
Comorbidities, medication use, and overall survival in eight 
cancers: a multinational cohort study of 1.7 million patients 
across Europe
Irene López-Sánchez, a,b Anna Palomar-Cros, a Ravinder Claire, c Laura Pérez-Crespo, a Agustina Giuliodori, a Ian Koblbauer, d Jeremy Dietz, c

Jamie Elvidge, c James Koh, c Asieh Golozar, e Juan Manuel Ramirez-Anguita, f Angela Leis, f Miguel-Angel Mayer, f ,g Nicola Symmers, h

Mahéva Vallet, h Colin McLean, h Peter S. Hall, h Mees Mosseveld, i Katia Verhamme, i Espen Enerly, j Peter Prinsen, k Jelle Evers, k Marek Oja, l 

Raivo Kolde, l Rafael Marcos-Gragera, m,n Eric Fey, o,p Kimmo Porkka, o,p Tiago Taveira-Gomes, q,r,s Fernanda Estevinho, t Alberto Moreno Conde, u,v 

Jesus Moreno Conde, u,v Carlos Miguez Sanchez, v Evelyne Fournier, w Andrea Pistillo, a Xihang Chen, d George Corby, d Abigail Robinson, d

Maria T. Sanchez-Santos, d Antonella Delmestri, d Wai Yi Man, d Martí Català, d Marta Alcalde-Herraiz, d Edward Burn, d Daniel Prieto-Alhambra, d,i 

Talita Duarte-Salles, a,i,∗ and Danielle Newby d

a Fundació Institut Universitari per a la Recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), Barcelona, Spain
b Programa de Doctorat en Metodologia de la Recerca Biomèdica i Salut Pública, Universitat Autònoma de Barcelona, Barcelona, 
Cerdanyola del Vallès, Spain
c National Institute for Health and Care Excellence, London, United Kingdom
d Centre for Statistics in Medicine, Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences, University of 
Oxford, Oxford, OX3 7LD, United Kingdom
e Nemesis Health, New York, USA
f Research Programme on Biomedical Informatics, Hospital del Mar Research Institute, Doctor Aiguader 88, 08003, Barcelona, Spain 
g Data Science Unit, Hospital del Mar, Passeig Maritim 25-29, 08003, Barcelona, Spain
h Edinburgh Cancer Research Centre, Institute of Genetics and Cancer, The University of Edinburgh, Western General Hospital, Crewe 
Road South, Edinburgh, EH4 2XR, United Kingdom
i Erasmus MC University Medical Center, Rotterdam, the Netherlands
j Department of Research, Cancer Registry of Norway, Norwegian Institute of Public Health, Oslo, Norway
k Netherlands Comprehensive Cancer Organisation (IKNL), Utrecht, the Netherlands
l Institute of Computer Science, University of Tartu, Narva mnt 18, 51009, Tartu, Estonia
m Epidemiology Unit and Girona Cancer Registry, Oncology Coordination Plan, Catalan Institute of Oncology (ICO), CIBER of 
Epidemiology and Public Health (CIBERESP), Girona, Spain
n Biomedical Research Institute (IDIBGI-CERCA), Josep Carreras Leukemia Research Institute, Department of Medical Sciences, Medical 
School, University of Girona, Girona, Spain
o HUS Helsinki University Hospital, Helsinki, Finland
p iCAN Digital Precision Cancer Medicine Flagship, University of Helsinki, Helsinki, Finland
q Department of Community Medicine, Information and Decision in Health, Faculty of Medicine, University of Porto, Porto, Portugal 
r Faculty of Health Sciences, University Fernando Pessoa, Porto, Portugal
s SIGIL Scientific Enterprises, Dubai, United Arab Emirates
t Department of Oncology, Unidade Local de Saúde de Matosinhos, Matosinhos, Portugal
u Institute of Biomedicine of Seville, IBiS/Virgen Macarena University Hospital/CSIC/University of Seville, Seville, Spain
v Hospital Universitario Virgen Macarena, Seville, Spain
w Université de Genève, Geneva, Switzerland

Summary
Background Real-world evidence provides valuable insights into cancer burden, presentation, and care variations. 
Through a large-scale federated approach, this study aims to explore patient characteristics and overall survival for 
eight cancers using data from 11 electronic health records and cancer registries from eight European countries, 
mapped to the Observational Medical Outcomes Partnership Common Data Model (OMOP-CDM).

