time to cure (B) for Italian patients (men and women) with colorectal cancer diagnosed in 1995 at age 55–64 years. NS, model-based net survival; CNS, conditioned NS.



The CF represents the proportion of incident patients who experience, at diagnosis, the same life expectancy (mortality rates) as their peers in the general population (51%, Figure 2A). CFs have been calculated from mixture model-based NS and represent asymptotical values of NS when the time since diagnosis increases toward “infinity.” Since the life expectancy of people with or without cancer is less than asymptotical, and to highlight connections and differences between CF and long-term NS, we also calculated NS at 50 years after diagnosis, at attained ages 90 and 100 years.

CF for all patients was calculated as a weighted average of age-specific CF, each weight being the proportion of incident cases in the corresponding age group. Changes in CF over time were estimated by using the period parameter of the survival function, which represents the effects of the “year of diagnosis” and can be modified assuming a linear effect of the period of diagnosis.

Figure 2B shows also the increase of 5-year CNS (blue curve) according to time since diagnosis. When 5-year CNS approaches 100%, patients reach the same life expectancy (mortality rates) as that observed in the general population who is free from cancer. The assumption is that time to cure (TTC) is reached when 5-year CNS becomes higher than 95% (3), thus assuming the residual 5% excess mortality to be clinically negligible. In the example (Figure 2B), the TTC is reached after 8.5 years.




2.11 Cure prevalence and already cured

Cure prevalence (CurePrev) is defined as the proportion of prevalent cancer patients who will not die as a result of cancer. This indicator was estimated by

	

where CFx − t and NSx − t (t) are, respectively, the cure fraction and the net survival of patients diagnosed at age x − t and follow-up time t, to obtain CurePrevt(x), the cure prevalence at attained age x. In the present study, the mean NS at the beginning and the end of the year has been applied to each year since diagnosis. In other words, this indicator was computed as the number (or proportion) of prevalent cases having the same life expectancy (mortality rates) as the corresponding group (i.e., same sexes and age) in the general population, conditioned to be alive t years after diagnosis. For each cancer type and sex, the overall CurePrev was calculated as

	

summing up estimates over all ages at prevalence (x) where duration is up to the maximum 40 years after diagnosis and PrevTOT is the overall complete prevalence for all age groups considered.

Figure 3 shows an example of the calculation of CurePrev in which each annual vertical bar represents the number of patients alive n years after diagnosis. The green part of each bar includes cases having the same life expectancy as their peers in the general population (i.e., CF for those alive at that point) and markedly increases with time since diagnosis. Conversely, the red part of each bar includes cases who are expected to die because of their cancer and decreases with time since diagnosis.




Figure 3 | Calculation of cure prevalence (CurePrev) for Italian colorectal cancer patients (men and women), aged 55–64 years who were alive in 2018 (January 1st). Calculated applying to complete prevalence at attained age 55–64 the cure fraction (CF) calculated for age at diagnosis, according to years since diagnosis (Section 2.11). The red part of each bar includes cases who are expected to die because of their cancer.



To the same distribution of prevalent patients presented in Figure 3, TTC can be applied. Consequently, already cured (Prev(>TTC)) is defined as the proportion of patients who already reached TTC, defined here as 5-year CNS >95%. It was calculated as the sum of prevalent patients by more than TTC

	

Estimates of TTC were calculated using age at diagnosis of patients, while Prevt was based on the age of prevalent cases. To overcome this discrepancy, we applied the TTC estimated at different ages at diagnosis to the distribution of prevalent cases at the attained age. In the example (Figure 4), prevalent patients at the attained age of 55–64 years (median 60 years) alive in 2017 had a TTC = 7 years (first 5 years) if diagnosed in the same age group, while they had TTC = 6 years if they were diagnosed at age 45–54 years (median 50 years). Consequently, patients prevalent at 60 years of age who were diagnosed at the same age can be considered cured after 7 years (not yet reached) and after 6 years if diagnosed younger. Therefore, among these groups, those alive >6 years after diagnosis were considered already cured. The green part of Figure 4 includes already cured patients, while the red part includes those who have not yet reached TTC.




Figure 4 | Calculation of already cured (Prev>TTC) for Italian colorectal cancer patients (men and women), aged 55–64 years who were alive in 2018 (January 1st). Calculated applying to complete prevalence at attained age 55–64 the time to cure (TTC) calculated for age at diagnosis, according to years since diagnosis (Section 2.11). The red part includes patients who have not yet reached TTC.



CurePrev included both patients surviving a shorter period than TTC (they will reach it in the future) and a small proportion (<5%, by definition) of already cured (Prev(>TTC)) with a small excess risk of death, in comparison with their peers in the general population. Notably, only Prev(>TTC) patients can be individually identified.

In Supplementary Figure 1, the steps needed to calculate complete prevalence on 1 January 2018, projections for the following years, and indicators of cancer cure are summarized. The links among the indicators are also shown and which of them are preliminary to the estimation of the others. For instance, survival estimates are sufficient to calculate CF and TTC. Incidence estimates are also necessary for the calculation of the completeness index and, thus, the complete prevalence. Finally, both estimates of complete prevalence per year after diagnosis and estimates of TTC are needed to calculate the number of already cured patients.




2.12 Ethical approval

The Italian legislation identifies regional health authorities as collectors of personal data for surveillance purposes without explicit individual consent. The approval of a research ethics committee was not required, since this study is a descriptive analysis of pseudonymized cancer data collected by the registries, without any direct or indirect intervention on patients (31).





3 Results



3.1 Quality checks

Three major indicators of data completeness and quality of Italian CRs are shown in Table 3. In the last 10 years of registration (i.e., 2008–2017), the overall percentage of microscopically verified cases was 86.3% with only one CR<80%. The proportion of cases known by death certificate only or with an unknown base of diagnosis was 1.1% with only one CR with a proportion >2%. The percentage of cases lost to follow-up before 5 years was 0.6%, with only 7 out of 31 CRs >1%.


Table 3 | Quality indicators by cancer registry for casesa diagnosed in 2008–2017.






3.2 Validation of survival models

The comparisons of NS and 5-year CNS with corresponding model-based curves were made for all cancer types and sex. As an example, results for the cohort of breast cancer patients diagnosed in 1994–1996 and followed up until 24 years after diagnosis are shown by age groups in Figure 5. Overall, these comparisons and those for the 3-year period cohorts, from 1991–1993 to 2015–2017 (not shown), suggested a very good fit, not only for age-stratified Weibull models but also for exponential models, to estimate long-term model-based survival and cure indicators for breast cancer patients. In particular, for the 2,261 women with breast cancer at age 0–44, the 20-year NS was 64.4% and overlapping values emerged for the age-stratified Weibull models (NS WS = 64.7%) (Figure 5A, solid gold line). Some differences emerged for the age-stratified exponential models (NS ES = 63.0%) (solid blue line), broader for Weibull or exponential models without age stratification (dashed lines: 73.5% and 73.4%, respectively). The corresponding observed 5-year CNS 15 years after diagnosis was 93.9% (Figure 5B), slightly below the threshold for TTC (i.e., 95%), while they were 95.1% when calculated by the age-stratified Weibull or exponential models, 95.6% for Weibull, and 95.8% for the exponential models without age stratification. For patients with breast cancer diagnosed at ages 45–54 years (4,072 women) or 55–64 years (4,747 women), negligible differences emerged between observed and estimations of NS or 5-year CNS based on the age-stratified models (Weibull or exponential) (Figures 5C–F). The same applies at ages 65–74 years (5,355 women) at least until 15 years after diagnosis or attained at the age of 80–89 years (Figures 5G, H). The results of the observed and best-fitting model-based NS and 5-year CNS are also presented for patients with breast cancer by stage at diagnosis (Supplementary Figure 2) and for patients with colorectal (Supplementary Figure 3) or prostate cancers and soft tissue sarcomas (Supplementary Figure 4). A good fit emerged for all of them.




Figure 5 | Net survival (NS), 5-year conditional NS (5-year CNS), and corresponding model-based estimates until 24 years of follow-up for breast cancer patients (all stages) diagnosed in 1994–1996 and followed up until 2018 by age group: Age 0-44 years (A, B); 45-54 (C, D); 55-64 (E, F); 65-74 (G, H). W, Weibull; WS, Weibull, age-stratified; E, exponential; ES, exponential, age-stratified.



Supplementary Table 1 lists the survival model with the best fit by cancer type with appropriate adjustments for sex and age, if necessary.




3.3 Validation of incidence models

The comparisons between observed and model-based age-specific incidence rates are shown in Supplementary Figure 5. For all cancer types combined by sex, as well as for prostate and breast cancers diagnosed in the period 1990–2014, a very good fit emerged for incidence models to be included in the completeness index estimation. The same validations have been done for all cancer types, by sex and period.




3.4 Validation of the completeness index

In Table 4, frequent cancer types with relatively good prognoses (colorectal, breast, and thyroid cancers and skin melanoma) have been selected as examples in registries with relatively high (Veneto) or low (Ragusa) incidence rates. A less marked difference is expected for patients with poor prognosis or cancer types more frequently diagnosed at older ages when the proportion of patients living >15 years after diagnosis is low regardless. Differences<2% emerged for the four cancer types examined in the Veneto registry between the observed 28-year LDP and the same duration prevalence estimated starting from 15-year LDP using the completeness index calculated from Italian registries with a long-term period of incidence and survival (i.e., 1990–2018). Differences were more marked (+6.1% for colorectal cancer in men, +23.5% for thyroid in women) using only the completeness index based on shorter periods of incidence and survival (2003–2018) and also using the completeness index calculated on SEER data and provided with the ComPrev software (+3.5% for melanoma in men and +9.2% for thyroid in women). In addition, a consistent overestimation emerged for the 37-year LDP completed by the 15-year LDP for the Ragusa registry, approximately +5% using the completeness index based on Italian data 1990–2018 but greater than 10% for some cancer types using both the completeness index based on short period or SEER data (Table 4).


Table 4 | Difference between the maximum duration prevalence calculated from 15-year limited duration prevalence (LDP), using different completeness indexes (RL(x))a, and observed maximum LDP for selected cancer types.






3.5 Completeness index: comparisons

Values of RL (i.e., completeness index for different lengths of observation) are presented in Table 5 for breast, colorectal, and prostate cancers and all cancer types. The RL increases with lengths of follow-up and with decreasing age. For colorectal cancer, R20 (i.e., for a 20-year duration) decreased from 97.2% at age 40–44 in men (96.0% in women) to 78.9% (75.0% in women) at 85+ years. R30 was approximately 100% until age 70 years and 10% higher than R20 for ages 70 years or more, while R40 was always above 98%. Values near 100% for a 20-year duration emerged for prostate cancers mainly diagnosed in older adults, while R20<80% was estimated for breast cancer patients aged >70 years (61.6% for 85+ years). In other words, in CRs with a 20-year duration, the LDP underestimated complete prevalence, with a loss of >20% for women with a previous cancer diagnosis aged 70 years or more (>10% in men) (Table 5).


Table 5 | Completeness index (RL, %)a by sex, age, length (L) of the observation period, and cancer typeb.



In Table 6, four estimates of the proportions of prevalent cases observed up to 20 years after diagnosis R20(x) have been compared: those according to estimates made in Italy for 2006 (27), 2010 (22), and 2018 (present estimates), as well as those estimated on SEER data (30).


Table 6 | Comparison of different completeness indexes for 20 years of length of the observation period (R20, %) for all cancers combined by sex and age groups.



R20 values estimated using the most recent Italian data (i.e., in 2018) were lower than those calculated in 2010, approximately −4% above age 40 years in men. In women, the gap gradually increased with age: −2% at 40 years, −3% at 50 years, and −6% at 75 years. R20 values based on SEER data (i.e., those provided by ComPrev) were consistently lower than those calculated from Italian data for women but higher in men above age 30 years (Table 6).




3.6 Cure fraction and long-term NS

In Table 7, CF estimated by mixture cure models until the asymptotical time after diagnosis (thus age) was compared with the estimated 50-year NS and with NS until the attained age of 100 or 90 years, by cancer type, sex, and age at diagnosis.


Table 7 | Model-based estimates of cure fraction (CF, %) (centered at 2010 as the year of diagnosis), net survival (NS, %) 50 years after diagnosis, until 100 years of age, and until 90 years of age, for selected cancer types by sex and age at diagnosis.



For pediatric cancer patients overall (age 0–14, Table 7), the difference between CF and 50-year NS is approximately 3%, suggesting a persistent excess risk of death throughout life, though limited. For the other patients, the difference was higher when diagnosed at ages 15–44 and 45–54 years (4%–5%). For older ages, both CF and 50-year NS go far beyond the maximum patient’s life span, and their interpretation is fuzzy. For men diagnosed with cancer (all types) at age 65–74 years, CF (asymptotical) was 41%, while the estimated NS after 50 years (attained age over 115 years) was 48%, 49% at the reached age of 100 years, and 50% at the reached age of 90 years. Differences were similar in women aged 65–74 years after any cancer type and after breast cancer (i.e., CF was 61%, 50-year NS was 69%, NS until 100 years was 72%, and NS until 90 years was 76%) (Table 7). Notably, patients diagnosed with prostate cancer at age ≥75 years had a CF = 59%, but the 50-year NS = 68%. The NS until 100 years was even higher (73%) and was 80% until 90 years.




3.7 Cure prevalence (CurePrev): examples and interpretation

The number of patients with colorectal cancer alive in 2018 (January 1st) at age 55–64 years has been presented in Figure 6 (51,855 in the study area, sum of all bars). The green part of the bars included those expected to be cured, with the same mortality as the general population. CurePrev was 68.5% in those with diagnoses after ≤1 year (i.e., CurePrev(1) or the green area in the first vertical bar). CurePrev became 75.6% when diagnoses were >1 year and ≤2 years (i.e., the green area in the second vertical bar), and so on. The sum of CurePrev in all the annual intervals (vertical bars, overall CurePrev) was 89.0% and represented the proportion of colorectal cancer prevalent cases at age 55–64 years that will be cured (i.e., they will not die because of the neoplasm). Notably, the sum of CurePrev(x) for a duration longer than t years after diagnosis can be calculated as the sum of cases in green areas divided by all prevalent cases after a certain number of years (Figure 6). These CurePrev are the probabilities of being cured, conditioned to be already survive t years, and the complement of these quantities (i.e., 1 – CurePrev) can be read as the residual risk of death for cancer patients.




Figure 6 | Cure prevalence (CurePrev) for Italian colorectal cancer patients (men and women), aged 55–64 years who were alive in 2018 (January 1st), overall and conditioned to be alive after more than 5, 10, 15, and 20 years. The red part of each bar includes cases who are expected to die because of their cancer.



CurePrev for patients alive >5 years after diagnosis was 97.5% (i.e., 2.5% will die because of the neoplasms), 99.6% for patients alive after >10 years, and became 100.0% for those alive >15 years after diagnosis.




3.8 Already cured prevalence: examples

The same distribution of prevalent patients presented in Figure 6 allowed also the estimation of patients who were already cured, that is the sum of patients alive more than 6 years after diagnosis or 48% of all colorectal cancer patients alive in 2018 at age 55–64 years (Figure 4). Notably, using the TTC (i.e., 7 years) calculated in the same age group of prevalent cases (attained age) (4), the proportion of Prev(>TTC) would be slightly underestimated, reaching only 42%.





4 Discussion

This study provides further insight into the models and procedures useful for estimating the number of people alive after a cancer diagnosis and several indicators of cancer cure. The validations presented describe reliable methods that can also be reproduced in different settings (i.e., countries).

According to our validations, some main observations deserve to be emphasized. The first one is on survival models, the basis for both the calculation of completeness indexes and cure indicators. Although the criteria for selecting the best model are still debated (25, 32), differences among the proposed parametric distributions to estimate long-term survival (e.g., non-mixture models, lognormal, flexible models with splines) (6, 14, 33) are limited (32) when sufficient population size and long follow-up are available. In addition, model-based age-stratified estimates based on Weibull distribution of fatal cases showed a very good fit with “observed” net survival for common cancer types (i.e., breast or colorectal at any age and stage and prostate) (Supplementary Figures 2–4) and support their use to estimate completeness index and complete prevalence, as well as cure fraction and time to cure.

A second observation concerns our validation of the impact on the complete prevalence of using different completeness indexes. In principle, models should be built from complete and homogeneous registration periods (i.e., generally short) and, at the same time, should capture long-term survival and incidence trends (i.e., preferably long). Our validations show that the more accurate behavior of completeness indices was obtained using long-term incidence and survival data, although not all CRs provide data for all the years in the study period (Table 4). These results are explained by the assumptions of the completeness index method, calculated by including a back-estimation of incidence before the observed period through age-cohort models, assuming there is no period effect, although often very pronounced (e.g., for prostate after PSA diffusion, after breast cancer screening, for thyroid cancer). This observation may support similar choices in other countries (34) and suggests that more accurate complete prevalence estimations may be obtained using completeness indexes calculated from countries or regions with patterns (e.g., absolute values of incidence and survival and trends of incidence) similar to those of the registry or area to which they will be applied.

A third point worthy of discussion concerns the assumptions and interpretations of the cure fraction, the estimation of which is also sensitive to the statistical model used. The population-level cure can be estimated by cure models assuming that there are two groups of patients: a group of individuals who experience no excess mortality, whose proportion is estimated by the cure fraction parameter, and a second group (i.e., uncured cases) who experience excess mortality that follows a survival function (35). Cure at the population level is a reasonable and widely accepted hypothesis when the net survival curves plateau and the excess mortality rate was negligible at some point within the follow-up interval (25). When excess mortality estimates (i.e., net survival) show a non-negligible decrease until the maximum follow-up time, the cure fraction should be read only as the proportion of diagnosed cancer patients that will die for causes other than their specific cancer (5), even if we know nothing about the time when those people will die. In the present study, we compared for the first time the estimates of the widely used “asymptotical” cure fraction (which are based on extrapolating very distant observations for periods beyond the end of available follow-up) and estimates of net survival until a reasonable maximum age that a patient may reach (i.e., until age 90 or 100 years, the long tail of the modeled NS curve). The difference between CF and 50-year NS in childhood cancer patients (3% in men and 2% in women), as well as in young adults (15–44 years, 5% and 4%, respectively), should be highlighted, in agreement with studies showing an excess risk of childhood cancer patients for many years after diagnosis (i.e., throughout life) due to treatment effects, second malignancies, or host features (36, 37). The same difference is still more marked for older patients. However, from the patient’s point of view and to apply this information to clinical surveillance, it does not seem useful to consider a pediatric patient as uncured when they are alive several decades after diagnosis (38), or if she/he is still alive at age 100 years with a small excess risk of death.

In general, it should be noted that the assumption of only two groups of patients (i.e., cured and uncured), aside from being an extreme simplification, is very conservative. Some patients may have a risk of death higher than the general population associated with the same genetic background, lifestyle, and environmental factors associated with cancer diagnosis (39). The mixture cure models used in this paper did not include the patients’ increased deaths from other causes that can be directly related (e.g., adverse effects of treatments) or not (e.g., independent second cancer) with the studied cancer, compared to the general population. Disregarding the presence of this factor leads to estimating a lower proportion of cures, given the definition of cures as those patients who will not die from relapse or disease progression (40). Younger patients, in particular, may be exposed to the detrimental effects of cancer treatments. To overcome these limitations, a more complex mixture model was proposed to capture not only cured and not cured but also the long-term risk of death in children diagnosed with cancer, due to the side effects of cancer treatments, second cancers, and risk factors associated with first cancer carrying an extra risk of death for patients (41). These models should be extended and validated also in adults.

A final point to be highlighted is the calculation and interpretation of cure prevalence, an indicator of the proportion of patients that have the same life expectancy as individuals in the general population of the same sex and age (4, 15). As the number of years since diagnosis increases (conditional on survival). This indicator can be read as the complement of the residual probability of dying from cancer (conditioned to be already survived) and can be helpful to overcome the difficulties of cancer survivors in accessing insurance for a home loan or a mortgage (42, 43).



4.1 Strengths and weaknesses

The major strengths of the presented study are the comprehensive description of the following issues: how the different completeness indices may impact the calculation of complete prevalence, the calculation of indicators of cure with the improvement of algorithms used, and the formal exposition of the links among the different indicators. In the estimation of already cured prevalence, we applied to prevalent cases at attained age the TTC calculated at the age of diagnosis, overcoming the simplified assumption used in the past, when TTC was applied to the complete prevalence of more advanced (reference) ages (4), an assumption that could lead to a slight underestimation of indicator since the TTC increased with age for most of the cancer types. The completeness and accuracy of the Italian CR incidence and survival data were deemed satisfactory (1, 44) and represent a major strength of the study, in particular for the estimation of long-term survival, cure, and prevalence. In addition, the size of the study population and the follow-up length (≥15 years for all CR used in the modelization) contributed also to maximize the reliability of the estimates of incidence and survival parameters, and indicators of cure. It should be noted that few CRs have the last available incidence year and LDP before 2017. For them, LDP and CP (not incidence or survival) were projected in 2018 and thereafter. In our medium-term projections, the hypothesis that CP can be predicted by a linear function of the calendar year as a regressor variable is supported by empirical evidence, at least for all cancer types combined and for most frequent cancer types, consistently showing an approximately linear trend in recent years (17, 22, 45).

Our study has some limitations. First, the probabilities of death for a cause (cancer vs. other causes) are estimated at the population level. Therefore, they reflect the overall behavior of a population, which may differ among individuals with cancer (i.e., an individual with comorbidities whose other cause of mortality might be greater or an individual who is compliant with cancer screening programs and whose high health awareness may result in lower other-cause mortality than the general population) (46). Second, in our study, we used an a priori threshold of 5% (of 5-year CNS) as a threshold of a low risk of death from cancer, which may be relatively unrestrictive for some groups and inevitably arbitrary. Sensitivity analyses were performed varying this threshold as well as different definitions were used (3, 6, 7, 10). A lower cutoff may be useful among younger individuals who are at low risk of death from other causes (10), and when years to reach 5- or 10-year CNS >90% or 95% were explored (4). It should be noted that the estimation of TTC is sensitive to the choice of the CNS threshold (i.e., 90% or 95% to fix a low risk of recurrence/death or the margin of clinical relevance) and the methodological approach used (3, 4, 7, 8, 10, 32), in particular for cancer types with a non-negligible long-term excess mortality rate (e.g., prostate or breast cancer). Nevertheless, the 5-year CNS >95% is not only clinically relevant and widely reproducible, but it also allows comparability between countries (5, 32, 47, 48).

In addition to the fact that estimates of cure indicators are sensitive to the different models used (whose choice has less impact on the calculation of the completeness index), a specific limit of the present study is that only mixture cure models parametrized according to Weibull or exponential distributions are allowed by the ComPrev software (30). Our mixture model was designed to capture only the long-term excess risk of death due to cancer. The advantages of alternative models include greater modeling flexibility as regards the shapes of the survival distributions and greater sensitivity to small excess risk (14, 33).

Another limitation of studies performing epidemiological indicator projections (17, 49) is the evolution of demographic trends (fertility, migration, and life expectancy) which have a strong impact on predictions of the future population at risk of cancer and profoundly affect the future burden of the cancer prevalence. For instance, the Italian population in 2020 observed in 2022 was 59.6 million, while the same population forecasted in 2015 (17) was 62.5 million (+5%), leading to an overestimation of the absolute number of prevalent cases.

Finally, it should be emphasized that net survival estimates, as cure models, are less reliable for older age groups (e.g., 75 years or more). It is, however, very useful to calculate prevalence (and related indicators) at all ages even if certain cure indicators (i.e., CF and TTC) are considerably less reliable (as well as possibly less useful) for older patients.





5 Conclusions

In the context of a population of cancer survivors expected to increase significantly in Europe and other high-income countries (45, 49, 50), this paper represents an important addition to the current knowledge on the topic providing a comprehensive picture of several available indicators of prevalence and cancer cure. They are unambiguously defined, measurable, and reproducible, e.g., the estimation of the same indicators can be performed in different countries and periods in areas with coverage by population-based cancer registries. Although cure fractions and time to cure are appealing in a clinical context and have widespread applicability, estimation relies on several choices, each associated with pitfalls, that the practitioner should be aware of (30, 43). Nevertheless, these indicators may help to better categorize cancer patients according to the risk of relapse or death many years after diagnosis (12, 51).
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Ontologies can provide a valuable role in the work of cancer registration, particularly as a tool for managing and navigating the various classification systems and coding rules. Further advantages accrue from the ability to formalise the coding rule base using description logics and thereby benefit from the associated automatic reasoning functionality. Drawing from earlier work that showed the viability of applying ontologies in the data validation tasks of cancer registries, an ontology was created using a modular approach to handle the specific checks for childhood cancers. The ontology was able to handle successfully the various inter-variable checks using the axiomatic constructs of the web ontology language. Application of an ontological approach for data validation can greatly simplify the maintenance of the coding rules and facilitate the federation of any centralised validation process to the local level. It also provides an improved means of visualising the rule interdependencies from different perspectives. Performance of the automatic reasoning process can be a limiting issue for very large datasets and will be a focus for future work. Results are provided showing how the ontology is able to validate cancer case records typical for childhood tumours.
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Introduction

A centralised process currently exists for collecting and validating data from the European cancer registries prior to the derivation of indicators that frame the information available on the European Cancer Information System (ECIS) website (1). Dedicated software is used for the validation task, the development of which is a labour-intensive process requiring frequent interactions between the development team and the domain experts. If the rules are updated, there is significant maintenance effort to refactor the code and release the new version. The centralised data collection process is itself facing increased challenges with stricter data-privacy rules and measures, especially for data related to minors. Both these issues impinge directly on the timely availability of cancer-burden indicators which in turn compromises their value in influencing policy-related actions. Computer ontologies provide a key for the provision of more efficient and verifiable data validation processes as well as for the eventual federation of the processes to the local cancer registry level.

Ontologies are also a valuable tool in general for supporting the work of cancer registries. They provide a knowledge base able to describe entities and their relationships and consequently afford the means of capturing the semantics associated with any given domain. Moreover, the entities defined in one ontology can be linked to entities defined in another ontology. One immediate advantage is that the categorisation and linkage of entities can be made available in one application without the need of having to consult a wide set of different coding and classification standards; all the information is readily accessible. A further interesting feature is that the representation of knowledge in an ontology can be described formally using description logics (DLs). DLs constitute a branch of logics, with most DLs being decidable fragments of first-order logic (2). DLs also provide the possibility for some level of deductive reasoning and this is a useful feature for data validation, which is an essential task of cancer registries.

In order to ensure the necessary harmonisation of data-validation practices in Europe, the European Network of Cancer Registries (ENCR) agrees the rules that constrain the values and ranges cancer data variables can take. Many of these rules have multivariable dependencies and it is difficult to express them in unambiguous terms. Encoding the rules in an ontology allows them to be expressed in a formal sense via DL and can highlight inconsistencies in the rules that might otherwise have gone undetected (3).

The ease with which classes and their relationships can be created in an ontology editor such as Protégé (4) belies the difficulties of achieving a good ontology design. There are many ways in which the axioms can be constructed and the way in which they are formulated can have far-reaching implications on computational performance (especially where automatic reasoning is required) and on the ease of extracting information from the knowledge base. Guidelines, tools, and patterns are not widely available and ontology engineering is an emerging field. A key design principle is to achieve wide applicability of an ontology within the domain to avoid a multiplication of ontologies that cannot easily be integrated. This principle has been a driving factor in the design of the ontology for validating childhood cancer registry data.

An additional design aspect that has also to be kept in mind relates to the division of an ontology between pre and post coordination concepts. In pre coordination, knowledge about entities and their relations is asserted a priori in the ontology, whereas in post coordination (5), other relationships are inferred following an automatic reasoning process. Both mechanisms are useful and the degree to which one or other is used depends largely on the requirements of the application. Using a predominantly pre-coordinated ontology design would require an unmanageable set of axioms for the validation of cancer registry data. However, post coordination requires automated reasoning to make inferences based on the asserted axioms and can be computationally intensive depending on the expressivity of the DL in which the axioms are formulated.

The design of an ontology is here presented that can model the rules for validating childhood cancers. The ontology serves as the basis for developing a simple programme interface for the systematic validation of cancer registry records. The concept is notably different from the traditional approach of developing dedicated validation software. The validation conditions and machine intelligence are maintained within the ontology itself and the task of any programme interface is reduced solely to managing the data input process, invoking the standard machine reasoning tools and managing the output process. The ontology thereby provides a standalone resource that can be used for many different purposes resulting from its underlying knowledge base and can serve to reduce considerably software development and maintenance costs.





Method

An earlier tentative approach (6) showed the viability of using an ontology for validating cancer registry data and the associated advantages of expressing the rules in DL. The ontology had to be redesigned to allow a more scalable and comprehensive approach to the rules and to build on a number of shared core ontologies. Two validation modules dealing with cancer stage (7) and multiple primary tumours (8) have been developed according to this principle. Both these ontologies were developed as stand-alone applications since they are computationally quite demanding tasks and generally apply only to a subset of cancer registry case records, but they draw on the same shared core ontologies. The third application suite addressed in this article concerns the remainder of the ENCR validation checks, namely those relating to age constraints, tumour signatures, basis of diagnosis, grade, and sex. Figure 1 illustrates the ontology structure, in which the international classification of diseases for oncology, third edition, first revision (ICD-O-3.1) and the international classification of diseases for oncology, third edition, second revision (ICD-O-3.2) modules contain all the ICD-O third edition codes (ICD-O-3) and updates. The MorphologicalGroupChildhood ontology can be swapped out relatively seamlessly dependent on the requirements of the application. It has been designed for validating childhood cancer data which forms the focus of this article and draws from the grouping and subgrouping of the ICD-O-3 codes defined by the international classification of childhood cancer, third edition (ICCC-3) update 2017 (9). This module however can be replaced by any other grouping of ICD-O-3 codes and the resulting application used also for validating adult cancer records.




Figure 1 | The ontology structure of the ENCR validation checks for childhood cancers, not including the cancer stage or multiple-primary checks.



The ENCRTumourSignature ontology provides the permissible code couplets for topography and morphology values according to the ENCR rules (10) and can itself be used also as a standalone ontology if required. The modular approach to creating ontologies via the mechanism to import ontologies into other ontologies is of great benefit to the scalability, reuse and maintenance of ontologies.

Computational performance accounts for one of the main current drawbacks to automatic reasoning in DL and requires further care in how the ontology is designed. DLs are classified by their expressivities, where expressivity describes the types of operators permitted. Higher expressivities are computationally more demanding but allow more complex reasoning. For example, the DL expressivity ELH (existential language with role hierarchy, allowing concept intersection, existential restrictions, and sub-properties) on which SNOMED CT (11) is modelled, can classify an ontology subsumption hierarchy in polynomial time (PTIME) (12). The higher expressivity of SHIQ has a worst-case complexity of EXPTIME (13) and SROIQ of N2EXPTIME (14). Whereas the introduction of optimised implementations of Tableau-based algorithms has enabled use of higher expressivities in practical applications even for complexities higher than PTIME (13), care has to be exercised to limit the expressivity as far as possible, especially with applications involving many thousands of axioms.

The ENCRValidityChecks ontology includes axioms relating to the constraints on morphology/topography combinations (or tumour signatures), basis of diagnosis, sex, grade, and age at diagnosis or incidence date. The tumour signature axioms (defined in the ENCRTumourSignature ontology) verify that the topography and morphology codes for each cancer case accord with the combinations considered permissible by the ENCR rules. The structure of the tumour signature ontology module passed through a number of design attempts to find an acceptable compromise between usefulness and efficiency. A major issue related to the very large number of morphology codes specified by ICD-O-3 (just under two thousand) and the combination of these codes with a substantial number of topography codes (330 codes).

In an initial design we subclassed the topography codes from the morphology codes, but this forced a coupling in the classification trees between morphologies and topographies. In other ontology modules we needed to specify existential relationships with morphology without automatically pulling in the associated topographies. Nor would it have helped to subclass the morphology codes from the topography codes since this would have resulted in the same problem when specifying existential relationships with topography. Moreover, the open world assumption of DLs meant that we were unable to specify the necessary class subsumption axioms required for automatic validation of the permitted morphology and topography combinations for a given tumour signature. Whereas this caused no difficulty in visualising the asserted topography-morphology relationships in the ontology’s graphical user interface, it did mean that such information could not be inferred by the reasoner and therefore not optimal from the point of view of automating the validation checks themselves.

To overcome these issues, we had little option other than to duplicate the entire topography classification hierarchy (under a dummy name) and subclass the morphology codes under the dummy topography classification tree. This allowed a decoupling of the “real” topography codes from the morphology codes (since the morphology codes were then only associated with the dummy topography codes). Given that the real topography codes can be determined from the similarly named dummy topography codes, it is still possible from the graphical user interface to see which morphology codes are associated with a given topography code (and vice versa). This may be appreciated from the partial classification tree of the dummy topography code called “C323Morph” in Figure 2, where it is clear from the name that the associated real topography code is C323. All the morphologies associated with this code are visible in the classification tree under the dummy topography class.




Figure 2 | Part of the classification tree of the dummy topography code class C323Morph showing the associated morphologies.



Apart from the association of the morphology codes, there is one slight difference between the classification trees of the dummy topography codes and the real topography codes shown for the topography code C323 in Figure 3. The four-digit C323 code is subclassed from its three-digit code parent C32, in contrast to the dummy C323 code (C323Morph) that is the superclass of the three-digit dummy topography code C32Morph. The reasons for inverting the classification tree for the dummy code are firstly to avoid unnecessary duplication of the morphology codes under the dummy topography codes, and secondly to ensure that the existential relationships acting on the morphology codes are correctly specified. The four-digit dummy topography codes have more morphologies associated with them than the three-digit codes and specifying the three-digit codes should not pull in the morphology codes that are only associated with the more granular four-digit codes.




Figure 3 | The classification tree of the real topography code class C323, showing its position in relation to the associated three-digit topography code C32.



Ascertaining the dummy topography codes (and therefore the real topography codes) with which a given morphology is associated is also straightforward. Figure 4 shows the topography codes associated with the morphology code 8590/1 (namely C56 and C62).




Figure 4 | The classification tree of the morphology code class 8590/1, showing the dummy topography codes with which it is associated.



The class subsumption axioms for a valid tumour signature can then be defined along the lines:

	

which states that the conjunction (⊓) of an existential relationship (∃) of the topography code C000 and an existential relationship of the dummy topography code C000Morph (under which all the permitted morphologies for the topography code C000 are defined) is a valid tumour signature. This axiom clearly has to be duplicated for all topography codes and results in any valid combination of morphology and topography being subsumed under the class VALID_TumourSignature, allowing a simple test in a batch programme for validating compliant cancer case records.

The checks for basis of diagnosis and grade also raised an interesting challenge for handling them in description logic. DLs incorporate monotonic logic, meaning that a conclusion cannot vary with the addition of a new set of premises. In practical terms, this means that default values or exceptions cannot be attributed and cannot therefore be used to model the scenario in which a rule takes a default value that may then be overridden for a given condition. The rule tables for both basis of diagnosis and grade are in fact expressed in terms of exceptions to default values.

In order to circumvent this limitation we needed to introduce a default test value (for a given rule) and a violation flag. The default test value is defined either as default-valid or default-invalid. In the case of a default-valid test, if a given set of values violate the rule, then an invalid condition is flagged and vice versa. Thus, the user/application analysing the test results would need to look for any associated violation flag. In the absence of a violation flag, it can be concluded that the test result is valid or invalid depending on the default test value. An example of an axiom providing a default-invalid test value for the basis of diagnosis corresponding to clinical investigation is:

	

which states that any specified basis of diagnosis code 2 (clinical investigation) is an invalid basis of diagnosis default case. A rule for overriding this default value is:

	

Which, for a specified basis of diagnosis code 2, a morphology code 8960/3 and a topography code C64 (and all its four-digit subclasses), renders the check valid.

The axioms for validating age at diagnosis are less convoluted since they only require verification against minimum and maximum values. For combinations of topography and morphology that have an age restriction, the axioms for a minimum age limit take the form:

	

which states that the conjunction of morphology codes 801-804 (and all the associated subclasses) with topography code C15 (and associated subclasses) have an expected age greater than 14 years. The axioms for deriving the validation at post-coordination take the form:

	

for which a specified patient age at diagnosis less than 15 years when the expected age is greater than 14 years generates a warning condition.

The axioms for validating sex are simple, since they involve only a test on topography Thus:

	

ensures that topography codes C60-C63 are associated with the male sex, with the validation rule:

	

that states if the specified parameters require a male sex and a female sex is specified, then the cancer case will be subsumed under the class InvalidSexCombination.





Results

Examples are provided in Figures 5–12 of how the ontology handles the ENCR data-validation requirements via the post-coordination mechanism for a number of imaginary cancer-case scenarios. The yellow highlighted lines in the figures refer to the inferences made by the reasoner on the basis of the information passed to it (represented by the non-highlighted lines).




Figure 5 | Inferences (highlighted lines) drawn by the reasoner on the basis of the specified parameters (non-highlighted lines). The values of grade, basis of diagnosis, and tumour signature are all valid but the reasoner has flagged a warning for the specified age.






Figure 6 | Explanation of why the reasoner generated a warning on the age specified in Figure 5.






Figure 7 | Inferences (highlighted lines) drawn by the reasoner on the basis of the specified parameters (non-highlighted lines). The reasoner has inferred an invalid grade on the basis of the specified morphology.






Figure 8 | Explanation of why the reasoner inferred an invalid value of the grade specified in Figure 7.






Figure 9 | Inferences (highlighted lines) drawn by the reasoner on the basis of the specified parameters (non-highlighted lines). The reasoner has inferred an implied grade on the basis of the specified morphology.






Figure 10 | Class definition of the morphology code 9511 from which the implied value of grade can be determined.






Figure 11 | Example of a cancer case with an incorrect basis of diagnosis code (code 2, describing a non-microscopic clinical investigation) which is not admissible for this morphology type.






Figure 12 | Example of a cancer case with an error in the encoding of the patient’s sex.



In Figure 5, the pre-specified parameters are: morphology 9651 and behaviour (code 3 signifying malignancy in the primary site) – the composite code 9651/3 signifying Hodgkin lymphoma; patient age at diagnosis (one-year old); basis of diagnosis (code 5 signifying cytology); sex (male); and an ICD-O sixth digit code of 9. The ICD-O sixth digit code (grade of the tumour) can take the code values 0-9 and is used for histologic grading or differentiation. Codes 1–4 are only used for non-haematological or solid tumours (with the exception of morphology 9801), and codes 5–8 only for haematological tumours. Code 0 (not applicable) or code 9 (unknown) can be used for both classes of tumour. The highlighted yellow lines in the figure represent the inferences made by the reasoner on the basis of the pre-specified parameters. It can be seen from these inferences that the given parameters constitute invalid default cases for both tumour signature and grade, but that these default cases have been overridden by the respective “VALID” flags. Conversely, a default valid basis of diagnosis has been inferred and since this has not been overridden by an “INVALID” flag, it can be assumed that the basis of diagnosis is also valid. In addition, the reasoner has inferred an unlikely age for the input age parameter. The rationale for the inference of any given statement can be ascertained by clicking on the question mark next to the inferred statement. The explanation for the age warning (Figure 6) is that the expected age at diagnosis is greater than 2 for Hodgkin lymphomas (classified under the ICCC-3 group IIa, which the reasoner has deduced from the morphology code).

In Figure 7, the reasoner has inferred an ICCC-3 group V morphology (retinoblastoma) and an invalid grade code. The error results from the attempt to ascribe an immunophenotype grade code (codes 5–8) to a non-haematological tumour (Figure 8). Since this is an absolute rule that is triggered for all non-haematological morphologies (c.f. line 9 of Figure 8), there is no valid grade default case in this instance.

Figure 9 distinguishes between an invalid grade code inference and a grade code warning. Certain morphologies have an implied grade and these codes should be used instead of leaving the value unspecified (grade code 9). In order to determine the implied value(s) of a grade code, the reasoner is less informative and it is necessary to access the class description of the relevant morphology code (in this case 9511, c.f. Figure 10). The only grade code that is not invalid for this morphology (which is a non-haematological morphology) is 1 and thus it can be inferred that the implied grade is 1. Extra classes and rules could be added to the ontology to provide the implied grades directly but this is one of the compromises taken to avoid affecting performance further. An application programme interfacing with the ontology could determine the implied grade as easily as the user on the basis of the asserted axioms.

Figure 11 is an example of a cancer case with an erroneous basis of diagnosis code (non-microscopic clinical investigation) which is not admissible for this morphology type (juvenile myelomonocytic leukaemia). The rules for a basis of diagnosis code 2 are by default invalid, and valid cases are flagged as exceptions. The grade and tumour signature combinations also derive from invalid default conditions but these have been overridden by the valid flags (ultimate 2 lines of Figure 11).

Figure 12 is an example of a cancer case with an error in the encoding of the patient’s sex. Topography code C569 (ovary) pertains solely to the female sex and the reasoner has inferred the error correctly,

Reasoning times are dependent on the specific reasoner used as may be appreciated from Table 1 which shows the time to classify the ENCR validation check ontology with and without the ENCR tumour signature checks for three reasoners (FaCT++, Hermit, and Pellet) on a 3GHz Intel Core i7 processor with 16 GB RAM. It is interesting to compare the performance of the Hermit reasoner with the other two reasoners in relation to the ENCR tumour signature ontology. It is not immediately clear why Hermit should take significantly longer to classify this particular ontology than the other reasoners (especially since they all use optimised Tableau-based techniques).


Table 1 | Summary of the expressivities and size of the various ontologies comprising the ENCR validation application, with comparison of reasoning performance between various reasoners.



In terms of the domain knowledge encapsulated in the ontology, Table 2 shows a breakdown of the knowledge that can be ascertained via the pre-coordination or post-coordination processes. Pre-coordinated knowledge remains accessible also after post coordination.


Table 2 | Summary of the type of information derivable from the knowledge base via the pre and post coordination mechanisms.



A further useful functionality of ontologies comes from the ease of annotating a class with other information. Figure 13 shows the annotations associated with the ICD-O-3 morphology code 9651/3, from which it can be seen that all the descriptive text of ICD-O-3 can be captured for a given entity, as well as links to other resources (such as on-line data dictionaries, thesauri, and other ontologies). This allows access to a comprehensive set of knowledge describing the resource directly from a single application.




Figure 13 | Annotations associated with the morphology class M_9651_3 representing the ICD-O-3 morphology code 9651/3.







Discussion

The ontology described here for validating childhood cancer registry cases is a novel alternative approach for data cleaning processes that have traditionally been performed via dedicated application software. Using ontologies for these tasks brings a number of advantages. One key strength concerns the use of DL to describe the data validation rules in a formal sense. Formalising the rules not only removes the inherent ambiguity of specifying them in natural language but can also detect inconsistencies within them. A further benefit of DL relates to its amenability to automatic machine reasoning tools that can pre-empt the need to handle complex validation conditions in dedicated software. Keeping the intelligence within the ontology allows a simpler programme interface and reduces software development and maintenance costs.

Ontologies also permit the integration of the data rules with the code classification systems. Cancer registries have to deal with many hundreds of codes from a variety of classification standards and from this standpoint alone, ontologies can structure the information to make it much more readily accessible. By expressing entities and relations in a comprehensive knowledge base, the task of ascertaining and verifying codes and their dependencies becomes a relatively straightforward task. This way of structuring information makes it considerably easier to verify data validation rules that otherwise require multiple table look-ups and also greatly facilitates maintenance issues by keeping the codes, rules, and variable values in a single application. An important corollary to this is the default functionality of OWL ontologies to maintain persistent metadata links via the international resource identifiers (IRIs) they assign to each entity as well as their ability to link to other metadata contexts. Access to a relevant set of comprehensive metadata is of fundamental importance to secondary data usage where data users need to understand the meaning of the data. For example, the cancer sites displayed on the ECIS data browser consist of groups of individual topography codes. Ontologies encode this information directly and moreover allow linkage via linked open data (LOD) principles to other metadata resources, such as thesauri and data dictionaries. Data users therefore have access via a single entry point to a wide source of information and reference material that extends far beyond the immediate classification needs of the ontology itself.

Furthermore, unifying the validation checks with the code classification systems ensures synchronisation of code classification editions with the data-validation rule base and a more thorough versioning control than can be assured via distributed software. These aspects are critical to expediting the devolution of centralised data cleaning process to the local registry level and also to facilitating any eventual audit process for formally ensuring consistency of local data-cleaning processes.

An additional motivation that may perhaps be the most far-reaching is the potential stimulation of wider collaboration and development within the pan European cancer registry domain. It can justifiably be argued that code classification systems have been structured without the wider contexts in mind and lead to hierarchies that are not optimal to implementation in software. The way in which we had to group the morphology codes in the ontology design under many different class hierarchies dependent upon the particular rules points to the need for a more optimal code classification. This incidentally provides a useful example to show how the logic of ontologies can feed back into improving the representation and structuring of domain knowledge. Disease registry staff with knowledge of how ontologies work would provide a key input into future formulations of such classification systems.