Methods Patients aged 18 years or older with a primary cancer diagnosis between 2000 and 2019 were included. 
Patients were followed from cancer diagnosis until death, database exit, or study end. Mortality data was 
sourced from linked national or subnational death registries for most databases. Patient characteristics, 
including comorbidities, and medication use, were summarised. Age-standardised overall survival (OS) at one,
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five, and ten years were calculated using the Kaplan–Meier method and stratified by cancer type, age group and 
sex.

Findings There were 1,796,278 eligible cancer patients included with most diagnoses in individuals aged 60–79 years. 
Top comorbidities and medications were relatively consistent across databases, with certain variations observed by 
cancer type, possibly indicative of early cancer signs and risk factors. For instance, anaemia was frequent in colo-
rectal (9% [HUS]–23% [IMASIS]; 791/8395–730/3141 individuals) and stomach cancers (10% [HUS]–34% [IMASIS]; 
130/1277–225/670), while chronic obstructive pulmonary disease (18% [SIDIAP]–34% [HUVM], 5310/29,009–1039/ 
3063) and pneumonia (5% [CPRD GOLD]–33% [UTARTU], 1904/34,990–1001/3063) were common in lung cancer 
patients. Breast and prostate cancers had the highest one, five and ten-year overall survival, with 5-year OS ranging 
from 76% [ECi]–85% [IMASIS] and 75% [HUVM]–83% [SIDIAP], respectively. Pancreatic cancer showed the lowest 
survival ranging from 3% [NCR]–25% [IMASIS] 5-year OS. Variations in cancer survival estimates were observed 
across data sources and countries.

Interpretation Federated analysis of diverse European real-world databases, standardised to OMOP-CDM, offer a 
valuable benchmark for future cancer research, particularly in understanding prodromes and risk factors, often 
recorded in routinely collected healthcare data prior to cancer onset.

Funding The European Health Data & Evidence Network has received funding from the Innovative Medicines 
Initiative 2 Joint Undertaking (JU) under grant agreement No 806968. The JU receives support from the European 
Union’s Horizon 2020 research and innovation programme and the European Federation of Pharmaceutical In-
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
In 2022, cancer accounted for 9.7 million deaths glob-
ally, with 20 million new cases diagnosed. 1 With one in

nine men and one in 12 women expected to die from 
cancer, and the number of cases projected to reach 35 
million by 2050, the disease remains a critical global

Research in context

Evidence before this study
We searched PubMed for English-language research articles 
published from january 2000 to august 2025, using a 
combination of the terms ‘cancer’, ‘population-based’, 
‘survival’ and ‘Europe’ to identify population-based studies 
assessing survival for one or more of the following cancer 
types: breast, colorectal, head and neck, liver, lung, pancreas, 
prostate and stomach. Previous studies on cancer survival in 
Europe have predominantly relied on cancer registry data 
which, while valuable, often lack information on prior 
medical history, as linkages to this information are not 
possible or time-consuming.

Added value of this study
This study provides one-year, five-year and ten-year overall 
survival rates by age and sex for eight cancer types across 
eight European countries (Estonia, Finland, The Netherlands, 
Norway, Portugal, Spain, Switzerland and the United 
Kingdom) using data from 11 real-world databases. These 
include cancer registries, primary care and hospital databases, 
marking the first such comprehensive analysis conducted to

our knowledge. Using a federated analysis approach based on 
the Observational Medical Outcomes Partnership Common 
Data Model (OMOP-CDM) allows for efficient and 
standardised data analysis while ensuring coding consistency 
and patient privacy. Additionally, the research provides novel 
insights into comorbidities and medication use prior to 
diagnosis, information not commonly available in cancer 
registries.