It has to be emphasised however that the design of an ontology is a critical factor in its usefulness and performance. A modular structure such as the one described here helps limit complexity and aids maintenance and further development. It also allows the creation of specific dedicated ontologies using a “pick and mix” approach. For example, the childhood cancer ontology can be made equally applicable to adult cancers simply by swapping out the childhood cancer morphology grouping by an adult cancer morphology grouping. Likewise the most appropriate cancer stage ontology can be used, for example TNM for adult cancers or one that models a stage system more appropriate to childhood cancers, such as described by the Toronto childhood cancer stage guidelines (15). As long as the umbrella class names remain the same, no other changes need to be made in the other ontology applications that import the morphology grouping module. A modular structure is also useful for optimising performance for a particular set of checks and for deciding which reasoner may be best to use (c.f. Table 2).

Performance of automatic reasoning can provide limitations in the validation of large data sets although there are a number workarounds that do not negate the usefulness of ontologies for this task. Limiting DL expressivity to EL reasoning allows algorithms to complete in polynomial time and most cancer-registry validation rules can be handled within these constraints. Where higher expressivities are required, data sets can be ingested as a series of smaller sets and improve efficiency (since reasoning time is not linearly proportional to data-set size). There is also the possibility of exploiting the strengths of the various DL reasoners and future work will seek to understand the reason behind the performance differences observed in Table 2 in order to improve performance on the basis of the types of axioms. Whereas others have addressed comparisons of reasoners (16–22), work has generally focused on their accuracy, the types of operations and platforms they support, and overall performance rather than the strengths of the reasoners given a particular ontology structure. The OWL2Bench however provides a promising approach (23). Optimisation of reasoning processes and algorithms continues to be an active field of research.

A further consideration is that data validation is a highly parallelisable process and other semantic web tools are available for interfacing with an ontology apart from DL reasoning, such as SPARQL queries and direct access via a computer programme using the OWL-API application programme interface. The latter provides a solution superior to coding all the information in a dedicated computer programme. The OWL-API provides access to both pre- and post-coordinated information and where reasoning performance is a limiting factor, the computer application can swap out the reasoning functionality with its own dedicated logic on the basis of the ontology axioms without having to redefine all the rules and entity relationships. Thus, encoding domain knowledge in an ontology provides many advantages and flexibility in the way of handling information and deriving relationships beyond those explicitly expressed. For data validation purposes at least, this functionality is of considerable benefit.
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Background

Hematological neoplasms (HNs) are the first and most common childhood cancers globally. Currently, there is a lack of updated population-based data on the incidence of these cancers in the Spanish pediatric population. This study aimed to describe the incidence and incidence trends of HNs in children (0–14 years) in Spain using data from the Spanish Network of Cancer Registries and to compare the results with other southern European countries.





Methods

Data were extracted from 15 Spanish population-based cancer registries between 1983 and 2018. Cases were coded according to the International Classification of Diseases for Oncology, third edition, first revision, and grouped according to the International Classification of Childhood Cancer, third edition. Crude rates (CRs), age-specific rates, and age-standardized incidence rates using the 2013 European population (ASRE) were calculated and expressed as cases per 1,000,000 child-years. Incidence trends and annual percentage changes (APCs) were estimated.





Results

A total of 4,747 HNs were recorded (59.5% boys). Age distribution [n (%)] was as follows: <1 year, 266 (5.6%); 1–4 years, 1,726 (36.4%); 5–9 years, 1,442 (30.4%); and 10–14 years, 1,313 (27.6%). Leukemias were the most common group, with a CR and an ASRE of 44.0 (95%CI: 42.5; 45.5) and 44.1 (95%CI: 42.6; 45.7), respectively. The CR and ASRE of lymphomas were 20.1 (95%CI: 19.1; 21.1) and 20.0 (95%CI: 19.0; 21.1), respectively. The comparable incidence rates between our results and those of other southern European countries were similar for lymphomas, while some differences were observed for leukemias. From 1988 to 2016, the trend in leukemia incidence was stable for both sexes, with an APC of 0.0 (95%CI: −0.5; 0.7), whereas a constant overall increase was observed for lymphoma in both sexes, with an APC of 1.0 (95%CI: 0.4; 1.6).





Conclusion

Leukemias are the most common HNs in children, and their incidence has remained stable since 1988, whereas the incidence of lymphomas has increased every year. Lymphoma incidence is like that of other southern European countries, while leukemia incidence is similar only to that of southwestern European countries. Collaborative cancer registry projects allow for assessing epidemiological indicators for cancers such as HNs, which helps health authorities and clinicians provide more knowledge about these malignancies.
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1 Introduction

Hematological neoplasms (HNs) are divided into leukemias and lymphomas. They account for one-third of all childhood cancers and are among the most common cancers in children (1). Leukemias are a group of diseases involving an uncontrolled proliferation of hematopoietic stem cells in the bone marrow caused by several risk factors such as genetic (e.g., chromosomal translocations, rare germline mutations, or epigenetics) and environmental factors (e.g., infections and exposure to chemicals or ionizing radiation) (2, 3). Meanwhile, lymphomas are a diverse group of diseases that arise from the clonal proliferation of lymphocytes (4). Due to the heterogeneity of these malignancies and the improvement of diagnostic methods based on genetic and pathological examinations (5), the International Classification of Childhood Cancer (ICCC), which classifies cancer histology codes in children, has been updated to the latest edition, the third edition (ICCC-3) of 2017 (1).

The most recent international collaborative study on childhood cancer (0–14 years), published in 2017 and covering the period 2001–2010, found an age-standardized rate (ASR) using the Segi world standard population (ASRSEGI) of 61.6 cases per million child-years, of which leukemias accounted for 46.4 and lymphomas for 15.2 (6). Slightly lower rates were estimated in a European study, covering the period 1988–1997, which compared childhood cancer incidence between geographical areas in Europe (7). Both studies reported higher incidence rates, particularly in southern Europe, compared with the rest of the world (6, 7).

The latest European study assessing incidence trends showed a statistically significant increase in the annual percentage change (APC) of 0.7% per year from 1991 to 2010 for childhood leukemias, whereas no increase was observed for lymphomas (8). In addition, some specific countries or regional population-based cancer registries have shown different results on childhood HN incidence trends (9, 10). Previously published data on childhood HNs in Spain covered the period 1983–2002 and reported an ASRSEGI of 64.4 cases per million children, of which 49.9 cases were leukemias and 18.5 were lymphomas. The incidence trends for the same period were also discussed and showed an increase in the early years (1983–1991), followed by a stabilization in the second period (1992–2002) (11). Later studies covering a longer period up to 2013 for the incidence and up to 2007 for the incidence trends reported similar results for all HNs and leukemias (1, 12, 13); however, lymphomas showed stability throughout the period (13). The lack of updated results on the incidence and incidence trends of HNs in Spain requires an analysis of more recent years.

Previous studies have reported that developed countries tend to have higher incidence rates of HNs and southern European countries have higher incidence rates of lymphoma (6), in addition to a variation in trends (9, 10). Although stable incidence rates have previously been described in Spain (12, 13), we hypothesize that similar results to those reported in Europe will currently be observed, with higher incidence rates and changes in trends for both HN groups. Therefore, this study aims to provide an overview of the incidence and incidence trends of childhood HNs in Spain. This will be performed by adding more recent years and coverage areas to the previous studies, taking into account the most recent classification of childhood HNs, by age group, sex, and cancer type. Furthermore, we aim to compare the results with other population-based cancer registries in southern Europe.




2 Methods



2.1 Study population

Data on childhood HN cases were collected and harmonized from the 15 Spanish population-based cancer registries (PBCRs) belonging to the Spanish Network of Cancer Registries (REDECAN) (14) during the period 1983–2018. These PBCRs cover 17 provinces (Alacant, Albacete, Araba, Asturias, Bizkaia, Castelló, Ciudad Real, Cuenca, Girona, Gipuzkoa, Granada, La Rioja, Murcia, Navarra, Salamanca, Tarragona, and València) and three islands (Mallorca, Las Palmas, and Santa Cruz de Tenerife), representing ~35% of the total Spanish child population (Table 1). All the data provided by the registries share the same methodology of data collection, obtained through an active search in different data sources. The data meet the quality controls and follow the procedures and coding rules according to the standards of the International Agency for Research on Cancer (IARC) (15).


Table 1 | Spanish provinces and islands covered by the cancer registries included in the childhood (0–14 years) hematological neoplasms analysis, period of participation, person-years, number of cases contributing to the incidence analysis, and data quality indicators.



A case was defined as any child (0–14 years) diagnosed with an HN who resided in the areas covered by the cancer registries. Standard variables available for each tumor case included basic demographic data (age, sex, and province/island of residence) and tumor data (date of diagnosis, method of diagnosis, tumor histology, and tumor topography). All tumor cases were coded according to the International Classification of Diseases for Oncology (ICD-O), third edition, first revision (16). All cases were assembled into four age groups: <1 year, 1–4 years, 5–9 years, and 10–14 years. Diagnoses were grouped according to the most recent child-specific ICCC-3, which divides hematological cancers into two main groups: leukemias and lymphomas. Leukemias are subdivided into lymphoid leukemias (LLs), acute myeloid leukemias (AMLs), chronic myeloproliferative diseases (CMDs), myelodysplastic syndromes and other myeloproliferative diseases (MSs), and unspecified and other specified leukemias. Similarly, lymphomas are grouped into Hodgkin’s lymphoma (HL), non-Hodgkin’s lymphoma (except Burkitt’s lymphoma) (NHL), Burkitt’s lymphoma (BL), miscellaneous lymphoreticular neoplasms (MLNs), and unspecified or other specified lymphomas (1).




2.2 Ethics statement

This study was conducted using anonymized data from the participating PBCRs that make up REDECAN. For their part, the cancer registries comply with European and Spanish legislation on the protection of personal data. No intervention was performed on human or animal subjects. Informed consent of the patients is not required for this type of study.




2.3 Statistical analysis

Absolute and relative frequencies of all hematological cancers and subgroups were analyzed by age group and sex. HN incidence rates, expressed as crude rates (CRs), age-specific rates, and ASR were estimated by age and sex, expressed per million child-years. The population at risk used was obtained from the National Statistics Institute (INE) (17). ASRs were calculated by the direct method from the summation of the age-specific rates for each age group using the weights of the European population of 2013 (ASRE) (18), the ASRSEGI (19), and the new world standard population of the World Health Organization (WHO) (2000–2025) (ASRWHO) (20). Incidence sex ratios (ISRs) were calculated as the ratio of the ASR in boys to ASR in girls. In addition, to compare the ASRSEGI from our study with other southern European PBCRs, the ASRSEGI values were obtained from the ICCC, Volume III, published by IARC (1). The countries and time periods included in the comparison were the following: Portugal (1991–2012), Greece (1996–2009), Cyprus (1998–2012), Croatia (2001–2014), France (1993–2012), Bulgaria (1990–2013), Italy (1992–2013), and Malta (1994–2013).

Data normality and homoscedasticity assumptions were checked in order to analyze the incidence trends; to meet these assumptions, trend analyses were restricted to the period 1985–2016. In addition, provinces/islands with shorter time periods, especially those in the first quartile in terms of number of years (<23 years), were excluded from the trend analysis to ensure that most of the provinces/islands contributed to each year of the time trend. Incidence trends were modeled using a simple logarithmic regression model with the ASRE as the dependent variable and time (years) as the independent variable. Changes in the trend were estimated using segmented models, and the APC was calculated for each of the segment trends (21, 22). All the statistical analyses were performed using R version 4.1.3 (23).





3 Results



3.1 Description of cases

A total of 4,747 childhood HN cases were included in the study of a total population at risk of 74 million child-years. The proportion of the overall microscopically verified cases was 98.4%, with 0.7% of cases based on death certificates only (DCO) (Table 1).

Figure 1 shows the distribution of HNs. Leukemias accounted for two-thirds of HNs diagnosed, while lymphomas accounted for the remaining third. The proportion of leukemias was higher in girls and younger age groups, whereas the proportion of lymphomas was higher in boys and older age groups. A total of 59.5% of patients were boys (N = 2,823), and the age distribution of the groups [n (%)] was as follows: <1 year, 266 (5.6%); 1–4 years, 1,726 (36.4%); 5–9 years, 1,442 (30.4%); and 10–14 years, 1,313 (27.6%).




Figure 1 | Number of cases and percentage. (A) Leukemias and lymphomas. (B) Leukemias and lymphomas by sex. (C) Leukemias and lymphomas by age group.






3.2 Incidence

Supplementary Table S1 shows HN incidence rates for all provinces/islands as a whole and separately for each province/island. Overall, CR and ASRE were 64.1 (95%CI: 62.3; 65.9) and 64.2 (95%CI: 62.4; 66.0) cases of HNs per million child-years, respectively. Higher ASRE values were found in boys than in girls (74.2 (95%CI: 71.5; 77.0) and 53.5 (95%CI: 51.1; 55.9), respectively) with an ISR of 1.4. Differences were found by age group, with the highest age-specific rate of 92.8 cases per million child-years in the 1–4 year age group. The lowest age-specific rate of 49.8 cases per million child-years was observed in the oldest age group (10–14 years).



3.2.1 Leukemias

Table 2 shows the CR and ASRE for leukemia with 44.0 (95%CI: 42.5; 45.5) and 44.1 (95%CI: 42.6; 45.7) cases per million child-years, respectively. Sex differences in leukemia were smaller compared to those in all HNs, with an ISR of 1.2. Boys had an ASRE of 47.8 (95%CI: 45.6; 50.0), while girls had an ASRE of 40.3 (95%CI: 38.2; 42.4). Age-specific rates revealed a peak incidence of 76.6 (81.9 in boys and 71.0 in girls) cases per million child-years in the age group 1–4 years, while the lowest rate of 25.7 (27.7 in boys and 23.6 in girls) was observed in the age group of 10–14 years.


Table 2 | Age-specific rates, crude rates, European age-standardized rates, and incidence sex ratios of all the leukemias and leukemia subgroups by sex and age group.



Differences between leukemia subgroups were observed, with LL having the highest ASRE of 33.1 (95%CI: 31.8; 34.5) cases per million child-years, representing 75.0% of all leukemia cases. AML was the second most common subtype with an ASRE of 7.6 (95%CI: 7.0; 8.2) cases per million child-years, accounting for 17.2% of all leukemia cases. The remaining leukemia subtypes accounted for less than 8.0% of all leukemia cases, as shown in Supplementary Figure S1 and Table 2.

Sex differences were also observed between leukemia subtypes, with LL reporting higher differences with an ISR of 1.2, compared to AML with an ISR of 1.1. Furthermore, age group differences within the leukemia subtypes revealed a peak at the age of 1–4 years with an age-specific rate of 63.5 corresponding to LL. In contrast, the remaining subtypes showed a peak in the age group of <1 year with age-specific rates of 16.0, 2.2, 3.8, and 4.0 per million child-years, corresponding to AML, CMDs, MSs, and unspecified and other specified leukemias, respectively.

Table 3 shows the differences in leukemia incidence rates between southern European countries, using the latest ICCC-3 from 2017. The results revealed that Western countries (Portugal, Spain, and France) had an ASRSEGI below 50 cases per million child-years. Conversely, Eastern countries (Greece, Malta, Italy, Cyprus, and Croatia) exhibited an ASRSEGI above 50 cases, with the exception of Bulgaria, which reported 43.4 cases. For further reference, the ASRWHO values for Spain are depicted in Supplementary Table S2.


Table 3 | Comparison of world Segi 1960 age-standardized rates between southern European countries (1).






3.2.2 Lymphomas

Table 4 shows the CR and ASRE of lymphomas with 20.1 (95%CI: 19.1; 21.1) and 20.0 (95%CI: 19.0; 21.1) cases per million child-years, respectively. Higher sex differences were observed in lymphomas with an ISR of 2.0. Boys had an ASRE of 26.5 (95%CI: 24.9; 28.1), while girls had an ASRE of 13.2 (95%CI: 12.0; 14.4) cases per million child-years. Age-specific rates revealed an increase in lymphoma incidence with age, with the highest rate of 24.1 (30.4 in boys and 17.4 in girls) cases per million child-years in the age group 10–14 years and the lowest rate of 10.9 (11.7 in boys and 10.1 in girls) in the age group <1 year.


Table 4 | Age-specific rates, crude rates, European age-standardized rates, and incidence sex ratio of all lymphomas and lymphoma subgroups by sex and age group.



Similar incidence rates were estimated for HL, NHL, and BL, reporting ASRE values of 6.0 (95%CI: 5.4; 6.5), 6.0 (95%CI: 5.4; 6.5), and 5.3 (95%CI: 4.8; 5.9), respectively, representing 86.0% of all lymphoma cases. The remaining 14.0% of cases were predominantly MLN, as shown in Supplementary Figure S2 and Table 4.

Differences in incidence by sex and age group were observed between lymphoma subtypes. The incidence of MLN decreased with age, and girls showed similar incidence rates to boys with an ISR of 1.1. In contrast, BL had the highest sex difference of all HNs, with an ISR of 3.6. In addition, HL incidence rates increased dramatically with age, with no cases in the age group of <1 year and 11.5 cases in the age group of 10–14 years.

Table 3 shows lymphoma ASRSEGI among southern European countries. The majority of these countries exhibited incidence rates of approximately 20 cases per million child-years. In particular, Italy and Cyprus demonstrated the highest rates with 25.7 and 23.8 cases, respectively. In contrast, Greece displayed the lowest at 15.9 cases per million child-years. In addition, Supplementary Table S3 provides the ASRWHO for Spain for further reference.





3.3 Incidence trends

ASRE by diagnosis period (1983–1994, 1995–2006, and 2007–2018) was calculated as shown in Supplementary Table S4 and revealed statistically significant differences between the first and last periods for all HNs and lymphomas. Figure 2 depicts the differences in trend patterns between childhood leukemias and lymphomas. Leukemias showed a statistically significant increase in the first 3 years (1985–1988) with an APC of 15.3% (95%CI: 5.9; 24.7), followed by a stable period between 1988 and 2016 (APC: 0.0% (95%CI: −0.5; 0.7). In contrast, childhood lymphomas showed no change in trend over the period, with a statistically significant steady increase in the APC of 1.0% (95%CI: 0.4; 1.6). Additional incidence trend analyses were performed by sex and age group for HNs, leukemia, and lymphoma, as shown in Supplementary Table S5.




Figure 2 | Trends of age-standardized rates using the 2013 European standard population during the period 1985-2016 in Spain. (A) All hematological neoplasms. (B) Leukemias. (C) Lymphomas.







4 Discussion

Information on the epidemiology of childhood HNs is scarce, as most studies focus on adults due to their higher incidence compared to children (6). Therefore, this study, using data from 15 PBCRs, allows us to provide a broad descriptive analysis of the incidence and incidence trends of all childhood HNs over 36 years, from 1983 to 2018 in Spain. In addition, the long time period of this study and the increased population coverage allow us to update the epidemiological results of these malignancies since previous publications in Spain covered a smaller population area and a shorter time period until 2007 (12, 13).

New histology codes created after the 2005 ICCC-3, due to multiple new diagnostic methods in progress using molecular techniques, were accurately grouped according to the updated version, the 2017 ICCC-3 (5). The latest classification is not widely used in other studies due to its recent publication. At the national level in Spain, previous publications on HNs in children have used the ICCC-3 of 2005 (12, 13, 24). Therefore, the analysis of incidence and incidence trends not only provides insight over a long period of time but also provides more recent results in terms of histological aggregation. At the international level, only one study was found that used the ICCC-3 of 2017 (25), since the most recent studies used the ICCC-3 of 2005 (26–28). Therefore, we suggest the use of this more recent classification for future studies in European PBCRs. Furthermore, ASR exhibited variability between the different standard populations used. In particular, the use of the Segi 1960 standard population yielded the highest incidence rates due to its emphasis on younger age groups (20). Conversely, the ASRE and the ASRWHO demonstrated comparable rates, suggesting that the new WHO standard reflected the study population structure more accurately. In light of these findings, we recommend adopting the new WHO standard to be used for international comparisons.

Overall, we reported that two-thirds of all childhood HNs were leukemias and the remaining third were lymphomas. Similar proportions have been reported in southern and eastern Europe (29). An ASRE of 64 cases per million child-years of HNs was observed during the study period, with a statistically significant increase in incidence during the first 3 years, followed by stable rates for the remaining years. To the best of our knowledge, no publication in the literature provides an overview of the incidence and incidence trends of HNs as a whole. Most of the authors report the incidence and incidence trends of HNs divided into two large groups: leukemias and lymphomas (6, 7, 30). Differences between sexes and age groups have been observed, with boys and children aged 1–4 years tending to have higher incidence rates. Furthermore, the sex differences in HNs are greater than in other cancers, but the endogenous causes are largely unknown despite all the research that has been performed (31, 32).

Lymphoid leukemias were the main subgroup of all leukemias, followed by a smaller proportion of AML. An ASRSEGI of 47.3 cases of childhood leukemia per million child-years was observed, with similar results to those previously reported in Spain and other European regions (12, 24, 30). These results contrast with the lower values reported in developing countries, such as sub-Saharan Africa and South Asia (6). The peak in leukemia incidence in the age group 1–4 years, specifically observed in LL, is a pattern that has been reported in previous studies (12, 24, 33). At present, this peak was first identified in the early 20th century, and it was suggested that the risk factors triggering this increase were unknown (34). However, subsequent studies have suggested that benzene, agricultural exposures, smoking and alcohol consumption, cigarettes, and illicit drugs during pregnancy are predisposing factors for childhood LL (35). Meanwhile, the reported incidence peak at the age of <1 year, corresponding to AML, is mainly attributed to hereditary conditions such as Down syndrome and Fanconi anemia (36). From an international perspective, the leukemia incidence patterns observed in this study by age group, sex, and subtype were similar to those in France and Portugal (1, 30, 33). In addition, Surveillance, Epidemiology, and End Results (SEER) leukemia incidence rates were similar to those observed in this study, whereas Cancer Research UK incidence rates were higher (37, 38).

Similar proportions were observed for HL, NHL, and BL, with ASRE values of 6.0, 5.4, and 6.0 cases per million child-years, respectively, out of a total of 20 cases per million child-years for all lymphomas. The most recent study published in Spain reported lower incidence values for lymphomas as a whole, but this can be attributed to the exclusion of MLN and unspecified and other specified lymphomas subtypes from the incidence analysis (13). Internationally, southern Europe, and therefore the region included in this study, has one of the highest lymphoma incidence rates in the world, with the exception of other Mediterranean regions such as North African countries (6, 7). It has been suggested that the elevated incidence rates observed in the Mediterranean region may be due to environmental factors, as different ethnic groups living in the region, including Caucasians, Arabs, and Jews, exhibit higher incidence rates of these malignancies (39). Aside from this region, Cancer Research UK lymphoma incidence rates were similar to those observed in this study, while SEER results were higher, specifically for HL (37, 38).

Sex and age differences were also observed in our results, which have been widely reported by other authors (6, 12, 13). Although the main risk factors for these sex differences are currently unknown, some authors suggest that boys have an innate susceptibility associated with immune surveillance that makes them more vulnerable to proto-oncogenic mutations (6, 31, 40). The association between lymphoma incidence and age is due to the fact that these malignancies are more common in adolescents, with the age group of 10–14 years having the highest age-specific incidence rate of all age groups (13, 41).

Our findings showed that the overall incidence trends of HNs were similar to those previously reported for leukemias in Spain, with a statistically significant increase in the early years of the period, followed by a stabilization since 1989 (12). We suggest that this steep increase in leukemia incidence during 1985–1988 is probably an artifact due to the lack of cases registered by the provinces/islands during the first years of the study. In our study, the incidence rates were found to be stable in most recent years added. Meanwhile, other studies have shown different patterns of leukemia incidence trends, with some reporting a steady statistically significant increase without a stabilization (8, 10, 26, 27). However, others reported a stabilization over the whole period of the study (9, 42, 43), especially for LL and AML in Germany for the most recent period available in the study (28).

This heterogeneity in incidence trends was also observed for lymphomas, as our results revealed a statistically significant steady increase of 1% per year, in contrast to previous findings in southern Europe and Spain, where no increase was detected (8, 13). However, a similar increase was observed in Denmark and Australia for the periods 1977–2014 and 1983–2015, respectively (9, 26). We hypothesized that the increase in lymphoma incidence could be due to an increase in environmental risk factors in the Mediterranean region, as these have been suggested to be the main risk factors for these malignancies in this area (39). However, other countries, such as Switzerland, Italy, Japan, and the England, reported a stabilization since the beginning of the period analyzed (10, 42, 43). Many factors may contribute to the differences in incidence trend results, despite all the standardized definitions of quality criteria by IARC. One factor that may contribute to these differences is the use of different versions of the ICCC in the histological grouping, as this may complicate the interpretation of incidence trends (44).

Despite all the studies discussed on incidence trends, the number of collaborative studies is scarce. One of the reasons contributing to this may be the implementation of the General Data Protection Regulation in Europe since 2018, which, among other things, may affect researchers and make data sharing more difficult than before (45).




5 Strengths and limitations

Our results are strengthened by the use of population-based incidence data from REDECAN, in which more than 95% of cases were verified microscopically. In addition, the large area covered in Spain and the long time period allowed us to perform the main analysis with high statistical power. Furthermore, few studies grouped the histology codes according to the latest ICCC-3 of 2017 and provided the ASR using the new WHO world standard population (2000–2025). However, the sample size was limited when performing all sub-analyses involving less common pathologies, such as calculating the incidence of specific sex, age group, and HN subgroup. Another limitation of the study was the lack of period homogeneity between cancer registries, but this was addressed by ensuring that most of the provinces/islands contributed to each year of the trend. In addition, this study does not represent the entire Spanish child population, as incidence rates may differ between the covered and non-covered areas, as a previous study has revealed differences in incidence rates between urban and rural areas in Spain (46). Finally, changes in histological grouping and diagnostic criteria throughout the period could have also affected the results obtained and the comparisons with previous studies.




6 Conclusions

This study presents an updated population-based analysis of the incidence and incidence trends of childhood HNs in Spain covering a long period from 1983 to 2018 and a large area. Our results showed that leukemias are the most common HNs in children, and their incidence has remained stable since 1988, while lymphomas are less common but their incidence is increasing every year. The observed incidence rates of lymphomas are similar to those reported in other southern European countries, while the similarities in leukemia incidence rates were limited to the southwestern European countries. Furthermore, we recommend the use of the new ICCC-3 from 2017 and the use of the new WHO world standard population (2000–2025) in future studies conducted by European PBCRs. Collaborative cancer registry projects, such as the REDECAN, provide the opportunity to assess epidemiological indicators of less common cancers, such as pediatric HNs. Consequently, all these reported epidemiological findings could help health authorities and clinicians to have updated results of these malignancies for the more recent years in Spain. Furthermore, the results suggest the need for more studies focusing on the risk factors of childhood lymphomas, as their incidence is increasing every year in Spain.
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Population-based Cancer Registries (PBCRs) are tasked with collecting high-quality data, important for monitoring cancer burden and its trends, planning and evaluating cancer control activities, clinical and epidemiological research and development of health policies. The main indicators to measure data quality are validity, completeness, comparability and timeliness. The aim of this article is to evaluate the quality of PBCRs data collected in the first ENCR-JRC data call, dated 2015.




Methods

All malignant tumours, except skin non-melanoma, and in situ and uncertain behaviour of bladder were obtained from 130 European general PBCRs for patients older than 19 years. Proportion of cases with death certificate only (DCO%), proportion of cases with unknown primary site (PSU%), proportion of microscopically verified cases (MV%), mortality to incidence (M:I) ratio, proportion of cases with unspecified morphology (UM%) and the median of the difference between the registration date and the incidence date were computed by sex, age group, cancer site, period and PBCR.





Results

A total of 28,776,562 cases from 130 PBCRs, operating in 30 European countries were included in the analysis. The quality of incidence data reported by PBCRs has been improving across the study period. Data quality is worse for the oldest age groups and for cancer sites with poor survival. No differences were found between males and females. High variability in data quality was detected across European PBCRs.





Conclusion

the results reported in this paper are to be interpreted as the baseline for monitoring PBCRs data quality indicators in Europe along time.
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1 Introduction

Population-based Cancer Registries (PBCRs) are tasked with collecting high-quality data, important for monitoring cancer burden and its trends, planning and evaluating cancer control activities, clinical and epidemiological research and developing of health policies (1). Therefore, the value of a PBCR is inherent in the quality of its data and the related quality control measures. The main indicators to measure data quality are validity, completeness, comparability and timeliness (2, 3).

Validity or accuracy refers to the proportion of cases with specific characteristics that actually have such attribute. Completeness indicates the extent of which all incident cancer cases in the area covered by the PBCR are indeed recorded by the PBCR. Comparability is the adherence to common international guidelines. Timeliness refers to how quickly cancer incidence data is collected, processed and reported. There is usually a trade-off between timeliness and both completeness and validity. Cancer data quality indicators include proportion of cases with death certificate only (DCO%), the proportion of microscopically verified cases (MV%) and the mortality to incidence (M:I) ratio (2–4).

The European Network of Cancer Registries (ENCR) has been operating since 1990 to support the collaboration among European PBCRs. One of the ENCR main aims is the improvement of the quality and comparability of cancer incidence data. The ENCR Secretariat has been hosted in Ispra, Italy, since 2012 by the Directorate-General Joint Research Centre (JRC), the science and knowledge centre of the European Commission. The JRC supports the ENCR in the harmonisation of PBCR data, with the goal of accurately comparing data between European areas (5).

In 2015 a first ENCR-JRC data call was launched by the ENCR Steering Committee and the JRC to the European PBCRs (6). After harmonisation, EU-wide statistics on incidence and mortality by cancer site, sex, age group and PBCR have been computed, feeding the European Cancer Information System (ECIS) as the web tool developed and maintained by the JRC to report on the burden of cancer in EU and Europe (7).

The goal of this study is to evaluate the quality of PBCRs data collected in the first ENCR-JRC data call, dated 2015, and is based on indicators evaluating completeness, validity and timeliness as data quality dimensions.




2 Methodology



2.1 Data sources

Incidence and mortality data from 130 European general PBCRs (collecting data for all ages and all tumours), contributing to the ECIS through the 2015 ENCR-JRC data call (Figure 1; Supplementary Table 1) were selected for patients older than 19 years. Data quality in children and adolescents will be analysed in a separate publication, since for this age group tumours are grouped taking into account morphology and topography combinations according the International Classification of Childhood Cancer and also have different definitions of unspecified morphology compared to adults (8).




Figure 1 | Population-based cancer registries contributing data for the analysis (in orange).



All malignant tumours (ICD-O-3.1 behaviour = 3), except skin non-melanoma, and in situ and uncertain behaviour (ICD-O-3.1 behaviour 2 and 1 respectively) of bladder were included in the analysis.

Among others, the 2015 data call protocol (9) included the following variables: topography, morphology and behaviour, coded according to the International Classification of Diseases for Oncology, Third Edition, (ICD-O-3) (10), as well as basis of diagnosis.

Patients with the same patient identification code and tumour identification code were checked, and excluded from the analysis if other variables such as topography, morphology and behaviour were also duplicated.

Cancer sites were defined with ICD-O-3 topography and morphology combinations reported in Supplementary Table 2.




2.2 Quality indicators

Validity, completeness, and timeliness of the PBCRs datasets were evaluated. The following indicators were calculated, with type of indicator specified in italics between parentheses (2, 3):

	DCO% (validity).

	Proportion of cases with unknown primary site (PSU%, validity) (ICD-O-3 topography = C80.9).

	MV% (validity and completeness). Tumours with basis of diagnosis as cytology, histology of a primary tumour or histology of a metastasis were considered as MV cases.

	M:I ratio (completeness), computed dividing the number of deaths by the number of incident cases.

	Proportion of cases with unspecified morphology (UM%, validity). The ICD-O-3.1 morphology codes considered as unspecified morphologies were 8000-8005 for solid tumours and 9590-9591, 9596, 9727, 9760, 9800-9801, 9805-9809, 9820, 9832, 9835, 9860, 9960, 9970-9971, 9975, 9989 for haematological malignancies.

	Median of the difference between the registration date and the incidence date (timeliness). Date of registration was defined in the 2015 data call protocol as the date in which a cancer case was first recorded in the registry database (9).



When applicable, all indicators were disaggregated by sex, age group (20-59, 60-69, 70-79, 80+ years), cancer site, period (1995-1999, 2000-2004, 2005-2009, 2010-2014) and PBCR.

Benchmarks for the latest available period (2010-2014) were computed for the first tertile (30%) of PBCRs with the higher performance for each indicator. Two-sided 95% confidence intervals were calculated using the Clopper–Pearson method for DCO%, MV%, UM%, PSU%, with a ratio paired t-test for M:I ratio and with the normal approximation method for the timeliness indicator.





3 Results

A total of 28,776,562 cases from 130 PBCRs, 21 National and 109 regional PBCRs, operating in 30 European countries were included in the analysis (Figure 1).

MV%, PSU% and UM% were computed for all 130 PBCRs, DCO% for 102 PBCRs which had access to death certificate information, M:I ratio for 92 PBCRs with available mortality data, and timeliness for the 49 PBCRs which provided date of registration.

Table 1 includes DCO%, MV%, UM%, M:I ratio by age at diagnosis and cancer site for the period 1995-2014 and timeliness for the period 2000-2014.


Table 1 | Proportion of cases: with death certificate only (DCO%), microscopically verified (MV%), with unspecified morphology (UM%), by age at diagnosis and cancer site, 1995-2014.



Table 2 includes reference values based for the best performing tertile of PBCRs for DCO%, MV%, UM%, PSU%, M:I ratio and timeliness, by age at diagnosis and cancer site for the period 2010-2014.


Table 2 | Quality indicators benchmarks, 2010-2014.



Results by period (Figures 2–6; Table 1; Supplementary Figures 1, 3, 5, 8) included PBCRs with available incidence data at least in period 1998-2011.




Figure 2 | Proportion of cases with death certificate only (DCO%) by period of diagnosis and cancer site, 1995-2014.






Figure 3 | Proportion of microscopically verified cases (MV%) by period of diagnosis and cancer site, 1995-2014.






Figure 4 | Proportion of cases with unspecified morphology (UM%) by period of diagnosis and cancer site, 1995-2014.






Figure 5 | Proportion of cases with unknown primary site/primary site uncertain (PSU%) by age group and period of diagnosis, 1995-2014.






Figure 6 | Mortality to incidence (M:I) ratio by period of diagnosis and cancer site, 1995-2014.



Results by period for timeliness (Figure 7; Table 1; Supplementary Figure 10) included PBCRs with available incidence data at least in period 2003-2011, with at least 2 incidence years in each considered period: 2000-2006 and 2007-2014.




Figure 7 | Timeliness by period of diagnosis and cancer site, 2000-2014.





3.1 Proportion of cases with death certificate only (DCO%)

The highest DCO% was recorded for liver, pancreas cancer and unknown primary site cases, followed by other haematological malignancies, stomach cancer, brain and central nervous system tumours and lung cancer. The lowest DCO% occurred for testicular cancer, skin melanoma and cervical cancer (Figure 2).

When comparing different time periods, a decrease in DCO% was observed over time for all cancer sites, except PSU cases, changing on average from 4.9% in the period 1995-1999 to 3.0% in the period 2010-2014 (Figure 2). In particular, between 1995-1999 and 2010-2014 DCO cases decreased on average from 15.1% to 8.7% for liver, from 10.9% to 7.8% for pancreatic cancer and from 7.9% to 4.5% for stomach respectively (Figure 2).

The DCO% for all PBCRs and all cancer sites combined did not show any difference between males (3.8%) and females (4.0% - data not shown).

Considering the whole analysed period, an increase in DCO% was observed with increasing age, from 1.4% in patients aged 20-59 years at diagnosis, up to 9.4% for those aged 80 and more. Differences by age group were found for most cancer sites. In particular, age group 20-59 and 80+ had a respective DCO% of 8.1% vs 17.2% for liver, 5.3% vs 15.1% for pancreas, 3.3% vs 14.9% for central nervous system and 1.3% vs 12.1% for ovary (Table 1; Supplementary Figure 1). There was a high variability among PBCRs for this indicator. Whereas the majority of PBCRs had less than 5% DCO cases between 1995 and 2014, 25 out of 102 PBCRs had more than 5% DCOs in at least one of the considered 5-year periods. However, the latter group of PBCRs showed a general improvement for this indicator between 1995 and 2014 (Supplementary Figure 2).




3.2 Proportion of microscopically verified cases (MV%)

The lowest MV% occurred for hepatic and pancreatic cancer, followed by lung and central nervous system. The highest MV% was observed for lip and oral cancers, larynx, melanoma, female breast cancer, cancer of the cervix and uterus, testis, thyroid and Hodgkin and non-Hodgkin lymphoma (Figure 3).

MV% increased over time across cancer sites, from an average 81% in the period 1995-1999, to 88% for the period 2010-2014. The biggest improvement between 1995-1999 and 2010-2014 was observed for pancreas (43% and 60% respectively), stomach (80% and 91% respectively) and oesophagus (83% and 92% respectively) (Figure 3).

The MV% was similar for males and females (85% and 86% respectively - data not shown).

When comparing different age groups, the highest MV% (94%) occurred in the younger age group (20-59 years), followed by age groups 60-69 (90%), 70-79 (84%) and 80+ (68%). MV% decreased by age group for all cancer sites. In particular, age groups 20-59 and 80+ had respective MV%s of 86% vs 20% for central nervous system, 74% vs 27% for pancreas and 86% vs 49% for lung (Table 1; Supplementary Figure 3).

As for DCO%, a high variability among PBCRs was found, although 117 out of 128 PBCRs had an overall MV% of at least 80% in the latest available period of incidence, MV% increased for most PBCRs between 1995-1999 and 2010-2014 (Supplementary Figure 4).




3.3 Proportion of cases with unspecified morphology (UM%)

The highest UM% was found for non-Hodgkin lymphoma, mainly in period 1995-2004, primary site unknown, pancreas and liver and the lowest was found for testis, thyroid, uterus and lip, oral cavity and pharynx.

The UM% decreased over time, from an average of 13% in the period 1995-1999 to 9% in the period 2010-2014. The highest decrease was observed for non-Hodgkin lymphoma (45% and 16% in the periods 1995-1999 and 2010-2014 respectively), liver (31% vs 19%) and stomach (15% vs 8%) (Figure 4).

The UM% was 11% for both males and females (data not shown).

As for the previous indicators, UM% was lower with increasing age for all cancer sites (on average, 6% and 22% for ages 20-59 and 80+ respectively). In particular, age groups 20-59 and 80+ had a respective UM% of 10% vs 53% for central nervous system, 21% vs 51% for pancreas, 6% vs 33% for kidney, renal pelvis and ureter, and 4% vs 28% for ovary (Table 1, Supplementary Figure 5).

A high variability in UM% was observed among PBCRs, although 112 out of 130 PBCRs had an overall UM% below 20% in the latest available period of incidence. As for previously considered indicators, an improvement occurred for most PBCRs between incidence years 1995-1999 and 2010-2014 (Supplementary Figure 6).




3.4 Proportion of cases with unknown primary site/primary site uncertain (PSU%)

The PSU% was 3% for both males and females (data not shown). As far as this dimension is considered, data quality decreased with increasing age (Figure 5).

Similarly to the other indicators presented above, PSU% improved over time for all age groups (Figure 5).

All 130 PBCRs had less than 5% PSU cases in the latest available period, and the indicator decreased for the majority of PBCRs (Supplementary Figure 7).




3.5 Mortality to incidence (M:I) ratio

The highest M:I ratio was observed for hepatic and pancreatic cancer, followed by cancer of the oesophagus, lung and stomach. The lowest ratio was observed for testicular cancer, followed by thyroid and melanoma of the skin (Figure 6).

Overall M:I ratio was 0.53 for males and 0.49 for females in the analysed period (data not shown).

The overall M:I ratio declined over time, from 0.57 in 1995-1999 to 0.46 in 2010-2014. The biggest improvement was observed for liver, which decreased from 1.11 between 1995-1999 to 0.91 between 2010-2014. A decrease in M:I ratio between 1995-1999 and 2010-2014 was observed also for other cancer sites such as oesophagus (0.97 and 0.85 respectively) and prostate (0.37 and 0.23 respectively) (Figure 6).

M:I ratio increased with increasing age, from 0.32 in patients aged 20-59 years to 0.79 in patients aged 80+. M:I ratio increased by age group in all cancer sites except central nervous system. In particular, age groups 20-59 and 80+ had a respective M:I ratio of 0.81 vs 1.19 for liver, 0.78 vs 1.07 for oesophagus, 0.84 vs 1.07 for pancreas and 0.44 vs 0.98 for ovary (Table 1, Supplementary Figure 8).

Out of 92 PBCRs with available mortality data, 76 had an overall M:I ratio between 0.4 and 0.5 in the latest available period of incidence (Supplementary Figure 9).




3.6 Timeliness

For the 49 PBCRs with available data, the median time from incidence to registration decreased from 781 to 610 days between incidence years 2000-2004 and 2010-2014 (Figure 7). This indicator improved particularly for liver (from 1479 to 830 days respectively), thyroid (from 1259 to 723 days) and bladder (from 1184 to 743 days) and remained relatively low throughout incidence years 2000-2014 for oesophagus, melanoma of the skin and cervix uteri (Figure 7).

The median time to registration was lower for younger patients for the majority of cancer sites, for instance, for cervix uteri (384 vs 582 days respectively for age groups 20-59 and 80+ years) and prostate (448 vs 792 days) (Table 1, Supplementary Figure 10).

A huge variability in timeliness was observed among PBCRs, although 31 out of 49 considered PBCRs had a median time from incidence date to registration date between one and four years in the latest available period. For most PBCRs the indicator improved between incidence years 2000-2004 and 2010-2014 (Supplementary Figure 11).





4 Discussion

This article gives an overview of data quality among the European PBCRs contributing to the ECIS in the 2015 ENCR-JRC data call. Reference values were computed for the most recently available incidence period (2010-2014) in order to evaluate data quality for future submission to the ECIS (Table 2).

Most of the indicators computed in this study have been used at international level for comparing and interpreting cancer data among different PBCRs (2–4, 11). In addition, PBCRs are using them for data quality evaluation (12–21). UM% and PSU% were computed for all 130 PBCRs included in the analysis. UM% and PSU% indicators are based on topography and morphology variables, considered as core variables and available for all PBCRs.

A limitation of this first evaluation is the delay after the latest submissions, in 2018, to the previous ENCR-JRC data call and the present analysis. The benchmarks that were calculated and the experience with the previous data call will help reducing such delay in future data quality assessments in ECIS.

MV% and DCO% were computed on the basis of diagnosis variable, which is also considered a core variable and also available for all PBCRs. Nevertheless, the “death certificate only” category (i.e. basis of diagnosis = 0) of this variable is available only for PBCRs with access to death certificate.

Mortality data by cause of death, sex and age group were not available for 38 PBCRs and M:I ratio could therefore not be computed for these PBCRs.

Only 49 PBCRs submitted registration date for at least two years in each of the two considered periods (2000-2006 and 2007-2014). Therefore, timeliness, median of the difference between the registration date and the incidence date, was computed for the 49 PBCRs.

It will be not possible to compute timeliness at European level in the near future, because date of registration is among the variables not included in the 2022 Call for Data Protocol for European Population-Based Cancer Registries (22) due to the low number of the PBCR that submitted this variable in the 2015 ENCR-JRC data call. Nevertheless, this indicator could be useful at PBCR level for improving the efficiency of PBCR procedures (2).

The use of death certificates as information source is a mean for PBCRs of finding cases not captured by other registration procedures (23). A higher DCO% is often linked to poor cancer prognosis. A high percentage of DCOs can point out incompleteness, as well as low validity.

Liver and pancreas were the cancer sites with the highest proportion of DCO%. This observation is consistent with data from other PBCRs (12, 16, 18). In any case, the DCO% varies highly across cancer sites. The Finnish PBCR reported an overall DCO% (all sites) of 2.6%, also with high differences between cancers. The highest values were reported for unspecified topographies such as respiratory tract NOS (C37 and C39), other digestive organs (C26) and uterus NOS (C55, C58) with values 39%, 23% and 20% respectively. The DCO% for pancreas was 9.5% and for liver 4.8% (16).

A decrease in DCO% was observed between 1995-1999 and 2010-2014. This is in line with what reported for similar periods in Cancer Incidence in Five Continents volumes IX and X (24, 25) and as reported also in selected PBCRs’ studies, namely Zurich and Zug PBCRs, where the proportion of DCO cases declined between 1997 (6.4%) and 2014 (0.8%) (18). As a matter of fact, a declining DCO% trend is a natural consequence of increasing attention and efforts over time to improve data quality. An important activity aimed at improving PBCRs data quality is carried out by the JRC and the ENCR, in the form of training opportunities, the set-up of working groups to draft guidelines provided for data coding, registry visits and most importantly validation of cancer registry data itself (26–30).

Although death certificates are available for the majority of the European PBCRs, there is still a consistent percentage (22%) with problems in accessing death certificates. This issue could have an impact on cancer incidence computation and also survival estimations (31). Nevertheless, DCO% is low for the majority of cancer sites and for the European PBCRs contributing to the ECIS. Therefore, it is unlikely to have significant impact in data comparability among PBCRs, in particular in the latest period of incidence. Lastly, it should be noted that the proportion of death certificate initiated cases (DCI%) is presently not available in ECIS. This indicator can be an important complement to evaluate DCO% but is still not routinely reported by many European PBCRs (3).

The MV% was overall high, with an average value of 85%. The lowest MV% was observed for liver and pancreatic cancer. High overall MV% are consistent with what was reported in selected countries, namely Finland (93%) (16), Norway (94%) (12) and Iceland (96%) (13). Lower MV% values were observed for few PBCRs, consistent with what was reported for instance in Ukraine (78%) and Hungary (58%) (19, 21).

Opposite to the overall value, Iceland reported a low MV% (67%) for liver (13), and Finland reported a MV% of 63% for pancreatic cancer (16).

The highest MV% occurred in the youngest age group and declined with increasing age. This could be explained, at least partially, by a lower diagnostic activity in elderly patients.

An increase in MV% over time was observed, in line with what reported for similar periods in Cancer Incidence in Five Continents volumes IX and X (24, 25). MV% is mainly considered as a measure of validity, but a very high proportion of cases diagnosed by histology or cytology may also suggest that a PBCR is over-reliant on pathology as a source of information and might not detect part of the cases normally diagnosed by other means (2). As an example, the Swiss PBCRs of Zurich and Zug reported a MV% of 62% for 1997, which increased to 81% for 2014 (19).

The UM% was 11% in the observed periods, with a decrease from 13% in 1995-1999 to 9% in 2010-2014. This decrease was highest for non-Hodgkin lymphoma, liver and stomach, at least in part explained by the improvement of the diagnosis techniques for these tumours.

The PSU% was overall around 3%. This indicator decreased for the majority of PBCRs over time.

The PSU% reported by the Iceland PBCR was 1.9% for men and 3.1% for women, while it was 2.2% for both sexes in Norway in 2001-2005. In both countries there was an increase of this percentage with advancing age (12, 13). Differences in the age distribution of men and women populations could partially explain these differences. Nevertheless, differences by sex were not found in our study when all PBCRs were considered together.

Since rare tumours are defined by topography and specific morphology (32), UM% and PSU% could have an important impact in rare cancer incidence computation and data comparability.

The M:I ratio declined over time (from 0.57 in 1995-1999 to 0.46 in 2010-2014), confirming the findings from Cancer Incidence in Five Continents volumes IX and X (24, 25) and reported by selected PBCRs studies: in two Swiss PBCRs, the M:I ratio declined from 0.58 in 1980 to 0.37 in 2014 (18). Bulgaria reported an M:I ratio of 0.5 for males, and 0.4 for females (15). The higher M:I ratio for males observed also in our study (0.53 vs 0.49 for females) is also in line with the usual inverse relationship between this indicator and survival, which is higher in females (3, 25).

M:I ratio can help interpreting cancer incidence in PBCRs, by comparing the indicator with cancer incidence rates. A higher M:I ratio could be associated with lower completeness and incidence rates, which should be interpreted with caution (see for instance the example in Supplementary Figure 12). Other factors, such as the quality of death certificates, should be also taken into account into the interpretation of M:I ratio.

As a limitation, mortality data was not available for 38 PBCRs at the moment of the analysis; these were mostly regional registries. In some cases, data was provided by PBCRs in a different format from the one required in the ECIS data call protocol (e.g. less than 18 age classes). Following the analysis most of the problems related to such data were solved, and updated mortality figures can be found in the ECIS web application (7).

Timeliness was evaluated computing the median time from incidence to case registration, which ranged between one and four years for the majority of PBCRs recording this information. This is in line with what reported in a survey performed in 2011, where European PBCRs stated a median time from incidence to data publication (which is related with data registration) of 18 months, with a range between 4 months and 5 years (11). Timeliness indicators have not been frequently reported by PBCRs; however the reduction in time to registration observed in our analysis (with an average decrease of 171 days between 2000-2004 and 2010-2014) has a similar trend to what reported by Norway (from over 525 days in 2001 to 261 days in 2005), whereas Iceland reported a median time from date of diagnosis to registration of 238 days (with a range between 49 and 1445 days) (12, 13). Lastly, an increase in time to registration was observed for 3 PBCRs between 2000-2004 and 2010-2014; this could possibly be due to resource constraints, which have been common for smaller regional PBCRs throughout Europe in recent years.

Indicators for European PBCRs such as MV%, DCO% and M:I ratio were found to be similar to those reported for other developed areas worldwide, in particular to North America, Australia and New Zealand (24).




5 Conclusion and way forward

The quality of incidence data reported by PBCRs has been improving across the study period. Data quality is worse for the oldest age groups and for cancer sites with poor survival. No differences were found between males and females. High variability in data quality could be detected across European PBCRs.

The harmonisation of PBCR’ data as the input source for the assessment of cancer burden is one of the main aims of the support provided by the JRC to the ENCR to strengthen the basis for monitoring the cancer burden. In order to improve data quality and harmonisation, the JRC and the ENCR have been carrying out several activities along the years, namely the set-up of yearly training agendas and organisation of trainings, the coordination of thematic Working Groups to draft guidelines and recommendations on data coding, the development and provision of common rules and related validation software to check data compliance to agreed EU-wide standards.

In this context, the results reported in this paper are to be interpreted as the baseline for monitoring PBCRs data quality indicators in Europe along time.
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Aim of the article

We present our new GDPR-compliant federated analysis programme (nordcan.R), how it is used to compute statistics for the Nordic cancer statistics web platform NORDCAN, and demonstrate that it works also with non-Nordic data.





Materials and methods

We chose R and Stata programming languages for writing nordcan.R. Additionally, the internationally used CRG Tools programme by International Agency for Research on Cancer (IARC/WHO) was employed. A formal assessment of (GDPR-compliant) anonymity of all nordcan.R outputs was performed. In order to demonstrate that nordcan.R also works with non-Nordic data, we used data from the Netherlands Cancer Registry.





Results

nordcan.R, publicly available on Github, takes as input cancer and general population data and produces tables of statistics. Each NORDCAN participant runs nordcan.R locally and delivers its results to IARC for publication. According to our anonymity assessment the data can be shared with international organizations, including IARC. nordcan.R incidence results on Norwegian and Dutch data are highly similar to those produced by two other independent methods.





Conclusion

nordcan.R produces accurate cancer statistics where all personal and sensitive data are kept within each cancer registry. In the age of strict data protection policies, we have shown that international collaboration in cancer registry research and statistics reporting is achievable with the federated analysis approach. Undertakings similar to NORDCAN should consider using nordcan.R.





Keywords: NORDCAN, quality, harmonization, cancer, epidemiology, software, GDPR-compliance, federated analysis




1 Introduction

The Nordic cancer registries have collaborated closely since the first registries were established in the 1940s and early 1950s. The collaboration was formalized in 1966 as the Association of Nordic Cancer Registries (ANCR) and has resulted in numerous projects and collaborations to describe incidence and mortality trends in the Nordic countries and to develop statistics to support cancer surveillance, decision making and research in the Nordic countries (1–7). A crucial part of these projects is to prove the quality of the Nordic cancer registry data through quality estimates like completeness, validity, timeliness and comparability (8, 9).

NORDCAN, the Nordic cancer database and webtool for cancer incidence, mortality, prevalence and survival (10) was created in the mid-90’s in a collaboration between the International Agency for Research on Cancer (IARC) and driving forces in some of the Nordic cancer registries. NORDCAN on the web was established in 2002. A work group including representatives from the cancer registries in all the Nordic countries was established to maintain and develop NORDCAN. The history, organization and use of NORDCAN and the comparability of the Nordic cancer registries have been described earlier (11–13).

The European General Data Protection Regulation (GDPR) (14) in effect since 2018, strengthened standards for sharing personal data. Although the GDPR allows for sharing personal data within the European Union and EEA, the stricter statutory interpretation of GDPR in most Nordic countries creates additional barriers. This includes the definition of personal data, individual consent to research use and international collaboration. Sharing personal data with UN agencies such as the IARC (WHO), which are exempted from national legislation and thus not subject to the GDPR regulations, is not allowed. It became apparent that the established NORDCAN procedures on data extraction, data preparation and data processing should be changed. The old and new data flow are shown in Figure 1.




Figure 1 | Old and new data flow for NORDCAN.



The counts and statistics produced by nordcan.R are sent to IARC through a file transfer and are stored in the NORDCAN database to be visually represented in the NORDCAN webtool. Incorporated in the webtool is the logic to perform calculation of rates, predictions, estimated annual percentage change and survival improvement, based on the output files from nordcan.R. All statistics are based on the counts and analyses done in nordcan.R, and rates are available using the standard populations World, Europe and Nordic.

The aim of this article is to present the new GDPR compliant federated analysis programme (nordcan.R), how it is used to compute statistics for NORDCAN and how it can be used also for non-Nordic data.




2 Materials and methods

In 2018 we started rebuilding the data management, quality control, data flow and webtool of NORDCAN on research grants from the Danish Cancer Society, the Nordic Cancer Union (NCU) and in kind-contributions from the Nordic cancer registries.

There were two key issues to address. First, we had to ensure that personal data on cancer patients, in line with the national implementation of GDPR, would not be released from the cancer registries. Second, we had to make sure that released (aggregated) data to the NORDCAN database in IARC were comparable between countries and to previous releases.

To keep personal data on cancer patients within each cancer registry, we developed a simple federated system; a program that could be run separately in each country, producing all counts and statistics necessary for NORDCAN. The program was named nordcan.R. We established an IT-group with representatives from each of the Nordic cancer registries. The IT-group decided on architecture, technology, software and development guidelines to be used for the federated analysis application, developed the application itself, and tested the tool. Prior experience in designing and programming a system for data preprocessing and aggregation for the Finnish Cancer Registry was taken as the model.

We decided to use R (15) and Stata (16) for the development of the new tool. In addition, we chose to continue using the IARC check and conversion program (17) for conversions from International Classification of Diseases for Oncology, third edition (ICD-O-3) (18) to International Classification of Diseases, tenth edition (ICD-10) (19) and for implementation of the multiple primary rules (20).

We specified four common input datasets to be used in nordcan.R: a cancer case dataset (21), a cancer death dataset (22), population datasets (including population projections) (23) and life tables to be used in survival analysis (24). Specifications on cancer entities (the cancer dictionary) used in NORDCAN already existed, but were revised to better meet the current needs of clinicians, cancer unions, patient organizations, researchers, and politicians (25, 26). We also developed a conversion table for mortality to be used for the conversion of old ICD-codes (ICD6-9) to ICD-10 (27).

Before starting the development of nordcan.R, we identified the core functionality of the program (Table 1). The NORDCAN secretariat also provided all participating countries with an overview of the necessary tools to be used, with links to installation files and sources, and additional information on licensing where necessary (Table 2).


Table 1 | Identified core functionality of nordcan.R.




Table 2 | Tools necessary for nordcan.R users.



We did a risk assessment on the aggregate data of the output files (31). We drew knowledge from other sources on statistical disclosure control and data anonymization (32–34) to evaluate the risk of disclosure from the datasets created by nordcan.R and to identify possible risk-reducing measures.

We established a proof-of-concept project between the NORDCAN secretariat and the Netherlands Comprehensive Cancer Organization (IKNL) to test the usability of nordcan.R outside of the Nordic countries. We used data from the Netherlands Cancer Registry (NCR) hosted by IKNL for the period 2000-2019. For the comparison of the output, we calculated all rates in Stata, using the World standard population (35) for age-adjusted rates.




3 Results

The first version of nordcan.R (nordcan_9.0_1.0) was published to the NORDCAN-participants on November 27th, 2020. The most recent, nordcan_9.3_1.3, was released May 4th, 2023. The application has so far been used to update data in NORDCAN from 2016 to 2021.

The main result of revamping the software was that all Nordic countries were able to deliver updated, anonymous, tabular data to the NORDCAN database and webtool, hosted by IARC, without being subject to legal discussions and hindrance due to differences in the interpretation of GDPR. Through nordcan.R, all data were quality assured, converted, analyzed and counted the same way, and the same inclusions and exclusions were applied to all data, regardless of country and region.

Nordcan.R produces a “maintainer summary” with plots and tables comparing the newly created counts to those created in a previous call for data. The user is required to inspect these comparisons for unexpected discrepancies between two versions as an additional quality assurance step. Figure 2 shows a comparison of counts of cancer cases in Norway between version 9.1 and version 9.2 of NORDCAN for selected entities. The reasons for changes in entity 980 (all sites) is clearer when looking at visualizations for each specific entity. We see an increase in entity 430 (malignant hematopoietic diseases), and changes in entity 280 (urinary tract cancers). Both these changes are explained by a thorough process of quality assurance and corrections in the Cancer registry of Norway. Smaller changes to the cancer counts, mainly caused by regular day-to-day corrections in cancer registries, are expected. The maintainer summary serves to acknowledge that each nordcan.R-user has seen the results for their own country and the comparison with previous results and accepts the results as valid. The maintainer summary is also an indication that the technical requirements of nordcan.R have been fulfilled.




Figure 2 | Comparison between previous and current number of incident cases for selected entities produced as a standard output by nordcan.R. The Y-axis represents change in number of cases, the X-axis represents year of cancer counts. The changes in all sites (980) are mainly driven by changes in malignant hematopoietic diseases (430) and urinary tract cancers (280).



Figure 3 shows the comparisons of adjusted incidence rates (World) between The Global Cancer Observatory (GCO) (36), official cancer statistics in the Netherlands (37) and Norway (38) and results from nordcan.R for colorectal cancer, men and women shown separately. There are only minor differences.




Figure 3 | Comparison of adjusted incidence rates (World) between GCO, official national statistics and nordcan.R for colorectal cancer in Netherland and Norway, men and women separately.






4 Discussion

As shown in the results, we achieved our main goal. We have produced the necessary data and we have been able to share the data with IARC for updating the NORDCAN database and webtool.

As GCO and nordcan.R both use the IARCcrgTool for conversions and exclusions of multiple primary cancers, and both cancer registries adhere to international rules on cancer registration, we expected that the trend lines would be quite similar. It is still valuable to make this comparison to see that nordcan.R did not introduce any unforeseen errors. Comparison with official national statistics produced by the national cancer registries is of additional value to see that the numbers and rates in NORDCAN do not deviate even if the IARCcrgTool is not used. The slight differences we see might be due to changes in the original data caused by updates, differences in implementation of multiple primary rules or corrections or small differences in exclusions and inclusions of cases.

We have a common call for data to be adhered to by all participants. We aimed to make this call for data as similar as possible to calls for data issued by IARC for Cancer Incidence in Five Continents (CI5) – Volume XII (39) and by The European Network of Cancer Registries (ENCR) in collaboration with the Joint Research Centre of the European Commission (JRC) for the update of the European Cancer Information System (ECIS) (40). NORDCAN has, however, focused mainly on the traditional cancer registry-variables which are needed to calculate incidence, mortality, prevalence and survival on country and regional level, whereas the JRC/ENCR call for data also includes variables on stage, treatment and more detailed geographical area.

Incorporating quality checks, conversions and inclusions/exclusions into the data management process when running nordcan.R, and using transparent and unified specifications were discussed in the NORDCAN work group as important steps towards comparability. This is a well-known recipe, used by both IARC and ENCR-JRC, and was also the same process used previously in NORDCAN. In the current NORDCAN pipeline, each country is responsible for completing the entire process themselves, whereas in the old, centralized approach, each participant sent data on patients to one central node for checks, conversions and aggregation. A big advantage of the new procedure is that the cancer registries run their own data through the entire process and see all errors and warnings. Another big advantage – and a prerequisite for the development of nordcan.R – is that all personal and sensitive health data is kept within each cancer registry. The disadvantage of this data flow is that there is a possibility that the countries select and map their original data in a slightly different way to fit the call for data, and thereby introduce a few minor differences. However, taking all pros and cons into consideration, our view is that the cost of introducing a few differences has less impact than the benefit of users with first-hand knowledge of the data doing all data processing, aided by a tailor-made tool.

Using a common check and conversion program like the one from IARC is also an advantage, as it ensures that all data in NORDCAN have been subject to the same conversion and check rules. A disadvantage of the current version of the IARC check and conversion program is that it is not updated with the most recent morphology codes from the ICD-O-3 second revision. Also, although nordcan.R includes written instructions on what selections to use in the tool, there is still room for manual errors that can lead to data being less comparable.

In the current version of nordcan.R, all entities or cancer groups are predefined through a table in the application. The user cannot change the groups or run different specifications without reprogramming parts of nordcan.R. This is an advantage, as it ensures comparability as to which ICD10-codes are included in the different entities, and which morphologies might be included or excluded in addition to the ICD10-codes, but makes nordcan.R less useful if the user wishes to prepare statistics for other cancer sites or wishes to compare to international statistics with different cancer groups.

When running nordcan.R, the user gets a visualization and an output showing how similar the current counts are to previous counts. Although this does not ensure comparability between countries, it ensures that data within one country are comparable over time, and that any bigger changes affecting the comparability of data can be documented and explained. Most cancer registries are “living organisms”, where data are changed and updated over time, also for previously published data. It is therefore not unusual to see changes in counts from one version of NORDCAN to the next, but the reasons for changes should be clear and well documented, and any bigger changes should be accompanied by a warning on the webpage.

The usability of nordcan.R outside of NORDCAN was tested in our proof-of-concept project with Dutch cancer data. The first main hindrance was the necessity of installing three different types of software to run nordcan.R: R and the R-packages, Stata, and the IARC check and conversion tool. As nordcan.R operates on sensitive data, all tools needed to be installed in a secure environment which allowed for this kind of data processing. For Stata, there is an additional hindrance that installation and use require a license which the institution might not be willing to purchase. Not every potential user can fulfill the requirement of an on-site Stata installation. However, this only excludes the computation of survival statistics while other statistics are unaffected. Preparing a dataset according to the specifications given for nordcan.R did not reveal any major problems for IKNL. An upcoming inclusion of quality tables will also make it easier to compare reasons for exclusions and other quality measures of the data (41).



4.1 Future perspectives

The steps taken so far are only an introduction to future challenges and possibilities. Although nordcan.R fulfills its purpose for the current requirements of NORDCAN, there are still missing parts. For instance: we can currently show survival in Norway and Sweden compared to each other, but not survival for Norway and Sweden together.

With the current problems we have in sharing data with IARC, we see the need for a better alternative. This is why we look to federated analysis as one possible solution for sharing data and knowledge across borders without the current hindrances we meet in laws and regulations. A future incarnation of NORDCAN should allow for more complex analyses than are currently possible and retain the successful federated analysis approach. Establishing common data models in each cancer registry, for instance using the OMOP Common Data Model (42), might make it easier to implement different federated learning infrastructures to run analysis on local data and only share the results. However, getting approval to install software on-site which enables external access to sensitive data is not straightforward.





5 Conclusion

The Nordic cancer registries successfully developed a new software tool (nordcan.R) which enables them to share aggregated cancer statistics, comparable to previous releases and in a GDPR compliant manner, with the NORDCAN database and webtool. Nordcan.R was also successfully used in a non-Nordic country.





Accessibility to software and specifications

Documentation for nordcan.R, the application itself and the packages it consists of can be downloaded from the Cancer Registry of Norway GitHub repositories NORDCAN, basicepistats, nordcanepistats, nordcansurvival, nordcancore and nordcanpreprocessing (43). The code and packages are free to use as is under the given license. The NORDCAN work group and IT-group maintains and further develops nordcan.R for NORDCAN purposes and needs. Conversion tables, cancer dictionary and other documentation used in NORDCAN and nordcan.R which is not available through the GitHub-pages can be shared from the secretariat upon request. Questions can be directed to head of the NORDCAN secretariat, Siri Larønningen (sla@kreftregisteret.no). 
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Introduction

Variation in stage at diagnosis of childhood cancers (CC) may explain differences in survival rates observed across geographical regions. The BENCHISTA project aims to understand these differences and to encourage the application of the Toronto Staging Guidelines (TG) by Population-Based Cancer Registries (PBCRs) to the most common solid paediatric cancers.



Methods

PBCRs within and outside Europe were invited to participate and identify all cases of Neuroblastoma, Wilms Tumour, Medulloblastoma, Ewing Sarcoma, Rhabdomyosarcoma and Osteosarcoma diagnosed in a consecutive three-year period (2014-2017) and apply TG at diagnosis. Other non-stage prognostic factors, treatment, progression/recurrence, and cause of death information were collected as optional variables. A minimum of three-year follow-up was required. To standardise TG application by PBCRs, on-line workshops led by six tumour-specific clinical experts were held. To understand the role of data availability and quality, a survey focused on data collection/sharing processes and a quality assurance exercise were generated. To support data harmonization and query resolution a dedicated email and a question-and-answers bank were created.



Results


67 PBCRs from 28 countries participated and provided a maximally de-personalized, patient-level dataset. For 26 PBCRs, data format and ethical approval obtained by the two sponsoring institutions (UCL and INT) was sufficient for data sharing. 41 participating PBCRs required a Data Transfer Agreement (DTA) to comply with data protection regulations. Due to heterogeneity found in legal aspects, 18 months were spent on finalizing the DTA. The data collection survey was answered by 68 respondents from 63 PBCRs; 44% of them confirmed the ability to re-consult a clinician in cases where stage ascertainment was difficult/uncertain. Of the total participating PBCRs, 75% completed the staging quality assurance exercise, with a median correct answer proportion of 92% [range: 70% (rhabdomyosarcoma) to 100% (Wilms tumour)].







Conclusion


Differences in interpretation and processes required to harmonize general data protection regulations across countries were encountered causing delays in data transfer. Despite challenges, the BENCHISTA Project has established a large collaboration between PBCRs and clinicians to collect detailed and standardised TG at a population-level enhancing the understanding of the reasons for variation in overall survival rates for CC, stimulate research and improve national/regional child health plans.
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1 Introduction


According to the International Agency for Research of Cancer (IARC) and estimates from 2020, nearly 280.000 children and teenagers (0-19 years old) were diagnosed with cancer around the world and almost 110.000 died of this cause (1). When considering estimates of total childhood cancer incidence accounting for underdiagnosis, a simulation-based analysis found that there were 397.000 incident cases of childhood cancer for 200 territories worldwide and 43% of these were undiagnosed with substantial variation by region (range:3%-57%). Furthermore, considering population projections for 2015-2030 it is estimated there will be 6.7 million cases of CC worldwide, from which 2.9 million of cases will be missed (2). In addition to these estimates, and due to delay in diagnosis, variation in treatment and rates of relapse, paediatric oncology patients in low-and middle-income countries (LMICs) are five times as likely to die from a cancer diagnosis compared with patients in high-income countries (HICs) (3).


Population-based cancer registries (PBCRs) are key organizations that generate estimates of incidence and survival essential for cancer research (4). When considering paediatric patients, data completeness and accuracy represent a challenge due to the rarity and heterogeneity of childhood cancer. It has also been noted that stage data is not consistently recorded for paediatric patients. The tumour/node/metastasis (TNM) system is the standard staging system for most adult cancers; however, it is inappropriate for documenting the extent of disease in most childhood cancers (5).


Disease-specific staging systems have been developed for childhood cancers within the context of broader risk-stratification schemes used by various clinical trial groups. This means that for many diagnostic groups, two or more systems are in clinical use and there was no international standard suitable for global use by population-based cancer registries. Thus, in 2014 and through a collaborative effort between epidemiologists, clinical trial groups and registration experts, a consensus definition of tumour stage was agreed for most childhood cancer types - the Toronto Paediatric Cancer Stage Guidelines (TG) for population cancer registries (4, 6). These are endorsed by the European Network of Cancer Registries (ENCR), the Group for Cancer Epidemiology and Registration in Latin Language Countries (GRELL) the African Network of Cancer Registries (ANCR) and published in the UICC TNM Classification of Malignant Tumours 8th Edition (5, 7).


Different childhood cancer population-based studies have demonstrated survival disparities between countries and European regions. Several factors may explain this variation including late diagnosis, delayed treatment, variation in quality of diagnostic and treatment services, management of acute complications, lack of resources, limited access to health services, abandonment to treatment, among others (8–10). Further understanding of the international variation in childhood cancer survival may be explained by the distribution of stage at diagnosis and stage-specific survival (4, 5, 11–13).


Other research studies have assessed the feasibility and validity of the TG demonstrating that PBCRs can reconstruct stage according to TG (11). This standardised framework supports PBCRs to assign cancer stage using data that can be found routinely in clinical records for most childhood cancers. The success of the pilot study emphasised the importance of a larger number of cancer registries in different countries applying the TG so that the paediatric staging system can be further improved (11, 14).


The International Benchmarking of Childhood Cancer Survival by Stage, also called BENCHISTA Project, is a research collaboration between multiple population-based cancer registries from European and non-European countries. It aims to stimulate the application of Toronto Stage Guidelines by participating PBCRs for six of the most common paediatric solid cancers (15) to lead to a better understanding of the reasons for variation in childhood cancer survival between countries and to highlight areas for improvement. The research sponsors are University College London (UCL) and the Fondazione IRCCS Istituto Nazionale dei Tumori di Milano (INT).


Due to the large number of participating PBCRs, data quality, harmonization and standardization are essential. The aim of this paper is to present the resources that the project established to ensure high-quality, standardised data, comparable across participating PBCR. The resources used have provided understanding on current procedures at cancer registry level and highlighted strengths and limitations when gathering stage at diagnosis, other prognostic, and non-stage prognostic factors to understand childhood cancer survival and its variation.






2 Materials and methods


All European population-based cancer registries (PBCRs) included in the EUROCARE studies were invited to participate in the BENCHISTA Project. Additionally, other non-European PBCRs from Australia, Canada, Brazil, and Japan confirmed their contribution to the project. A great number of PBCRs are checked for quality indicators by the International Agency for Research on Cancer (IARC) based on four dimensions of quality: comparability, validity, timeliness, and completeness (16, 17). Not all PBCRs have a government mandate. Some are coordinated by the National Society for Paediatric Haematology-Oncology and/or register all cases diagnosed at all hospitals authorised for childhood cancer treatment in the relevant country, with the aim of achieving population coverage.


Participating PBCRs were required to assign stage at diagnosis at a population-level using the Internationally recognized Toronto Stage Guidelines (TG) to six paediatric solid tumours (Ewing sarcoma, osteosarcoma, rhabdomyosarcoma – for ages 0 to 19 years old – and neuroblastoma, medulloblastoma and Wilms Tumour – for ages 0 to 14 years old) diagnosed in a three-year period (in the window 2014-2017). The selection of these tumour diagnoses was based on several factors, including their unambiguous diagnosis by histological code, previous studies showing geographical disparities in outcomes, limited improvements in survival rates over a prolonged period, and their significant representation among childhood solid tumours (4, 9, 10). For the three sarcomas, we included cases in the adolescent range (15 to 19 years old) as many of the participating registries collected data in this age range, where bone and soft tissues sarcomas peak in incidence. The process of determining the stage of diagnosis was performed by cancer registrars or relevant staff, who use various available data sources, such as clinical records, histopathology and imaging reports, and other administrative files. Clinical personnel could also be consulted in cases where uncertain or inconclusive information was encountered.


The staging classification used the TG to enable registries to derive the best estimate of stage at diagnosis in a standardised fashion. The guidelines endorse a two-tier approach, Tier 1 focuses on registries with limited resources and/or restricted data access and requires less detailed criteria and stage categories; Tier 2 involves more detailed criteria for cancer registries with further access to medical information or well-resourced (4, 5, 11). All Tier 2 can be converted into Tier 1. For the BENCHISTA Project, TG is defined as extent of disease at the time of diagnosis and based on detailed evidence before receiving treatment with two exceptions: staging of localized (non-metastatic) Wilms Tumour after neoadjuvant chemotherapy, since stage is based on surgical and histopathological examination of the nephrectomy specimen; and tumours in which investigations to exclude distant metastases may be performed shortly after surgery to the primary tumour but before systemic therapy is commenced.


The variables collected included depersonalized patient demographic data plus information on clinical investigations and types of data sources used by the registrars for applying Toronto staging for each of the six solid tumours (e.g., imaging/examinations performed and their results, when available). PBCRs were requested to use the International Classification of Childhood Cancers (ICCC-3) and to assign tumour stage according to the Toronto consensus staging guidelines. Moreover, to review all available data sources and to seek advice from clinicians when further explanation or clarification was required to ensure consistency in data collection and accuracy. Follow-up for life status was requested for a minimum of three years from diagnosis.


The BENCHISTA Project also assessed the availability to PBCRs of optional but clinically relevant variables for understanding any variation in treatment and survival for the six solid tumours. These optional variables included the more recently agreed ‘Toronto non-stage prognostic factors’ (NSP), and primary treatment modalities, relapse/recurrence/progression, and cause of death (6). To avoid limitations due to language barriers, the TG provided detailed guidance (5) translated in different languages (Italian, Spanish, Japanese, French, Bulgarian and Portuguese) and an electronic tool available to facilitate its use by different audiences (18, 19).


Data gathered from each participating PBCR were merged in a maximally anonymized dataset created by and stored within the secure environment of the data controller at INT. Comparative analysis of distribution of tumour stage at diagnosis at a population-level and analysis of survival estimates by stage for each tumour type between large geographical regions with similar groupings to previous EUROCARE studies is in progress. Validation is being conducted by the project analytical team to verify the coverage, number of submitted cases and national/local reported incidence.


Several factors were considered for standardization and harmonization parameters. Data files were checked with ad hoc developed procedures in regular use by the data controller (INT). Likewise, the validity of each variable and variable combinations for each tumour record were checked to detect unlikely or incorrect values. Records that were flagged during the data checking process were sent to the registries for revision and amendment. Furthermore, cases ascertained only by death certificate (DCO), number of cases diagnosed by cytology and those with unspecified morphology codes (NOS) were considered as data quality indicators for the completeness and accuracy of population-level data. Additional assessments to define the accuracy of sub-typing definitions in the six solid tumours of interest were also conducted.


To support the TG staging by PBCRs and ensure standardized processes, a series of three online training workshops led by clinical experts in the six solid tumours of interest and generated in collaboration with the Belgian Cancer registry were held. Moreover, to understand the modalities of data collection and staging processes in each PBCR a survey was designed to verify local/national processes and understand current practices and the possibility to seek advice from clinicians when clarification is required. This survey was addressed to registrars, clinical and non-clinical staff gathering data and completing stage at diagnosis for the BENCHISTA Project.


To assess data comparability, a quality assurance tool including a set of twelve fictitious cases (two per each tumour type of interest) was developed and completed by selected representatives of each participating cancer registry. Both surveys were developed using the platform SurveyMonkey® and the results were gathered and analysed by the team at INT.





2.1 Project’s governance


The Project Management Team (PMT) comprises the two principal investigators in the UK and Italy, and four representatives from participating cancer registry staff (Norway, Denmark, Spain and Hungary). The Project Working Group (PWG) involves one or two representatives from each contributing cancer registry, six tumour-specific oncology experts nominated by the relevant European clinical study group, representatives from parent/survivor groups and communication and dissemination partners. The BENCHISTA team, PMT and PWG meet regularly to review the project’s advances and overview preliminary results helping to ensure a broader assessment of tasks and upcoming plans to guarantee the achievement of the project’s goals.


Moreover, the project has established an Independent Advisory Board (IAB) that includes a cancer registry director not directly involved in the day-to-day project, parent and survivor representatives, clinical executive level members of a national paediatric oncology society, a clinical trial study group and a medical director-level clinician involved in organisation of childhood cancer services. Importantly, there is also representation by patient/public involvement and engagement (PPIE) structures to ensure the perspective of parents and survivors is included in the different stages of the project’s development and upcoming results.







3 Results





3.1 PBCR participation and database status


80 PBCRs within and outside of Europe were interested to participate in the project at outset, however 16% of them could not participate due to different reasons, including limited or no availability of population-based data, anticipated restrictions in sharing patient-level datasets beyond national boundaries and limited access to clinical data to apply TG. 67 PBCRs from 24 European countries, Australia, Brazil, Japan, and Canada committed to participate in the project, which commenced in January 2021 (
Figure 1
). This process entailed close work between the data controller, cancer registry leaders and in some cases legal representatives from the PBCRs to achieve research collaboration.





Figure 1 | 
Participating countries.






Seeking for standardised TG collection by PBCRs, three on-line workshops were held in October-November 2021. A total of 60 PBCRs, both within and outside Europe, actively participated in real-time; each session attracted an attendance ranging from 70 to 80 individuals and was centred in two specific tumour types. The sessions covered various topics, including the fundamental principles of Toronto Staging, introducing and discussing clinical aspects, diagnosis, therapy, and non-stage prognostic factors for each tumour type and exemplar staging exercises based on pre-created cases. The training workshops were recorded and are publicly available on the BENCHISTA Project website, together with other supporting materials.


The content and format of compulsory and optional data variables were agreed by the Project Working Group members to ensure almost complete anonymisation whilst retaining patient-level information (
Table 1
). Although the process to agree the content of the required datafile submitted by each registry was finalised by March 2021, heterogeneity in the approach and legal requirements from participating countries led to a lengthy process to finalise the format and content of the data sharing agreement and hence delays in data submission.



Table 1 | 
Variables and dataset structure.






Data started to flow to the data controller from March 2022 and up to now 58 databases including nearly 11000 cases have been successfully submitted and are under final stages of quality assessment. Specific queries on data or further requests to ensure high-quality are discussed among the Project Management Team and the PBCR if required. Model answers to each query received were collated and published on the project website as a series of Frequently Asked Questions.






3.2 Data privacy process and challenges


While data sharing and data transfer involve movement of data from one institution to other, there are several differences between these two concepts. Data sharing involves making data available more broadly, enabling reuse and access in ways that allow control and management from one or several parties. Data transfer involves moving specific data from one entity to another with a purpose and typically to solve a specific research question; it tends to be more targeted and involves providing the information to another entity for analysis, storage but without giving full control over data itself. Both, data sharing, and data transfer are subjected to legal and ethical considerations that need to be considered to comply with General Data Protection Regulation principles including purpose minimization, lawfulness of processing, accuracy, storage limitation and accountability (20).


In compliance with institutional and legal requirements, the project was granted with ethical approvals from UCL and INT. Minor amendments to the protocol and appendix were submitted and approved to ensure information is clear and adequate. Individual parent consent is not required in general as the information is collected under existing permissions for cancer registration in each jurisdiction.


Each participating cancer registry was approached to understand their individual requirements to proceed with data sharing. For 26 PBCRs, the project-specific ethical approval obtained by the research sponsors (UCL and INT) was sufficient to confirm their participation and submit data for analysis. The rest of the PBCRs required a specific legal document that allowed collaboration and further research.


Considering requirements and aims of the project, a Data Transfer Agreement (DTA) was developed by the legal officer and data controller’s team at INT. It contains general information about the project and legal considerations to share patient-level data in a highly de-personalised format. Its aim is to meet specific legislations to adhere to General Data Protection Regulations (GDPR) and relevant laws from each participating country; in total, 44 PBCRs required the DTA and 3 signed it in a second phase. Discussions between legal officers from PBCRs and the BENCHISTA team regarding the acceptable wording of the DTA continued over a period of 18 months before finalisation of the DTA, leading to a delay in the project’s timeline. For one participating centre a country-specific transparency statement was generated and made publicly available in the project’s website. Another participating centre required the Data Protection Impact Assessment (DPIA) in a format that complied with their specific requirements. The DPIA, evaluates the impact of the processing activity generated within the BENCHISTA Project focusing on the rights and freedoms of the data subjects. The outcome of this assessment was categorized as data processing with a low risk level.


Noticeable differences in interpretation of legislations, laws and required processes were encountered whilst confirming the requirements for participation by each PBCR. For some PBCRs, interpretation of their national laws meant they were not allowed to share patient-level data. These registries reluctantly dropped out of the project as the anticipated work to change this interpretation for sharing this standard dataset was felt to be too complex or not possible. The requirement for local ethical approval, above and beyond sharing of the sponsors’ ethical approval documents, also varied between countries and sometimes between regions within the same country.


After multiple interactions from legal representatives, the DTA was fully executed on 14th November 2022. After final signatures, other PBCRs expressed their interest in participating in the project and submitting data and some others that did not need the signature in the first place but then required it. For these cases the ‘accession document’ included in the Appendix of the DTA was created by the legal officer at INT. This latter document did not permit any further changes to the wording of the DTA.






3.3 Survey on data collection/data sharing processes


The BENCHISTA Project conducted a survey among all participating PBCRs to gather information on available data sources, as well as approaches used for data collection and interpretation. The survey received responses from 63 out of the 67 cancer registries (94%) involved in the project, representing 31 countries (Table 2 and 
Figure 2
).





Figure 2 | 
Results of survey on data collection/sharing processes.







Table 2 | 
Answers to Survey on data collection per country.






Among the respondents, 83% participated in the online training workshops. Additionally, 49 out of 63 respondents (78%) confirmed their ability to collect external data if necessary. In cases where stage ascertainment diagnosis posed difficulties or uncertainties, 28 out of 63 respondents (44%) reported the ability to seek consultation with a clinician. In addition, 20 out of 63 registries (32%) stated that re-consultation was only possible under specific circumstances, such as the availability of clinicians, limited access to clinical records, or depending on the anatomical location of the tumour. For 15 out of 63 registries (24%), clinical re-consultation was not available.


Additionally, 44% of respondents reported having access to individual-patient imaging results for staging purposes, while 13% did not have access to such resources. 43% indicated that they had some access, but not for all cases.






3.4 Data standardization and quality assurance


To maximize the efficiency of cancer registry staff time, the project’s quality assurance tool was limited to twelve fictitious cases (two for each tumour type). These cases were designed by the project leaders, discussed among the members of the Project Management Team and the relevant tumour-specific clinical experts, and piloted with a limited number of PBCR staff who had been involved in the design of the training workshops. The cases were then refined and revised for clarity, readability and correctness.


All participating PBCRs were invited to stage these 12 fictitious cases blind to any answers by others. The Project Working Group agreed in advance that a concordance rate of 90% or greater should be aimed for to demonstrate sufficient standardisation.


Of the total participating PBCRs (24 out of 29 countries) 75% completed this exercise. The correct answer proportion for the Toronto stage ranged from 70% (rhabdomyosarcoma, Tier 2) to 100% (Wilms tumour), with a median score of 92% (
Figure 3
).





Figure 3 | 
Results of quality assurance tool.






The average correct score varied across registries, ranging from 67% to 100%. The score for rhabdomyosarcoma was lower due to limited correctness in one of the fictitious case exercises (50% correct answers) where assignment of the ‘paranasal’ sinus anatomical site to either favourable or unfavourable category led to a change in the assigned Toronto stage from I to III. For neuroblastoma, the discrepancies were mainly related to variable interpretation of ‘image-defined’ risk factors. For medulloblastoma, there was variable interpretation of whether Tier 2 staging could be applied in the absence of a cerebrospinal fluid (CSF) cytology result. These specific cases highlighted the importance of training and clear definitions in support information such as the CanStaging+ Tool (18, 19) when staging complex cases. The ‘artificial’ nature of the fictitious cases also contributed to discrepancies as registry staff would have access to multiple data sources for cross-verification and to advice from senior colleagues for ‘real’ clinical cases.


As of May 2023, out of the total expected cases, ~98% or 10,504 cases were collected. Information on the stage is complete for 94% of the cases at Tier 1 level and 88% at Tier 2 level for all six tumours combined. Regarding optional variables, completeness is 73% for relapse or progression, while treatment variables such as surgery, chemotherapy, and radiotherapy have a completeness of 83%, 86%, and 81% respectively. NSP have a completeness of 44%. Additionally, cause of death data was reported in 69% of cases.







4 Discussion


The BENCHISTA Project has enabled PBCRs from different geographical areas within and beyond Europe to share patient-level data to better understand the factors underlying variation in childhood cancer survival rates. Participation in the project has stimulated their efforts to access the data required to apply the Toronto Guidelines to stage their cases in a standardized way that allows international comparisons. In addition, the feasibility to collect other non-stage prognostic factors and summary information on treatments given, relapse and cause of death has been demonstrated.


The project has focused on achieving consistent participation and compilation of information in line with local or national laws despite legal heterogeneity that led to delays in finalising requirements such as the DTA impacting the project’s timeline. Despite this, the BENCHISTA Project has achieved participation from across most of Europe and with several key international partners to compile detailed information on nearly 11,000 cases of six childhood solid tumours diagnosed in a recent period at a population-level. This is a tremendous ‘proof of principle’ to catalyse continued outcomes research that uses routine healthcare data available to PBCRs. The project has revealed aspects of data access and staging definitions that require further attention if we are to achieve the ultimate aim of truly harmonized data to ensure reliable estimates and survival comparisons.


Several challenges were observed during the DTA generation and sign off by PBCRs. Initially differences in legislation and laws on data sharing/transfer and processing were encountered. Multiple interactions across legal and cancer registry staff were required to reach a consensus on the requirements for data transfer. Additional limiting factors included, different understanding and application of the terms “anonymous” versus “maximally de-personalised” in relation to general data protection regulations, introduction of new data systems that led to delays in finalising cancer incidence data, limited access to clinical data sources and advice for applying TGs, limited registry workforce capacity for data collection/staging tasks in specific timelines, administrative changes or high turn-over leading to delays. Some of these difficulties were more noticeable in countries with regional rather than national coverage, where the interpretation of General Data Protection Regulations varied between regions.


Nevertheless, data available to PBCRs has generally increased over time, with direct data feeds from clinical reporting (histopathology, imaging, treatments etc) permissible in many jurisdictions. In spite of this, access to the detailed information and clinical support required to apply Toronto staging at Tier 2, together with non-stage prognostic variables, remains very variable.


Considering the results from the survey on data collection, there is noticeable variation in the access to data sources at an individual patient-level and available clinical support. This may impact the application of TG in some cases and highlights the importance of understanding current modalities for data collection and standardised parameters for staging by PBCRs.


The quality assurance tool aimed to assess how standardised the collection of TG is across the PBCRs. This exercise highlighted challenges related to differences in terminology, risk group definitions and access to required clinical information to complete TG accurately. Some examples include the availability of CSF cytology results for medulloblastoma, image-defined risk factors for neuroblastoma and differences in interpretation/classification of favourable and unfavourable anatomical sites for rhabdomyosarcoma. These were discussed among the Independent Advisory Board and other members of the project leading to further conversations with TG leaders, clinicians, cancer registry staff and researchers to improve the understanding of key clinical parameters to improve staging and therefore healthcare data research. Recommendations from this project’s experience are already being considered for inclusion in the next revision of the CanStaging+ Tool (5, 18).


Additionally, a key point discussed among the project’s team focused on the importance of standardization of the definition of metastasis, particularly in relation to lung nodules (for Wilms Tumour and all three sarcomas) and how it requires further attention. PBCR staff rely on the interpretation provided in the imaging reports or by the clinician providing the stage information. These are inherently variable (in their definitions of metastasis) and could benefit from a move towards standardised structured reporting.


Considering previous challenges and to enhance communication channels, project-specific resources were created to ensure consistent interaction with PBCRs; these include newsletters, social media and web platforms, on-line meetings and active participation on scientific conferences. However, this might not be sustainable beyond research-funded activities. In spite of this, the project has provided valuable insights to demonstrate the viability of the general approach of PBCRs collecting and sharing patient-level routine health care data. This approach not only paves the way for continuous benchmarking of stage distribution at diagnosis and survival by stage, but also serves as the foundation for population-level outcomes research in cancers with different prognosis. For example, in tumour-types and subgroups with overall survival rates in excess of 90%, implementation and funding of prospective clinical trials is increasingly challenging. Hence, the ability to design prospective studies that can use the capabilities of PBCRs to collect additional non-stage prognostic variables, offers an efficient mechanism to monitor population-level survival rates for clinically defined subgroups for whom there are no open interventional clinical trials but who are treated according to nationally agreed clinical practice guidelines.