Implications of all the available evidence
The use of diverse real-world data sources can help improve 
our understanding of the cancer burden in Europe, providing 
a complete, scalable and readily updatable view of the 
patient journey. From prodromes and risk factors captured in 
primary care records, through treatment and prognosis 
recorded in cancer registries, to management strategies in 
hospital care databases. Additionally, the study of these 
complementary databases, standardised into a common 
model like OMOP-CDM facilitate cross-country collaborative 
research.
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health challenge. 1 The continuous surveillance and 
monitoring of cancer survival is needed for the devel-
opment, implementation, and evaluation of health 
policies aiming to reduce the burden of disease.
Survival rates vary based on cancer type, detection 

stage, and treatment, and are influenced by individual 
health, comorbidities, and tumour-related factors. 
While advances in screening and treatments have 
improved survival rates for certain cancers, disparities 
can persist between different healthcare systems and 
countries. 2 Understanding individual factors related to 
cancer survival and identifying at-risk population sub-
groups is crucial for planning future interventions.
Recognising the complexities of researching diverse 

observational databases, the Observational Medical Out-
comes Partnership (OMOP) Common Data Model 
(CDM) was created. 3 This standardised framework ad-
dresses structural and semantic variations in observa-
tional data, ensuring consistent and transparent analysis. 
Building on this foundation, the European Health Data 
and Evidence Network (EHDEN) aims to enhance the 
discovery and analysis of health data in Europe. 4 

Leveraging the EHDEN network, our study aims to 
explore the prior medical history and the overall survival 
of cancer patients with eight different cancer types 
through a large-scale federated approach, uniquely ana-
lysing multiple primary care, hospital, and cancer reg-
istry databases from eight European countries.

Methods
Study design
We conducted an observational cohort study using 
routinely collected healthcare data from across Europe 
mapped to the OMOP CDM. 3 The OMOP CDM 
enabled the study to be executed in a distributed 
manner, allowing each site to run analytic code locally 
without transferring person-level data. All data partners 
received approval or waiver from their institutional re-
view boards following their institutional governance 
guidelines.

Data sources
All databases mapped to OMOP and data partners in 
the EHDEN network were invited to participate. Eleven 
databases from eight European countries (Estonia, 
Finland, The Netherlands, Norway, Portugal, Spain, 
Switzerland, and the United Kingdom) informed the 
analysis. Of these, six were electronic health record 
(EHRs) databases (two primary care and four hospital 
care databases), with the remaining five being cancer 
registries and cancer-specific databases.
The primary care databases included the Clinical 

Practice Research Datalink (CPRD; UK) GOLD, and the 
Information System for Research in Primary Care 
(SIDIAP; Spain). The hospital-based databases were 
Helsinki University Hospital (HUS; Finland); the

Virgen Macarena University Hospital (HUVM; Spain), 
the Hospital del Mar Institut Municipal d’Assistència 
Sanitària Information System (IMASIS; Spain) and the 
Unidade Local de Saúde de Matosinhos (ULSM; 
Portugal). The cancer registries were Cancer Registry of 
Norway (CRN; Norway), The Netherlands Cancer Reg-
istry (NCR; Netherlands) and Geneva Cancer Registry 
(GCR; Switzerland). The two cancer-specific databases 
included the University of Tartu (UTARTU; Estonia) 
database and the Edinburgh Cancer Informatics (ECi; 
Scotland). These last two included data from several 
sources including cancer registry and EHR data. All 
databases obtained date of death from national or 
subnational death registries, apart from CPRD GOLD. 
A detailed description of each database, including in-
formation on the population coverage, is available in 
the supplement (Table S1).