The BENCHISTA Project represents an opportunity to understand reasons for international variation in overall survival for childhood cancer at a population-level by enhancing the collaboration with PBCRs and stimulating their ability to use TG in childhood cancer cases in a standardized way. Data harmonization also requires strengthened relationships with clinicians, medical sources, the European Network of Cancer Registries and other stakeholders to ensure cancer data recorded in registries are high-quality, comprehensive and accurate empowering the PBCRs to routinely collect TG for future benchmarking research leading to outcome improvement.
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A Corrigendum on 


Cancer data quality and harmonization in Europe: the experience of the BENCHISTA Project – international benchmarking of childhood cancer survival by stage By Lopez-Cortes A, Didonè F, Botta L, Hjalgrim LL, Jakab Z, Cañete Nieto A, Stiller C, Zeller B, Gatta G, Pritchard-Jones K and The BENCHISTA Project Working Group (2023). Front. Oncol. 13:1232451. doi: 10.3389/fonc.2023.1232451


In the published article, there was an error in Supplementary Appendix (Number 3). The Project Working Group was displayed according to initial known information. A concern related to the Polish representative affiliation was raised after submission. After internal review and discussion with the relevant involved parties, an agreement on the amendment to the name/affiliation of the Polish representative and clarification to the source of data collection was reached. Furthermore, other changes to the Appendix 3 were incorporated as these were communicated by other representatives from the Project Working Group after the article deadline/submission.

The appendix in the published article was displayed as:

Appendix 3

The BENCHISTA Project Working GroupƗ:

Australia: Australian Cancer Registry (CR): Joanne Aitken, Leisa O’Neill;

Austria: Austrian CR: Monika Hackl, Ruth Ladenstein;

Belgium: Belgian CR: Elizabeth Van Eycken, Nancy Van Damme;

Boston, MA (USA): Dana-Farber Cancer Institute: Lindsay Frazier;

Brasil: CR Representatives: Beatriz De Camargo, Marceli de Oliveira Santos;

Bulgaria: Bulgarian CR: Zdravka Valerianova, Dobrin Konstantinov;

Canada: Ontario Children CR_POGO: Sumit Gupta, Jason D Pole;

Croatia: Croatian CR: Mario Sekerija;
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Estonia: Estonia National Institute for Health Development: Keiu Paapsi;
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Palermo CR: Rosalba Amodio;

Pavia CR: Lorenza Boschetti;

Puglia CR: Francesco Cuccaro, Danila Bruno;
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Registro Tumori di Ragusa e Caltanissetta: Eugenia Spata;

Registro Tumori Regione Marche: Sonia Manasse, Paola Coccia;

Siracusa Province CR: Francesca Bella;

Toscana CR: Adele Caldarella, Teresa Intrieri;

Trapani CR: Tiziana Scuderi;

Trento Cancer Registry (Trento CR), Servizio Epidemiologia Clinica e Valutativa, APSS Trento: Roberto V Rizzello;

Veneto CR: Massimo Rugge, Stefano Guzzinati;

Ireland: Ireland CR: Deirdre Murray;

Japan: National Cancer Center: Tomohiro Matsuda; Osaka CR: Kayo Nakata;

Malta: Malta National Cancer Registry, Health Information and Research: Miriam J Azzopardi;

Norway: Norwegian CR: Tom Børge Johannesen, Aina H Dahlen; Bernward Zeller (PMT Member);

Poland: Polish Childhood Cancer Registry, Medical University of Lublin: Jerzy Kowalczyk; Polish Institute of Mother and Child: Monika Jedrzejczyk;

Portugal: Portuguese Pediatric CR: Ana M Ferreira, Gabriela Caldas;

Romania: Romanian Child CR: Mihaela Bucurenci, Dana Coza;

Slovenia: Cancer Registry of Republic of Slovenia: Vesna Zadnik;

Spain:

Basque Country, Euskadi-CIBERESP CR: Arantza Lopez de Munain;

Childhood and Adolescents CR - CISCV: Fernando Almela-Vich, Nieves Fuster-Camarena; Girona CR, CIBERESP, ICO, IDIBGI: Rafael Marcos-Gragera;

Granada CR, EASP, CIBERESP, ibs.GRANADA, UGR: Maria José Sanchez;

Madrid Childhood CR: Nuria Aragones, Raquel Lopez;

Murcia CR, CIBERESP, IMIB-Arrixaca: Maria Dolores Chirlaque;

Navarra CR, CIBERESP, IdiSNA: Marcela Guevara Eslava;

Spain RETI-SEHOP: Elena Pardo, Rafael Peris-Bonet, Adela Cañete Nieto (PMT Member); Tarragona CR: Jaume Galceran;

Sweden: Swedish Childhood Cancer Registry - SCCR: Päivi Lähteenmäki;

Switzerland: Childhood Switzerland CR: Claudia E Kuehni, Shelagh M Redmond;

The Netherlands: The Netherlands CR: Otto Visser, Henrike Karim-Kos;

United Kingdom:

England: National Disease Registration Service, Transformation Directorate, NHS England: Lucy Irvine, Paul Stacey, Charles Stiller (PMT Member);

Northern Ireland CR: Anna Gavin, Deirdre Fitzpatrick;

Scotland: Scottish CR: David S Morrison; Karen Smith;

Welsh Cancer Intelligence and Surveillance Unit - WCISU: Dyfed Wyn Huws, Janet Warlow;

Clinical Lead Experts:

Ewing Sarcoma: Sandra Strauss - University College London Hospital (UCLH), London, England, UK.

Medulloblastoma: Simon Bailey - Great North Childrens Hospital, Newcastle upon Tyne, England, UK.

Neuroblastoma: Adela Canete Nieto -Hospital UiPLaFe, Paediatric Oncology and Hematology Unit, Valencia, Spain.

Osteosarcoma: Nathalie Gaspar - Gustave Roussy Cancer Campus, Villejuif, France. Rhabdomyosarcoma: Lisa L. Hjalgrim - University of Copenhagen, Rigshospitalet, Department of Pediatrics and Adolescent Medicine, Copenhagen, Denmark.

Wilms Tumour: Filippo Spreafico - IRCCS National Cancer Institute, Milan, Italy.

Patient and Public Involvement and Engagement – PPIE representative: Angela Polanco;

Epidemiologia & Prevenzione, Italy: Riccardo Capocaccia;

Università degli Studi di Catania, Italy: Andrea Di Cataldo;

Belgian Cancer Registry: Meric Klein.

The correct material statement appears below:

Appendix 3

The BENCHISTA Project Working GroupƗ

Australia: Australian Childhood Cancer Registry: Joanne Aitken, Leisa O’Neill;

Austria: Austrian Cancer Registry: Monika Hackl, Ruth Ladenstein;

Belgium: Belgian Cancer Registry: Elizabeth Van Eycken, Nancy Van Damme;

Boston, MA (USA): Dana-Farber Cancer Institute: Lindsay Frazier;

Brasil: Cancer Registry Representatives: Beatriz De Camargo, Marceli de Oliveira Santos;

Bulgaria: Bulgarian Cancer Registry: Zdravka Valerianova, Dobrin Konstantinov;

Canada: Ontario Children Cancer Registry _ POGO: Sumit Gupta, Jason D Pole;

Croatia: Croatian Cancer Registry: Mario Sekerija;

Czech Republic: Czech National Cancer Registry: Jan Stary, Jaroslav Sterba;

Denmark: Danish Childhood Cancer Registry and Department of Pediatric Oncology: Lisa L. Hjalgrim (PMT Member); Childhood Cancer Research Group, Danish Cancer Institute, Copenhagen, Denmark & Department of Clinical Medicine, Faculty of Health, Aarhus University and University Hospital, Aarhus, Denmark: Jeanette Falck Winther;

Estonia: Estonia National Institute for Health Development: Keiu Paapsi;

France: French National Registry of Childhood Cancer - Solid tumours: Brigitte Lacour, Emmanuel Desandes; Hematopoietic Malignancies: Jacqueline Clavel, Claire Poulalhon;

Germany: German Childhood Cancer Registry, Mainz: Claudia Spix, Meike Ressing;

Greece: Greek Nationwide Registry for Childhood Hematological Malignancies and Solid Tumours (NARECHEM-ST): Eleni T Petridou, Evdoxia Bouka;

Hungary: Hungarian Child Cancer Registry: Zsuzsanna Jakab (PMT Member), Miklos Garami;

Italy:

Basilicata Cancer Registry: Rocco Galasso;

Bergamo Cancer Registry: Giuseppe Sampietro;

Campania Childhood Cancer Registry: Francesco Vetrano, Marcella Sessa;

Childhood Cancer Registry of Piedmont: Milena M Maule, Carlotta Sacerdote;

Cremona & Mantova Cancer Registry: Paola Ballotari;

Friuli Venezia Giulia Cancer Registry, CRO Aviano National Cancer Institute: Emilia De Santis;

Integrated Cancer Registry CT-ME-EN: Margherita Ferrante, Rosalia Ragusa;

Innovation, Research and Teaching Service (SABES-ASDAA), Teaching Hospital of the Paracelsus Medizinischen Privatuniversität, Bolzano-Bozen, Italy: Michael Mian;

Liguria Cancer Registry, Ospedale Policlinico San Martino IRCCS: Luca Boni;

Monza-Brianza Cancer Registry: Magda Rognoni;

Palermo Province Cancer Registry: Rosalba Amodio;

Pavia Cancer Registry: Lorenza Boschetti;

Puglia Cancer Registry: Francesco Cuccaro, Danila Bruno;

Registro tumori ATS della Città metropolitana di Milano: Antonio G Russo, Federico Gervasi;

Registro Tumori ATS Insubria: Maria L Gambino;

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

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

Registro tumori dell’Emilia-Romagna, Unità di Reggio Emilia: Lucia Mangone;

Registro tumori dell’Emilia-Romagna, Unità di Modena: Gianbattista Spagnoli;

Registro tumori dell’Emilia-Romagna, Unità di Ferrara: Stefano Ferretti;

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

Registro Tumori di Ragusa e Caltanissetta: Eugenia Spata;

Registro Tumori Regione Marche: Sonia Manasse, Paola Coccia;

Siracusa Province Cancer Registry: Francesca Bella;

Toscana Cancer Registry: Adele Caldarella, Teresa Intrieri;

Trapani Cancer Registry: Tiziana Scuderi;

Trento Cancer Registry (Trento CR), Servizio Epidemiologia Clinica e Valutativa, APSS Trento: Roberto V Rizzello;

Veneto Cancer Registry, Regional Epidemiological Service, Azienda Zero, Padova, Italy: Massimo Rugge, Stefano Guzzinati;

Ireland: Ireland Cancer Registry: Deirdre Murray;

Japan: National Cancer Center: Tomohiro Matsuda; Osaka CR: Kayo Nakata;

Malta: Malta National Cancer Registry, Health Information and Research: Miriam J Azzopardi;

Norway: Norwegian Cancer Registry: Tom Børge Johannesen, Aina H Dahlen; Bernward Zeller (PMT Member);

Poland: Polish Childhood Cancer Clinical Database provided by the Polish Society of Paediatric Oncology and Haematology (PSPOH) - Prof Jerzy Kowalczyk, Medical University of Lublin and Prof Anna Raciborska, Department of Oncology and Surgical Oncology for Children and Youth, Institute of Mother and Child.

Portugal: Portuguese Pediatric Cancer Registry: Ana M Ferreira, Gabriela Caldas;

Romania: Romanian Child Cancer Registry: Mihaela Bucurenci, Dana Coza;

Slovenia: Cancer Registry of Republic of Slovenia: Vesna Zadnik;

Spain:

Basque Country, Euskadi-CIBERESP Cancer Registry: Arantza Lopez de Munain;

Childhood and Adolescents Cancer Registry - CISCV: Fernando Almela-Vich, Nieves Fuster-Camarena;

Girona Cancer Registry, CIBERESP, ICO, IDIBGI: Rafael Marcos-Gragera;

Granada Cancer Registry, EASP, CIBERESP, ibs.GRANADA, UGR: Maria José Sanchez;

Madrid Childhood Cancer Registry: Nuria Aragonés, Raquel López;

Murcia Cancer Registry, CIBERESP, IMIB-Arrixaca: Maria Dolores Chirlaque;

Navarra Cancer Registry, ISPLN, CIBERESP, IdiSNA: Marcela Guevara;

Spanish Registry of Childhood Tumours (RETI SEHOP), University of Valencia, Faculty of Medicine: Elena Pardo, Rafael Peris-Bonet, Adela Cañete Nieto (PMT Member);

Tarragona Cancer Registry, HUSJR, IISPV: Marià Carulla;

Sweden: Swedish Childhood Cancer Registry – SCCR, Karolinska Institute, Stockholm, Sweden: Päivi Lähteenmäki;

Switzerland: Childhood Cancer Registry, Institute of Social and Preventive Medicine, University of Bern, Switzerland: Claudia E Kuehni, Shelagh M Redmond;

The Netherlands: The Netherlands Cancer Registry: Otto Visser, Henrike Karim-Kos;

United Kingdom:

England: National Disease Registration Service, Transformation Directorate, NHS England: Lucy Irvine, Paul Stacey, Charles Stiller (PMT Member);

Northern Ireland Cancer Registry: Anna Gavin, Deirdre Fitzpatrick;

Scotland: Scottish Cancer Registry: David S Morrison; Karen Smith;

Welsh Cancer Intelligence and Surveillance Unit, Public Health Wales: Dyfed Wyn Huws, Janet Warlow;

Clinical Lead Experts:

Ewing Sarcoma: Sandra Strauss - University College London Hospital (UCLH), London, England, UK.

Medulloblastoma: Simon Bailey - Great North Children’s Hospital, Newcastle upon Tyne, England, UK.

Neuroblastoma: Adela Cañete Nieto - Hospital UiP La Fe, Paediatric Oncology and Hematology Unit, Valencia, Spain.

Osteosarcoma: Nathalie Gaspar - Gustave Roussy Cancer Campus, Villejuif, France.

Rhabdomyosarcoma: Lisa L. Hjalgrim - University of Copenhagen, Rigshospitalet, Department of Pediatrics and Adolescent Medicine, Copenhagen, Denmark.

Wilms Tumour: Filippo Spreafico - IRCCS National Cancer Institute, Milan, Italy.

Angela Polanco (Patient and Public Involvement and Engagement – PPIE Representative);

Riccardo Capocaccia (Epidemiologia & Prevenzione, Italy);

Andrea Di Cataldo (Università degli Studi di Catania, Italy);

Meric Klein (Belgian Cancer Registry – Training Workshops Lead).

In the published article, the first paragraph is correct. A phrase is required to be added in the first paragraph of the material and methods section to clarify that not all of the population-based cancer registries that contributed data to the project are constituted in the same way.

A correction has been made to Materials and Methods, at end of first paragraph.

This sentence previously stated:

“All European population-based cancer registries (PBCRs) included in the EUROCARE studies were invited to participate in the BENCHISTA Project. Additionally other non-European PBCRs from Australia, Canada, Brazil, and Japan confirmed their contribution to the project. A great number of PBCRs are checked for quality indicators by the International Agency for Research on Cancer (IARC) based in four dimensions of quality: comparability, validity, timeliness, and completeness (16, 17).”

The corrected sentence appears below:

“All European population-based cancer registries (PBCRs) included in the EUROCARE studies were invited to participate in the BENCHISTA Project. Additionally, other non-European PBCRs from Australia, Canada, Brazil, and Japan confirmed their contribution to the project. A great number of PBCRs are checked for quality indicators by the International Agency for Research on Cancer (IARC) based on four dimensions of quality: comparability, validity, timeliness, and completeness (16, 17). Not all PBCRs have a government mandate. Some are coordinated by the National Society for Paediatric Haematology-Oncology and/or register all cases diagnosed at all hospitals authorised for childhood cancer treatment in the relevant country, with the aim of achieving population coverage.”

The authors apologize for these errors and state that this does not change the scientific conclusions of the article in any way. The original article has been updated.




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Lopez-Cortes, Didonè, Botta, Hjalgrim, Jakab, Cañete Nieto, Stiller, Zeller, Gatta, Pritchard-Jones and The BENCHISTA Project Working Group. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




ORIGINAL RESEARCH

published: 30 August 2023

doi: 10.3389/fonc.2023.1201464

[image: image2]


Projecting cancer prevalence by phase of care: a methodological approach for health service planning


Silvia Francisci 1*†, Francesco Tursini 2, Luigino Dal Maso 3*†, Anna Gigli 2 and Stefano Guzzinati 4


1 National Center for Disease Prevention and Health Promotion, National Health Institute, Rome, Italy, 2 Institute for Research on Population and Social Policies, National Research Council, Rome, Italy, 3 Cancer Epidemiology Unit, Centro di Riferimento Oncologico di Aviano (CRO) Istituto di Ricovero e Cura a Carattere Scientifico (IRCCS), Aviano, Italy, 4 Regional Epidemiological Service, Veneto Cancer Registry (RTV), Azienda Zero, Padova, Italy




Edited by: 

Paulo S. Pinheiro, University of Miami, United States

Reviewed by: 

Jean-Michel Billette, Statistics Canada, Canada

Theresa Devasia, National Cancer Institute (NIH), United States

*Correspondence: 

Silvia Francisci
 silvia.francisci@iss.it 

Luigino Dal Maso
 epidemiology@cro.it

†ORCID: 

Silvia Francisci
 orcid.org/0000-0002-1552-1744 

Luigino Dal Maso
 orcid.org/0000-0001-6163-200X


Received: 06 April 2023

Accepted: 07 August 2023

Published: 30 August 2023

Citation:
Francisci S, Tursini F, Dal Maso L, Gigli A and Guzzinati S (2023) Projecting cancer prevalence by phase of care: a methodological approach for health service planning. Front. Oncol. 13:1201464. doi: 10.3389/fonc.2023.1201464






Background

In most developed countries, the number of cancer survivors is expected to increase in the coming decades because of rising incidence and survival rates and an aging population. These patients are heterogeneous in terms of health service demands: from recently diagnosed patients requiring first-course therapy to patients with extensive care needs and severe disabilities to long-term survivors who only need minimal care. Therefore, in terms of providing healthcare planners and policymakers with useful indicators for addressing policies according to health service demands, it is worth supplying updated measures of prevalence for groups of patients based on the level of care they require. The aim of this paper is to illustrate a new method for estimating short-term projections of cancer prevalence by phase of care that applies to areas covered by cancer registration.





Methods

The proposed method combines linear regression models to project limited duration prevalence derived from cancer registry data and a session of the freely available software COMPREV to estimate the projected complete prevalence into three distinct clinically relevant phases of care: initial, continuing, and final. The method is illustrated and validated using data from the Veneto region in Italy for breast, colorectal, and lung cancers.





Results

Prevalence is expected to increase in 2015-2026 for all considered cancer sites and sexes, with average annual variations spanning from 2.6% for women with lung cancer to 0.5% for men with colorectal cancer. The only exception is lung cancer prevalence in men, which shows an average annual decrease of 1.9%. The majority of patients are in the continuing phase of care, followed by the initial and final phases, except for lung cancer, where the final phase of care prevails over the initial one.





Discussion

The paper proposes a method for estimating (short-term) future cancer healthcare needs that is based on user-friendly and freely available software and linear regression models. Validation results confirm the applicability of our method to the most frequent cancer types, provided that cancer registry data with at least 15 years of registration are available. Evidence from this method is addressed to policymakers for planning future cancer care, thus improving the cancer survivorship experience for patients and caregivers.





Keywords: cancer prevalence, phase of care, cancer registry, projections, survivorship, health service planning




1 Introduction

In most European countries, prevalent cases make up an important share of the whole population; according to recent estimates, prevalent cases of cancer in Italy accounted for 5.7% of the national population in 2020 (1), corresponding to 3.6 million inhabitants. These absolute numbers are forecast based on an increasing trend of 3.2% per year in the first decade of the 2000s, which is consistent with estimates reported for the USA (2.8% per year) (2), Switzerland (3), and the UK (4). Cancer prevalence is a function of incidence and survival. It increases when new cases are diagnosed and decreases when cancer patients die. Moreover, population growth and changes in the age structure of the population have a relevant impact on prevalence since the risk of cancer increases with age (5).

Cancer survivors represent a growing population because of increases in cancer survival, due to advances in treatment and early diagnosis, and the aging of the population, and the impact of these trends is exceeding the declining incidence observed for some neoplasms (6, 7). Cancer survivors have complex health problems and are heterogeneous in their needs for medical care, psychosocial support, and practical assistance (1, 3). They are generally classified according to the length of survival time and disease outcome, and the vast majority of cancer survivors diagnosed with the most common cancer types survive more than 5 years after diagnosis (8). Most of them receive cancer-related medical care at diagnosis, and some will receive cancer care throughout the rest of their lives. Therefore, medical care expenditures associated with cancer are substantial and are projected to increase dramatically in the near future (9).

Cancer prevalence represents a fundamental measure of cancer burden and cancer survivorship (10). It includes all survivors, irrespective of their patterns of care, and is therefore not suitable to inform healthcare planning, resource allocation, or cost estimation. To overcome this limitation and to better understand the burden of cancer on the healthcare system, several studies have proposed and implemented a breakdown of prevalence into phases of care, i.e., clinically relevant periods related to diagnosis and death (11–13). Different stakeholders are interested in estimating and forecasting cancer prevalence by phase of care: policymakers, to plan sustainable healthcare policies and resource allocation according to the needs of cancer survivors; epidemiologists, to describe the impact of cancer in the population, taking into account the combined effect of incidence, survival, and demographic changes; clinicians, to develop guidelines to improve standardized medium- and long-term follow-up of cancer survivors; and patients, to find support for a complete social recovery and to better meet their rehabilitation needs  (1, 13).

Estimates of prevalence are commonly based on limited duration prevalence (LDP) derived from population-based cancer registry data. However, LDP only includes cancer survivors who were diagnosed during the period of activity of the cancer registry, and the shorter this period, the lower the LDP measure (14). Moreover, data collection is retrospective, and the delay between the present time and the time of registration is at least three years (15). To overcome these drawbacks, there are well-consolidated statistical models to estimate complete prevalence, which includes all persons diagnosed with cancer in a given population who are alive at a given prevalence date, regardless of how long ago they were diagnosed (16, 17). However, it is necessary to have more updated prevalence figures than those derived from cancer registry data and to be able to break down complete prevalence by phase of care to account for the heterogeneity of cancer survivors with respect to their healthcare needs.

These needs are addressed in this study, which aims at presenting a methodological approach to project the complete prevalent population by phase of care in the near future. This approach combines methods specifically developed for deriving LDP from population-based cancer registries, using the counting method implemented in the SEER*Stat software (18); implementing short-term projections of LDP; estimating projected complete prevalence in three distinct clinically relevant phases of care - the initial phase following diagnosis, the last year of life, and the continuing phase in between - using the completeness index method - as implemented in the COMPREV software (19).

The method is illustrated and validated using cancer registry data from the Veneto region (Italy), which have been collected in the framework of the Epicost-2 study (20). The method was applied to forecast prevalence by phase of care in 2025 for the following cancer sites: breast (female subjects), colon and rectum (male and female subjects), and lung (male and female subjects).




2 Materials and methods



2.1 Definitions

Limited-duration prevalence (LDP) is the number of people who are alive on a certain date X and have had a cancer diagnosis in a limited period. The maximum duration of this period depends on the number of years the registry has been collecting incidence cases. LDP is calculated from cancer registry data using the SEER*Stat software (18). When running the limited-duration session in SEER*Stat, the option “All Tumors Matching Selection Criteria/One Tumor Per Statistic” was used. According to that option, LDP refers to person prevalence: that is, a person will not contribute to a single prevalence estimate with more than one tumor diagnosis.

Complete prevalence (CP) is the number of people who are alive on a given date X with a prior diagnosis of cancer, regardless of when the diagnosis occurred. CP is estimated using LDP and the completeness index method to estimate survivors diagnosed before cancer registration (16).

P is the proportion of LDP per 100,000, i.e., the ratio of the number of cases in a specific population to the population itself.




2.2 Data sources

We used data from the Veneto Cancer Registry (VCR), a population-based cancer registry that covers approximately 2.1 million inhabitants (43% of the whole region) in northeastern Italy. Patients diagnosed with colon and rectum, lung, and breast (female subjects only) cancer between 1990 and 2018 were selected and followed up for vital status until 31/12/2019.




2.3 Input data

LDP and P matrices were stratified by single year of age at prevalence date (t= 0,…, 84, 85+) and by single-year duration d, intended as the distance in years from diagnosis to prevalence date. LDP and P matrices are derived for the more recent five years of incidence: from 01/01/2015 to 01/01/2019. These matrices are the input data for projections; each LDP corresponds to a different maximum duration, and the maximum common duration is 25 years.

Completeness indices were obtained from parameter estimation of survival and incidence models from eight historical Italian cancer registries in the period 1985-2009 (1).




2.4 Projecting limited duration prevalence

We assumed that the prevalence proportion P follows a linear trend in time based on the trend of the last five calendar years. The assumption of a linear trend in P is reasonable for short- or medium-term (e.g., 10-year) projections (1). The steps below were applied to the five LDP matrices from 01/01/2015 to 01/01/2019 to derive the CP by phase of care projected to 01/01/2025 in the population covered by the VCR.

The projection algorithm is made up of the following steps:

i. Compute the LDP proportion (P) (summed for all ages and durations) in the last 5 years of observation (from 01/01/2015 to 01/01/2019 in our example):



where LDP (t,d,x) is the number of prevalent cases of age t and duration d alive on prevalence date x (=2015,…, 2019), Pop(t,x) is the population of the area covered by the VCR on prevalence date x, stratified by age t, maximum age is T=85+ years, and the maximum common duration is D=25 (incidence data from 1990 to 2018).

ii. Fit a linear regression to the LDP proportion for all ages and durations combined



where the dependent variable is the prevalence proportion P and the covariate is the prevalence date x (=01/01/2015,…, 01/01/2019) and obtain the estimates of the two parameters:   and  .

iii. Project the linear regression in year X (in our example, 01/01/2025) to obtain the projected prevalence proportion



The 95% prediction intervals of the projected prevalence proportion were calculated using the “predict” function in R software (21).

iv. Compute the distribution of prevalent cases in the last available year (01/01/2019 in our example). For each age t and duration d we have:



Where LDP (t, d, 01/01/2019) is the number of cases of age t and duration d alive on 01/01/2019

v. For each annual age t and annual duration d, compute the projected prevalent cases in year X:



where Pop(X) is the projected population of the region (computed by the Italian National Institute of Statistics ISTAT (22)) in year X, and w(t,d,2019) are the weights computed in (4) reflecting the distribution of prevalent cases by age and duration in the latest prevalence date of available observations (01/01/2019).

vi. Repeat steps iii and v for year X+1 (in our example, 01/01/2026); notice that the same weights computed in iv are used for the calculation of projected LDP in year X+1.

The projected LDP matrices   (t, d, X) and   (t, d, X+1) will be used to decompose the projected Complete Prevalence in year X by phase of care.




2.5 Decomposing the projected complete prevalence by phase of care

The COMPREV software (23) allows estimating the complete prevalence by phase of care, i.e., to break down the complete prevalence into three mutually exclusive phases: the initial phase (Ini, the first 12 months after diagnosis), the end-of-life phase (EOL, or final, i.e., 12 months before death), and the continuing phase (Cont), defined as the time in between initial and EOL. At the prevalence date, each patient belongs to one of these phases, according to the date of diagnosis and life status: a patient diagnosed within 12 months before the prevalence date and alive 12 months after the prevalence date belongs to the initial phase (Ini); a patient diagnosed more than 12 months before the prevalence date and alive 12 months after the prevalence date belongs to the continuing phase (Cont); and a patient who died within 12 months after the prevalence date, regardless of when they were diagnosed, belongs to the EOL phase (EOL). The EOL phase can be further subdivided into EOL cancer (prevalent cases whose death is due to cancer) and EOL other cause (prevalent cases whose death is due to causes other than cancer), according to the cause of death. This breakdown of the final phase is feasible when information on the cause of death is available.

COMPREV requires the input of two LDP data files: the first one refers to year X, and the second one must refer to the successive year X+1; these files must be identical in their settings except for the year of prevalence to which they refer and must be stratified by single ages at prevalence and single year durations (19). COMPREV also requires completeness indices, specific to cancer type and sex, obtained by statistical regression models of incidence and survival data from cancer registries. A survival matrix containing a crude probability of death is also required to break down the EOL phase into EOL cancer and EOL other causes.

We applied COMPREV to the LDP projected matrices (5), which were computed at prevalence dates X and X+1, to obtain an estimate of the projected complete prevalence by phase of care in year X, stratified by age at prevalence:

CP(t,X,Ini), CP(t,X,Cont),CP(t,X,EOL), where CP(t,X,Ini)+ CP(t,X,Cont)+CP(t,x,EOL)= CP(t,X).




2.6 Validation of the projected complete prevalence by phase of care

In order to validate the method, we applied the above-illustrated algorithm to a subset of the VCR data, comprising patients diagnosed with colon and rectum, lung, and breast (female subjects only) cancer in 1990-2011 and followed for vital status until 01/01/2012:

	derive LDP in five consecutive years, 2008-2012, with a maximum common duration of 18 years;

	project LDP proportions in the years 2018 and 2019, as described in Section 2.4;

	compute the projected complete prevalence by phase of care on 01/01/2018 via COMPREV, as described in Section 2.5;

	directly estimate the complete prevalence by phase of care by applying completeness indices to the LDP in years 2018 and 2019 derived from the complete set of VCR data (i.e., patients diagnosed over the entire period of data availability 1990-2018 and followed up to 01/01/2019);

	compare the projected and estimated complete prevalence by cancer site and phase of care.



The results of this validation are illustrated in Supplementary Table 1 and Supplementary Figure 1.

We also investigated the minimum length of cancer registry data required for the projections by comparing the projected complete prevalence by phase of care in 2025 using 25-year LDP data (incidence data period 1990-2018, follow-up 01/01/2019) with that obtained using 15-year LDP data (incidence data period 2000-2018, follow-up 01/01/2019.

The results of this validation are illustrated in Supplementary Figure 2.





3 Results

Figure 1 shows time trends of 25-year LDP proportions P by cancer site and sex in the Veneto region. From 2015 to 2019, the proportions are based on VCR data; from 2020 to 2026, the proportions are projected via linear regression; the lower and upper bounds of the projections are also included in the figure.




Figure 1 | Time trends of 25-year LDP proportions per 100,000 (P), with lower and upper bounds of 95% confidence intervals, by cancer site and sex in the Veneto region.



P increases in the seven-year projection period 2020-2026 for all combinations of cancer site and sex, except for lung cancer in the male population (-10.6%, corresponding to a -1.9% average annual variation). The largest increases are in women with lung cancer (16.5%, corresponding to a 2.6% average annual variation), breast cancer (14.7%, corresponding to a 2.3% average annual variation), and colorectal cancer (5.9%, corresponding to a 1% average annual variation). In men, there is a 3% increase in P for colorectal cancer (corresponding to a 0.5% average annual variation).

The increasing trends in LDP proportions derive from increasing incidence (as is the case for lung cancer in women) or stable incidence (as is the case for breast cancer) combined with population aging. For colorectal cancer, the reduction in the risk of developing the disease, which led to a decrease in incidence in 2007-2008 for both men and women (24), does not yet compensate for the combined effect of aging and increasing survival, thus resulting in a slight but positive trend until 2026.

The decreasing trend of LDP proportions in men diagnosed with lung cancer is due to a decrease in incidence: in the Veneto region, the APC (Annual Percent Change) incidence spans from -1.3% in the 1990s to -3.7% at the beginning of the 2000s (25). Despite the aging of the population and the increase in survival, this decrease in incidence determines the reduction of prevalence: from 201 prevalent cases per 100,000 in 2015 (corresponding to 4,809 patients overall in the Veneto region) to 166 prevalent cases per 100,000 in 2026 (corresponding to 3,927 patients overall in the Veneto region).

The projection of prevalent cases decomposed by phase of care is the main application of the methodology, and the results are illustrated in Table 1. The total number of prevalent cases (complete prevalence) estimated in 2018 and projected in 2025 in the Veneto region are reported by phase of care and age group at prevalence (<50, 50-69, 70+). During the 7 years, the complete prevalence shows an increase in the percent variation between 6% for colorectal cancer in men, where the number of survivors increases from 19,342 to 20,436, and 25% for lung cancer in women, where the number of survivors increases from 3,010 to 3,750. The only exception is lung cancer in men, showing a 12% decrease in the percent variation with the number of survivors decreasing from 4,848 to 4,263.


Table 1 | Complete prevalence (counts) estimated in 2018 (CP 2018) and projected in 2025 (CP 2025) in the Veneto region by cancer site, age group at prevalence, and phase of care.



For women with breast cancer and men with lung cancer, variations are evenly distributed by phase of care, with an increasing trend by age. For men with colorectal cancer, the complete prevalence increases between 6% and 7% in the initial and continuing phases of care, respectively, and decreases by about 6% in the final phase of care. For women, most of the variation is due to the increase in survivors in the continuing phase of care (10% percent variation, from 15327 to 16843 patients). For women with lung cancer, most of the variation is due to the increasing number of survivors in the final phase of care (from 406 to 635 women), thus representing an increasing share of the prevalence cohort (from 14% in 2018 to 17% in 2025).

Major variations concern the elderly population, aged 70 years and over. Time trends and patterns by age at prevalence are due to the aging of the population and the consequent increased risk of developing cancer.

In the initial phase of care, the increase in prevalence for colorectal cancer is less pronounced among patients aged 50 to 69, possibly as a consequence of screening programs that allow the detection of pre-cancerous lesions, thus reducing the number of newly diagnosed patients; in all phases of care, the increase in the number of lung cancer survivors among the female population is higher for women aged 15 to 49, consistent with the increasing prevalence of smoking among young women (26).

The bar plot in Figure 2 presents the breakdown of complete prevalence by phase of care in 2025 by cancer site and sex.




Figure 2 | Distribution by phase of care (% values) of complete prevalence in 2025, by cancer site and sex in the Veneto region.



The dynamics of prevalence during the projection period from 2018 to 2025 slightly affect the distribution of cancer survivors in the three phases of care: most patients are in the continuing phase of care, followed by the initial and final phases, except for lung cancer, where the percentage of patients in the final phase is higher than in the initial one. There are two patterns according to survival: among cancer patients with a better prognosis, as is the case for women with breast cancer, and all patients with colorectal cancer, 87%-91% are in the continuing phase, 6%-7% are in the initial phase, and 3%-6% are end-of-life patients. Among cancer patients with poorer prognoses, as is the case for all patients with lung cancer, 66%-69% are in the continuing phase, 12%-14% are in the initial phase, and 17-23% are end-of-life patients.




4 Discussion

Estimating and projecting cancer prevalence according to different phases of care is a prerequisite for estimating the economic impact of cancer.

The estimation of cancer prevalence by phase of care was mentioned in 2001 by Brown et al. in their seminal paper on the economic burden of cancer (27). Since then, many researchers have contributed to the field (11, 13, 28, 29). Estimation of cancer prevalence by phase of care is feasible when longitudinal data, identified at the level of individual-incidence cancer cases, are available. Cancer registries typically collect these data.

Prevalence is a complex indicator that depends on incidence, survival, and population dynamics. These determinants are to be taken into account in the projection of prevalence. A step forward in this direction was the projection of cancer prevalence based on a deterministic relationship between cancer mortality, incidence, and survival: the PIAMOD approach (5), which estimates and projects cancer prevalence as a function of incidence and survival models, with minor ad hoc hypotheses on the population evolution patterns. In PIAMOD, a linear period trend is assumed for incidence projections. For survival projections, two hypotheses are proposed: a conservative one, which assumes that cancer patient survival will remain stable for the projected years, and an optimistic one, which assumes that cancer patient survival will continue to improve at the same rate as observed in recent years  (5).

PIAMOD was used as a basis for projecting prevalence by phase of care by Mariotto et al. (30) and later by Yu et al. (31). It is used for purposes similar to our method, but it requires more data (incidence and survival) and modeling than our approach. On the other hand, PIAMOD is more flexible as it allows one to distinguish the contribution of incidence from that determined by survival in the prevalence projections.

According to Yu, this approach has some drawbacks: “The process involves many decisions to be made, such as selecting a high-dimensional polynomial incidence model and mixture cure model for relative survival based on different assumptions for future trends. All of these decisions must be informed by a high level of cancer epidemiological and statistical knowledge, and the resulting prevalence estimates are highly dependent on these modelling decisions and assumptions.”

In this paper, we propose an alternative semi-parametric approach that combines the projection of LDP data from CR (1) and the decomposition of the projected prevalence into phases of care (19).

This approach is quite straightforward and does not require complex modeling, as completeness indices are externally estimated from other studies. It provides good results for the most frequent cancer types, which are the most interesting cases from the perspective of estimating the economic burden. To decompose the projected prevalence by phase of care, we used the software COMPREV, which is freely available and easy-to-use; the software contains a set of default parameter estimates obtained from SEER (Surveillance, Epidemiology, and End Results) data. Further, population forecasts can easily be embedded; for Italy, these were provided by the Italian Institute of Statistics (ISTAT). Finally, the method works equally well on shorter incidence data series (15 years); thus, it can also be applied to more recently established CRs and allows one to incorporate more recent trends in the projections, as has been shown in the case of colorectal cancer.

There are some limitations:

The method does not allow one to project prevalence according to different scenarios of incidence and survival dynamics. However, according to a sensitivity analysis presented in previous studies (31), approximately 71% of the prevalence dynamics reflect the impact of population growth and aging, while the remaining 29% are attributable to incidence and survival changes.

The phase of care decomposition does not function well when the number of cases is too small, especially when the scarce numbers are concentrated in only one of the phases of care, such as for thyroid cancer, where there are virtually no cases in the end-of-life phase. We must bear in mind, however, that less frequent cancers have a smaller economic impact. Therefore, the applicability of the proposed methodology is limited to the most frequent cancers that have a substantial economic impact on the healthcare system, and to a short- to medium-term forecast horizon, which is typically considered for planning healthcare intervention policies. Within this context, the proposed complete prevalence projections by phase of care have been validated and produce reliable results. The continuing phase includes patients who may be highly heterogeneous in terms of healthcare: some of them have recently completed their initial therapy and require follow-up, some others require treatment for cancer recurrence or second primary cancers and, finally, some have survived for a long period since their initial treatment and can be considered cured.

Further developments of this method can be considered:

Data on specific treatments and procedures collected in the framework of the Epicost study (32) could be used to disentangle patterns of patients with homogeneous care needs and to decompose the continuing phase accordingly.

As also highlighted by Mariotto (6), since cancer incidence is highest in the elderly, the impact of population changes on cancer prevalence may exceed the impact of declining cancer incidence rates for some cancers. We are considering the possibility of incorporating the dynamics of the age structure in addition to the population changes.

For the purposes of our method, it would be worthwhile to project the initial phase prevalence stratified by stage at diagnosis. To implement this methodological enhancement, we need to retrieve information on the stage at diagnosis for initial phase patients in the last five years used as the basis for the projections.




5 Conclusions

Complete cancer prevalence is a fundamental but crude indicator of health service needs, as it covers all steps of the clinical pathway and includes patients with a wide range of health service requirements. Here, we presented a method, applicable where cancer registry data are available, to monitor the size of the cancer burden in a given population to define care requirements concerning the prevalence breakdown across the three phases of care, to establish priorities, and to project, in combination with average individual cost profiles, expenditures directly related to cancer care (20). For these purposes, 7 to 10 years is the time span usually considered by policymakers, and the focus is on the most frequent cancer sites that have a major economic impact on the healthcare system. Evidence from this methodology will be useful in facing the challenge of planning and developing a healthcare system that is able to respond in the short- to medium term to the increasing needs of people living with cancer.
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The core activity of population-based cancer registries (PBCRs) is to gather information from all new cancer cases in a defined geographic area, in order to measure the magnitude of cancer burden and to provide a basis for cancer research. The Joint Research Centre-European Network of Cancer Registries Quality Check Software (JRC-ENCR QCS) is a Java standalone desktop application, under development since 2015, created to support PBCRs in the validation of the collected data. The JRC-ENCR QCS performs internal consistency checks on the cancer registry dataset, to detect impossible or unlikely codes or combination of codes, and is thereby an important tool to support the validation efforts by registries and improve data quality and European-wide harmonisation. The software package also includes the JRC CSV Data layout converter, a complementary tool for transforming PBCR incidence files into a format compatible with the JRC-ENCR QCS. This paper gives an overview of the JRC-ENCR QCS, describing the role of the software in processing data files submitted by PBCRs contributing to the European Cancer Information System (ECIS) as well as its functionalities. The development of the JRC-ENCR QCS is an evolving process, with regular updates implementing new and revised European and International recommendations and classifications.
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1 Introduction

Population-based cancer registries (PBCRs) systematically collect data from all new reportable cancer cases occurring in a defined geographic area (1). In Europe, PBCRs are organised within the European Network of Cancer Registries (ENCR), established in 1989 in the framework of the Europe Against Cancer Programme of the European Commission. The ENCR is a professional, non-profit society dedicated to promoting collaboration between PBCRs, defining data collection standards and providing training to PBCR personnel. It aims to strengthen the basis for monitoring cancer burden in the EU and the rest of Europe, through the provision of regular and timely information from European PBCRs.

The European Cancer Information System (ECIS) was developed by the European Commission’s Joint Research Centre (JRC) in collaboration with the Directorate-General for Health and Food Safety (DG SANTE), following the 2009 “Communication on Action Against Cancer: European Partnership” (2). Launched in 2018, the ECIS provides indicators (incidence, mortality and survival) to quantify cancer burden across Europe thanks to the contribution of cancer registries data (3) through periodic data calls. A dedicated data submission portal (4) was developed to collect registry data files for incidence, mortality, population and life tables, submitted by ENCR registries according to a well-defined protocol (5) that details the list of variables and allowed range of values required for the calculation of cancer burden indicators and publication in ECIS.

The reliability and use of the information provided by PBCRs depend on data quality, measured through its different dimensions of comparability, completeness, validity and timeliness (6–8).

Adherence to protocol, data standardisation and internal consistency checks are the core steps of the data validation process carried out by the JRC to ensure harmonisation and comparability of European PBCRs data.

In support to this process, an ENCR expert working group (WG) published a comprehensive and standardised list of data quality checks to be adopted by European PBCRs and European projects.

The WG addressed case and variables definition, format for data collection and related internal consistency rules. The results of the initiative were ENCR-endorsed reports (9–11) which serve as guidelines for the data acquisition and further validation of PBCRs data.

This work was also the basis for the development of the JRC-ENCR Data Quality Check Software (JRC-ENCR QCS) described here, an open-access software to facilitate standardisation and validation of PBCR data (12). The aim of this paper is to give an overview of the JRC-ENCR QCS by describing its role in processing data files submitted by PBCRs contributing to the ECIS, and list its main validation routines.




2 Method



2.1 Overview of the JRC-ENCR QCS

The JRC-ENCR QCS has been designed as a standalone desktop application that can run locally by PBCRs, without the need of internet connection.

Processing cancer data locally is a common precautionary practice to protect sensitive patient health data from external access, thus allowing PBCRs to directly check and correct their data files while avoiding the stringent General Data Protection Regulation (GDPR) rules that must be applied when sharing individual data, even after pseudonymisation. Incidence files are considered sensitive even if pseudonymised, as they contain patient’s sensitive data, such as date of birth, date of cancer diagnosis, sex, geographical location, therefore, in order to be compliant with the GDPR regulation, incidence data must be handled with the proper precautions (13).

The software was developed using an almost pure Java design pattern in which strictly necessary libraries are used either to reduce the number of dependencies or to avoid vendor’s lock-ins.

The JRC-ENCR QCS has a flexible architecture and can perform checks on different data collection protocols, such as the 2015 and 2022 ECIS protocols (5, 14).

The standard execution of the software is the Graphical User Interface (GUI) mode, which opens the GUI window and waits for actions from the user. Alternatively, the JRC-ENCR QCS may be run in the command-line mode, validating the dataset passed as an argument.

Regardless of the execution mode, output reports are produced in the output subfolder within the directory where the software is installed.

The JRC-ENCR QCS has been initially developed for the Windows operating system, requiring Java (Windows 8 and above). Starting from JRC-ENCR QCS version 1.7 it can also run on MacOS and Linux operating systems.

Since the first release, the software has been upgraded and improved based on the JRC Technical reports “A common data quality check procedure for European cancer registries” (9–11), on the new ENCR recommendations (15), on the experience acquired in data validation for ECIS and on the feedback received from the PBCR users.




2.2 The dataset

The inputs required by the JRC-ENCR QCS are text files, with default data fields (variables) delimited by semicolon (“;”). The software configuration allows also for comma-separated variables.

The software is able to check four different data files (incidence, mortality, population and life tables), required to update all the incidence, mortality and survival indicators published in ECIS, and the calculation of different quality indicators.

The cancer incidence file contains different groups of variables:

	variables related to the patient,

	variables related to the tumour,

	variables related to the follow-up,

	variables related to stage and

	variables related to treatment.



When PBCR contribute with their incidence file to European projects, they are responsible for the prior pseudonymisation of their data. This is the case of the contribution to ECIS, which requires the upload of pseudonymised data in the JRC data submission portal.

Information about the processing of data is published at the European Commission’s Register of the Data Protection Officer (DPO) and available at the following link: https://ec.europa.eu/dpo-register/detail/DPR-EC-00417.

There is correspondence between the population and cancer incidence files with respect to registration area, period, sex, age-range and geographical reference codes. The variables included in the population file are: calendar year, sex, age, geographical area code and label, as well as number of residents. The information included in the population file should be obtained from official censuses, from intercensal/postcensal estimates provided by Vital Statistics Departments, or equivalent, or other official sources.

The mortality data corresponds to the cancer incidence file with respect to registration area, period, sex and age-range. The mortality information is obtained from the Vital Statistics Department, or equivalent, and based on certificates/death records. The file should contain the following variables: calendar year, sex, age, cause of death and number of deaths.

Life tables file must be provided by registries covering their entire period of incidence or the period in which the follow-up is available. Life tables have the same geographical and temporal reference as for the cases of the incidence file and contain the following variables: calendar year, sex, age, geographical area code and label, as well as all causes of death probability.




2.3 The data check process

Data checks are performed in consecutive cycles, each comprised of different steps (Figure 1). Generally, data checks fall within three main categories:

	Checks on single variables (univariate checks)

	Checks between variables of the same record (multivariate checks)

	Checks between variables of different records belonging to the same patient (perfect duplicates and multiple primary tumours checks)






Figure 1 | Data quality check process performed by the JRC-ENCR QCS.



Population, life tables and mortality files have a simple structure that can be validated by univariate checks only. On the other hand, incidence files are more complex, as they contain more variables (the ECIS protocol requested 56 and 39 variables for the 2015 and 2022 data calls respectively). This data can be recorded/codified in different ways, and can be more prone to errors. For this reason, in addition to the checks on single variables, the checks on the incidence file should include as well checks between variables of the same record.

Additionally, the JRC-ENCR QCS also checks for the presence of multiple primary tumours in the incidence file, which is an important validation step for the correct ascertainment of number of cancer cases. This is because the same patient can be associated to multiple tumours, recorded either at the same time or at different times, and that can represent the same primary tumour or completely independent tumours.

The time needed to perform all the checks and create the output reports depends mainly on the computer’s memory; the performance of the process increases significantly starting from 4GB of RAM. A second factor affecting the process is the number of errors/warnings. There is an approximately linear relation between the number of errors/warnings and the time spent to finalise the validation of data. For instance, with 4GB of RAM, 100,000 records and circa one error/warning per record the total time of the process is around 2 minutes, and around 20 minutes with one million records.

The minimum number of records checked by the software is one, while the maximum is related to the number of errors/warnings, at around 10 million messages (e.g. 1 million records with 10 errors/warnings per line).




2.4 Univariate checks

Univariate checks on single variables are the simplest checks, used to verify that the value of each variable is compliant with the required format and is within the range specified by the protocol. An example is the variable “sex” which must be codified as numeric and has four allowed values: 1=male, 2=female, 3=other or 9=unknown.

Sometimes the software has to adapt the theoretical range of values allowed by the protocol to the values that are used (and submitted) by PBCRs. This is the case of the “pN” variable, i.e. the pathological assessment of the regional lymph nodes in the TNM classification system (16). In 2021, the JRC-ENCR QCS expanded the set of allowed values for “pN” in order to include also the TNM notation “1biv”, coming from previous TNM editions. Such TNM notation was still in use by some PBCRs, and resulted in an excessive amount of “out of range” errors identified in the software output, shadowing the actual critical errors in the dataset.




2.5 Multivariate checks of the same record

Multivariate checks identify inconsistencies among values in different variables of the same record. Some checks, such as comparing topography and morphology codes, are straightforward and are performed according to a well-defined table of allowed/refused combinations of cancer morphologies and topographies.

By contrast, the consistency between age/topography/morphology, which is required because some cancer types occur almost exclusively in certain age groups, is one of the most complex checks. This is the case of retinoblastoma (tumour of young children) or prostate cancer (in older men). Therefore, some combinations of age/topography/morphology are unlikely or very rare and should produce a warning message according to the list of unlikely/rare combinations of age/topography/morphology. Additionally, several morphology codes may be related to multiple topography values, thus increasing the complexity in the checks for age/topography/morphology combinations (11). For example, in the age group 0-14 years, about 50 different morphology codes for the gonadal carcinoma type can be combined with the two topography values C56 (ovary) and C62 (testis), producing about 100 different unlikely combinations.




2.6 Multivariate checks between different records of the same patient

The implementation of the multivariate checks between different records of the same patient is rather complex. Firstly, not all records in the dataset need to be checked, only records that meet certain requirements and pass the univariate or multivariate checks (Sections 2.4 and 2.5) must be compared against each other. This implies that the software has to store the results of all the basic checks before deciding which records should be evaluated by the rules for the multivariate checks between different records of the same patient.

Secondly, some complex filtering criteria must be applied on the dataset, including those on the behaviour of multiple primary tumours. These are quite critical and at the same time, have been subject to several changes in the latest years due to updates of the international cancer coding rules, new ENCR recommendations for coding and reporting tumours, new requirements from the PBCRs, results of data checks, etc.

Finally, while in the dataset each patient is identified by a patient ID, records are usually not ordered by patient ID and two or more records addressing the same patient may not be in consecutive rows of the data file. The JRC-ENCR QCS is not designed to store in memory the entire dataset, which could contain millions of rows and would require a computer with a large amount of memory (the procedure for these checks is detailed in Section 2.7.2).

The software performs two checks between records of the same patient: the first identifies perfect duplicates (records with same patient and tumour IDs) in the pre-record cycle (Figure 1) and the second addresses Multiple Primary Tumours (MPT) (records with same patient ID and different tumour ID). The rules used for checking MPT take place in the Post-record cycle (Figure 1) since they are usually performed after the basic univariate and multivariate checks described in the previous sections.

This could be the case of a patient with multiple metastases originating from a single primary tumour but recorded separately at different times. The multiple primaries rule can identify multiple records of the same patient that refer to the same primary tumour, reducing the risk of counting the same tumour twice (or more). This check, and the subsequent elimination of these records from the dataset must be performed before data aggregation, and is crucial to correctly calculate the cancer indicators published on the ECIS website.

The pre-record cycle, record cycle and post-record cycle, each consisting of several steps are described in more detail in the following sections.




2.7 Validation workflow



2.7.1 File structure validation (pre-record cycle)

	In this validation phase, only preliminary rules (e.g. checking the file format, file size, file header, looking for perfect duplicates) are applied. Depending on the JRC-ENCR QCS configuration, some errors found during these checks, such those occurring when a dataset is empty or too small, can stop the execution of the program and interrupt the validation process (blocking errors).

	Log files (e.g. qcs_rule_output.csv) collect all errors/warnings identified at any stage of the validation process and are used to produce the final output reports.






2.7.2 Record cycle

	If the whole dataset passes the checks of the previous validation phase, further checks are performed as described below.



All records of the input dataset are read and processed one by one, and all basic rules (univariate and multivariate checks) are applied to each record independently. This approach optimises the memory management and allows the JRC-ENCR QCS to analyse big datasets (with millions of rows) efficiently as only one record at time is kept in memory to be processed. During the record cycle, issues can be detected in each record for single variables (e.g. data format, data type, data range) and/or between variables (e.g. coherence between topography and morphology, consistency between age and tumour type).

After a record has been checked, but before moving on to the next record, a special notification is sent according to all the rules (e.g. MPT rule) applied in the next post-record cycle. This notification contains the list of errors/warnings found in the processed record, including critical errors on some core variables (e.g. date of incidence or topography) that, according to specific acceptance criteria, prevent the software from applying such rules. The acceptance criteria and the related list of critical errors are specific for each rule.

For example, if the JRC-ENCR QCS identifies an error E-MISS (value missing) on the variable YoI (Year of Incidence) this is considered critical and the MPT rule of the post-record cycle (described in the following section) cannot be applied to the record with this type of error. The same error on the variable “Stage” is not critical and the record could be accepted and processed.

All acceptable records are stored in a temporary file. For example, if two rules 1 and 2 are defined in the post-record cycle, two log files will be produced (e.g. qcs_acceptable_by_rule_1.csv, qcs_acceptable_by_rule_2.csv), each with the list of records accepted by the specific rule according to its respective criteria.

These log files usually contain fewer records than the original dataset, depending on the acceptance criteria of the corresponding rule. For example, the list of records acceptable for the MPT rule will not include records with critical errors on core variables.

At the end of the record cycle, all errors and warnings produced for each record are added to the log files created in the first validation phase: these log files will be later used to produce the final output files.




2.7.3 Sorting of temporary files

The process of sorting temporary files produced in the record cycle occurs between the record and post-record cycles. Acceptable records stored in the temporary files are sorted according to some criteria, specific for each rule. For example, for the MPT rule all records are sorted by patient ID, so that consecutive records with the same patient ID can be easily analysed without scanning and saving into the computer memory the whole dataset for each patient ID.

The list of sorted acceptable records produced during this step is saved in a new temporary file. For example, file qcs_acceptable_by_rule_1-by-PAT.csv will include the list of records which are “acceptable” for the MPT rule and sorted by patient ID. These records are ready to be processed in the next validation cycle.




2.7.4 Post-record cycle

In the post-record cycle, a set of rules which perform specific checks between records is applied to the temporary files produced in the previous cycle. All records are compared to each other according to specific criteria defined for each rule. During this process, a set of specific errors and warnings is produced.

The new MPT rules have been defined and implemented in 2022 and will be available in the next version of the JRC-ENCR QCS.

When these rules are applied, records in the temporary files are read in batches, meaning that all records having the same patient ID are loaded and handled at the same time. At this point, some specific filtering criteria (e.g. on the tumour’s behaviour) can be applied to exclude some records from the batch. For example, a record with topography code C50 (breast) and behaviour 0 (benign) will be ignored, while all tumours with behaviour 3 (malignant) will be processed, in line with the current call for data protocol (5).

For each batch of records with the same patient ID, some equivalence criteria on the morphology and topography codes are then applied to check if two tumours can be considered the same primary tumour according to the rules for checking solid MPTs defined in the quality check report “A common data quality check procedure for European cancer registries” (11).





2.8 Producing output reports

When all validation steps have been completed, the log files, which include all errors and warnings collected during the validation process, are used to produce the final output.

Each log file is sorted with respect to the original ordering. This is necessary to print all errors and warnings for each record exactly in the same order of the original dataset.




2.9 Outcome of the validation process

All the checks performed by the software are following the International Classification of Diseases for Oncology, Third Edition (ICD-O-3) topography and morphology codes (17).

After all the checks described above (univariate, multivariate and between records checks) have been executed, the JRC-ENCR QCS produces some output reports listing all messages collected during the validation process. Output messages can be warnings (i.e. the record should be reviewed by the PBCR) or errors (the record cannot be accepted as it is and should be corrected by the PBCR).

In some rare cases, the software can produce also critical messages, meaning that something went fatally wrong. This could be the case of a “broken rule” (e.g. the user tampered with the configuration files and removed a resource used by a specific check) or it could be the case of a dataset that cannot be read correctly (e.g. wrong number of columns, wrong separator between variables).

Two types of messages are printed in the output reports: W-YYYY (warning code) and E-YYYY (error code), where the code YYYY identifies the specific type of message.

Below some examples:

	W-AGMT: Unlikely Age + tumour type

	W-BDMO: Morphology too specific taking into account the basis of diagnosis

	W-MOTO: Morphology + Topography not valid

	E-FORM: Format error

	E-MISS: Value missing

	E-OUTR: Value out of range



The list of all error and warning codes used by the JRC-ENCR QCS is available in the header of the PDF and TXT output reports.




2.10 The output reports

Each validation run generates three output files in PDF, TXT and CSV format. The PDF file contains a summary of the execution process (date and time, name of the processed file, number of rows, total number of errors and warnings) and the detailed list of all errors and warnings detected for each record of the input data file. The TXT output file has the same content of the PDF, but in text format.

The CSV file contains all errors and warnings in a format easily readable by automated procedures. This file can be used by users to load the results of the validation process in a database, or to perform detailed statistics and analyses. This format can be particularly useful if the input file generates a large number of errors.




2.11 Protocol and application configurations

Starting from version 2.1 the software can perform the validation of the input data set according to different versions of the protocol, 2014 and 2020, corresponding respectively to the protocols for the JRC-ENCR calls for data in 2015 and 2022. These documents detail the guidelines for submitting to the JRC four types of data files: incidence, mortality, population and life tables. The software can run in 10 different modalities, according to the specific data call protocol. These modalities are referred to as “protocols”:

	Incidence 2014: Incidence protocol 2014 (56 variables)

	Incidence 2020: Incidence protocol 2020 (39 variables)

	Mortality 2014: Mortality protocol 2014 (5 variables)

	Mortality 2020 - Age Unit: Mortality protocol 2020 “Age Unit” (5 variables)

	Mortality 2020 - Age Range: Mortality protocol 2020 “Age Range” (5 variables)

	Population 2014: Population protocol 2014 (4 variables)

	Population 2020 - Age Unit: Population protocol 2020 “Age Unit” (6 variables)

	Population 2020 - Age Range: Population protocol 2020 “Age Range” (6 variables)

	Life Table 2014: Life Table protocol 2014 (4 variables)

	Life Table 2020: Life Table protocol 2020 (6 variables)



A summary of the number and type of files needed to configure the JRC-ENCR QCS application is specified below:

	About 10 configuration files for the general configuration

	About 70 configuration files for defining the list of variables and the allowed range of values

	About 10 configuration files for defining the protocols and the list of rules

	About 40 configuration files for defining the internal logic of each validation rule







3 Results



3.1 The role of the JRC-ENCR QCS in the data processing workflow

As a first step, the PBCR should extract data from its database to create the incidence file, following the requirements of the ENCR call for data protocol (4). This step is not always straightforward, since data might be extracted with a slightly different format or structure, or the PBCR might use a different coding for the variables than the one specified in the protocol. Due to the large number of data submissions to JRC-ENCR deviating from the format requested in the data call protocol, either because of time or technical constraints from the PBCR side, the CSV Data Layout Converter has been developed as an auxiliary tool to facilitate the preparation of the incidence file by the PBCR before running the software.

In the second step, the PBCR should run the software on the four different files to be submitted (incidence, population, mortality, life table). All records having some issues will produce errors and/or warnings in the output files, allowing the PBCR to verify and possibly correct the issues before data submission.

When the files are ready, the PBCR submits them through the secure JRC Data Submission Portal.

After data is submitted by the PBCR, JRC re-runs the JRC CSV Data layout converter on incidence data to check the adherence of the incidence file to the format required by the ENCR protocol and verifies that the file can be validated by the JRC-ENCR QCS. The preliminary format check is carried out by the JRC for all data files submitted by the PBCR. The results of this first check are communicated to the PBCR via the JRC Data Submission Portal with a preliminary format check report.

In case of critical format errors, it might not be possible for the JRC to correct them and run the software. In this case the PBCR will be asked to correct the format and submit again the dataset to JRC.

If the files are received in the correct format, the JRC will check them running the software and will prepare an internal consistency report. A summary of the submitted data, with the number of records for each type of error and warning, is included in this report. Issues raised by the JRC-ENCR QCS for which there is a clear solution (e.g. a prostate cancer case with topography C61 instead of C61.9) are included in the internal consistency report only to inform the PBCR on the proposed solution (e.g. topography is changed to C61.9).

If needed, the PBCR will fix the issues reported by the JRC and will re-submit the updated file through the JRC portal.

In order to apply the international rules for multiple primary tumours (18, 19), the JRC is defining and developing a new MPT algorithm for automatic selection of multiple primary tumours according to current international rules for these tumours. The MPT algorithm will be applied on incidence data only after the cleaning process.

The new advanced features that will be available with the JRC-ENCR QCS version 2.1, will offer several improvements:

	Full implementation of all the 10 protocols

	Better usage of the computer’s memory during validation

	Better definition of multiple primary criteria (updated to the latest guidelines)

	More precise identification and classification of MPTs

	More precise filtering criteria for MPT with behaviour < 3 (non-malignant behaviours)

	A richer validation feedback to the user (both in the GUI and in the output reports)

	Updates of all univariate and multivariate checks according to the latest guidelines



Some more advanced improvements are planned for version 2.2, such as:

	Possibility to exclude duplicate records from the dataset

	Possibility to merge duplicate records into a unique one



The final steps performed at JRC are data aggregation, calculation of quality indicators such as incidence rates, and publication of the results in the ECIS web application.

Figure 2 illustrates the validation workflow of an incidence file. Parallel considerations could be done for the other types of files (mortality, population, and life table).




Figure 2 | ECIS cancer burden data flow from submission to publication.






3.2 History and roadmap of the JRC-ENCR QCS development

The development of the software occurred in subsequent versions, following incorporation of feedback from several PBCRs. In 2015 the first version of JRC-ENCR QCS (1.4) was released for testing by European PBCRs. This version contained all basic checks (univariate and multivariate), but not the MPT checks. Some versions (1.5 and 1.6) were released in 2016 informally (at the JRC level, and to few pilot PBCRs) to test and verify the accuracy of the MPT check.

An updated version 1.7 of the software was officially released in November 2016: this was the first public available version which included the MPT check, and the possibility to run also on MacOS and Linux operating systems.

This release was followed by version 1.8 in December 2018, which included new features and many corrections, thanks to the feedback received by PBCRs. The main new features of JRC-ENCR QCS 1.8 were the creation of a separate file reporting on MPTs and the update of morphology families used by the MPT checks according to the 2011 update of ICD-O-3.

The latest release of the JRC-ENCR QCS is version 2.0, based on the guidelines of the ENCR data call protocol 2022 and on the experience gathered in validating more than 35 million cases submitted in the first JRC-ENCR 2015 data call from around 150 PBCRs based in 35 European countries.

Version 2.0 introduced TNM (Tumour/Nodes/Metastasis) (16) consistency checks and further updates of ICD-O-3 morphology codes. Moreover, the new 2.0 version introduced a completely new architecture, which moved all protocol data from the source code to some configuration files. This new approach made it possible to update the logic of the majority of checks without the need to release a new version of the software, but simply updating the configuration files.

PBCRs can download the latest version of the JRC-ENCR QCS toolkit, which include the CSV Data Layout Converter tool and the latest version of the JRC-ENCR QCS, from the ENCR website (20).

The JRC in collaboration with the ENCR has been organising several training sessions to familiarise PBCRs staff with the software (21).




3.3 Using the JRC-ENCR QCS

The software use is rather straightforward; after launching it the user interface window is opened (Figure 3).




Figure 3 | The user interface of the JRC-ENCR QCS (Version 2.0.15 example).



The user can choose the type of file and the data call protocol from the drop-down menu. By selecting “Incidence 2014 (56 variables)”, the validation checks are performed according to the 2015 data call protocol, whereas “Incidence 2020 (39 variables)” corresponds to the rules of the 2022 data call.

The “Select File” button allows browsing and selecting the file to be checked, and the “Start checks” button starts the validation process. While the software is running, the number of the checked records appears in the display text box. Once the validation is ended, the output window displays a short report about the completed process, while the “Open” button allows accessing the output folder containing all the output report files.

Similarly, mortality, population and life table files can be checked by selecting the corresponding type of file from the drop-down menu.

Figures 4–7 show some examples of errors and warnings given by the JRC-ENCR QCS. Error codes start with an E and warning codes start with a W. The following are examples of a univariate check and of some multivariate checks within the same record. The last example regards a check between different records of the same patient.




Figure 4 | Error for out of range value for topography (E-OUTR). Topography C427 does not exist in the ICD-O-3 classification.






Figure 5 | Warning for morphology and topography combinations (W-MOTO). The combination of topography=C779 (Lymph node, NOS) and morphology=8070 (squamous cell carcinoma, NOS) is probably a metastasis and topography should be coded as C809 for the unknown primary site.






Figure 6 | Warning for inconsistency between TNM and stage (W-TNMS). This case is a breast carcinoma with pT=3, pN=1, pM=1 and Stage=IIIA. This combination is not consistent with the TNM classification (7th edition); this means that either pM is actually 0, or stage is equal to IV.






Figure 7 | Warnings for multiple primary tumours. In this example of multivariate check, the software gives warning for multiple primary tumours because the two records are reporting the same tumour, and only one should be considered for the calculation of cancer burden indicators.



For each error and warning the Patient (Pat) and Tumour (Tum) identifiers are reported. Some essential information on the cancer case is also included: BoD (Basis of Diagnosis), Topo (Topography), Morpho (Morphology), Beh (Behaviour), Sex, DoI (Date of Incidence) and DoB (Date of Birth). Finally, the variable(s) that triggered the warning/error are reported (Var_Name) with the respective value(s) (Var_Value) and resulting code (Error_Code).

In addition, the JRC-ENCR QCS is reporting a summary table with type of warnings and errors, and the number of records for each one, to give a general overview of data quality to the user, and help in setting the priorities for reviewing the data (Figure 8).




Figure 8 | Example of a summary table of errors and warnings provided by the JRC-ENCR QCS.






3.4 Use of the JRC-ENCR QCS: downloads and trainings

During the period August 2022 - January 2023 there were overall 139 unique downloads of the software. Thirty-two users were from Spain, 28 from Italy, 11 from Germany, 10 from France, 9 from Poland, while the remaining were from about 20 additional countries.

The JRC used the JRC-ENCR QCS for validating the data submitted by the European PBCRs in the 2015 data call for the calculation of incidence and mortality indicators in ECIS. A total of more than 35 million cases from around 150 PBCRs based in 35 countries were processed.

Several training sessions were organised by JRC in collaboration with the ENCR to familiarise PBCRs staff with the software, with around 300 participants trained European-wide.





4 Discussion

The JRC-ENCR QCS is a Java standalone desktop application, under development since 2015, created to support PBCRs in their data validation processes.

The software is freely downloadable from the ENCR website (19), allowing the user to work locally and to share data at a later stage in an anonymised/pseudonymised format for European projects. This feature is particularly relevant with respect to compliance to the data protection rules detailed in the GDPR (13).

Since the first release in 2015, the software has been incorporating the updated European and International recommendations and classifications, such as the ICD-O-3.2 (22), the morphology grouping table for the purpose of defining multiple tumours based on the ICD-O-3.2 (19), TNM 8th revision (16) and the ENCR recommendations (23, 24).

Checks related to stage at diagnosis have been improved in the software since its first release. The latest JRC-ENCR QCS version introduced the consistency check of TNM and stage values.

Until the development of the JRC-ENCR QCS, the majority of European PBCRs used IARCcrgTools for data validation, a tool developed by the International Agency for Research on Cancer (IARC) (25). Some of the checks performed by the JRC-ENCR QCS related to the core variables are similar to the ones implemented by the IARCcrgTools. Therefore, it is possible for non-European PBCRs to use the JRC-ENCR QCS in their data validation process.

The main differences between the two software are the checks related to the TNM staging system, which are implemented in the JRC-ENCR QCS (26). This is a major strength of the software, given the increased number of PBCRs collecting stage, and therefore the necessity to validate this key information. Additionally, the JRC-ENCR QCS also differs from IARC’s software as for checking topography and morphology combinations. While IARCcrgTools follows the groups of families included in Appendix 1 of the “Check and Conversion Programs for Cancer Registries” manual (25), the JRC-ENCR QCS is developed around table 8 of the JRC Technical Report (11) which considers each ICD-O-3 topography and morphology code.

In addition, the checks implemented in the JRC-ENCR QCS follow the Call for Data Protocols for European PBCRs variables, formats and allowed values (5, 13). Checks within records (within a single variable or between variables) and between records (duplicate and multiple primary tumours) are performed according to the JRC Technical reports on data quality checks (9–11). The fact that the JRC-ENCR QCS follows the specifications of the Call for Data Protocols for European PBCRs contributes to the improvement of the harmonisation and comparability of data across Europe.

The file format, the number and type variables and the specific ENCR Recommendations should be taken into account by non-European PBCRs using the JRC-ENCR QCS.

To facilitate the submission to the JRC and improve the quality of PBCRs data, the ENCR and the JRC recommend checking beforehand the format of required files and data internal consistency with the JRC-ENCR QCS.

To support the use of the software, the JRC organised in collaboration with the ENCR and other stakeholders several training sessions, with an overall participation of around 300 PBCRs staff so far. In addition, the JRC developed the JRC CSV Data layout converter, a tool to further facilitate the use of the software by PBCRs.

The JRC-ENCR QCS is used by the 15 Swiss PBCRs for the annual submission to the National Agency for Cancer Registration (NACR) (27). The findings are reported back to Swiss PBCRs for correction/verification, and once resolved the data is integrated into the Swiss National Cancer Dataset. Moreover, the software has been used to check data in several studies from European PBCRs and other research institutes (28–35).

The feedback from the JRC-ENCR QCS users has been essential for improving and adapting the software to European PBCRs needs. This feedback allowed to refine the software algorithms in each release and to increase the precision, the completeness and clarity of the software reports.

The flexibility and the performance of the JRC-ENCR QCS has been enhanced over time. In the latest release an innovative approach was introduced, moving all protocol data from the source code to configuration files. This new approach has made it possible to update the logic of majority of checks without the need to release a new software version, but simply updating the configuration files. If needed, user can customise different tables, modifying or introducing specific values.
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The basis of diagnosis recommendations for population-based cancer registries aim to provide a standardized coding tool that reflects the certainty of cancer diagnosis, especially when pathological confirmation is lacking. The proportion of clinical diagnoses serves as an indicator of data quality. Given the evolving nature of diagnostic techniques, regular revision of the basis of diagnosis rules is crucial. To address this, a working group comprising representatives from the steering committee and member registries of the European Network of Cancer Registries was established. The original 1999 recommendations were comprehensively reviewed, resulting in the publication of an updated version. These new recommendations came into effect for incident cancer cases starting from January 1, 2023. The updated recommendations comprise an adapted code list for the basis of diagnosis, optional codes for histology cases, revisions related to flow cytometry, liquid biopsy, and cytogenetic/molecular testing, consolidation of histology codes 6 and 7, introduction of a new code 8 for cytogenetic/molecular confirmation, and establishment of new criteria for registering specific morphology codes in cancers lacking pathological confirmation.
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Introduction

The methods used to diagnose cancer have greatly improved over time. While pathological diagnosis is still the gold standard, an increasing number of cancers, such as hepatocellular carcinoma, can be diagnosed using modern imaging techniques with acceptable certainty without pathological confirmation (1), Imaging techniques are especially relevant for cancer cases which require invasive (and potentially harmful) techniques to obtain a sample for pathological examination, such as tumors of the pancreas, liver, and central nervous system.

The most valid basis of diagnosis is one of the key variables in population-based cancer registries (2). International studies show that there is a large variation in the distribution of the basis of diagnosis of registered cancer cases. For example, in a study of Berrino et al. the proportion of microscopically verified cases ranged from 79% in Poland to 98% in Sweden (3). This may be due to real variation but may also be caused by differences in registration practices or in interpretation of the coding. Clear guidelines for the coding of the basis of diagnosis should reduce these differences in interpretation and contribute to the comparability of the data.

The aim of the Basis of Diagnosis Recommendations by the European Network of Cancer Registries (ENCR) is to provide guidelines to European cancer registries for defining the level of certainty of the diagnosis of cancer (4). This is particularly relevant in the absence of a pathological confirmation of cancer. The proportion of clinical diagnoses (basis of diagnosis codes 1, 2, or 4) is an indicator of the quality of the data of a cancer registry. While a high proportion of clinical diagnoses in a cancer registry may well reflect the extent of the clinical and pathological investigations in the registry area, especially in developing countries, it may also indicate an overestimation of the cancer incidence. For example if non-malignant lesions without pathology are erroneously included in a cancer registry, cancer incidence will be inflated. Besides, cancer survival will be overestimated, as the risk of dying from a non-malignant disease will generally be much lower than from a malignancy.

In registries with a (very) low proportion of clinical diagnoses, there may be an underestimation of cancer incidence due to incomplete notification of clinically and/or radiologically confirmed cancer cases. In many cancer registries, notification of pathologically confirmed cases is better organized than notification of cancer cases with a clinical diagnosis only. Consequently, these cancer registries run the risk of incompleteness of cancers, such as lung cancer, pancreatic cancer, and several hematological malignancies which are not confirmed pathologically in a considerable proportion of cases.

Traditionally, cancer cases without pathological confirmation were coded by cancer registries with an unspecified morphology code according to ICD-O, i.e. 9990/3 in the first edition (5) and 8000/3 as of the second edition (6). For several cancer entities, exceptions were made to this rule, as indicated by the 1999 ENCR recommendations (7). Since then, imaging techniques have improved, and additional techniques have become available, such as molecular diagnostics, which has increased the number of cancer entities which may be diagnosed with reasonable certainty in the absence of pathology. Therefore, these recommendations required further revision.





Methods

During the summer of 2021, the ENCR initiated a call for expressions of interest from member registries to form a working group (WG) with the purpose of updating the ENCR recommendations on the basis of diagnosis, originally published in 1999. The primary objective of this WG with expertise in cancer registration, epidemiology, pathology and radiotherapy, was to enhance the comparability of incidence and survival data between different European registries and countries. Following the establishment of the WG, a proposal was formulated by one of its members (OV). Subsequently, an online meeting took place on October 27, 2021, during which the proposal was deliberated upon. An amended proposal, agreed upon by all members, was circulated. The draft recommendations were then scrutinized and endorsed by the ENCR Steering Committee (SC) on November 9, 2021. Following the SC’s approval, the recommendations were disseminated to all ENCR members for consultation. Fourteen cancer registries provided feedback, which was subsequently discussed among the WG members. Based on this discussion several modifications were incorporated. On June 8, 2022, the SC granted final approval to the revised recommendations, which were subsequently published on the ENCR website on October 20, 2022. Lastly, on November 30, 2022, a webinar was organized, specifically for registry staff from ENCR institutions, to provide a detailed explanation of the new recommendations.





Results and discussion

The recommendations (8) include an adapted code list for the basis of diagnosis, as presented in Table 1. Additionally, Table 2 provides optional codes for cases with histology as the basis of diagnosis. The revisions made to the previous version of the recommendations pertain primarily to flow cytometry, liquid biopsy, and cytogenetic and/or molecular testing. Furthermore, the original code 6 (histology of metastasis) has been merged with code 7 (histology of primary tumor) into consolidated code 7, which now includes histology of primary tumor, histology of metastasis, and histology at autopsy. As a result, code 6 is no longer used in the updated recommendations. Additionally, a new code 8 has been introduced for cancer cases with cytogenetic or molecular confirmation of the diagnosis, which was not present in the original recommendations.


Table 1 | Basis of diagnosis codes.




Table 2 | Optional codes for cases with histology basis of diagnosis.



Furthermore, a compilation of cancers has been created, which may be registered with a specific morphology based on clinical information or clinical investigations when pathology results are unavailable. The list is presented in Table 3. In exceptional cases, other specific cancers may be diagnosed through clinical investigations; however, assignment of a specific morphology code should only be performed after careful evaluation by a coding expert from the cancer registry.


Table 3 | Cancers that may be registered with a specific morphology based on clinical information (basis of diagnosis code 1) or clinical investigations (basis of diagnosis code 2).



Table 4 presents a roster of cancers that can be diagnosed using elevated tumor markers in conjunction with clinical investigations and when pathology is not available.


Table 4 | Cancers that can be diagnosed based on an elevated tumor markers in combination with clinical investigations.



When utilizing these tables in registration practice, the following rules should be observed.

1) Use the highest code from the range 1-8 (Table 1), unless it is a ‘death certificate only’ (DCO) case (basis of diagnosis 0) or if the basis of diagnosis cannot be determined (basis of diagnosis 9).

The order of the codes for the basis of diagnosis (from 1 to 8) represents an increasing reliability of the cancer diagnosis. The highest code within the range should be assigned to represent the most reliable basis of diagnosis.

2) Use code 0 when trace back from the death certificate is not possible. DCO cases should be registered with morphology code 8000, unless the morphology code can be derived from the ICD code (C43 [8720/3], C45 [9050/3], C46 [9140/3], and C81-C96/D45-D47 [9590/3-9989/3]) or from the text on the death certificate (e.g., ‘adenocarcinoma of the stomach’ or ‘rhabdomyosarcoma’).

Limited information is generally available for DCO cases, but even with only a coded cause of death, the morphology can be deducted in several instances. Some registries have access to detailed information on the death certificate, which should be used for morphology coding if available.

3) Code 1 should only be used for cancers that are detected by physical examination only. This includes cancers of head and neck, eye, breast, skin and superficial soft tissues, external genitals, vagina, cervix, anus, rectum, and prostate. It is almost impossible to diagnose a cancer in most inner organs (such as the lung, stomach, colon, or kidney) with physical examination only, but rare exceptions are possible.

Only a few cancers may be diagnosed with physical examination alone. As physical examination is typically followed by a biopsy and/or imaging in most cases, the number of cases with physical examination as the basis of diagnosis is very small.

4) Codes 1 and 2 may be used when a diagnosis of cancer is at least likely (‘probably cancer’). If clinical investigations reveal that a cancer diagnosis is possible, the case should not be registered in the absence of pathological confirmation (basis of diagnosis 5-8).

To avoid overestimating the number of cancers, cases should only be registered when the symptoms or appearances are most likely caused by cancer. If multiple disorders, including cancer, could explain the symptoms or appearances, the case should not be registered. For example, if the diagnosis includes ‘large lesion in the left cerebellum, differential diagnosis arterial malformation, low grade neuronal tumor’ the case should not be registered, as a non-malignant disorder could also explain the symptoms or appearances.

5) Cancers registered with basis of diagnosis 1 or 2 should be assigned morphology code 8000/3 (8000/0 or 8000/1 are also allowed for benign and borderline malignant tumors of the central nervous system). Exceptions to this rule are listed in Table 3. These exceptions apply only to cases where a specific diagnosis is at least likely. If the diagnosis is only possible or multiple diagnoses are mentioned in the clinical file or report, the case should be registered with morphology code 8000/3 (8000/0 or 8000/1 are also allowed for benign and borderline malignant tumors of the central nervous system).

Table 3 provides an overview of specific tumor entities that may be diagnosed using imaging or physical examinations. If the diagnosis in the clinical report is relatively certain, that specific diagnosis should be coded. For example, if the report states ‘lesion in the frontal lobe, typical for glioblastoma’, the morphology code of glioblastoma (9440/3) should be used in combination with basis of diagnosis 2 (clinical investigation). However, if the report states ‘low-grade lesion in the temporal lobe; differential diagnosis DNET, ganglioglioma, low-grade astrocytoma’ morphology code 8000/1 should be used.

6) Code 4 (specific tumor markers) should always be used in combination with a clinical diagnosis of cancer and/or a clinical investigation showing cancer since many tumor markers, such as prostate-specific antigen (PSA), may also be increased in the absence of cancer. The cancers that may be registered with basis of diagnosis 4 are listed in Table 4.

Although tumor markers may be increased in many cancers, they can also be increased in the absence of cancer. Therefore, when coding basis of diagnosis 4, it should always be accompanied by a clinical diagnosis (for example increased PSA in combination with a malignant appearance of the prostate at rectal examination) or a clinical investigation (for example increased alfa-fetoprotein in combination with LiRADS 6).

7) Flow cytometry is often used for the diagnosis of leukemia and lymphoma, such as chronic lymphocytic leukemia.

Flow cytometry is classified with the same code as cytology since it utilizes cell suspension.

8) If a genetic abnormality specific to cancer is found through ‘liquid’ biopsy (in combination with a clinical diagnosis of cancer, but in the absence of pathological confirmation), basis of diagnosis 5 should be applied.

A liquid biopsy involves detection of cancer cells or fragments of DNA from these cancer cells in blood or other body fluids. In cases where no pathological information is available, a liquid biopsy is classified with the same code as cytology.

9) Codes 7.1-7.3 are optional for cases with histology.

Although not necessary for international comparison, several registries may choose to distinguish various categories of histology: histology of the primary tumor, histology of a metastatic site, and histology at autopsy. While these categories are equal in terms of the certainty of the diagnosis, the different categories may be useful for other purposes, such as staging or cross-checks (e.g., coding histology from a metastatic site (7.2) means that the patient has metastatic disease).

10) Many tumors have genetic abnormalities, but only a few are specific to the diagnosis of a certain cancer. Basis of diagnosis 8 should be used only when the genetic abnormality is specific for that cancer. In most cases, the abnormality should be present (e.g., CML, BCR-ABL1+ is 9875/3), but there are also cancer diagnoses characterized by the absence of a genetic abnormality (e.g., glioblastoma IDH wild type is 9445/3). Basis of diagnosis 8 applies to both examples.

Our understanding of cancer cells and their genetic properties has improved significantly in recent decades. Specific genetic abnormalities have been identified in an increasing proportion of cancers, leading to the classification of cancer entities based on these abnormalities. While some cancers already have separate morphology codes for cases with and without cytogenetic/molecular confirmation, others do not.

Hence, basis of diagnosis 8 was introduced to distinguish cases with and without cytogenetic/molecular confirmation until specific morphology codes are available for cancer entities defined by genetic abnormalities. Basis of diagnosis 7 should be used for cases in which cytogenetic/molecular diagnostics were not performed, but a pathological diagnosis was available. This code may become obsolete in the future if specific morphology codes will become available for cancer entities that are defined by genetic abnormalities.





Conclusion

The updated recommendations introduce an adapted code list for the basis of diagnosis and incorporate new techniques, while maintaining consistency with the original version. Consolidating histological codes and introducing a new code for cytogenetic/molecular confirmation enhances the accuracy and specificity of cancer diagnoses. Additionally, the inclusion of specific morphological codes based on clinical information or investigations improves the classification of cancers without pathological confirmation. These updates will have a minimal impact on cancer registry operations and contribute to reducing the number of cases with unspecified morphological codes, particularly for central nervous system tumors, leading to enhanced international comparability of cancer registry data.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Author contributions

All authors contributed to the development of the ENCR Recommendations. The first draft of the manuscript was written by OV. All authors critically reviewed and approved the final manuscript.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Chernyak, V, Fowle, KJ, Kamaya, A, Kielar, AZ, Elsayes, KM, Bashir, MR, et al. Liver imaging reporting and data system (LI-RADS) version 2018: imaging of hepatocellular carcinoma in at risk patients. Radiology (2018) 289(3):816–30. doi: 10.1148/radiol.2018181494

2. Jensen, O, Parkin, D, MacLennan, R, Muir, C, and Skeet, R. Cancer registration: principles and methods. (1991).

3. Berrino, F, De Angelis, R, Sant, M, Rosso, S, Bielska-Lasot, M, Coebergh, JW, et al. Survival for eight major cancers and all cancers combined fro European adults diagnosed in 1995-99: results of the EUROCARE-4 study. Lancet Oncol (2007) 8(9):773–83. doi: 10.1016/S1470-2045(07)70245-0

4. Tyczynski, JE, Démaret, E, and Parkin, DM. Standards and Guidelines for Cancer Registration in Europe Vol. 40. . Lyon: IARC Technical Publication No (2003).

5. World Health Organization. International classification of diseases for oncology. 1st ed. Geneva: World Health Organization (1976).

6. Percy, C, Van Holten, V, and Muir, C. International classification of diseases for oncology. 2nd ed. Geneva: World Health Organization (1990).

7. Smith, J, Frost, R, Teppo, L, and Visser, O. Recommendations for coding of basis of diagnosis. (1999). European Network of Cancer Registries. Available at: https://encr.eu/sites/default/files/pdf/basisd.pdf (Accessed June 30, 2023).

8. Visser, O, Kościańsk, B, Caetano dos Santos, FL, Cuccaro, F, Forjaz, G, Michalek, IM, et al. ENCR Recommendations Basis of diagnosis. (2022). European Network of Cancer Registries. Available at: https://encr.eu/sites/default/files/Recommendations/ENCR%20Recommendation%20BoD_Oct2022_EN_241022.pdf (Accessed June 30, 2023).




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Visser, Kościańska, Caetano dos Santos, Cuccaro, Forjaz, Michalek, Mousavi, Sulkowska, Martos and Giusti. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




ORIGINAL RESEARCH

published: 20 February 2024

doi: 10.3389/fonc.2024.1250107

[image: image2]


Geographical and temporal differences in gastric and oesophageal cancer registration by subsite and morphology in Europe


Francesco Giusti 1,2*, Carmen Martos 1†, Manola Bettio 1*, Raquel Negrão Carvalho 1, Manuel Zorzi 3,4, Stefano Guzzinati 4 and Massimo Rugge 4,5


1 European Commission, Joint Research Centre (JRC), Ispra, Italy, 2 Belgian Cancer Registry, Brussels, Belgium, 3 Regional Epidemiological Service Unit, Azienda Zero, Padova, Italy, 4 Veneto Tumor Registry, Azienda Zero, Padova, Italy, 5 Department of Medicine - DIMED, Surgical Pathology and Cytopathology Unit, Università degli Studi di Padova, Padova, Italy




Edited by: 

Maria Paula Curado, A.C.Camargo Cancer Center, Brazil

Reviewed by: 

Chenghao Zhanghuang, Kunming Children’s Hospital, China

Renjun Peng, Central South University, China

*Correspondence: 

Francesco Giusti
 francescogiusti@hotmail.com 

Manola Bettio
 JRC-ENCR@ec.europa.eu

†Present address: 

Carmen Martos, Foundation for the Promotion of Health and Biomedical Research in the Valencian Region (FISABIO), Valencia, Spain


Received: 29 June 2023

Accepted: 22 January 2024

Published: 20 February 2024

Citation:
Giusti F, Martos C, Bettio M, Negrão Carvalho R, Zorzi M, Guzzinati S and Rugge M (2024) Geographical and temporal differences in gastric and oesophageal cancer registration by subsite and morphology in Europe. Front. Oncol. 14:1250107. doi: 10.3389/fonc.2024.1250107






Background

Gastric and oesophageal cancers pose a serious public health concern. In 2020 a total of 189,031 incident cases (136,038 stomach, 52,993 oesophagus) and 142,508 deaths (96,997 stomach, 45,511 oesophagus) were estimated in Europe. Oesophago-gastric cancers are a heterogeneous disease, with different aetiology and epidemiology for the various topographic subsites and main histopathological types. Topography subsite and morphology is key information to allow differentiating oesophago-gastric cancers. Correct registration and coding of such variables are fundamental in allowing proper description of the epidemiology of different subsites and histopathological types of oesophago-gastric cancers. The aim of this article is to highlight geographical and temporal variability in topography and morphology of oesophago-gastric cancers observed in Europe in the considered period.





Methods

Data collected in the framework of the ENCR-JRC (European Commission’s Joint Research Centre) data call and feeding the European Cancer Information System (ECIS) were used to assess the variability of topography and morphology registration of gastric and oesophageal cancer in Europe in the period 1995-2014. Malignant cancers of the stomach and the oesophagus were selected following, respectively, topography codes C16 and C15 of the International Classification of Diseases for Oncology, third edition (ICD-O-3). Analyses were performed by subsite, morphology group, year, sex, and European region.





Results

A total of 840,464 incident cases occurring in the period 1995-2014 – 579,264 gastric (67.2%) and 276,260 (32.8%) oesophageal carcinomas – was selected for the analysis. Data was recorded by 53 PBCRs (9 based in Northern Europe, 14 in Western Europe, 3 in Eastern Europe and 27 in Southern Europe) from 19 countries.





Conclusion

A wide variability in oesophago-gastric cancers topographic subsites and histopathological types patterns was observed, with a corresponding improvement in accuracy of registration in the analysis period. PBCRs are ideally placed to guide the epidemiological evaluations of such a complex group of diseases, in collaboration with clinicians, patients and other public health stakeholders.
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1 Introduction

Gastric and oesophageal cancers pose a serious public health concern. In 2020 a total of 189,031 incident cases (136,038 stomach, 52,993 oesophagus) and 142,508 deaths (96,997 stomach, 45,511 oesophagus) were estimated in Europe. Although incidence rates of gastric cancer have been decreasing in Europe since decades (1–4), due to ageing the burden of oesophago-gastric cancer is expected to further rise in absolute terms the in next decades, with an estimated 25% increase for gastric cancer (170,027 cases) and a 22% increase in oesophageal cancer (64,720 cases) by 2040 (5).

Oesophago-gastric cancers are a heterogeneous disease, with different aetiology and epidemiology for the various topographic subsites and main histopathological types. Stomach cancers can be classified in two anatomic sites, cardia gastric cancers (CGCs) (the upper part, next to the gastro-oesophageal junction) and non-cardia gastric cancers (NCGCs) (the lower part of the organ), and two main histological groups, diffuse and intestinal type. As for the stomach, oesophageal cancer are mainly adenocarcinomas; the two main histopathological subtypes are oesophageal squamous cell carcinoma (OSCC) and oesophageal adenocarcinoma (OAC) (6–8).

Helicobacter pylori infection is the most common cause of NCGCs, whereas it is not a known risk factor in CGC, and likely has a protective effect in OACs (9, 10). Tobacco smoking and alcohol consumption are the main risk factors for OSCCs, whereas Gastroesophageal reflux disease (GORD) and obesity are associated with OACs and CGCs (11, 12).