Study population and study period
The study population consisted of individuals aged 18 
years or older diagnosed with a primary malignant 
cancer of either breast, colorectal, head and neck, liver, 
lung, pancreas, prostate and stomach cancers. Patients 
only contributed to one cancer cohort. We required a 
minimum of one year of prior history before cancer 
diagnosis, except for ECi, CRN and GCR, where this 
inclusion criterion was not applied, because the obser-
vation period started on the date of cancer diagnosis. 
Patients were excluded if they had (i) a prior history of 
any malignancy except for non-melanoma skin cancer, 
(ii) a date of death and cancer diagnosis on the same 
date or (iii) multiple cancer diagnoses from different 
sites occurred on the same date. Any database with less 
than 200 patients per cancer subtype was not analysed. 
The study period was from the 1st of January 2000 to 

the 31st of December 2019. However, for some data-
bases, the start date was the 1st of January of the year of 
useable data, for instance, 2003 for HUVM, 2007 for 
SIDIAP and 2012 from UTARTU (Table S2). Patients 
were followed from the date of their first recorded 
cancer diagnosis to whichever came first: exit from the 
database, date of death, or the end of the study period.

Cancer definitions
We used OMOP standard vocabularies, the Sys-
tematised Nomenclature of Medicine Clinical Terms 
(SNOMED CT), and the International Classification of 
Diseases for Oncology, Third Edition (ICD-O-3) diag-
nostic codes to comprehensively identify cancer pa-
tients. 5 Codes signifying either non-malignant cancer or 
metastasis were excluded, as well as codes indicative of 
non-epithelial tumours. Cancer codelists were reviewed 
by clinicians with expertise in primary care and 
oncology and are provided in the supplement 
(Table S3). Additionally, computable phenotypes were 
further reviewed by data partners using CohortDiag-
nostics R package. 6 For survival analyses, mortality was
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defined as all-cause mortality based on records of date 
of death.

Statistical methods
Population characteristics of cancer patients were 
summarised, with median and interquartile range 
(IQR) used for continuous variables, and counts and 
percentages used for categorical variables. For all data-
bases except cancer registries, a range of predefined 
comorbidities (at any time prior to cancer diagnosis) 
and medication usage (one year prior to cancer diag-
nosis) were selected based on their availability in EHR 
databases and their clinical relevance, and summarised 
(Table S4).
For survival analysis, we used the Kaplan–Meier 

(KM) method to estimate the overall survival proba-
bilities from observed survival times, including 95% 
confidence intervals. Individuals were followed from 
the date of their first recorded diagnosis to death or 
censoring event (end of the study period or exit from 
the database). We estimated survival at one, five and 
ten years. All results were stratified by database, sex 
and age groups. Results for ULSM, Portugal, were 
excluded from the survival analysis after review by 
clinical experts due to potential issues with the mor-
tality data.
We age-standardised survival estimates using the 

International Cancer Survival Standard (ICSS) 
weights. 7 For both sexes combined, we used all age 
groups for age standardisation. For males and females, 
we used age groups 40 years and older for most cancers, 
except for breast and prostate cancers, where age 
groups 50 years and older were used to compute age-
standardised results. We were unable to estimate age-
standardised survival for some databases due to the 
small number of cases in some age and cancer strata; 
therefore, these age-standardised results are not pre-
sented. To avoid re-identification, for all analyses, we do 
not report results with less than ten cases. Survival 
estimates could not be adjusted for stage or biology of 
the cancer, due to limitations on data availability.
The statistical software R (version => 4.2.3) was used 

for all analyses. Analytical code for the study, with 
version control, is available at: https://github.com/ 
oxford-pharmacoepi/CancerSurvivalWp2Analysis.

Ethics approval
The use of Clinical Practice Research Datalink (CPRD) 
data for this study was approved via the Research Data 
Governance (RDG) Process of the UK Medicines and 
Healthcare Products Regulatory Agency (protocol 
22_001843).
The use of Sistema d’Informació per al Desenvolu-

pament de la Investigació en Atenció Primària data 
(SIDIAP) for this study was approved by the Clinical 
Research Ethics Committee of the IDIAP Jordi Gol 
(project code: 24/001-P).