Population-based cancer registries (PBCRs) collect incidence data on all reportable neoplasms within a defined area. PBCRs have been in operation since the 1940s in a growing number of European countries, adhering to the international standards of the International Association of Cancer Registries (IACR) and the European Network of Cancer Registries (ENCR). PBCRs are currently evolving beyond their traditional role, adding critical information such as stage, treatment and biomarkers to their records. Among other purposes, such information can be also used to evaluate public health interventions, or inequalities in access to care (13–17).

Topography subsite and morphology is key information to allow differentiating oesophago-gastric cancers. Correct registration and coding of such variables is fundamental in allowing proper description of the epidemiology of different subsites and histopathological types of oesophago-gastric cancers.

This study aims to highlight geographical and temporal variability in topography and morphology of oesophago-gastric cancers observed in Europe in the period 1995-2013.




2 Methodology

Data collected in the framework of the ENCR-JRC (European Commission’s Joint Research Centre) data call (18) and feeding the European Cancer Information System (ECIS) (1) were used to assess the variability of topography and morphology registration of gastric and oesophageal cancer in Europe in the period 1995-2014, corresponding to the latest 20 years currently available in ECIS. In order to reduce fluctuations in data patterns, population-based PBCRs which submitted at least 17 out of 20 incidence years in the considered time interval were included in the study. Since the number of cases was smaller, figures do not show data for the year 2014.

Malignant cancers of the stomach and the oesophagus were selected following, respectively, topography codes C16 and C15 of the International Classification of Diseases for Oncology, third edition (ICD-O-3) (19). Carcinomas and unspecified types of cancer were considered for the study, whereas haematological malignancies (particularly primary lymphomas), gastrointestinal stromal tumours, sarcomas and neuroendocrine tumours were excluded. Carcinomas and unspecified types of cancer were 98.3% of all solid oesophago-gastric cancers. Tumours with a death certificate as only basis of diagnosis (representing 4.1% of solid tumours) were also excluded.

For the analyses by subsite, ICD-O-3 topography codes were grouped as follows:

	- C15.0-C15.3, Upper one-third of the oesophagus.

	- C15.4, Middle one-third of the oesophagus.

	- C15.5, Lower one-third of the oesophagus.

	- C15.8, Overlapping lesion of the oesophagus.

	- C15.9, Oesophagus, Not Otherwise Specified (NOS).

	- C16.0, CGC.

	- C16.1-C16.6 NCGC.

	- C16.8, Overlapping lesion of stomach.

	- C16.9, Stomach, NOS.



Morphology groups with corresponding ICD-O-3 codes for cancers of the oesophagus were:

	- NOS neoplasm or carcinoma (8000-8005, 8010-8015, 8020-8022, 8050).

	- OAC (8140-8149, 8160-8162, 8190-8221, 8260-8337, 8350-8551, 8570-8576, 8940-8941).

	- OSCC (8052-8078, 8083-8084).



For stomach cancers, histological categories, based on the Laurén (7) classification, were:

	- NOS neoplasm or carcinoma (8000-8005, 8010-8015, 8020-8022, 8050).

	- Adenocarcinoma, intestinal type (8144), including mucinous adenocarcinoma (8480-8481) and tubular adenocarcinoma (8211).

	- Carcinoma, diffuse type (8145), including signet-ring cell carcinoma (8490).

	- Adenocarcinoma, NOS (8140).

	- Other specified carcinomas.



For geographical comparison, Europe was considered as divided in regions (Northern Europe, Western Europe, Eastern Europe and Southern Europe) following the United Nations Statistics Division scheme (20) (see also Figure 1).




Figure 1 | Selected PBCRs for the analysis, by European subregion. Blue corresponds to Northern Europe, cyan to Western Europe, red to Eastern Europe and green to Southern Europe (plus Cyprus).



Age-standardised incidence rates were calculated by year, sex, topography, morphology and region considering the 2013 European Standard Population (21). Two-sided 95% confidence intervals were calculated using the normal approximation method and reported next to incidence rates.

The analysis was performed using the statistical software SAS Version 9.3 (SAS Institute Inc., Cary, NC, USA).




3 Results

A total of 840,464 incident cases occurring in the period 1995-2014 – 579,264 gastric (67.2%) and 276,260 (32.8%) oesophageal carcinomas – was selected for the analysis. Data was recorded by 53 PBCRs (9 based in Northern Europe, 14 in Western Europe, 3 in Eastern Europe and 27 in Southern Europe) from 19 countries (Figure 1).

Overall, cancer cases in males were 539,830 (64.2%) and 300,634 in females (35.8%). Carcinomas occurred in males and females respectively for 61.1% and 38.9% of gastric cases, and 70.7% and 29.3% of oesophageal cases. The median age at diagnosis was 73 [interquartile range (IQR) 64-78] for gastric cancer (72 [IQR 63-77] for males and 74 [IQR 67-80] for females), and 71 [IQR 62-77] for oesophageal cancer (69 [IQR 60-75] for males and 74 [IQR 66-82] for females).



3.1 Topography



3.1.1 Overall temporal analysis

Oesophageal cancer incidence grew overall from 9.2 [9.0-9.4] cases per 100,000 in 1995 to 10.5 [10.3-10.7] cases in 2013 (Supplementary Figure 1). An increase in incidence was observed in Northern Europe (from 12.6 [12.3-13.0] to 14.5 [14.1-14.9] cases per 100,000), Western Europe (from 6.9 [6.4-7.4] to 9.5 [9.1-9.8]) and Eastern Europe (from 3.5 [3.1-3.9] to 5.6 [5.2-6.0]), whereas oesophageal cancer incidence decreased in Southern Europe (from 7.1 [6.5-7.8] to 5.9 [5.2-6.5]) between 1995 and 2013 respectively (Supplementary Figure 2).

Analysis by anatomical subsite showed that incidence of carcinomas in the upper third of the oesophagus remained stable in the study period (0.9 [0.8-0.9] cases per 100,000 in 1995 – 1.0 [1.0-1.1] cases in 2013), whereas incidence in the middle third increased from 1.2 [1.1-1.2] to 1.8 [1.7-1.9] in the same period (Figure 2). Incidence of carcinomas to the lower third of the oesophagus rose from 2.6 [2.5-2.7] cases per 100,000 in 1995 to 5.2 [5.1-5.4] in 2013, showing opposite trends as compared to NOS cancers (likely to arise for the majority from the lower third), which decreased from 4.4 [4.3-4.6] to 2.2 [2.1-2.3] cases per 100,000 in the same period. Overall, the sum of lower third and NOS oesophageal cancer rates grew from 7.0 [6.9-7.1] cases per 100,000 in 1995 to 7.4 [7.3-7.5] in 2013 (Figure 2). Overlapping lesion was the subsite with the lowest incidence, with rates between 0.2 [0.2-0.2] and 0.3 [0.3-0.4] cases per 100,000 in 1995-2013.




Figure 2 | Time trends in oesophageal carcinoma incidence by topography, 1995-2013.



An overall decline of gastric cancer incidence was observed in the period 1995-2013, with rates decreasing from 25.0 [24.6-25.3] to 15.0 [14.8-15.2] cases per 100,000 (Supplementary Figure 3). The decrease in incidence was observed in all European regions: Northern Europe (from 22.5 [22.0-23.0] to 11.4 [11.1-11.7] cases per 100,000), Western Europe (from 21.9 [21.2-22.6] to 14.4 [14.0-14.8]), Eastern Europe (from 31.2 [30.3-32.1] to 22.9 [22.1-23.7]) and Southern Europe (from 28.7 [27.5-29.8] to 15.7 [14.9-16.6]) between 1995 and 2013 respectively (Supplementary Figure 4).

The decreasing trend was due to the NOS subsite of stomach decline, which fell from 10,6 [10.3-10.8] to 3,4 [3.3-3.6] cases per 100,000, as well as to NCGCs, decreasing from 9.1 [8.9-9.3] to 6.9 [6.8-7.1] cases per 100,000. Rates for CGCs and overlapping lesions of the stomach were more stable, with respectively a mean rate of 3.7 [3.5-3.8] and 1.4 [1.4-1.5] cases per 100,000 in the analysis period (Figure 3).




Figure 3 | Time trends in gastric carcinoma incidence by topography, 1995-2013.






3.1.2 Temporal analysis by geographical area

High variability was observed in the analysis by region, subsite and sex in oesophago-gastric carcinomas.

NCGC declined in all European regions, both for men and women between 1995 and 2013. For males, NCGCs had higher incidence rates than oesophageal carcinomas throughout all the analysis period in Southern and Eastern Europe, whereas oesophageal carcinomas took over NCGCs as the most incident oesophago-gastric cancer in 2002 in Northern Europe and in 2013 in Western Europe. Notably, NCGC rates remained high in Eastern Europe for both sexes, decreasing from 39.2 [37.4-40.9] to 29.2 [27.8-30.6] cases per 100,000 and from 20.0 [19.1-20.9] cases to 14.0 [13.2-14.8] cases per 100,000 for men and women respectively.

CGC rates were stable between 1995 and 2013 in all regions and for both sexes, with around 5-7 cases per 100,000 for men and around 1-2 cases per 100,000 for women (Figures 4–7).




Figure 4 | Time trends for oesophago-gastric carcinomas by topography and sex in Northern Europe, 1995-2013.






Figure 5 | Time trends for oesophago-gastric carcinomas by topography and sex in Western Europe, 1995-2013.






Figure 6 | Time trends in oesophago-gastric carcinomas by topography and sex in Eastern Europe, 1995-2013.






Figure 7 | Time trends in oesophago-gastric carcinomas by topography and sex in Southern Europe, 1995-2013.







3.2 Morphology



3.2.1 Oesophageal carcinomas

The geographical comparison of oesophageal carcinomas morphology groups showed rather different trends and ratios for males across the four European regions, while less variability occurred in females.

In Northern Europe, OSCC rates were stable (from 4.9 [4.4-5.3] to 4.8 [4.3-5.2] cases per 100,000), while OAC rates increased from 9.0 [8.5-9.6] to 15.0 [14.4-15.7] cases per 100,000. The ratio between OSCCs and OACs rose from 1 to 1.8 in 1995 to 1 to 3.1 in 2013. In Western Europe, OSCCs rates were also stable (from 5.8 [5.2-6.5] to 5.9 [5.4-6.3] cases per 100,000), and OACs increased (from 4.6 [4.0-5.2] to 8.8 [8.2-9.4] cases per 100,000). In Eastern Europe, incidence rates for both OACs and OSCCs increased between 1995 and 2013 from 1.1 [0.7-1.6] to 3.0 [2.4-3.5] cases and from 3.7 [3.0-4.4] to 7.1 [6.3-8.0] cases per 100,000 respectively; OACs were less common than OSCCs, with a ratio of 1 to 3.4 in 1995 and 1 to 2.4 in 2013. In Southern Europe, a sharp decline in OSCCs incidence was observed from 10.5 [9.2-11.8] to 5.8 [4.9-6.7] cases per 100,000, while OACs rates went from 1.9 [1.2-2.5] to 4.1 [3.3-4.8] cases per 100,000.

For females, incidence of OSCCs was higher than for OACs consistently in the four European subregions and for all the period 1995-2013. Among morphology groups, in 2013 the higher incidence in OSCC occurred in Northern Europe with 4.4 [4.0-4.8] cases per 100,000, and the lowest in Eastern Europe with 0.9 [0.7-1.2] cases per 100,000 (Figures 8–11).




Figure 8 | Time trends in oesophageal carcinomas by morphology and sex in Northern Europe, 1995-2013.






Figure 9 | Time trends in oesophageal carcinomas by morphology and sex in Western Europe, 1995-2013.






Figure 10 | Time trends in oesophageal carcinomas by morphology and sex in Eastern Europe, 1995-2013.






Figure 11 | Time trends in oesophageal carcinomas by morphology and sex in Southern Europe, 1995-2013.






3.2.2 Gastric carcinomas

Morphology groups of stomach carcinomas also showed different trends in the analysis period. Incidence rates generally decreased in the two less specific groups (adenocarcinomas NOS and NOS neoplasms or carcinomas) and were stable instead for most of the other groups. In particular, NOS neoplasms or carcinomas decreased sharply in Eastern Europe, from 12.5 [11.9-13.0] cases per 100,000 in 1995 to 2.5 [2.3-2.8] cases per 100,000 in 2013, and adenocarcinomas NOS incidence fell from 11.8 [11.0-12.6] to 4.9 [4.4-5.4] cases per 100,000 in Southern Europe.

Specified morphology groups also showed variability among European regions. For instance, intestinal-type adenocarcinomas incidence changed from 5.4 [4.9-6.0] to 3.0 [2.5-3.4] cases per 100,000 in Southern Europe, and from 1.3 [1.2-1.4] to 1.0 [0.9-1.2] cases per 100,000 in Northern Europe. Higher incidence occurred for diffuse type carcinomas in Southern Europe, where it decreased from 4.1 [3.7-4.6] to 3.1 [2.7-3.5] cases per 100,000 in 1995-2013 respectively. Incidence rates in Northern Europe instead decreased from 1.4 [1.3-1.6] to 1.0 [0.9-1.1] cases per 100,000 in the same period (Figures 12–15).




Figure 12 | Time trends in gastric carcinomas by morphology in Northern Europe, 1995-2013.






Figure 13 | Time trends in gastric carcinomas by morphology in Western Europe, 1995-2013.






Figure 14 | Time trends in gastric carcinomas by morphology in Eastern Europe, 1995-2013.






Figure 15 | Time trends in gastric carcinomas by morphology in Southern Europe, 1995-2013.








4 Discussion

To our best knowledge, this is the first analysis addressing long-term changes in topography and morphology registration of both gastric and oesophageal cancers in Europe by area and sex.

Within upper gastrointestinal tract, cancer topography, combined with histological subtyping, have crucial impact on cancer prevention strategies, diagnostic procedures, the best choices of treatments and, ultimately, in the estimates of prognosis. Unfortunately, these important data are unequally provided by non-high-resolution cancer registration, which results in fragmentary, and sometimes divergent, epidemiological information.

Among the main strengths of the study are the large number of the selected cases (840,464 oesophago-gastric cancers), the length of the analysis period (1995-2014) and the geographical representation (53 PBCRs from Northern, Western, Eastern and Southern Europe).

In order to assess the representativity of data by European region, checks on incidence rates for gastric and oesophageal cancer in areas for which registration could not cover at least 17 years in the analysis period were performed. The incidence of gastric and oesophageal cancers was checked for all PBCRs with data available in 1995 and in 2013, and the rates were close overall to those reported in the study.

As a possible limitation, variations in data collection and coding practices could partly limit the generalisability of the study, even though a constant improvement in data quality has been reported for European PBCRs in the same period (22).



4.1 Different epidemiological patterns of cancer incidence across Europe

The present study revealed notable differences in the reporting and registration of upper gastrointestinal cancers across Europe, over time. Overall, it was found that there was an improvement in identifying specific subsites of oesophageal and gastric cancers between 1995 and 2013.

As for the oesophagus, there was a rising incidence of cancer in the lower one-third of the oesophageal channel, while the registration of malignancies with unspecified histology showed a decrease. Other subsites, however, did not exhibit significant changes.

Between 1995 and 2014, OAC increased consistently across European regions, in line with what already reported (6, 23–25). However, the extent of this increase varied by region and gender. Females, in particular, had higher incidence rates in Northern Europe than in Southern and Eastern Europe. These differences could be attributed to the varying effects of cancer-promoting factors such as gastro-oesophageal reflux, obesity, and low Helicobacter pylori prevalence in Northern European countries (12, 26–28) versus a cancer-protective effect observed in Southern and Eastern European populations due to higher rates of Helicobacter pylori infection (9, 10, 29).

The occurrence of OSCC varied among European regions. OSCC decreased only in males of Southern Europe, remained steady in Northern and Western Europe, and increased in both sexes in Eastern Europe. These differences could be attributed to the greater effects of tobacco smoking and alcohol consumption among Eastern European populations (11, 30).

Consistently with the current literature, gastric cancer incidence decreased dramatically (10, 23, 31, 32). In particular, NCGC rates became lower than those of oesophageal cancer in 2003 in Northern Europe, and in 2013 in Western Europe. The variability in gastric/oesophageal cancers ratio between European areas likely results from the differences in the prevalence of the different risk factors, particularly Helicobacter pylori infection (29).

Such evidence should prompt the implementation of internationally validated strategies for gastric cancer prevention (primary and secondary) (33, 34).

The decrease in NOS subsite proportion of gastric cancer coupled with stable rates of cardia-gastric adenocarcinoma. This was evidenced by the CGC : NCGC ratio, which remained steady from 1995 (1:2.5) to 2013 (1:2.1).




4.2 Data accuracy of cancer registration



4.2.1 Oesophageal and gastroesophageal-junction malignancies

Between 1995 and 2014, the quality of registration of oesophageal cancer improved significantly across Europe despite some variations among the regions. The incidence of malignancies with either unspecified subsite and/or morphology reduced overall across Europe.

Notably, in Northern European countries, the incidence of malignancies with unspecified morphology dropped from 4.1 to 1.6 cases per 100,000 in males, and specific cancer morphological groups such as oesophageal adenocarcinoma became more frequently identified, with an increase in incidence from 9.0 to 15.1 cases per 100,000. However, the incidence of OSCC did not show any significant change during this period for both sexes.

These findings underscore the importance of reducing the proportion of oesophageal cancers with unspecified morphology, given the different treatment strategies for OAC and OSCC (6, 35–39).

The improvement in diagnostic tools, such as high magnification and ultrasound endoscopy, played a significant role in promoting cancer histological subtyping (40). Along with that, the advent of digital pathology databases has helped to ensure consistent delivery of histological information from local pathology archives to centralised cancer registrations. Lastly, the HER-2 revolution has played a crucial role in the development of cancer-personalised therapies, making molecular profiling of oesophageal adenocarcinoma mandatory (38, 41).




4.2.2 Gastric malignancies

A strong decrease in the proportion of stomach NOS subsite was observed, with a decline in incidence from 10,6 to 3,4 cases per 100,000 between 1995 and 2013. The increase in the accuracy of registration of gastric cancers either as CGCs or NCGCs is crucial, given the different clinical characteristics and outcomes between the two subsites (6, 35, 37, 42, 43).

In addition, due to the differences (such as clinical features, genetics, surgery) between intestinal and diffuse type gastric cancers it is important for PBCRs to record the morphology of incident cancers with the best possible accuracy (44, 45).

With the only notable exception of Eastern Europe, the quality improvement in gastric cancer registration showed a trend even more favourable than that of oesophageal malignancies. Moreover, the drop in the incidence of NOS adenocarcinoma histotypes and NOS malignancies mirrors the lowering incidence of primary gastric epithelial malignancies as consistently documented (with the abovementioned exception) all over the considered European regions. This situation is consistent with the regional prevalence of the leading risk factor of gastric adenocarcinoma (Helicobacter pylori, with exceedingly higher prevalence in Eastern Europe) (29).






5 Conclusion and way forward

A wide variability in oesophago-gastric cancers topographic subsites and histopathological types patterns was observed, with a corresponding improvement in accuracy of registration in the analysis period. PBCRs are ideally placed to guide the epidemiological evaluations of such a complex group of diseases, in collaboration with clinicians, patients and other public health stakeholders.

JRC and ENCR have been supporting high level of quality and the harmonisation of European population-level cancer incidence data, though several initiatives such as drafting of recommendations for PBCR data coding, the organisation of trainings for PBCR personnel, and the developments of IT tools for data quality checks (46–50).

In the context of such activities, the present analysis on geographical and temporal differences in gastric and oesophageal cancer registration is a first step towards a more in-depth evaluation of the burden of these diseases in Europe.
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This article highlights the recent and ongoing activities of European population-based cancer registries (PBCRs) in data quality and harmonisation in the framework of the collaboration between the European Network of Cancer Registries (ENCR) and the Directorate-General Joint Research Centre (JRC), the science and knowledge centre of the European Commission. The article concludes the Frontiers in Oncology’s Research Topic “Joining Efforts to Improve Data Quality and Harmonization Among European Population-Based Cancer Registries”, which has been an opportunity for several European researchers to share their experience on cancer data quality and harmonisation. Such experience will be helpful for PBCRs in view of future challenges and opportunities in cancer epidemiology, with a few examples discussed in the present article.
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1 Introduction

During recent decades, the role of population-based cancer registries (PBCRs) has advanced beyond their traditional focus on providing cancer incidence and survival data, enlarging it to data providers for health-service management (1–4). In this respect, PBCRs face further challenges of data quality and harmonisation issues.

Since 1990, the European Network of Cancer Registries (ENCR) has been operational with the aim to connect PBCRs in Europe.

The ENCR plays a crucial role in supporting PBCRs to improve the quality (including comparability) and availability of cancer incidence data and paves the way for the use of data collected by PBCRs in cancer control, health-care planning and research. Cancer data comparability between countries and regions is particularly important for the European policy makers, who rely on the European Cancer Information System for accurate and up-to-date cancer burden statistics computed with data from the almost 200 PBCRs currently active in Europe. ENCR activities have a global impact, also due to its collaborations with the International Association of Cancer Registries (IACR) and the International Agency for Research on Cancer (IARC) and the fact that ENCR recommendations and guidelines regularly serve as models endorsed within the IACR. An example of collaboration between ENCR and IACR was the joint ENCR-IACR 2023 Scientific Conference, which took place in Granada, Spain, in November 2023 and was attended by more than 350 participants (5).

The Frontiers in Oncology Research Topic “Joining Efforts to Improve Data Quality and Harmonization Among European Population-Based Cancer Registries” has been an opportunity for European researchers to share their experience on cancer data quality and harmonisation (6).

In this light, this article refers to all the contributions to the Research Topic and summarises the present situation in European PBCRs related to data quality and harmonisation, as well as the currently implemented activities carried out by ENCR and JRC to improve them. Of particular note, the activity of several ENCR working groups and the update of ENCR recommendations will be described. Moreover, the European Cancer Information System (ECIS) (7) as the ultimate outcome of data quality and harmonisation efforts will be presented.




2 Current advances of cancer registration in Europe

Since 2012, the ENCR Secretariat has been hosted at the Joint Research Centre (JRC), the science and knowledge centre of the European Commission. In this scenario, several initiatives were carried out in the last decade (8) aimed at improving cancer data quality and harmonisation of European PBCRs: the JRC and ENCR coordinated thematic expert working groups to draft guidelines and recommendations on data collection, coding, and reporting, organised trainings, including on the revised recommendations, and developed common rules and related validation software to check data compliance to agreed European standards (9).

European PBCRs are very heterogeneous in terms of geographical coverage, either national or regional, and can cover very different population sizes, translating in datasets ranging from around 125,000 to over 50 million cancer records. Additionally, they differ regarding registration practices, for example in relation to data sources, definitions and procedures. Therefore, common rules and definitions are necessary in order to harmonise data from different PBCRs and ensure their comparability at European level.

To this purpose, the following recommendations, reports and documents were published during the period 2022–2024 on the ENCR website (10).



2.1 ENCR recommendations



2.1.1 Data quality checks for European cancer registries

Recognising the pivotal importance of comparability, completeness, validity, and timeliness in ensuring the reliability and utility of PBCR data, in 2013 the ENCR and JRC launched the Data Quality Checks Working Group to address the fragmented landscape of data validation methods across European PBCRs.

To achieve this objective, a series of workshops were convened in 2013 and 2014. These meetings served as forums for stakeholders from diverse backgrounds, including PBCR experts, epidemiologists, and data analysts, to collaboratively deliberate on the establishment of a harmonised framework for data quality assessment.

Following the work of the Cancer Data Quality Checks Working Group (11) the first agreed quality control checks among European PBCR’s were proposed, aimed at validating the internal consistency of cancer incidence variables. The report, and later update (12) formed the basis for the JRC-ENCR Quality Check Software (QCS), described in one contribution of the current Research Topic (13).




2.1.2 Standard dataset for the European network of cancer registries (2023)

This recommendation updates a previous document released in 2005 (14), to provide the minimum dataset to be collected by European PBCRs. Given the great expansion of PBCRs role in cancer control, quality assessment of cancer care, clinical and epidemiological research in the latest years, additional standardised data items were deemed necessary for registration. Thanks to the rapid growth of electronic records in the health care sector, many items may now be collected by linkage to existing data sources, as part of routine operations or on an ad hoc basis. However, the abundance of available data may be at the expense of standardisation and comparability. While the level of automation may increase access to growing amounts of data, the legal basis for access to and linkage with health data, varying greatly across Europe, may jeopardize the capacity to check the quality of such data.

The 2023 revision of the standard dataset recommendation (15, 16) was drafted to preserve the possibilities for comparisons on cancer incidence between European and non-European PBCRs, to share data definitions for in-depth and wide-scale collaborative efforts and identify variables that may support an expanded role of PBCRs in cancer control.




2.1.3 Basis of diagnosis (2022)

The 2022 recommendations updated the previous ones from 1999 (17–19).

Basis of diagnosis is a key variable, including information both on the way in which the tumour is diagnosed and the level of likeness of the diagnosis itself. It is also influenced by the ability of individual PBCRs to intercept the different (pathological, cytological, molecular…) reports.

Guidance in the latest recommendations is particularly relevant in the absence of pathological confirmation of the tumour. The proportion of clinical diagnoses (basis of diagnosis values 1, 2 and 4) is a data quality indicator. While a high proportion of clinical diagnoses in a PBCR may reflect the situation with regard to clinical and pathological investigations in the area covered by the PBCR, it may also indicate overdiagnosis and overestimation of cancer incidence, possibly taking into account tumours that would never have caused symptoms or death. On the other hand, PBCRs with a very low proportion of clinical diagnoses might underestimate incidence rates, potentially missing cancer cases that should be counted.

Among the modifications introduced, the new value 8 (Cytogenetic and/or molecular testing) for coding the basis of diagnosis is particularly relevant in view of the fast evolution of diagnostic techniques, such as karyotyping, FISH (fluorescent in situ hybridization), PCR (polymerase chain reaction) and DNA sequencing.




2.1.4 Cancer cases in migrant population (2022)

In the wake of the increase in the number of migrants (including refugees) in European countries, and with a particular consideration of the millions of refugees from Ukraine to Europe, in 2022, a new ENCR recommendation was released to clarify and harmonise whether to register migrant individuals without a legal residency at the date of incidence (20).




2.1.5 Recording and reporting of urothelial tumours of the urinary tract (2022)

Following the previous publication in 1995 of “Recommendations for coding bladder cancers” (21) and IARC’s 2003 book on “Standards and guidelines for cancer registration in Europe” (22), knowledge about the biology and pathology of urinary tract tumours and their classification has increased considerably (23). Great variability has been observed among European PBCRs in the recording (i.e. registration) and the reporting (i.e. in presenting cancer burden statistics) of these tumours (24).

The 2022 ENCR recommendation aimed at improving comparability of data on urothelial tumours of the urinary tract in Europe by defining criteria mainly for registration, taking into account multiple aspects of these tumours such as primary topography, histological type, grade, extent of invasion, multi-centricity, progressions and time interval between tumors (25, 26). An example of the rules that should lead to greater data harmonisation and comparability is the suggestion not to record the “Urothelial proliferation of uncertain malignant potential”, which in any case are not reportable.




2.1.6 Coding incidence date (2023)

The previous recommendation on the coding of incidence date was released in 1995 and revised in 1997 (27). The detection of inconsistencies in its application among European PBCR’s led to the creation of a working group which re-prioritized events considered for the registration of incident date considering modern methods of diagnosis such as flow cytometry, molecular testing, screening tests and more recent radiological and imaging techniques (28). An increased standardisation of incidence date, in addition to allowing more accurate cancer incidence statistics, also improves the consistency of survival estimates.




2.1.7 ENCR endorsement of the Toronto childhood cancer stage guidelines (2016)

In 2016 the ENCR Steering Committee endorsed and encouraged the active use of the Toronto Childhood Cancer Stage Guidelines by European PBCRs, in order to promote the consistency of stage data for childhood malignancies (29–31). Moreover, the Toronto childhood cancer stage has been included in the latest 2022 ECIS data call protocol to European PBCRs.

One article of the current Research Topic shared the experience of the International Benchmarking of Childhood Cancer Survival by Stage (BENCHISTA) project in encouraging the implementation of the Toronto Childhood Cancer Stage Guidelines (32). The extensive application of the Toronto staging allows for instance to study whether the differences in survival of patients with childhood cancers between countries are due to a different diagnostic timing or to differences in access to care and treatment protocols, which is the main objective of the BENCHISTA project.





2.2 The European cancer information system

The JRC has been developing since 2012 ECIS as a comprehensive infrastructure, consisting of several components to manage a central data repository and to coordinate in an efficient and sustainable way the activities of data validation, analysis, and dissemination. A key component of the ECIS is a web-based tool launched in February 2018 (33) to report and disseminate cancer burden indicators such as incidence, mortality, survival and prevalence. Indicators in ECIS are derived from European PBCRs data. The ECIS web application (34) allows the visualisation of such indicators across European areas and time dimension.

The first data call to feed ECIS was launched in 2015. The database feeding ECIS is dynamic and is updated as new data becomes available.

The ECIS web-application is modular and currently, its data explorer section consists of the following modules:

	Incidence and mortality estimates– latest release year is 2022 as the outcome of a collaborative project between JRC and the IARC, in collaboration with the ENCR;

	Long-term incidence and mortality estimates up to 2040, evaluating the impact of different demographic scenarios by 2040 on the cancer burden;

	Survival estimates, reporting on the results of the latest published EUROCARE-5 study (35);

	Incidence and mortality historical data, including indicators computed from PBCRs observed data;

	Childhood cancer incidence historical data, reported according to the International Classification of Childhood Cancer (ICCC), third edition.

	Prevalence estimates in 2020, reporting on the results of the EUROCARE-6 study (36).





2.2.1 The 2015 Call for Data protocol

The 2015 Call for data protocol required the submission from European PBCRs of a cancer case file, a population file, a mortality file, life tables and a data submission questionnaire (37). Data were harmonized at central level, incidence and mortality indicators were computed by the JRC and disseminated through the ECIS web application, released in 2018.

The variables required by the protocol for the incidence file included demographic and tumour characteristics like sex, age, topography, morphology, considered as core variables for reporting incidence indicators and which were the focus of data quality evaluations. Additionally, the protocol included variables for survival analysis, as well as stage and treatment information.




2.2.2 The 2015 European dataset

ENCR-affiliated PBCRs contributed data to the 2015 Call for Data (Figure 1). Over 34.5 million incident cases were collected from general PBCRs (all ages and all cancer sites) and specialised (childhood or site specific) PBCRs. Data harmonisation procedures, such as correction of errors detected by the JRC-ENCR Quality Check Software and the implementation of multiple primary tumours rules were performed centrally at JRC and by the submitting PBCRs. Following data harmonisation, around 30 million cases from 145 PBCRs (with incidence years between 1953 and 2014) were validated for the ECIS web application.




Figure 1 | PBCRs contributing data 2015 ENCR-JRC Call for Data. Orange: all ages and all cancer sites PBCRs; Vertical stripes: childhood PBCRs; Horizontal stripes: site-specific PBCRs.






2.2.3 The 2022 data call protocol

A second ECIS call was launched in 2022 to the ENCR PBCRs (38). While the core variables from the 2015 protocol were retained, the experience gained from the previous call led to a few changes in the 2022 protocol, namely:

	the case definition was changed: in situ/non-invasive tumours requested only for breast, urothelial tumours, ovary and skin melanoma, whereas, according to the ICD-O-3.2 the only benign tumours should be those of the central nervous system and gastrointestinal stromal tumours (GIST);

	A finer geographical detail was requested, specifying the geographical area of residence at diagnosis for incident cases according to the NUTS classification level 2 (NUTS2) (39);

	Toronto childhood cancer stage was introduced;

	Better specification of treatment (e.g. for different systemic therapies) and related timing (e.g. neo-adjuvant vs adjuvant) was added.



Novelties in the 2022 ECIS protocol implied the definition and implementation of additional validation rules, and related work for the update of IT tools.





2.3 Data quality aspects addressed in the current research topic

As shown in the present Research Topic, the quality of incidence data reported by European PBCRs improved between 1995 and 2014 (40). The analysis of 28,776,562 cases from 130 PBCRs in 30 European countries reported worse data quality for the oldest age groups and for cancer sites with poor survival. No differences were found between males and females, whereas high variability in data quality was detected across European PBCRs. The use of electronic health records, steadily increasing over the years, might be one of the contributing factors for a more accurate and timely registration of data.

A second contribution of the Research Topic focused on geographical variability and data quality in gastric and oesophageal cancer. A wide variability in oesophago-gastric cancers topographic subsites and histopathological types was observed, with a corresponding improvement in accuracy of registration in the study period (1995–2014) (41).

One article of the Research Topic focuses on the JRC-ENCR Quality Check Software (QCS) (13), as the IT tool developed by the JRC to check the internal consistency of PBCRs data.

Another valuable article of the present Research Topic thoroughly compared the functional characteristics of the JRC-ENCR QCS with the check tool developed by the IARC and the IACR (42). The paper concluded that it would be advisable to use both systems for data quality control, since they provide checks on different groups of variables (stage, follow-up) or on the same variables but with different modalities.

Finally, one important aspect of the improvement in data quality in European PBCRs is related to the enhanced possibility to analyse long-term cancer incidence trends. One example of such investigation is the article focusing on the incidence pattern of haematological neoplasms in Spanish children between 1983 and 2018, and its comparison with other southern European countries (43).




2.4 Current focus of JRC- ENCR activities

Harmonisation activities continue to be one major focus of the collaboration between the ENCR and the JRC. More specifically, the following topics are the subject of active ENCR Working Groups (9):



2.4.1 Working group on treatment data harmonisation

As reported in the present Research Topic, a growing number of European PBCRs are collecting treatment data (44). This overview, which combined data from a literature review and conference proceedings, together with data from 125 European PBCRs, has led to the creation of a working group which provided the first recommendations for treatment data collection and coding, and the invitation to PBCRs to improve data harmonisation and comparability in Europe.




2.4.2 Working group on cancer recurrences

The aim of the working group is to define a protocol for the standardised collection of cancer recurrence, progression and transformation data by PBCRs.




2.4.3 Working group on central nervous system tumours

Aimed at updating the previous ENCR recommendation, dated 1998.




2.4.4 Working group on haematological malignancies

Aimed at updating the previous ENCR recommendation, dated 2014.




2.4.5 Working group on survival in ECIS

Aimed at defining the data standards and quality checks to be applied for publication of survival indicators in ECIS.




2.4.6 Working group on multiple primaries registration

Aimed at updating the previous ENCR recommendation, dated 2004.





2.5 ECIS in the context of the European commission’s Europe’s Beating Cancer Plan

The European Commission’s Europe’s Beating Cancer Plan (EBCP) (45), released in February 2021, is structured around four key action areas (Prevention, Early detection, Diagnosis and treatment, Improvement of quality of life) and is supported by 10 flagship initiatives, underscoring the European Union’s commitment to support cancer prevention, treatment, and care across the continent. In this context, a Knowledge Centre on Cancer (46) and the European Cancer Inequalities Registry (47) were established in the framework of the EBCP.

Several activities and collaborations are ongoing to expand the information provided by the ECIS in line with commitments of the EBCP and demand for good quality data at population level will continue. The following is a list of developments in line with such commitments, including:

	Providing cancer incidence data at regional level, following the NUTS (Nomenclature of Territorial Units for Statistics) classification level. The availability of more granular data will facilitate ecological comparisons (for instance, with environmental and socio-economic data) and align with the overarching EBCP actions aiming to address inequalities between and within EU Member States. On this point, it will be important to monitor possible issues of reidentification of patients that might arise with more granular data;

	Displaying of cancer prevalence data, necessary for proper quantification to support EBCP objectives of reducing the burden of cancer, improving cancer outcomes, and enhancing the quality of life for all cancer survivors across Europe;

	Reporting on cancer stage data, which guide evidence-based decision-making tracking advancements towards cancer control goals and promoting quality improvement in cancer care;

	Exploring the expansion to cancer screening data monitoring, in line with the fourth EBCP flagship initiative, which aims to put forward a new EU-supported Cancer Screening Scheme to help Member States ensure that 90% of the EU population who qualify for breast, cervical and colorectal cancer screenings are offered screening by 2025. The CanScreen-ECIS project (48) paved the way towards this achievement.







3 Discussion

The improvement in quality and the harmonisation of PBCRs data will remain the focus of JRC and ENCR activities. As indicated by European PBCRs (49), a priority should be to develop a common mechanism for estimating the national cancer burden for countries with partial cancer registration, to enable direct and more accurate comparisons between countries. In addition, countries with absent or underdeveloped cancer registration should be assisted in establishing PBCRs. The quality indicators reported in the present Research Topic can be used as the baseline for monitoring PBCRs data quality indicators in Europe (40).

Reliable data from PBCRs are crucial for the effective implementation and evaluation of cancer control programmes. The standardisation of data and the harmonisation of procedures has led to an overall improvement in the description of neoplastic diseases and how incidence, survival, prevalence, mortality are all necessary (and somehow interlaced) indicators for understanding the epidemiology of tumors. The role of PBCRs has been expanding over the years; at the same time, thanks also to the essential action of ENCR and JRC, European PBCRs have made progress over the last decades with regard to data quality. This momentum should be sustained in order to further improve harmonisation and decrease resource disparities leading to quality disparities. Clear guidelines and policies offer the basis for this, with guiding principles for the equitable and effective operation of PBCRs providing a structured framework that enables registries to maximise their potential and contribute to cancer surveillance and research efforts, regardless of resource constraints.

Ongoing advances in technology can offer alternative models for data sharing and international comparisons, for instance a federated approach for data collection, as shown in the current Research Topic “Joining Efforts to Improve Data Quality and Harmonization Among European Population-Based Cancer Registries” with the description of the Nordcan.R tool. The article showed how the tool is used to compute statistics for the Nordic cancer statistics web platform NORDCAN, and demonstrated that it works also with non-Nordic data (50).

An innovative approach in view of federated data quality evaluations was also presented in the current Research Topic. The article presented an ontology created using a modular approach to handle specific checks for childhood cancers, leading to a simpler maintenance of data validation rules (51).

In this context, a key role is going to be played by the future European Health Data Space (EHDS), a European Commission initiative to build a common EU framework facilitating the use of health data for secondary purposes that could be beneficial to European PBCRs by facilitating cancer data sharing (52). This initiative aims to improve interoperability and accessibility of health data across Europe, fostering better research and improved public health outcomes. By creating a standardised environment for health data exchange, the EHDS will enable more efficient data sharing between PBCRs and researchers, helping to overcome current barriers related to data fragmentation and diverse national regulations. This will not only help streamlining the process of data harmonisation but will also promote innovation in cancer research, ultimately contributing to more effective cancer prevention and treatment strategies across Europe.

Three articles in the present Research Topic focus on methodologies for the computation of cancer prevalence. A first article showed two alternative approaches in the framework of the completeness index method, based on incidence and survival modelling, in order to provide comparable indicators on complete cancer prevalence (53). The second article described the procedures to derive complete prevalence and several indicators of cancer cure from PBCRs. Limited duration prevalence was calculated for 62 cancer types by sex and PBCR, presenting indicators which may be relevant for patients and clinical practice and reproducible in different European countries (54). Lastly, a new method to estimate short-time projections of cancer prevalence by phase-of-care was illustrated. Evidence from this method was addressed to policy makers for planning future cancer care, thus improving cancer survivorship experience for patients and care-givers (55).

Finally, in recent years, biomarkers have become more important in guiding diagnosis and treatment options as well as for the prognosis of several tumour types such as, for example, breast, oropharyngeal and lung cancer (56). The use of biomarkers is also important in predicting recurrences. For this reason, biomarkers should be taken into account in the future by the ENCR because it will be necessary to standardise data collection, coding and reporting of this key information.
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1-4 5-9 (CR 95%Cl) ASRe (ASRE 95%Cl)

Il. Lymphomas and reticuloendothelial neoplasms

Both 1,488 109 16.1 205 24.1 20.1 (19.1; 21.1) 20.0 (19.0; 21.1) 20
Boys 1,010 11.7 222 284 30.4 265 (24.9;282) 26.5 (24.9; 28.1)
Girls 478 10.1 9.6 122 17.4 133 (12.15 14.5) 132 (12.0; 14.4)

lla. Hodgkin lymphomas

Both 449 00 1.0 52 115 61 (5.5 6.6) 6.0 (54; 6.5) 15

Boys 276 00 18 72 124 73 (6:4; 8.1) 72 (6.3 8.0)
Girls 173 00 02 31 10.4 48 (4.1;5.5) 47 (4.0; 5.4)

llb. Non-Hodgkin lymphomas (except Burkitt's lymphoma)

Both 443 16 49 68 6.8 6.0 (5.4; 6.5) 6.0 (5.4; 6.5) 23

Boys 312 17 65 95 93 82 (7.3:9.1) 82 (7.3:9.1)
Girls 131 14 32 39 41 36 (3.0; 4.3) 36 (3.0;4.3)

llc. Burkitt’s lymphoma

Both 393 02 66 63 44 53 (4.8, 5.8) 53 (4.8;5.9) 36
Boys 312 04 108 93 67 82 (7.3, 9.1) 82 (7.3:9.1)

Girls 81 0.0 2.1 31 20 23 (1.8;2.7) 23 (1.8;2.8)

Iid. Miscellaneous lymphoreticular neoplasms

Both 172 8.9 34 17 1.0 23 (2.0;27) 23 (2.0;2.7) 11
Boys 92 95 31 17 14 24 (1.9;29) 24 (1.9;2.9)
Girls 80 8.3 38 17 06 22 (1.7; 27) 23 (1.8;2.7)

lle. Unspecified and other specified lymphomas

Both 31 02 02 06 04 0.4 (0.3 0.6) 04 (0.3 0.6) 13

Boys 18 0.0 0.1 07 0.6 0.5 (0.3, 0.7) 0.5 (0.3;0.7)
Girls 13 05 03 05 02 0.4 (0.2; 0.6) 0.4 (0.2;0.6)

CR, crude rate; ASRg, age-standardized rate using the 2013 European population; Cl, confidence interval; ISR, incidence sex ratio.
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Province/island Period Person-years Number of cases NOS % DCO %
Albacete* 1991-2012 1,378,731 93 97.9 1l 1
Asturias ‘ 1991-2013 2,832,009 185 99.5 05 v 0.0

Las Palmas ‘ 1993-2015 2,944,080 210 995 05 00
Santa Cruz de Tenerife 1993-2015 2,779,698 168 98.8 0.0 12
Ciudad Real* 2004-2012 700,649 35 100.0 0.0 00
Cuenca* 1993-2010 528,351 36 97.2 29 00
Araba 1987-2015 1,243,597 88 97.7 L1 11
Gipuzkoa ‘ 1986-2016 3,121,467 235 97.9 13 09
Bizkaia 1986-2015 4,794,719 342 98.5 00 15
Girona 1983-2018 3,665,590 246 97.2 16 12
Granada 1985-2016 4,997,941 281 99.3 07 0.0
La Rioja* 1993-2014 906,089 45 9L 44 44
Mallorca ‘ 1988-2013 2,976,006 181 98.9 L1 00
Murcia 1983-2015 7,872,968 539 97.8 15 07
Navarra 1983-2015 3,002,901 192 97.9 05 16
Tarragona 1983-2015 3,567,874 230 99.1 00 09
Salamanca® 2011-2016 247,071 22 1000 00 00
Valéncia 1983-2018 13,936,208 915 99.9 00 0.1
Castello 1983-2018 3,016,416 188 100.0 00 0.0
Alacant 1983-2018 9,534,776 516 99.8 00 02
All 74,047,141 4,747 98.4 09 07

MV, microscopically verified cases; NOS, not otherwise specified cases; DCO, death certificate only cases.
*Provinces/islands excluded in the incidence trend analysis.
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1. Leukemias, myeloproliferative diseases, and myelodysplastic diseases

(CR 95%Cl)

ASRe

(ASRe 95%Cl)

Both 3,259 483 76.6 38.2 257 44.0 (42.5; 45.5) 44.1 (42.6; 45.7) 12
Boys 1,813 44.0 81.9 43.6 27.7 47.6 (45.4; 49.8) 47.8 (45.6; 50.0)
Girls 1,446 529 710 324 236 402 (38.1; 42.3) 403 (38.2:42.4)

la. Lymphoid leukemias
Both | 2,445 223 63.5 30.2 16.0 33.0 (31.7; 34.3) 33.1 (31.8; 34.5) 12
Boys. 1,368 19.0 68.1 346 173 359 (34.0; 37.8) 36.1 (34.2; 38.0)
Girls 1,077 258 58.6 256 146 29.9 (28.2;31.7) 30.1 (28.3; 31.9)

Ib. Acute myeloid leukemias
Both [ 561 16.0 9.5 55 67 76 (7.0;8.2) 7.6 (7.0; 8.2) 11
Boys. 306 142 108 63 6.6 8.0 (7.1;8.9) 8.0 (7.1;89)
Girls 255 17.9 82 47 6.7 7.1 (6.2;8.0) 7.1 (6.2; 8.0)

Ic. Chronic myeloproliferative diseases
Both 82 22 | 0.9 09 12 11 (0.9; 1.4) L1 (0.9; 1.4) 14
Boys. 19 17 0.9 1.0 17 13 0.9; 1.7) 13 (0.9; 1.6)
Girls 33 28 0.9 0.8 0.7 0.9 0.6 1.2) 09 (0.6; 1.2)

Id. Myelodysplastic syndromes
Both 63 38 12 05 05 0.9 (0.6; 1.1) 0.9 (0.6; 1.1) 11
Boys. 34 52 0.8 0.6 05 0.9 (0.6; 1.2) 0.9 (0.6; 1.2)
Girls 29 23 17 0.3 0.4 0.8 05 1.1) 0.8 055 1.1)

le. Unspecified and other specified leukemias
Both 108 4.0 1.6 L1 14 15 (1.2, 1.7) 15 (1.2;1.7) 10
Boys 56 39 1.3 11 1.6 15 (1.1; 1.9) 1.5 (1.1; 1.9)
Girls 52 4.1 17 1.0 13 15 (11; 1.8) 15 (1.1; 1.8)

CR, crude rate; ASRg, age-standardized rate using the 2013 European population; CI, confidence interval; ISR, incidence sex ratio.
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Spain Portugal Greece Cyprus (south-west) Croatia France Bulgaria Italy  Malta

I. Leukemias, myeloproliferative diseases, and myelodysplastic diseases

473 446 519 58.0 603 452 434 584 60.7
la. Lymphoid leukemias

358 323 452 445 50.5 345 325 47.1 6.1
Ib. Acute myeloid leukemias

79 82 55 10.1 7.7 6.9 48 7.7 75
Ic. Chronic myeloproliferative diseases

11 13 05 0.4 0.8 1.0 1.0 1.6 38
Id. Myelodysplastic syndrome

1.0 15 0.1 13 0.3 1.6 04 0.7 27
le. Unspecified and other specified leukemias

15 12 0.5 16 L0 12 47 12 07
Il. Lymphomas and reticuloendothelial neoplasms

194 228 159 238 231 200 18.1 257 218
lla. Hodgkin lymphomas

53 87 6.1 12.1 7.2 7.1 82 103 68
llb. Non-Hodgkin lymphomas (except Burkitt's lymphoma)

58 67 53 9.2 7.8 62 6.0 74 6.0
llc. Burkitt’s lymphoma

54 46 45 18 29 49 17 4.6 39
Ild. Miscellaneous lymphoreticular neoplasms

23 21 0.0 0.0 5.1 15 14 26 5.1
lle. Unspecified and other specified lymphomas

04 07 0.0 0.8 0.2 02 08 0.8 0.0

ASRgrq, age-standardized rate using the 1960 Segi world population.
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Registry (maximum duration)
Cancer type

Veneto (28 years)

Max LDP

Calculated (%), using R, (x) from

Italy 1990-2018

Italy 2003-2018

SEER 1975-2

Colorectal Men 8,184 8,143 (-0.5%) 8,680 (+6.1%) 8,196 (+0.2%)
Skin melanoma Men 3,725 3,728 (+0.1%) 3,627 (—2.6%) 3,857 (+3.5%)
Breast Women 30,792 31,135 (+1.1%) 32,004 (+3.9%) 30,115 (~2.2%)
Thyroid Women 4,643 4,555 (~1.9%) 5,334 (+23.5%) 5,070 (+9.2%)
Ragusa (37 years)

I Colorectal Men 886 931 (+5.1%) 1,004 (+13.3%) 949 (+7.1%)
Skin melanoma Men 264 282 (+6.7%) 271 (+2.6%) 294 (+11.3%)
Breast Women 2,763 2,947 (+6.7%) 3,089 (+11.8%) 2,849 (+3.1.%)
Thyroid ‘Women 698 723 (+3.5%) 895 (+28.1%) 858 (+22.8%)

*Calculated as described in Section 3.4.

9% represents the difference between calculated and observed.
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Age groups (years) Cancer type, sex

Colorectal cancer, men Colorectal cancer, women

=180 L=30
40-44 97.2 99.9 100.0 96.0 995 100.0
45-49 96.6 99.7 100.0 96.1 993 100.0
I 50-54 96.4 994 100.0 96.0 992 99.9
55-59 96.1 993 99.9 954 99.1 99.8
60-64 95.4 99.1 99.9 94.0 98.8 99.8
65-69 93.9 98.8 99.8 91.8 984 99.7
70-74 916 983 99.7 88.6 976 99.6
75-79 88.2 974 995 845 963 99.3
80-84 83.8 959 992 795 943 98.8
85+ 78.9 93.7 98.6 75.0 917 98.1

Prostate cancer, men Breast cancer, women

=230 L =30
40-44 99.0 99.0 99.6 99.8 100.0 100.0
45-49 100.0 100.0 100.0 99.3 100.0 100.0
50-54 100.0 100.0 100.0 98.0 99.9 100.0
55-59 100.0 1000 100.0 95.0 99.8 100.0
60-64 99.9 100.0 100.0 902 992 100.0
65-69 99.8 100.0 [ 100.0 839 977 99.9
70-74 99.3 100.0 100.0 77.1 95.0 99.6
75-79 98.0 100.0 ‘ 100.0 712 911 98.8
80-84 94.9 99.9 ‘ 100.0 66.0 86.1 97.2
85+ 89.4 99.8 | 100.0 . 616 816 94.7

All cancers, men All cancers, women

L=30 L=30
40-44 817 919 98.9 91.0 962 99.3
45-49 834 92.1 97.3 915 96.8 98.7
50-54 85.1 932 96.8 90.9 97.1 98.7
55-59 86.8 944 97.1 89.1 97.0 98.8
60-64 88.2 95.4 97.8 863 96.4 98.8
65-69 89.4 96.1 98.3 827 952 ‘ 98.7
70-74 90.0 962 98.6 v 785 933 98.3
I 75-79 88.9 96.1 | 98.7 739 ‘ 90.7 ‘ 97.6
80-84 85.7 955 ‘ 984 68.6 [ 869 96.4
85+ 80.9 945 | 982 642 83.1 | 94.6

“Completeness index calculated from Italian registries with a long-term period of incidence and survival (i.e., 1990-2018).
®The extended version is available upon request for the most frequent cancer types by the annual length of observation period from 7 to 40 years.
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Men Women

Rao, % Rao, %
Age groups (years)
Italy at Italy at
2018° 2010° 2006° 2018° 2010° 2006¢
0-4 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
05-09 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
10-14 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
15-19 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
20-24 94.3 94. 6 94.0 923 927 919 89.5 915
25-29 85.5 86.1 85.7 854 85.9 853 85.9 843
30-34 81.7 83.0 83.3 85.1 87.1 87.4 83.7 85.4
35-39 80.6 83.4 84.0 85.5 89.4 90.4 86.5 872
40-44 81.7 85.8 86.5 859 91.0 | 92.6 89.8 88.2
45-49 83.4 88.2 89.3 86.6 91.5 ‘ 934 91.7 88.2
50-54 85.1 89.8 91.7 879 90.9 93.1 92.3 87.4
55-59 86.8 91.1 934 89.6 89.1 91.8 91.8 85.9
60-64 88.2 91.7 944 91.1 86.3 89.5 90.3 83.9
65-69 89.4 924 94.8 92.0 82.7 86.7 88.1 814
70-74 90.0 93.0 94.5 91.7 785 833 85.3 785
75-79 88.9 92.4 93.7 90.2 739 79.7 82.5 75.1
80-84 85.7 90.9 922 87.1 68.6 76.1 80.0 714
85+ 80.9 88.6 90.1 833 64.2 73.6 76.4 67.6

*Based on Italian incidence and survival trends in 2018.

*Based on Italian incidence and survival trends in 2010 (22).

“Based on Italian incidence and survival trends in 2006 (27).

“Based on the SEER incidence and survival trends in 2018, estimated from data in 2005 (Race: White) (30).
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Cancer type (sex) NS until

50 years after the
diagnosis

Age at diagnosis (years)

Age 100 years Age 90 years

All cancers (men)

0-14 76% 79% 79% 79%
15-44 72% 77% 77% 77%
45-54 51% 56% 56% 57%
55-64 46% 53% 53% 53%
65-74 41% 48% 49% 50%
75+ 35% 37% 38% 41%

i All cancers (women)
0-14 79% 81% 81% 81%
‘ 15-44 75% 79% 79% 79%
45-54 68% 72% 72% 72%
55-64 55% 60% 61% 62%
65-74 44% 48% 50% 52%
75+ 34% 36% 36% 39%

Breast (women)
0-44 72% 77% 77% 77%
45-54 77% 82% 82% 82%
55-64 71% 77% 77% 78%
65-74 61% 69% 72% 76%
75+ 47% 51% 60% 72%
Prostate (men)

0-44 68% 78% 78% 78%
‘ 45-54 86% 93% 93% 93%
‘ 55-64 89% 95% 95% 95%
65-74 81% 91% 93% 94%

75+ 59% 68% 73% 80%
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Period of Years of registration Population on 1 January  Incident cases up to

Cancer registry

registration 2018 (x1,000) 20172
Basilicata 2005-2017 13 563 | 38,934
Bergamo 2007-2017 11 L111 73,172
Bolzano-Bozen® 1995-2017 23 528 59,084
Brescia® 1999-2017 19 1,162 128,909
Caserta 2008-2016 9 916 38,830
Catania-Messina-Enna” 2003-2017 15 1,870 140,024
Ferrara® 1991-2017 27 348 72,436
Firenze-Prato (Florence)b 1985-2016 32 1,269 237,326
Friuli Venezia Giulia” 1995-2017 23 1211 200,985
Genova (Genoa)™ © 1993-2016 24 836 158,893
Mantova-Cremona® 1999-2016 18 763 75,897
Modena® 1988-2017 30 703 121,185
Napoli 3 Sud (Naples)® © 1996-2017 22 1,179 79,628
Nord Sarclegnab 1992-2015 24 329 38,879
Nuoro 2003-2015 13 209 14,678
Palermo” 2003-2017 15 1,205 90,021
Parma® © 1978-2017 40 450 104,062
Pavia® 2003-2017 15 546 55,825
Piacenza 2006-2017 12 287 24,565
Puglia (Apulia) 2006-2017 12 2,760 179,070
Ragusa-Calianissettab 1981-2017 37 588 56,429
Reggio Emilia™ © 1996-2017 2 534 66,768
Rornagnab' N 1993-2017 25 1,126 ‘ 179,599
Salerno® 1996-2017 22 1,091 102,970
Siracusa (Symcuse)b 1999-2017 19 401 35,072
Sondrio®™ © 1998-2017 20 181 21,943
Torino (Turin)b 1985-2015 31 861 171,960
Trento” 1995-2017 23 540 65,203
Umbria® 1994-2017 24 885 120,371
Varese-Como 1990-2015 26 885 124,192
Veneto® 1990-2017 28 2,122 355,631
All CRs 28,057 3,276,906
Ttaly 59,937

“Malignant cancer except non-melanoma skin cancer (ICD-10: C00-C43, C45-C66, C68-C96) and bladder cancer (C67, D09.0, D30.3, D41.4).
PCRs with at least 15 years of incidence are included to estimate the completeness index (using model-based incidence and survival, 47% of all incident cases).
“CRs with information on the stage of colorectal and breast cancer (Reggio Emilia CR only for breast cancer).
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and M) or TN

Site or type ICD

All malignant

C00-43, C45-96, D09.0,
cancers but the

skin D30.3, D414 3,276,906
Head and neck C00-14, C30-32 115,794
Oral cavity C01-14 60,917
Mouth (excluded
C02-06
Base of Tongue) 26,870
Salivary glands C07-08 7,012
Oropharynx Co1, C09-10 13,314
Nasopharynx C11 4,933
Esophagus cls 22916
Stomach Cle6 153,726
Small intestine c17 10,203
Colorectal C18-C21 420,726
Colorectal, Stage I*  C18-C21 Stages 1 7,874
Colorectal, Stage I C18-C21 Stages 11 12,229
Colorectal,
C18-C21 St I-1v
Stages II1-IV® 28e8 18,989
Colon C18 291,678
Rectal C19-20 119,832
Anus C21 9,216
Liver C22 110,888
H
ep.atoce].lular C22.0-C22.1, 8170-8175, 8970
carcinoma 48,964
Intrahepatic: | C22.0-C22.1, 8013, 8020, 8041, 8154, 8160-8162, 8180, 8240, 8246, 8249, 8470
cholangiocarcinoma 6,905
Otfis hepitic €22.0-C22.1, any morphology except: 8013, 8020, 8041, 8154, 8160-8162, 81708175, 8180, 8240, 8246,
i
cancer P 8249, 8470, 8970, 8800-8991, 9020, 9040-9044, 9050-9055, 9120-9133, 9140, 9150, 9170, 9180, 9220,
9231, 9240, 9251, 9260, 9364-9365, 9473, 9540, 9560-9571, 9580-9581, 9590-9989 55,137
Gallbladder C23-24 43,842
Pancreas C25 103,073
Larynx C32 43,956
Lung bronchus
trachea 3334 370,034
Bone C40-41 6,453
Skin melanoma C43 86,824
Mesothelioma C45 13,659
Kaposi sarcoma C46 8,007
Connective tissue C47, C49 17,580
All cancers sites except C40.0-C41.9, C32.3; C33.9; C34.0; C30.0; C30.1 (includes unknown primary
sites): 8710, 8711, 8714, 8800, 8801, 8802, 8803, 8804, 8805, 8806, 8810, 8811, 8812, 8813, 8814, 8815,
8825, 8830, 8832, 8833, 8840, 8842, 8850, 8851, 8852, 8853, 8854, 8855, 8857, 8858, 8890, 8891, 8894,
8895, 8896, 8900, 8901, 8902, 8910, 8912, 8920, 8921, 8930, 8931, 8933, 8934, 8935, 8959, 8963, 8964,
8990, 8991, 9020, 9040, 9041, 9042, 9043, 9044, 9120, 9124, 9130, 9133, 9137, 9150, 9170, 9180, 9181,
Soft tissue sarcoma® 9182, 9183, 9185, 9186, 9187, 9192, 9193, 9194, 9195, 9220, 9231, 9240, 9251, 9252, 9260, 9364, 9365,
9540, 9542, 9560, 9561, 9571, 9580, 9581
All cancer sites except C7-C8; C40.0-C41.9; C32.3; C33.9; C34.0; C30.0; C30.1; C60; C44; C63.2: 8940
C49 only: 8004
All cancer sites except C40.0-C41.9, C32.3; C33.9; C34.0; C30.0; C30.1, C56, C71, C72: 9473
All cancer sites except C40.0-C41.9, C32.3; C33.9; C34.0; C30.0; C30.1, C71, C72: 9503 33,054
C40.0-C41.9, C32.3; C33.9; C34.0; C30.0; C30.1: 8800, 8801, 8802, 8803, 8804, 8805, 8806, 8810, 8811,
8812, 8815, 8830, 8840, 8850, 8851, 8852, 8853, 8854, 8855, 8890, 8891, 8894, 8895, 8896, 8900,8901,
8902, 8910, 8912, 8920, 9040, 9041, 9042, 9043, 9044, 9120, 9124, 9130, 9133, 9150, 9170, 9180, 9181,
Bone sarcoma® 9182, 9183, 9184, 9185, 9186, 9187, 9192, 9193, 9194, 9195, 9220, 9221, 9230, 9231, 9240, 9242, 9243,
9250, 9260, 9364, 9473, 9540, 9560, 9561, 9571, 9580, 9581
Only in C40.0-41.9: 8004
All cancer sites: 9370, 9371, 9372 5,127
GIST® 8936 3,482
Breast (women
C50
only) 443,901
Breast, Stage I C50 Stage T 25,050
Breast, Stage IS C50 Stage 1T 18,493
Breast, Stages 11—
B, C50 Stages I1-IV -
Vagina and vulva C51-52 12,789
Vulvar SCC C51.0-C51.9, 8051-8084 8,073
Cervix uteri C53 25,402
Corpus uteri C54 72,447
Ovary C56 48,830
Penis C60 4,124
Prostate Cc61 318,705
Testis C62 17,646
Kidney C64-66, C68 106,219
Bladder C67, D09.0, D30.3, D41.4 236,967
Brain and CNS C70-72 51,609
Thyroid C73 82,532
Thyroid, papillary C73 8050, 8052, 8260, 8263, 8340-8344, 8350, 8450 65,989
Thyroid, follicular C73 8290, 8330-8335 6,753
Thyroid, anaplastic | C73 8012, 8020-8035, 8190, 8337 1,456
Thyroid,
C73 8246, 8345-8347, 8510
medullary 2,626
Hodgkin
9650-9667
lymphoma 20,107
Non-Hodgkin
lymphoma C82-85,C96 112,808
CLL/SLL 9670, 9823 33,834
NHL, DLBC 9678-9684 35,040
NHL follicular 9675, 9690-9698 17,838
Myeloma (plasma
9731-9734
cell) 47,029
Leukemia C91-95 82,873
Precursor cell acute
lymphoblastic 9727-9729, 9835-9837
leukemia 8,121
Acutemyeloid 9840, 9861, 9866-9867, 9870-9874, 9891-9931
leukemia 25,516
Chronic myeloid
9863, 9875
leukemia 8,960

“For the combinations of cancer types, only the first primary tumor was included.

PCRs of Genova, Sondrio, Parma, Romagna, and Napoli 3 Sud (5.3% of the Italian population), 1997-2017.

“RARECARE (18).

9CRs of Genova, Sondrio, Parma, Reggio Emilia, Romagna, and Napoli 3 Sud (6.1% of the Italian population), 1997-2017.
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Cancer registry Records (n) Micros.copic DCO—unknown (%) lesiéiis f°||°V\,/7uP<5
verifications (%) years (%)
Basilicata 30,501 78.6 0.7 0.1
Bergamo 66,634 89.1 11 0.4
Bolzano-Bozen 27,819 91.0 0.9 0.0
Brescia 70,240 80.4 1.6 0.4
Caserta 38,830 86.5 1.6 0.3
Catania-Messina-Enna 97,131 874 1.6 14
Ferrara 1 28,756 849 0.4 0.9
Firenze-Prato 75,628 839 1.0 0.9
Friuli Venezia Giulia 89,495 89.9 0.4 0.5
Genova 58,776 84.6 1.0 0.2
Mantova-Cremona 46,150 86.3 0.7 0.2
Modena 46,445 87.8 0.6 0.0
Napoli 3 Sud 56,903 86.4 1.3 0.2
Nord Sardegna 15,003 84.9 17 0.1
Nuoro 9,476 82.8 17 0.1
Palermo 62,417 832 34 0.1
Parma 31,273 88.1 0.7 17
Pavia 37,100 82.5 » 0.9 0.5
Piacenza 20,186 81.2 1.2 1.6
Puglia 151,272 84.5 1.2 0.8
Ragusa-Caltanissetta 27,749 83.1 1.9 0.9
Reggio Emilia 32,221 90.1 0.2 1.1
Romagna 79,120 88.1 0.7 0.1
Salerno 51,616 832 » 14 2.5
Siracusa 19,877 829 1.8 1.3
Sondrio 11,050 83.7 2.0 0.0
Torino 48,933 88.8 1.6 14
Trentino 31,642 87.5 ' 0.3 0.8
Umbria 54,518 929 0.4 0.6
Varese-Como 69,044 89.7 0.8 0.4
Veneto 138,489 87.9 ' 0.8 0.4
All CRS 1,624,294 86.3 1.1 0.6

DCO, death certificate only.
“Malignant cancer except non-melanoma skin cancer (ICD-10: C00-C43, C45-C66, C68-C96) and bladder cancer (C67, D09.0, D30.3, D41.4).
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Types
®hasMorphology some M_9946_3
®hasTopography some C421
©1CDOosixthDigitCode9
®patientAgeAtDiagnosis value 9
®prevalidatedBasisOfDiagnosis some BoDcode2_Investigation
®prevalidatedSex some Female
®Grpld_MyelodyplasticSyndrome
®|nvalidBoDDefaultCase
®|nvalidGradeDefaultCase
®|nvalidTumSigDefaultCase
®VALID_Grade
®VALID_TumourSignature
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Types
®hasMorphology some M_9511_3
®hasTopography some C692
©1CDOsixthDigitCode5
®patientAgeAtDiagnosis value 5
®prevalidatedBasisOfDiagnosis some BoDcode7_Histology
®prevalidatedSex some Female
®Grp5_RetinoBlastomaChildhood
@ INVALID_Grade
®|nvalidTumSigDefaultCase
®VALID_TumourSignature
®validBoDDefaultCase
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Explanation for: tc_4 Type INVALID_Grade
tc_4 Type ICDOsixthDigitCode5
ICDOsixthDigitCode5 EquivalentTo hasCellLineage some TCell
TCell SubClassOf ImmunophenoTypeCode
tc_4 Type hasMorphology some M_9511_3
M_9511_3 SubClassOf M_9511
M_9511 SubClassOf M_951
M_951 SubClassOf M949-M952
M949-M952 SubClassOf ICDO3NonHaematologicalMorphology

(hasMorphology some ICDO3NonHaematologicalMorphology) and (hasCellLineage some
ImmunophenoTypeCode) SubClassOf INVALID_Grade

ALL
ALL

NO
ALL
ALL
ALL
ALL

ALL

ALL
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Types
®hasMorphology some M_9511_3
®hasTopography some C692
©1CDOsixthDigitCode9
®patientAgeAtDiagnosis value 5
®prevalidatedBasisOfDiagnosis some BoDcode7_Histology
®prevalidatedSex some Male
®Grp5_RetinoBlastomaChildhood
®|nvalidTumSigDefaultCase
®VALID_TumourSignature
®validBoDDefaultCase
®validGradeDefaultCase
@®WARNING_ImpliedGrade
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Description: M_9511_3 RIMHEML

Equivalent To

| SubClass Of
®M_9511

General class axioms

®1CcDOsixthDigitCode0 and (hasMorphology some M_9511_3) SubClassOf
WARNING_ImpliedGrade

®1CDOsixthDigitCode2 and (hasMorphology some M_9511_3) SubClassOf INVALID_Grade
®1CDOsixthDigitCode3 and (hasMorphology some M_9511_3) SubClassOf INVALID_Grade
®1CDOsixthDigitCode4 and (hasMorphology some M_9511_3) SubClassOf INVALID_Grade

®1CDOsixthDigitCode9 and (hasMorphology some M_9511_3) SubClassOf
WARNING_ImpliedGrade

®hasMorphology some M_9511_3 SubClassOf hasBehaviour some BehaviourCode3
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Types
®hasMorphology some M_9651_3
®hasTopography some C779
©1CDOsixthDigitCode9
®patientAgeAtDiagnosis value 1
®prevalidatedBasisOfDiagnosis some BoDcode5_Cytology
®prevalidatedSex some Male
®Grp2a_HodgkinLymphoma
®|nvalidGradeDefaultCase
®|nvalidTumSigDefaultCase
®VALID_Grade
®VALID_TumourSignature
®validBoDDefaultCase
©®WARNING_Age
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Explanation for: tc_3 Type WARNING_Age
tc_3 Type hasMorphology some M_9651_3
M_9651_3 SubClassOf M_9651
M_9651 SubClassOf M_965
tc_3 Type patientAgeAtDiagnosis value 1
hasMorphology some M_965 SubClassOf Grp2a_HodgkinLymphoma
Grp2a_HodgkinLymphoma SubClassOf expectedAge some xsd:integer[> 2]

(expectedAge some xsd:integer[> 2]) and (patientAgeAtDiagnosis some xsd:integer[< 3])
SubClassOf WARNING_Age
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DCO! MV% UM% PSU% ratio Timeliness
Total 0.3 (03-03) 95.6 (95.5-95.6) 5.5 (55-5.5) 13 (1.3-13) 0.41 (0.40-041) | 336 (237-435)
Sex
Males 0.3 (02:03) 95.4 (95.3-95.4) 56 (5.6:57) 13(1.2-13) 042 (0.41-043) | 354 (254-454)
Females 0.3 (03-03) 95.8 (95.8-95.8) 54 (54-54) 14 (14-14) 0.39 (0.38-040) | 324 (224-424)
Age group
20-59 0.1 (0.1:0.1) 98.6 (98.6-98.6) 222122 0.8 (0.8-0.9) 022 (021-023) | 321 (219-422)
60-69 0.1 (0.1:0.1) 97.8 (97.7-97.8) 28(28-28) 0.9 (09-1.0) 032 (032:033) | 325 (225-425)
7079 0.2 (02-02) 95.6 (95.5-95.6) 52(51-52) 13 (13-14) 044 (0.43-045) 347 (244-449)
80+ 10 (10-1.1) 86.7 (86.6-86.8) 13.8 (13.7-13.9) 26 (252.7) 073 (0.71-076) | 496 (279-714)
Cancer site
Lip, Oral cavity and Pharynx 0.1(0.1-02) 99.1(99.0-99.2) 12 (11-12) - 035 (032-037) | 327 (222-433)
Oesophagus 0.3 (0.2-04) 98.4 (98.2-98.5) 22(2123) . 078 (0.73-084) | 307 (210-403)
Stomach 0.3 (0.3-04) 98.1 (98.0-98.2) 26(252.8) = 0.66 (0.63-069) | 323 (221-426)
Colon and Rectum 0.2 (02-03) 97.5 (97.4-97.5) 29(29-3.0) = 0.40 (039-042) | 312 (208-416)
Liver 0.8 (0.7-09) 65.2 (64.6-65.8) 152 (14.8-15.6) = 0.86 (0.82-091) | 463 (248-678)
Pancreas 0.8 (0.7-09) 76.8 (76.4-77.2) 20,0 (19.8-20.3) = 0.91 (0.85-096) | 494 (264-724)
Larynx 0.1 (0.0-0.1) 98.9 (98.8-99.1) 13 (11-1.4) = 035 (032-038) | 568 (344-791)
Lung 0.4 (03-04) 91.4 (913-915) 8.3 (8.2-8.4) ” 078 (0.76:079) 346 (249-442)
Melanoma of the Skin 0.0 (0.0-00) 99.9 (99.8-99.9) = % 0.16 (0.14-0.19) | 304 (197-411)
Breast (Female) 0.1 (0.1-0.1) 99.4 (99.4-99.5) 0.8 (0.8-08) - 021 (020-022) | 296 (195-397)
Cervix Uteri 0.1 (0.0-0.1) 99.5 (99.4-99.6) 0.8 (0.7-09) - 0.26 (023-029) | 423 (196-650)
Uterus: Corpus and Unspecified 0.1(0.1-02) 9.0 (98.9-99.1) 12 (11-13) - 028 (025-031) | 410 (232-587)
Ovary 0.3 (0.3-04) 95.7 (95.5-96.0) 55 (53-57) - 0.69 (0.66-073) | 339 (236-443)
Prostate 02(02:02) 97.7 (97.6-97.7) 33(3234) - 0.19 (0.18-020) | 402 (271-533)
Testis 0.0 (0.0-0.1) 99.5 (99.4-99.7) 10 (0.8-1.1) - 0.03 (0.03-004) | 430 (211-649)
Bladder 0.1(0.1-02) 98.5 (98.4-98.6) 23 (2224) - 025 (022:027) | 344 (240-448)
Kidney, Renal Pelvis, Ureter 0.2 (02:03) 90.1 (89.8-90.3) 8.3 (8.1-84) - 0.33 (031:035) 436 (262-610)
Central Nervous System 0.3 (0.2-04) 846 (84.1-85.1) 9.5(9.2:98) - 077 (0.73-082) | 347 (258-436)
Thyroid 0.1 (0.0-0.1) 99.6 (99.5-99.6) 11(1.0-12) - 0.07 (0.06-009) | 357 (252-463)
Hodgkin Lymphoma 0.0 (0.0-0.1) 9.8 (99.7-99.9) - - 0.15(0.12-0.18) | 463 (248-678)
Non-Hodgkin Lymphoma 0.2 (02:03) 99.4 (99.3-99.4) 12.8 (12.6-13.0) - 032 (030-034) | 444 (251-636)
S];}::g‘n::je‘:ﬁfﬁ)cal 0.4 (0.4-0.5) 99.1(99.0-99.2) 6.4 (6.2-6.6) - 0.62 (0.58-065) | 552 (343-761)
Mesothelioma 0.2 (0.1-04) 99.1 (98.8-99.3) = = 0.88 (0.80-096) | 327 (234-420)
Primary site unknown (C80) 14 (1.2-15) 76.6 (76.1-77.0) 28.4 (28.0-287) = 0.84 (0.73-095) | 529 (304-753)

Other 0.5 (0.5-0.6) 94.5 (94.3-94.6) 8.6 (8.5-8.7) - 0.48 (0.44-051) 517 (289-745)
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Participating Online training session External Data Possibility to re-consult a

Imaging access for staging

Cancer Registry attendance Collection clinician
Australia NO NO NO YES
Belgium YES YES YES SOMETIMES
Brazil YES YES SOMETIMES SOMETIMES
Bulgaria YES YES YES YES
Ontario NO YES YES YES
Croatia YES YES SOMETIMES SOMETIMES
Czech Republic (Hospital Brno) YES NO YES YES
Czech Republic YES YES v YES YES
Denmark YES YES YES YES
England YES YES NO SOMETIMES
Estonia YES YES YES SOMETIMES

7 France YES NO YES YES
Germany YES NO SOMETIMES NO
Greece YES YES SOMETIMES SOMETIMES
Hungary YES YES YES SOMETIMES
Ireland YES YES NO YES
Osaka YES YES YES NO

| Malta NO 7 YES SOMETIMES YES
The Netherlands NO NO YES NO
Northern Ireland YES YES SOMETIMES YES
Norway YES YES SOMETIMES SOMETIMES
Poland YES YES YES SOMETIMES
Portugal YES YES » YES YES
Romania YES YES YES SOMETIMES
Scotland YES YES YES YES
Slovakia NO YES YES SOMETIMES
Slovenia YES YES SOMETIMES YES
Sweden YES YES YES SOMETIMES
Switzerland YES YES SOMETIMES 7 SOMETIMES

Wales YES YES YES YES
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Variable

No. of
characters

Notes and encoding

Basic variables

Registry

Registry Patient Identification code
Year of birth

Age at diagnosis

Year of diagnosis

Sex

Base of diagnosis (as coded in the ENCR
protocol)

ICDO-3-Topography

ICDO-3-Morphology
First previous cancer
First previous cancer definition

Year of diagnosis of the first previous
cancer

Second previous cancer
Second previous cancer definition

Year of diagnosis of the second previous
cancer

Imaging/examination used for staging before

CT/MRI primary site
MRI whole neuraxis
MRI whole neuraxis outcome
CT thorax
CT thorax outcome
Imaging of regional lymph nodes
Imaging of regional lymph nodes outcome
CSF
CSF outcome
MIBG scan
MIBG scan outcome
Abdominal ultrasound
Abdominal ultrasound outcome
Bone scan
Bone scan outcome
Bone marrow aspirate or biopsy
Bone marrow aspirate or biopsy outcome
X-Ray thorax
X-Ray thorax outcome
PET
PET outcome
Tissue biopsy
Tissue biopsy outcome
Source used for staging
Clinical report (hospital clinical records)
Pathological report

Administrative files (hospital discharge,
etc.)

Clinical study group
Others (string)

Toronto staging, Neuroblastoma
Stage Tier 1
Stage Tier 2

Laterality

* NSP: N-Myc

Toronto staging, Wilms tumour

Stage Tier 1 after pre-surgery
chemotherapy

Stage Tier 2 after pre-surgery
chemotherapy

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

Stage Tier 2 after immediate surgery
Laterality
O_NSP: Wilms Presence of anaplasia
Toronto staging, Medulloblastoma
Stage Tier 1
Stage Tier 2

*Evaluation of postoperative residual
disease

*_NSP: Wingless (WNT) medulloblastoma

*_NSP: Sonic Hedgehog (SHH)
medulloblastoma

1

1

10

Toronto staging, Osteosarcoma, Ewing sarcoma

alphabetic

assigned by the registry, it is a project-specific pseudonymised code
wy

Numeric (in months)

wyy

boy/girl/unknown 1/2/9

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

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

Malignant, only, behaviour=3

Y/N/unknown 1/0/9

International Classification of Childhood Cancers (ICCC) 3rd edition
yyyy'o

Y/N/unknown 1/0/9

International Classification of Childhood Cancers (ICCC) 3rd edition

yyyylo

any treatment

Y/N/unknown 1/0/9
Y/N/unknown 1/0/9
Negative/Positive/Suspicious/Unknown 0/1/2/9
Y/N/unknown 1/0/9
Negative/Positive/Suspicious/Unknown 0/1/2/9
Y/N/unknown 1/0/9
Negative/Positive/Suspicious/Unknown 0/1/2/9
Y/N/unknown 1/0/9
Negative/Positive/Suspicious/Unknown 0/1/2/9
Y/N/unknown 1/0/9
Negative/Positive/Suspicious/Unknown 0/1/2/9
Y/N/unknown 1/0/9
Negative/Positive/Suspicious/Unknown 0/1/2/9
Y/N/unknown 1/0/9
Negative/Positive/Suspicious/Unknown 0/1/2/9
Y/N/unknown 1/0/9
Negative/Positive/Suspicious/Unknown 0/1/2/9
Y/N/unknown 1/0/9
Negative/Positive/Suspicious/Unknown 0/1/2/9
Y/N/unknown 1/0/9
Negative/Positive/Suspicious/Unknown 0/1/2/9
Y/N/unknown 1/0/9

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

Y/N/unknown 1/0/9

Y/N/unknown 1/0/9

Y/N/unknown 1/0/9

Y/N/unknown 1/0/9

alphabetic

L/LR/M/MS/X 1/2/3/4/9
L1/L2/M/MS/X 1/2/3/4/9
Not applicable/Right/Left/Unilateral NOS/Bilateral//unknown 0/1/2/3/4/9

Amplified Y/N (exact definitions to be discussed)

L/M/X 1/2/9

y-Uy-Uy-II/IV/9 1/2/3/4/9

L/M/X 1/2/9

I/II/IV/X 1/2/3/4/9
R/L/B 1/2/3

No/Yes, but unknown if focal or diffuse/Yes, focal/Yes, diffuse/ Anaplasia unknown 0/1/2/3/9

L/M/X 1/2/9

MO/M1/M2/M3/M4/X 0/1/2/3/4/9

RO/R1/R2/R+/unknown 0/1/2/3/9

Y/N/unknown 1/0/9

Y/N/unknown 1/0/9

Stage Tier 1 1 LIM/X 1/2/9

Stage Tier 2 1 L/M/X 1/2/9
Toronto staging, Rhabdomyosarcoma
Stage Tier 1 1 LIM/X 1/2/9
Stage Tier 2 1 VIVI/IV/X 1/2/3/419
*_NSP: FKR-PAX3 rthabdomyosarcoma 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
« ChissitiE : E;T;f;;i:: wc:el:;;;/;/):/s;opermve chemo/Both, preoperative and postoperative chemo/Chemotherapy
*_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 numerie
[ Follow-up
Status of life alive/dead 1 alive/dead/unknown 1/2/9

*_Causes of death (CoD)

Time in days from diagnosis to death or
last follow up

*Optional Variables.

Toxicity of treatment, Tumour, Comorbidity previously present in the child, Others, unknown 1/2/3/4/9

numeric
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Country Number of articles Percentage
Netherlands 496 27.4
Sweden 182 10.0
Germany 129 7.1
Norway 117 6.5
U.K. 109 6.0
Denmark 91 5.0
France 83 4.6
Finland 82 4.5
Ttaly 54 3.0
Switzerland 39 22
Ireland 36 2.0
Spain 27 1.5
Belgium 18 1.0
Lithuania 15 0.8
Poland 15 0.8
Czech Republic 9 0.5
Iceland 8 0.4
| Portugal 8 0.4
Slovenia 7 0.4
Hungary 6 0.3
Estonia 5 0.3
Austria 4 0.2
Croatia 4 0.2
Russia 3 0.2
Bulgaria 1 0.1
Ukraine 1 0.1
International 263 14.5
Total 1812 100.0
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Journal (starting year publication)  Number of = Percentage

articles

Acta Oncologica (1963) 89 49
European Journal of Cancer (1965) 77 43
European Journal of Surgical Oncology 74 4.1
(1975)

International Journal of Cancer (1966) 57 32
BMC cancer (2001) 51 2.8
Breast Cancer Research and Treatment 43 24
(1981)

Cancer Epidemiology (1976) 39 2.2
British Journal of Surgery (1913) 35 1.9
Annals of Surgical Oncology (1994) 33 1.8
Colorectal disease (1999) 33 1.8
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macroglobulinemia

Cancer type Tumor marker ICD-O
Morphology
code

Colorectal cancer Carcinoembryonic antigen (CEA) | 8000/3

Hepatocellular Alfa-fetoprotein (AFP) 8170/3

carcinoma

Pancreatic cancer, Cancer antigen 19-9 (CA 19-9) 8000/3

cancer of the

gallbladder/bile ducts

Ovarian cancer Cancer antigen 125 (CA-125) 8000/3

Prostate cancer Prostate-specific antigen (PSA) 8000/3

Choriocarcinoma of  Human chorionic 9100/3

the placenta gonadotropin (HCG)

Germ cell tumor Human chorionic 9064/3

gonadotropin (HCG)
Alfa-fetoprotein (AFP) 9065/3
(+/- HCG)

Neuroendocrine Chromogranin A 8240/3

tumor

Functioning Insulin 8151/3

neuroendocrine Glucagon 8152/3

tumors Gastrin 8153/3

(excluding pituitary Vasoactive intestinal peptide 8155/3

gland tumors) (VIP) 8156/3

Somatostatin 8241/3
Serotonin 8158/3
Adrenocorticotropic hormone

(ACTH) and other hormones

Medullary Calcitonin 8345/3

thyroid carcinoma

Neuroblastoma Catecholamine degradation 9500/3

products (Homovanilic acid
[HVA], Vanillylmandelic
acid [VMA])

Prolactinoma Prolactin 8271/0

Other functioning Growth hormone, 8272/0

pituitary Follicle-stimulating hormone

gland tumors (FSH), Luteinizing hormone

(LH),
Adrenocorticotropic hormone
(ACTH),
thyroid stimulating
hormone (TSH)
Phaeochromocytoma | Catecholamines, 8700/3
Chromogranin A

Multiple myeloma M-protein (IgG, IgM, IgA) 9732/3

>30g/L

Waldenstrom’s IgM 9761/3
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Cancer type

Basis of diagnosis

ICD-O topography

ICD-O morphology

code code code
Melanoma
- Melanoma of the skin 1 C44 8720/3
- Melanoma of the eye lor2 C69.0, C69.3, C69.4 8720/3
Solid childhood cancers (age <15 years)
- Nephroblastoma 2 Co64 8960/3
- Hepatoblastoma 2 C22 8970/3
- Retinoblastoma lor2 C69.2 9510/3
Hepatocellular carcinoma 2 €220 8170/3
Cholangiocarcinoma 2 C22.1, C24.0, C24.9 8160/3
Non-functioning neuroendocrine tumors (NETS)
- Non-functioning NET of the pancreas 2 C254 8150/3
- Non-functioning NET of the small intestine 2 C17 8240/3
Intraductal papillary mucinous neoplasm (IPMN) 2 c25 8453/2, 8453/3
Sarcoma
- Sarcoma, NOS 2 % 8800/3
- Liposarcoma 2 *: 8850/3
- Leiomyosarcoma 2 i 8890/3
- Angiosarcoma 1** or2 * 9120/3
- Kaposi sarcoma of the skin | Ca4 9140/3
- Osteosarcoma 2 C40, C41 9180/3
- Chondrosarcoma 2 C40, C41 9220/3
- Chordoma 2 C41.0 9370/3
‘ Central nervous system (CNS) tumors
- Mature teratoma, cystic teratoma 2 C71, C75.1, C75.3 9080/0
- Teratoma, NOS 2 C71, C75.1, C75.3 9080/1
- Immature teratoma, malignant teratoma 2 C71, C75.1, C75.3 9080/3
- Hemangioblastoma 2 C71, C72.0 9161/1
- Craniopharyngioma 2 C75.2 9350/1
- Pinealoma 2 C75.3 9360/1
- Pineocytoma 2 C75.3 9361/1
- Pineoblastoma 2 C75.3 9362/3
- Glioma, NOS 2 C71, C72.0 9380/39
- Low grade glioma 2 C71, C72.0 9380/32
- High grade glioma 2 C71, C72.0 9380/33
- Subependymoma 2 C71.5, C71.7 9383/1
- Subependymal giant cell astrocytoma 2 C71.5, C71.7 9384/1
- Choroid plexus papilloma 2 C715, C71.7 9390/0
- Atypical choroid plexus papilloma 2 C71.5, C71.7 9390/1
- Choroid plexus carcinoma 2 C71.5,C71.7 9390/3
- Ependymoma 2 C71.5, C71.7, C72.0 9391/3
- Anaplastic ependymoma 2 C71.5, C71.7, C72.0 9392/3
- Myxopapillary ependymoma 2 C72.0, C72.1 9394/1
- Papillary tumor of the pineal region 2 C75.3 9395/3
- Astrocytoma, NOS 2 C71, C72.0 9400/39
- Low grade astrocytoma 2 C71, C72.0 9400/32
- High grade/anaplastic astrocytoma 2 C71,C72.0 9401/33
- Desmoplastic infantile astrocytoma/desmoplastic 2 C71 9412/1
infantile ganglioglioma
- Dysembryoplastic neuroepithelial tumor 2 C71 9413/0
- Pilocytic astrocytoma 2 C71, C72.0 9421/1
- Optic nerve glioma, optic chiasm glioma in children 2 C72.3 9421/1
- Glioblastoma 2 C71, C72.0 9440/3
- Oligodendroglioma, NOS 2 C71 9450/39
- Low grade oligodendroglioma 2 C71 9450/32
- High grade/anaplastic oligodendroglioma 2 c71 9451/33
- Medulloblastoma, NOS 2 C71.6 9470/3
- Embryonal tumor of the CNS, NOS 2 C71, C72.0 9473/3
- Gangliocytoma 2 C71, C72.0, 75.1 9492/0
- Dysplastic gangliocytoma of the cerebellum 2 C71.6 9493/0
- Ganglioglioma 2 C71, C72.0 9505/1
- Neurocytoma 2 C71 9506/1
- Multinodular and vacuolating neuronal tumor 2 C71 9509/0
- Glioneural tumor 2 C71, C72.0 9509/1
- Meningioma, NOS 2 C70 9530/0
- Atypical meningioma 2 c70 9539/1
- Anaplastic (malignant) meningioma 2 c70 9530/3
- Schwannoma 2 C72.4, C72.5 9560/0
Hematological malignancies
- Primary lymphoma of the central nervous system 2 C71 9590/3
- Langerhans cell histiocytosis 2 C34, C41, C71%** 9751/3

Other specific cancers not listed here may be diagnosed through clinical investigations. A specific morphology code should only be applied after evaluation by a coding expert of the

cancer registry.
NOS, not otherwise specified.

* Sarcomas can be localized at any site, but mostly occur in the soft tissues, including the retroperitoneum and the mediastinum.

** Angiosarcoma of the (skin of the) breast following radiotherapy of the breast.

*** Other sites are possible.
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Code Description Criteria

7.1 Histology of the | Histologic examination of tissue from the
primary tumor primary tumor, however obtained, including all
cutting techniques and bone marrow biopsies.

72 Histology of No histology of the primary tumor
a metastasis
7.3 Histology No histology before autopsy

at autopsy
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Code Description Criteria

0 Death certificate | Information provided is from a death certificate.
only (DCO)
1 Clinical Diagnosis made before death, but without any of

the following (codes 2-8).

2 Clinical All diagnostic techniques, including X-ray,

investigation endoscopy, imaging, ultrasound, exploratory
surgery (such as laparotomy), and autopsy,
without a tissue diagnosis.

4 Specific Including biochemical and/or immunologic
tumor markers markers that are specific for a tumor site.
5 Cytology Examination of cells from a primary or

secondary site, including fluids aspirated by
endoscopy or needle; also includes the
microscopic examination of peripheral blood
and bone marrow aspirates,
immunophenotyping by flow cytometry and a
liquid biopsy” in the absence of pathology.

7 Histology Histologic examination of tissue from the tumor
(primary or metastatic), however obtained,
including all cutting techniques and bone
marrow biopsies; also includes autopsy
specimens of the tumor.

8 Cytogenetic Detection of tumor-specific genetic
and/or abnormalities or genetic changes in the tumor,
molecular including techniques such as karyotyping, FISH
testing (fluorescent in situ hybridization), PCR

(polymerase chain reaction), DNA sequencing

9 Unknown

* a liquid biopsy is a sample of blood or another body fluid (liquor, etc.) for the detection of
cancer cells or DNA-fragments of these tumor cells.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Joining efforts to improve data quality and harmonization among European population-based cancer registries



		Editorial: Joining efforts to improve data quality and harmonization among European population-based cancer registries



		Author contributions



		Acknowledgments



		Conflict of interest



		References









		The 2022 ENCR Recommendations on recording and reporting of urothelial tumours of the urinary tract



		Introduction



		Methods



		Results and discussion



		Recommendations for recording urothelial tumors



		The recommendations for recording of urothelial tumors are based on three general principles









		Criteria for the inclusion (registration) of urothelial tumors



		Types of tumors to be included



		Multiples sites



		Progressions



		Recurrences



		Synchronous urothelial tumors of the same site and laterality



		Codes of site in synchronous tumors of bladder:



		Synchronous urothelial tumors of different site



		Bilateral tumors



		Mixed situations of multiplicity, progressions and synchronicity/metachronicity



		First tumor occurring outside the area of registration



		First tumor occurring before the operation period of the registry









		Recommendations for classification and coding



		Classification used in the cancer registries



		Morphology, behavior and grade



		a) Codes of the most frequent morphological categories when histology is available



		b) Codes when only cytological examination is available*



		c) Codes when only non-microscopic confirmation is available (histo/cytopathological evidence unavailable)



		d) Codes of behavior for unknown level of invasion



		e) Grade









		Codes for urothelial carcinomas with other morphological terms



		Non-urothelial specific carcinomas



		Coding the Basis of Diagnosis



		Coding stage









		Recommendations for reporting urothelial tumors



		Data availability statement



		Author contributions



		Conflict of interest



		References









		Cancer treatment data available in European cancer registries: Where are we and where are we going?



		1 Introduction



		2 Methods



		2.1 Literature review



		2.1.1 Peer-reviewed literature



		2.1.2 Conference proceedings









		2.2 The 2015 ENCR-JRC data call



		2.2.1 The 2015 ENCR-JRC data call questionnaire



		2.2.2 The 2015 ENCR-JRC data call: Treatment data reported by the CRs















		3 Results



		3.1 Literature review



		3.1.1 Peer-reviewed literature



		3.1.2 Conference proceedings









		3.2 The 2015 ENCR-JRC data call



		3.2.1 The 2015 ENCR-JRC data questionnaire



		3.2.2 The 2015 ENCR-JRC data call: Information on cancer treatment















		4 Discussion



		5 Conclusion and way forward



		6 The ENCR working group on treatment data harmonisation



		Data availability statement



		Author contributions



		Acknowledgments



		Conflict of interest



		References









		Estimating complete cancer prevalence in Europe: validity of alternative vs standard completeness indexes



		Introduction



		Methods



		Results



		Discussion



		1 Introduction



		2 Materials and methods



		2.1 Observed limited-duration prevalence



		2.2 Completeness index estimation (R-index)



		2.3 Validation of the completeness indexes



		2.4 Comparison of complete prevalence estimates









		3 Results



		3.1 Incidence and relative survival models



		3.2 Trends of the completeness indexes



		3.3 Validation of the completeness indexes



		3.4 Comparative assessment of complete prevalence estimates









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		EUROCARE-6 working group



		Funding



		Acknowledgments



		Conflict of interest



		Supplementary material



		References









		Comparison between two cancer registry quality check systems: functional features and differences in an Italian network of cancer registries dataset



		Purpose



		Methods



		Results



		Conclusion



		1 Introduction



		2 Materials and methods



		2.1 Data sources



		2.2 Data quality



		2.3 Quality checks









		3 Results



		3.1 AIRTUM cancer registries



		3.2 Data quality checks



		3.3 General analysis



		3.3.1 Errors



		3.3.2 Warnings









		3.4 Comparison of JRC-ENCR and IARC check systems









		4 Discussion



		4.1 Errors



		4.2 Warnings



		4.2.1 Morphology and topography



		4.2.2 Staging and follow-up variables



		4.2.3 Behavior and stage



		4.2.4 Histology and grade



		4.2.5 Histology and age



		4.2.6 Basis of diagnosis and morphology



		4.2.7 Sex and histology















		5 Conclusion



		Data availability statement



		Author contributions



		Group members of Collaborative Working Group



		Funding



		Acknowledgments



		Conflict of interest



		Supplementary material



		References









		Complete prevalence and indicators of cancer cure: enhanced methods and validation in Italian population-based cancer registries



		Objectives



		Materials and methods



		Results



		Conclusions



		1 Introduction



		2 Materials and methods



		2.1 Study population



		2.2 Cases and groupings



		2.3 Quality checks



		2.4 Limited duration prevalence



		2.5 Survival



		2.6 Incidence



		2.7 Completeness index



		2.8 Complete prevalence in 2018



		2.9 Complete prevalence projections



		2.10 Life expectancy of fatal cases, cure fraction, and time to cure



		2.11 Cure prevalence and already cured



		2.12 Ethical approval









		3 Results



		3.1 Quality checks



		3.2 Validation of survival models



		3.3 Validation of incidence models



		3.4 Validation of the completeness index



		3.5 Completeness index: comparisons



		3.6 Cure fraction and long-term NS



		3.7 Cure prevalence (CurePrev): examples and interpretation



		3.8 Already cured prevalence: examples









		4 Discussion



		4.1 Strengths and weaknesses









		5 Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Members of AIRTUM Working Group



		Funding



		Acknowledgments



		Conflict of interest



		Supplementary material



		References









		An ontology design for validating childhood cancer registry data



		Introduction



		Method



		Results



		Discussion



		Data availability statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Abbreviations



		References









		Incidence and time trends of childhood hematological neoplasms: a 36-year population-based study in the southern European context, 1983–2018



		Background



		Methods



		Results



		Conclusion



		1 Introduction



		2 Methods



		2.1 Study population



		2.2 Ethics statement



		2.3 Statistical analysis









		3 Results



		3.1 Description of cases



		3.2 Incidence



		3.2.1 Leukemias



		3.2.2 Lymphomas









		3.3 Incidence trends









		4 Discussion



		5 Strengths and limitations



		6 Conclusions



		REDECAN working group



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Supplementary material



		References









		Quality indicators: completeness, validity and timeliness of cancer registry data contributing to the European Cancer Information System



		Methods



		Results



		Conclusion



		1 Introduction



		2 Methodology



		2.1 Data sources



		2.2 Quality indicators









		3 Results



		3.1 Proportion of cases with death certificate only (DCO%)



		3.2 Proportion of microscopically verified cases (MV%)



		3.3 Proportion of cases with unspecified morphology (UM%)



		3.4 Proportion of cases with unknown primary site/primary site uncertain (PSU%)



		3.5 Mortality to incidence (M:I) ratio



		3.6 Timeliness









		4 Discussion



		5 Conclusion and way forward



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Supplementary material



		References









		Nordcan.R: a new tool for federated analysis and quality assurance of cancer registry data



		Aim of the article



		Materials and methods



		Results



		Conclusion



		1 Introduction



		2 Materials and methods



		3 Results



		4 Discussion



		4.1 Future perspectives









		5 Conclusion



		Accessibility to software and specifications



		Data availability statement



		Author contributions



		Acknowledgments



		Conflict of interest



		References









		Cancer data quality and harmonization in Europe: the experience of the BENCHISTA Project – international benchmarking of childhood cancer survival by stage



		Introduction



		Methods



		Results



		Conclusion



		1 Introduction



		2 Materials and methods



		2.1 Project’s governance









		3 Results



		3.1 PBCR participation and database status



		3.2 Data privacy process and challenges



		3.3 Survey on data collection/data sharing processes



		3.4 Data standardization and quality assurance









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		BENCHISTA Project Working Group



		Funding



		Acknowledgments



		Conflict of interest



		References



		Appendix 3 The BENCHISTA Project Working Group:









		Corrigendum: Cancer data quality and harmonization in Europe: The experience of the BENCHISTA Project – International Benchmarking of Childhood Cancer Survival by Stage



		Projecting cancer prevalence by phase of care: a methodological approach for health service planning



		Background



		Methods



		Results



		Discussion



		1 Introduction



		2 Materials and methods



		2.1 Definitions



		2.2 Data sources



		2.3 Input data



		2.4 Projecting limited duration prevalence



		2.5 Decomposing the projected complete prevalence by phase of care



		2.6 Validation of the projected complete prevalence by phase of care









		3 Results



		4 Discussion



		5 Conclusions



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Supplementary material



		References









		The Joint Research Centre-European Network of Cancer Registries Quality Check Software (JRC-ENCR QCS)



		1 Introduction



		2 Method



		2.1 Overview of the JRC-ENCR QCS



		2.2 The dataset



		2.3 The data check process



		2.4 Univariate checks



		2.5 Multivariate checks of the same record



		2.6 Multivariate checks between different records of the same patient



		2.7 Validation workflow



		2.7.1 File structure validation (pre-record cycle)



		2.7.2 Record cycle



		2.7.3 Sorting of temporary files



		2.7.4 Post-record cycle









		2.8 Producing output reports



		2.9 Outcome of the validation process



		2.10 The output reports



		2.11 Protocol and application configurations









		3 Results



		3.1 The role of the JRC-ENCR QCS in the data processing workflow



		3.2 History and roadmap of the JRC-ENCR QCS development



		3.3 Using the JRC-ENCR QCS



		3.4 Use of the JRC-ENCR QCS: downloads and trainings









		4 Discussion



		Data availability statement



		Author contributions



		Acknowledgments



		Conflict of interest



		References









		2022 revised European recommendations for the coding of the basis of diagnosis of cancer cases in population-based cancer registries



		Introduction



		Methods



		Results and discussion



		Conclusion



		Data availability statement



		Author contributions



		Conflict of interest



		References









		Geographical and temporal differences in gastric and oesophageal cancer registration by subsite and morphology in Europe



		Background



		Methods



		Results



		Conclusion



		1 Introduction



		2 Methodology



		3 Results



		3.1 Topography



		3.1.1 Overall temporal analysis



		3.1.2 Temporal analysis by geographical area









		3.2 Morphology



		3.2.1 Oesophageal carcinomas



		3.2.2 Gastric carcinomas















		4 Discussion



		4.1 Different epidemiological patterns of cancer incidence across Europe



		4.2 Data accuracy of cancer registration



		4.2.1 Oesophageal and gastroesophageal-junction malignancies



		4.2.2 Gastric malignancies















		5 Conclusion and way forward



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Supplementary material



		References









		Facing further challenges in cancer data quality and harmonisation



		1 Introduction



		2 Current advances of cancer registration in Europe



		2.1 ENCR recommendations



		2.1.1 Data quality checks for European cancer registries



		2.1.2 Standard dataset for the European network of cancer registries (2023)



		2.1.3 Basis of diagnosis (2022)



		2.1.4 Cancer cases in migrant population (2022)



		2.1.5 Recording and reporting of urothelial tumours of the urinary tract (2022)



		2.1.6 Coding incidence date (2023)



		2.1.7 ENCR endorsement of the Toronto childhood cancer stage guidelines (2016)









		2.2 The European cancer information system



		2.2.1 The 2015 Call for Data protocol



		2.2.2 The 2015 European dataset



		2.2.3 The 2022 data call protocol









		2.3 Data quality aspects addressed in the current research topic



		2.4 Current focus of JRC- ENCR activities



		2.4.1 Working group on treatment data harmonisation



		2.4.2 Working group on cancer recurrences



		2.4.3 Working group on central nervous system tumours



		2.4.4 Working group on haematological malignancies



		2.4.5 Working group on survival in ECIS



		2.4.6 Working group on multiple primaries registration









		2.5 ECIS in the context of the European commission’s Europe’s Beating Cancer Plan









		3 Discussion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		References























OPS/images/fonc.2023.1250549/crossmark.jpg
©

2

i

|





OPS/images/fonc.2023.1250195/fonc-13-1250195-g008.jpg
sk sk sk ok ok sk ok ke sk ok sk ok sk ok sk sk sk sk ok sk ok sk sk ok sk sk skok sk sk sk sk ok skok sk SRR SRR R SRR SRR | KRR KKK KRR KRR KRR KK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK

SUMMARY OF ERRORS BY CODE SUMMARY OF WARNINGS BY CODE

sk 3k 3k sk 5k 3k 3k 3k sk ok ok 3k 3k 3k ok ok 3k 3k sk ok ok 3k 3k sk ok ok ok 3k sk ok ok ok sk sk ok ok ok ok ok ok ok ok sk skok sk ok | Rkokokskokokokskokokskokokokskokokskokok ok skokok sk kok ok skokok ok skokokkokok sk kokokkokok ok






OPS/images/fonc.2023.1250195/fonc-13-1250195-g007.jpg
BoD Topo Morpho Beh Sex Dol DoB

7 C717 8000 3 2 12/2016 12/1954
PAT 000028 Tum 02
BoD Topo Morpho Beh Sex Dol DoB

7 C717 9590 3 2 11/2016 12/1954





OPS/images/fonc.2023.1250195/fonc-13-1250195-g006.jpg
PAT 000027

8/2013

6/1965

Grade
Age
Beh

Wk W wYwK





OPS/images/fonc.2022.1046239/table1.jpg
STEPS of PROGRESSION

1. Non-invasive low
grade/grade
unknown

8130/2 G1
or
8130/2 G9

Non-invasive

Papillary Carcinoma, Low
Grade

or

Non-invasive

Papillary Carcinoma,
Grade unknown

2. Non-invasive high-grade

or invasion cannot be
assessed

8130/2 G3
or
8120 or 8130/2 G3
or
8120/2 G3

Non-invasive

Papillary Carcinoma, High Grade
or

High grade urothelial carcinoma on
cytology

or

Suspicious for high grade urothelial
carcinoma on cytology

3. In situ

8120/2 G3

Urothelial Carcinoma In situ

or

Urothelial carcinoma with histologic
examination but invasion cannot be
assessed

4. Invasive (T1)

8010/3 G3
or
8120/2 G3
or
8000/3 G9

Invasive carcinoma NOS
or

Invasive urothelial
carcinoma

or

No microscopic
confirmation: Tumour
clinically malignant

5. Invasive (T2+)

8010/3 G3
or
8120/3 G3
or
8000/3 G9

Invasive carcinoma NOS
or

Invasive urothelial
carcinoma

or

No microscopic
confirmation: Tumour
clinically malignant
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General principles

- These recommendations should be applied to the pure urothelial carcinomas, to urothelial carcinomas with divergent differentiation, and to all other variants.
- Do everything possible to have access to pathological examinations (reports)

- Synchronous urothelial tumors are considered to be all those in the same site that appear in a period of less than or equal to 4 months.
Recommendations for recording urothelial tumors

Criteria for inclusion

- Types of tumors to be included: all invasive and non-invasive urothelial carcinomas including those without histological confirmation.
- Record all synchronous or metachronous urothelial tumors in different sites and laterality.

- Record progressions of the same three-digit sites.

- Do not record recurrences.

- In case of synchronous tumors of the same three-digit site and laterality, record only the most aggressive one

- In case of some synchronous bladder tumors of different subsite with the same level of progression, code as C67.8

- In case of some synchronous urothelial tumors of different three-digit site, code as C67.8.

- Record all the tumors of each side of each three digit site following the previous rules.

- If a patient has been previously diagnosed with an urothelial tumor(s) when resident outside the registration area, record all of them (the ones occurring outside the
area of registration and the ones diagnosed being resident in the area of the registry) according to previous rules.

- If a patient has been diagnosed with one or more urothelial tumor(s) before the operation period of the registry, record all their tumors (the ones diagnosed before and
the one diagnosed after first date of operation of the registry) according to previous rules.

Coding

- Code according to the most recent version of the International Classification of Diseases for Oncology

- Codes of the most frequent morphological categories when histology is available

- Codes when only cytological examination is available

- Codes when only non-microscopic confirmation is available

- Codes of behavior for unknown level of invasion

- Coding of Grade

- Codes for urothelial carcinomas with other morphological terms

+  Urothelial carcinoma with squamous cell divergent differentiation

+  Urothelial carcinoma with an adenocarcinomatous component

*  Urothelial cell carcinoma subtypes and ICD-O-3 specific code

*  Urothelial cell carcinoma without specific subtype in ICD-O-3 classification

- Non-urothelial specific carcinomas

- Coding the Basis of Diagnosis

- Coding stage

Recommendations for reporting urothelial tumors

- The Recommendations for recording provide the raw data which can be subsequently analysed.

- Follow IARC/IACR rules to calculate incidence (according to the “International Rules for Multiple Primary Cancers”)
- At the local level, analyze the data recorded and coded with the new Recommendations according to the defined objectives.

- In international projects, define very precisely the inclusion criteria for the data to be submitted and explain in detail how the data will be analyzed for incidence and
survival estimates.
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Tumor type Morphology/
Behavior

No microscopic confirmation: Tumor clinically 8000/3
malignant

No microscopic confirmation: Tumor NOS Do not record*

() If recorded, code: 8000/1 Grade 9.”

Grade
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Description in the pathology report

Grade 1

Grade 1/2 (low grade or no grade mentioned)
Grade 2 low grade

Grade 2 high grade

Grade 2/3 (high grade or no grade mentioned)
Grade 3

Code

Low grade (1)
Low grade (1)
Low grade (1)
High grade (3)
High grade (3)
High grade (3)
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Tumor type Morphology/ Grade

Behavior
Noninvasive (papillary) urothelial carcinoma, low- 1
grade
Noninvasive (papillary) urothelial carcinoma, 813072 3
highgrade
Noninvasive (papillary) urothelial carcinoma, 9

grade unknown

Urothelial carcinoma (with histologic examination),

but invasion canno be assessed

« Papillary term  mentioned or papillary 81302
appearance (exophytic lesion)

« Papillary term ot mentioned or no 81202 * 309
information about appearance

« The dlinical impression is of invasive disease s12030 3
Urathelal carcinoma i situ (carcinoma in sit) 81202

Invasive carcinoma, not otherwise specifed (NOS) 01073

0]

Invasive urotheial carcinoma 81203

(1) Although most carcinomas of urinary tract are wrothelial, there are also other
carcinomas such as squamous o adenocarcinoma. Therefore, if urothelial or
transitonal cel s not specified on the pathological repor, code *3010/3". But if non-
invasive urothclial carcinoma was previously diagnosed, record (code) as urothelial
carcinoma (8120/3), provided that prostate carcinoma invading the urinary badder is
ruld out. Alsa, if the concept urothelal s i the tumor description,code 8120/3 even f not
specifed n the final diagnosis

) When the term “papillry” is ot specifd in he pathological repot but the pathology
report indicates an urothelal carcinoma with pTa stage, code 813072 (plus grade, if
specfed)

() In this case, code .

(+4) Inthis case thecode pT is X (and ot pTis) 0 as o t b confused with Carcinoma
(+++)If the diical impresson is of invasive disase,then code with/3 behavior ode and.
grade 3.

(++++) All in situ and invasiv carcinomas st be recorded as high grade. Although the
patlology report may indicate “low grade” o notindicate a grade, i it is an in situ or
invasive tumor, it must be considered high grade.”
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Cytology results Morphology*/ Grade
Behavior **

h grade urothelial carcinoma or “suspicious for 813012 (papillary 3
high-grade urothelial arcinoma” (SHGUC of the  appearance) or

Paris dlassfication). 81202

(See ANNEX 2, section *Paris System reporting for

urine cytology”, paragraph “Behavior of high grade

tumors diagnased by cytology only”).

1 you only have cytlogcal examintion, try o find out i the tumor has a papillary
appearance (3130)or ot (8120) by reviewing he imagin

) fhe clinical impression (e, scans) i of invsive disas, the code with'3 behavior
ot

Non.arothlal maligan el eenon ytlogy should b coded according t0the pathology
report and divicalinformation.

1 the topography ofth tumar s higighted on radioloyimaging code the specfic st
Otherwise, code the topography C68. (uriary tract, NOS).”
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CP 2018 Phase of Care CP 2025 Phase of Care

Cancer Age Initial = Continuing  Final Total Cancer Age Initial  Continuing = Final = Total
Site - Sex = Group Site - Sex | Group

Colon Rectum- <50 53 341 7 400 | Colon Rectum- <50 53 347 6 407

M M

50-69 ‘ 553 » 4753 251 5557 50-69 578 4972 22 5773

70 + 752 11566 1067 13385 70 + 810 12435 1011 14257

all ages 1358 16660 1324 19342 all ages 1441 17755 1239 20436

Colon Rectum- <50 69 366 19 453 Colon Rectum- <50 71 384 17 472

F F

50-69 390 4079 161 4630 50-69 415 4386 133 4935

70 + 706 10882 690 12278 70 + 754 12073 753 | 13580

all ages 1164 15327 869 17361 all ages 1241 16843 903 | 18987

Breast-F <50 811 4647 104 5562 Breast-F <50 928 5302 110 6341

50-69 2182 I 27706 467 | 30355 I 50-69 2548 32592 493 | 35632

70 + 1658 36312 1637 | 39606 70 + 2049 44078 2013 | 48139

all ages 4651 68665 2208 75523 all ages 5525 81971 2616 | 90112

Lung-M <50 17 58 18 93 Lung-M <50 16 54 14 84

50-69 206 806 257 1269 50-69 180 731 218 1129

70 + 342 » 2306 839 3487 » 70 + 305 2011 733 3049

all ages 565 3170 1114 4848 all ages 501 2796 965 4263

Lung-F <50 21 76 15 12 Lung-F <50 24 103 21 148

50-69 184 720 168 1072 50-69 214 867 238 1319

70 + 223 1378 224 1825 70 + 274 1633 377 2284

all ages 429 2174 406 3010 all ages 513 2602 635 3750
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Warning

JRC-ENCR and IARC 7067 11.55
Only JRC-ENCR 29467 48.17
Only IARC 24633 40.27

Total 61167 100
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JRC-ENCR warnings %

W-BDMS Morphology not specific enough 10414 3534
‘W-BDMO Morphology too specific 6202 21.05
W-MOTO Morphology + Topography not valid 6035 20.48
‘W-MOGR Morphology + Grade not valid 2269 7.70
‘W-BDpT BoD + pT not valid 1444 4.90
‘W-BDpN BoD + pN not valid ‘ 1119 3.80
‘W-BDMU BoD + Morpho/Behavior 811 275
‘W-BDpM BoD + pM not valid 724 2.46
W-AGMT Unlikely Age group + Tumor type 171 0.58
W-BTNM Behavior + TNM not valid 170 0.58
‘W-MOBE Morphology + Behavior not valid 73 0.25
W-MISS A compulsory variable is missing 23 0.08
‘W-UNKN Unknown code found 6 0.02
W-TNMS Topo + TNM edition + T,N,M + Pathologic stage not valid 6 0.02
Total 29467 ‘ 100

BoD, basis of diagnosis.
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IARC warning %
Grade/morphology 22357 90.76
Histology/site 1752 741
BoD/histology 386 1.57
Behavior/histology 89 0.36
Age/site/histology 29 0.12
7 Sex/histology 20 0.08
Total 24633 100

BoD, basis of diagnosis.
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Topography* Morphology No. of warnings
JRC-ENCR

c42/C77 8000 314 0
C38.1-C38.3/C41/C48/C71/C77 Epithelial morphology 85 31
#C34 8012 or 8041-8045 8 299
c44 8098 141 0
#C67 8120 or 8130 101 35
€209, C21.1, C21.8-C21.9 8124 91 0
Cl1, C21-C24, C30-C34, C56 8144 6 72
€22.0 or C24-C25 8160-8162 206 1
C50 8401 0 216
C25, C48, C53-C55 8441, 8460, 8470-8471 24 585

7c733 8510 227 | 0
# €30.0, C44, C51, C60, C63.2, C69.0, C80 8770-8772 161 23
C74.9 8370, 8700, 9490, 9500 132 0
C71-C72 9530-9539 106 0
C80.9 9590-9591 or 9699 233 0
c42.1 9220, 9731, 9761, 9930 446 1

I % C42.1 9732 429 | 57
C42.0 or C42.2 or C42.4 9820-9823, 9860-9863 932 0
C42.0 or C42.4 9590-9591, 9650-9653, 9670-9673, 9680, 9690 299 0
C64.9 8120, 8130, 8210-8211 70 0
€07-C09, C12-C17, C30-C33, C38, C42-C54, C61-C68, C71-C77 8240, 8243-8246, 8249 37 242

*Qee Table S5.
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W-BDMU
W-BDpM
W-BDpN
W-BDpT
W-BTNM
W-MISS
W-MOGR
W-MOBE
W-MOTO
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W-TNMS
W-UNKN

Total

Unlikely age group + tumor type

Morphology too specific

Morphology not specific enough
BoD + Morpho/Behavior

BoD + pM not valid

BoD + pN not valid

BoD +pT not valid

Behavior + TNM not valid

A non-compulsory variables missing
Morphology + grade not valid
Morphology + Behavior not valid
Morphology + Topo not valid

Sex + Morphology not valid

Topo + TNM edition + T,N,M + Pathologic stage not valid

Unknown code found

BoD, basis of diagnosis.

632

11711

10414

724

1119

1444

170

23

2906

73

6483

36534

%
173

32.06

28.50

1.98
3.06
395
0.47
0.06
7.95
0.20
17.75
0.03
0.02
0.02

100

IARC

Agelsite/histology 490
Basis/histology 5895
Behavior/histology 89
Grade/morphology 22994
Histology/site 2200
Sex/histology 32

31700

72.54

100
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Dataset

a)

b)

<)

d)

Type of

analysis

Empirical
index

Model-based
index

Validation of
completeness
indexes

Complete
prevalence
estimation

Registration
length
(years)

35

>=30

>=5

Number
of
registries

20

62

Population
Registries (% study
coverage)
Denmark, Estonia, Finland, Iceland, Norway, Scotland, Geneva (Switzerland), 23,592,911
Parma (Italy) (5%)
34,806,065
Registries in dataset a) plus: Austria, Slovenia, Tarragona (Spain)* (8%)
Bulgaria, Lithuania, Malta, The Netherlands, Northern Ireland, Wales, Balearic
Islands, Basque Country, Granada (Spain), Graubiinden and Glarus, Eastern 144,230,482
Switzerland (Switzerland), Bas Rhin, Doubs, Haut-Rhin, Isere, Somme, Tarn (10%)
(France), Modena, Ragusa, Romagna (Italy)
Registries in dataset ¢) and b) plus: Belgium, Cyprus, Czech Republic, England,
Ireland, Latvia, Poland, Herault, Lille, Poitou Charentes (France), Bremen, Federal
States (BR,MW-PSA,THU), Hamburg (Germany), Bergamo, Puglia Barletta Andria- 231,214,391
Trani, Catania-Messina-Enna, Latina, Monza-Brianza, Napoli, Nuoro, Palermo, (51%)

Piacenza, Reggio Emilia, Siracusa, Sondrio, Taranto, Umbria (Italy), Southern
Portugal (Portugal), Castellon, Girona (Spain), Friburg, Ticino (Switzerland)

“The registry of Tarragona is included in dataset b) and not in d) because limited-duration prevalence is available at 1/1/2012.
Population covered by the registries in each dataset and percent coverage of the 27 European countries that participated in EUROCARE-6 included in the study are shown. National registries are

in bold.
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JRC-ENCR % IARC %
E-CoDV Date of last known vital status not valid 13 0.58
E-FORM Format error 433 19.26
E-MISS Value missing 60 267

ICD-0-3 (Topography)* 2 48.89
E-OUTR Value out of range* 1741 77.45 I

ICD-0-3 (Morphology)* 22 48.89
E-SETO Sex + Topography not valid 1 0.04 Sex/site combination 1 222

i Total 7 2248 100 45 100

*Topography and Morphology IARC errors are included in E-OUTR category of JRC-ENCR system
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Registration time
interval in years

ot 10-14 y (10) 15-19y (12) 20-24y (13) 25-35y (17) et
registries) time length with

Standard Standard Standard Standard EF;-?/O

complete complete complete | ppp = complete  prp -
Gar oo prev prev prev prev

*122)?(’))00 ? *12%)00 *122)?(?00 *12:%)00 beielecy
All cancers 4,380 28 4,388 28 4305 25 4,369 16 >10
Breast 1,700 01 1,831 05 1,869 0.6 1,777 03 >10
Colon Rectum 477 62 485 43 443 35 497 1.6 >15
Thyroid 371 71 278 62 217 5.3 257 3.0 >20
Corpus Uteri 341 223 305 14.9 328 9.6 343 38 >25
Cervix Uteri 268 5.8 225 21 258 L0 230 0.6 >15
Non-Hodgkin lymphoma 203 9.1 209 1 55 207 -4.9 212 2.9 >20
Skin melanoma 185 66 232 49 262 37 289 L9 >15
Ovary 157 41 145 3.9 153 37 151 26 >10
Kidney 115 0.9 111 14 109 14 110 07 >10
Bladder 114 52 120 32 77 22 124 05 >10
Lung 85 63 90 43 81 32 100 13 >15
Stomach 79 -13.7 77 -102 16 74 75 3.6 >25
Hodgkin lymphoma 61 20 57 29 49 3.0 52 22 >10
CLL/SLL 41 0.0 40 09 48 0.6 42 03 >10
Brain 37 133 38 148 32 131 47 77 I none
Multiple myeloma 32 -L6 33 0.8 31 13 34 07 >10
Soft tissues 31 -16 31 -22 31 -24 33 -1.9 >10
Pancreas 20 26 22 28 20 23 20 L0 >10
Liver 20 71 17 45 9 37 15 12 >15
Gallbladder 17 -15 14 03 11 0.7 13 05 >10
AML 15 25 19 19 18 33 , 15 28 >10
Bones 14 72 15 28 15 0.9 14 3.0 >15
Larynx 11 14 12 2.0 11 0.8 11 01 >10
CML 9 -13.7 10 -3.9 10 0.7 9 13 >15
Oesophagus 6 13 7 13 9 16 7 07 >10

CLL/SLL, Chronic lymphocytic leukaemia/small lymphocytic lymphoma; AML, Acute myeloid leukaemia; CML, Chronic myeloid leukaemia.
Weighted average percent relative difference (PRD, %) between SEER and standard model-based complete prevalence estimates (the average is weighted using registries population).
Registration time length with PRD values not exceeding 5%.
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Registration

time length Sex European Empirical SEER Model Based
(years)

Bladder; Colon Rectum; Gallbladder; Head and Neck; Larynx; Liver; Multiple All cancers; Bones; Gallbladder; Hodgkin

| myeloma; Ocsophagus; Pancreas; Penis; Prostates Skin melanomas Stomach; Thyroid;  lymphoma; Liver; Multiple myelomas
CLL/SLL; AML; CML Oesophagus; Pancreas; Prostate; Soft tissue; CLL/
SLL; AML

>10

Bladder; Breast; Colon Rectum; Corpus Uteri; Gallbladder; Larynx; Lung; Multiple All cancers; Bladder; Breast; Gallbladder;

B myeloma; Oesophagus; Pancreas; Stomach; Thyroid; CLL/SLL; CML Hodgkin’s lymphoma; Kidney; Larynx; Multiple
myeloma; Oesophagus; Ovary; Pancreas; Soft
tissues; CLL/SLL; AML

All cancers; Kidney; Lung; Non-Hodgkin lymphoma; Bladder; Colon Rectum; Kidney; Lung; Non-

M Hodgkin lymphoma; Skin melanoma; Stomach;

>15 CML

E Head and Neck; Kidney Bones; Cervix Uteri; Colon Rectum; Liver; Lung;
Skin melanoma; CML

M Larynx; Testis; Thyroid

>20 T
F All cancers; Non-Hodgkin lymphoma; Skin melanoma; AML Non-Hodgkin lymphoma; Thyroid
M
>25 T
F Corpus Uteri; Stomach
M Bones; Brain; Hodgkin lymphoma; Soft tissues; Testis Brain
None
F  Bones; Brain; Cervix Uteri; Hodgkin lymphoma; Ovary; Soft tissues Brain

CLL/SLL, Chronic lymphocytic leukaemia/small lymphocytic lymphoma; AML, Acute myeloid leukaemia; CML, Chronic myeloid leukaemia.
Results obtained from the 62 European registries included in the study.
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Cancer regis of cases Years of incidence
Avellino 16566 2010-2015
Benevento 13829 2010-2016
Bolzano 67045 1995-2017
Caserta 47509 2008-2016
Catania-Messina-Enna 174866 2003-2017
Friuli Venezia Giulia 60054 2013-2017
Genova 231368 1986-2016
Napoli 1 41128 2010-2015
Napoli 2 38862 2010-2016
Napoli 3 ' 34231 2013-2017
Nuoro ' 4568 2013-2015
Palermo » 106923 2003-2017
Pavia 63232 2003-2017
Ragusa-Caltanissetta 18980 2013-2017
Salerno 45796 2010-2016
Sassari 10695 2012-2015
Siracusa 44040 1999-2017
Sondrio 5702 2013-2015
| Trapani-Agrigento 34813 2002-2013
Trento 84163 1995-2017
Umbria 156914 1994-2017
Valle d’Aosta 4405 2013-2017

Total 1305689
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APDR, 20-y prevalence estimated by truncating registries observations at

Observed 20-y Prevalence

Cancer site 15 years 10 years 5 years
Proportion x 100,00 % % %
All sites 3,471 1.8 39 59
Breast 1,537 0.9 L9 35
Colon Rectum ‘ 414 1.4 3.0 48
Corpus Uteri 274 23 47 7.0
Skin melanoma 218 23 6.1 11.8
Cervix uteri 144 6.3 14.3 21.0
Thyroid 119 5.4 12.0 163
Ovary 110 0.7 1.1 57
Non-Hodgkin lymphoma 105 14 28 4.6
Bladder 94 2.0 4.8 77
Lung 88 13 35 48
Kidney 84 L5 37 6.9
Stomach 41 2.1 55 9.3
Head and Neck 37 12 27 4.9
CLL/SLL 36 1.6 4.1 82
Hodgkin lymphoma 31 19 51 87
Brain 26 49 10.8 18.1
Multiple myeloma 26 I 4.1 73
Soft tissues 22 1.6 38 75
Pancreas 15 1.1 4.1 6.6
AML 12 2.3 4.0 8.1
Larynx 1 16 36 48
Oesophagus 10 2.1 4.0 56
Gallbladder 10 25 6.4 9.7
Bones 8 2.0 35 62
CML 8 3.1 55 10.7
Liver 7 L5 38 52

CLL/SLL: Chronic lymphocytic leukaemia/small lymphocytic lymphoma; AML, Acute myeloid leukaemia; CML, Chronic myeloid leukaemia.

The validation is limited to cancer registries with at least 20 years of observations at 1/1/2013 that were not used to estimate R-index. Pooled observed 20-y prevalence proportion and weighted
average percent relative differences in absolute value (APRD, %) between observed and estimated 20-years prevalence by cancer site are shown. Estimates are derived by applying completeness
indexes to observed prevalence truncated at 5, 10 and 15 years and the average is weighted using the registry-specific number of prevalent cases.
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Registration time
interval in years

(number of b () 1519y (12) 2024y (13) 2535y (17) o
registries) Reglstratlgn time
length with PRD
Standard Standard Standard Standard < 5%
complete complete complete  ppp = complete  prp
G die prev prev prev prev
*] ZE)(,)(’)) 0 *12[}?(’))00 il ey (P)g,)goo RIS @ e
All cancers 3476 7.1 3,757 45 3,747 -33 3,692 22 >15
Prostate 959 -28 1,190 -15 1,450 05 1,225 0.0 >10
Colon Rectum 539 -3.0 565 2.0 501 -13 550 0.8 >10
Bladder 453 2.2 456 -2.1 281 21 162 -1.9 >10
Non-Hodgkin lymphoma 232 -5.4 251 -4.8 247 -4.5 245 -4.0 >15
Lung 195 7.3 197 4.6 180 23 171 -11 >15
Kidney 182 5.6 203 3.1 173 22 184 -14 >15
Testis 154 -94 160 -10.5 166 02 167 4 none
Skin melanoma 146 43 171 -27 186 24 213 24 >10
Larynx 103 27 97 3.6 79 2.2 95 -15 : >10
Stomach 100 5.2 106 42 67 35 96 28 >10
Head and Neck 93 -36 85 24 108 -13 89 0.6 >10
Thyroid 89 07 79 0.9 53 0.8 73 -39 >10*
Hodgkin lymphoma 70 -10.6 66 9.1 59 -8.1 59 6.7 none
CLL/SLL 55 42 58 -2.0 64 -14 55 -0.9 >10
Liver 47 3.1 19 -1.1 28 -1.0 36 0.7 | >10
Brain 45 -14.4 47 -10.6 42 -9.7 | 54 -85 none
Multiple myeloma 37 -3.0 39 -13 36 -0.4 38 -02 >10
Soft tissues 35 -15.7 37 -13.8 36 -13.2 37 -10.7 none
Pancreas 22 -35 24 0.4 23 02 21 -0.1 ‘ >10
Oesophagus 18 2.0 20 0.8 28 0.4 18 00 >10
Penis ‘ 19 45 18 45 17 » -3.6 19 -33 >10
AML 16 -1.6 21 -3.0 16 52 15 19 | >10
Bones 15 -20.6 18 207 16 192 18 -18.3 none
Gallbladder 13 4.1 11 -23 10 07 12 03 >10
CML 1 1.6 13 0.7 14 0.7 12 -0.2 >10

CLL/SLL, Chronic lymphocytic leukaemia/small lymphocytic lymphoma; AML, Acute myeloid leukaemia; CML, Chronic myeloid leukaemia.

* for thyroid cancer values of PRD grow as registration length increases and for female thyroid cancer PRD slightly exceeds 5% after 25 years of registration (consistently with Empirical vs EU
model-based R-index patterns).

Weighted average percent relative difference (PRD, %) between empirical and standard model-based complete prevalence estimates (the average is weighted using registries population).
Registration time length with PRD values not exceeding 5%.
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Registration time
interval in years

Ginberot 10-14 y (10 15-19 y (12) 20-24 y (13) 25-35y (17) o
registries) Reglstratlgn time
length with PRD

Standard Standard Standard Standard =%

complete complete  PRD  complete  PRD  complete
Cancer Site REN prev prev prev

*123)’) o | ® | = Z[,‘,’S’ 0 *12{)?(‘)) 0 *] gg,)goo fumbenotyedrs
All cancers 4,380 -84 4388 6.7 4,305 54 4369 a1 520
Breast 1,700 4.8 1831 4.1 1,869 -3.0 1777 20 >10
Colon Rectum 477 -4.0 485 3.0 443 24 497 L7 >10
Thyroid 371 -04 278 2.2 217 31 257 6.1 >10*
Corpus Uteri 341 54 305 4.0 328 28 343 26 >10
Cervix Uteri 268 211 225 -202 258 205 230 213 none
Non-Hodgkin lymphoma ‘ 203 62 209 5.6 207 | s 212 45 520
Skin melanoma 185 -82 232 5.8 262 54 289 54 >20
Ovary 157 92 145 9.8 153 -89 151 -84 none
Bladder 114 4.4 120 4.2 77 -36 124 -32 >10
Kidney 115 71 111 46 109 4.0 110 28 >15
Lung 85 47 90 2.8 81 -1 100 05 >10
Stomach 79 46 77 5.0 46 52 75 5.1 >10
Hodgkin lymphoma 61 123 57 -132 49 -11.0 52 9.1 none
CLL/SLL 41 -24 40 0.9 48 -04 42 -0.2 >10
Brain 37 -14.4 38 9.8 32 95 47 -80 none
Head and Neck 39 58 39 4.4 42 29 44 20 >15
Multiple myeloma 32 -2.2 33 -1.1 31 ' -0.5 [ 34 -0.1 : >10
Soft tissues 31 -18.4 31 -166 31 -165 33 145 | none
Liver 20 5.5 17 25 9 22 15 23 >15
Pancreas 20 -34 2 0.3 20 02 20 o1 | >10
Gallbladder 17 -5 14 -0.6 11 04 13 07 >10
AML 15 67 19 -6.1 18 4.9 15 41 >20
Bones 14 -15.0 15 -18.3 15 ( -18.2 14 -17.3 none
Larynx 11 26 12 45 11 29 1 25 >10
cML 9 -i8 10 43 10 0.2 9 05 >10
Oesophagus 6 -1.9 7 -0.8 9 -0.3 7 -0.5 >10

CLL/SLL, Chronic lymphocytic leukaemia/small lymphocytic lymphoma; AML, Acute myeloid leukaemia; CML, Chronic myeloid leukaemia.
* for thyroid cancer values of PRD grow as registration length increases and for female thyroid cancer PRD slightly exceeds 5% after 25 years of registration (consistently with Empirical vs EU
model-based R-index patterns).

Weighted average percent relative difference (PRD, %) between empirical and standard model-based complete prevalence estimates (the average is weighted using registries population).
Registration time length with PRD values not exceeding 5%.
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Registration time
interval in years

(number of ) 1oy - sy ia Registration time
tegistries) Ier?gth with PRD
Standard Standard SERE] Standard < 5%
complete complete complete  pgp  complete
Gar oo prev prev prev prev
*126?(’)3 o | *128?800 *1;5%) *122)(,)5 0 Cuteiol ko
All cancers 3476 -12 3,757 1.1 3,747 -13 3,692 -0.7 >10
Prostate 959 23 1,190 13 1,450 0.9 1225 02 >10
Colon Rectum 539 87 565 53 501 3.8 550 13 >15
Bladder 453 7.1 456 41 281 26 162 0.6 >15
Non-Hodgkin lymphoma 232 v 9.8 251 5.0 247 45 245 24 >15
Lung 195 80 197 50 180 48 171 23 >15
Kidney 182 6.3 203 47 173 3.6 184 20 ‘ >15
Testis 154 7.8 160 57 166 3.8 167 14 >20
Skin melanoma 146 6.9 171 44 ‘ 186 26 213 L1 >15
Larynx 103 8.9 97 72 79 41 95 13 >20
Stomach v 100 68 106 47 67 25 96 0.8 >15
Thyroid 89 202 79 144 53 106 73 53 >20
Hodgkin lymphoma 70 23 66 38 59 4.3 59 33 >10
CLL/SLL 55 -13 58 0.5 64 -L1 55 0.8 >10
Liver 47 04 19 0.3 28 0.6 36 03 >10
Brain 45 3.2 47 44 12 4.6 54 31 none *
Multiple myeloma 37 4.2 39 -1.9 ' 36 0.8 38 -0.1 >10
Soft tissue 35 26 37 24 36 0.8 37 0.2 >10
Pancreas 22 21 24 19 23 L7 21 07 >10
Oesophagus 18 4.9 20 21 28 16 18 04 >10
AML 16 0.1 21 41 16 4.9 15 46 >10
Bones 15 v 10 18 0.7 16 -16 18 -33 >10
Gallbladder 13 16 11 27 ‘ 10 2.0 12 08 >10
CML 11 -85 13 0.3 14 1.9 12 19 >15

CLL/SLL, Chronic lymphocytic leukaemia/small lymphocytic lymphoma; AML, Acute myeloid leukaemia; CML, Chronic myeloid leukaemia.

* PRD for male Brain cancer reflect compensations of under/over-estimates between SEER and Standard R-index.

Weighted average percent relative difference (PRD, %) between SEER and standard model-based complete prevalence estimates (the average is weighted using registries population).
Registration time length with PRD values not exceeding 5%.
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APDR, 20-y prevalence estimated by truncating registries observations at

Observed 20-y Prevalence

Cancer site 15 years 10 years 5 years
Proportion x 100,00 % % %

All sites 2,999 2.0 5.0 64
Prostate 1,082 1.1 33 12.5
Colon Rectum 488 1.2 2.8 6.0
Bladder 354 L1 29 55
Skin melanoma 161 2.1 59 138
Lung 157 1.3 3.1 33
Kidney 138 14 4.5 84
Non-Hodgkin lymphoma 122 0.9 31 57
Testis 103 21 5.0 109
Larynx 79 1.6 29 6.2
Head and neck 76 L1 2.9 5.0
Stomach 61 2.0 4.4 9.7
CLL/SLL 49 1.6 42 7.5
Hodgkin lymphoma 38 3:1 54 93
Thyroid 33 42 83 143
Brain 32 4.6 9.5 13.8
Multiple myeloma 31 10 3.5 6.1
Soft tissues 30 22 3.1 4.3
Oesophagus 27 L5 34 57
Liver 19 0.9 L7 42
Pancreas 16 13 51 68
Penis 15 1.8 2.6 54
AML 12 23 3.0 48
CML 10 24 4.1 5.8
Gallbladder 9 L3 47 9.6
Bones 9 3.0 63 104

CLL/SLL, Chronic lymphocytic leukaemia/small lymphocytic lymphoma; AML, Acute myeloid leukaemia; CML, Chronic myeloid leukaemia.

The validation is limited to cancer registries with at least 20 years of observations at 1/1/2013 that were not used to estimate R-index. Pooled observed 20-y prevalence proportion and weighted
average percent relative differences in absolute value (APRD, %) between observed and estimated 20-years prevalence by cancer site are shown. Estimates are derived by applying completeness
indexes to observed prevalence truncated at 5, 10 and 15 years and the average is weighted using the registry-specific number of prevalent cases.