The use of IMIM-Hospital del Mar Barcelona 
(IMASIS) data for this study was approved by the Parc 
de Salut Mar Research Ethics Committee CEIm-Parc de 
Salut Mar (2023/11262).
The use of Hospital District of Helsinki and Uusi-

maa (HUS) data for this study was approved under data 
permit HUS/325/2023.
The use of Netherlands Comprehensive Cancer 

Organisation (NCR) data for this study was approved 
under data permit K23.198.
The use of Hospital Universitario Virgen Macarena 

(HUVM) data for this study was approved under data 
permit 1651-N-23.
The Cancer Registry of Norway provided statistical data 

for the study. The CRN has permission to collect, process 
and report statistical data without the need to seek consent. 
The use of University of Tartu (UTARTU) data for 

this study was approved by Estonian Committee on 
Bioethics and Human Research (1.1–12/159).
The use of Geneva Cancer Registry (GCR) data for 

this study was conducted in accordance with Article 32 
of the Swiss Law on the Registration of Oncological 
Diseases (LEMO, RS 818.33), which permits cancer 
registries to provide aggregated data where data shared 
cannot trace back to individual patients. This data ex-
cludes patients who have expressed their opposition to 
cancer registration.
The use of South East Scotland Cancer Database 

(ECi) data for this study was approved by the Integrated 
Research Application System NHS Research Ethics 
Service (Dataloch service for research, IRAS ID 317626, 
reference number 22/NS/0093).
The use of Unidade Local de Saúde de Matosinhos 

(ULSM) data for this study was obtained from the 
Comissão de Ética para a Saúde da ULS Matosinhos 
(code 103/CES/JAS).

Role of funding source
The funding sources played no part in the design, 
analysis, interpretation of the findings, writing of the 
manuscript, or the decision to submit for publication. 
The corresponding author had the final responsibility 
for the decision to submit for publication.

Results
Study population
Our results are presented in a publicly available Shiny 
app enabling an interactive exploration of the study 
results: https://dpa-pde-oxford.shinyapps.io/EHDEN 
CancerSurvivalStudyShiny/. We identified 3,165,081 
patients with a diagnosis of primary malignant breast, 
pancreatic, prostate, colorectal, lung, stomach, liver, or 
head and neck cancers from participating databases. 
After applying exclusion criteria, 1,796,278 patients 
were eligible for inclusion. Study attrition was largely 
due to patients not being observed in the database 
during the study period (Table S5).
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Database name CPRD
 
GOLD SIDIAP HUS HUVM IMASIS ULSM CRN GCR NCR ECi 

a UTARTU
 
b

Country UK Spain Finland Spain
 

Spain
 

Portugal Norway Switzerland Netherlands Scotland Estonia
Database type Primary Primary Hospital Hospital Hospital Hospital Registry Registry Registry Cancer Specific 

c Cancer Specific 
c 

Number of patients 239,876 213,590 58,233 12,275 13,315 5817 259,301 23,774 943,196 9386 17,515
Median

 
follow-up

 
1186

 
2082 2283 2135 1704

 
2006

 
1303 1427 1799

 
2409

 
1794

 
Study period 2000–2019

 
2007–2019

 
2000–2019

 
2003–2019

 
2000–2019

 
2000–2019

 
2000–2019

 
2000–2019

 
2000–2019 2000–2019 2000–2019

 
Any comorbidity Yes Yes Yes Yes Yes Yes No No No No Yes
Any medication

 
Yes Yes Yes No Yes Yes No No No No Yes

Sex
Female 122,835 (51%) 93,982 (44%) 31,076

 
(53%) 5971 (49%) 6058

 
(45%) 2729

 
(47%) 112,519

 
(43%) 11,678

 
(49%) 460,949

 
(49%) 9386

 
(100%) 7215 (41%) 

Male 117,041 (49%) 119,608
 
(56%) 27,157 (47%) 6304

 
(51%) 7257 (55%) 3088

 
(53%) 146,782 (57%) 12,096

 
(51%) 482,247 (51%) – 10,300

 
(59%) 

Age [median
 
(IQR)] 69

 
(60–77) 67 (58–77) 67 (59–75) 66

 
(56–75) 69

 
(59–78) 67 (57–76) 68

 
(60–77) 67 (57–75) 68

 
(59–76) 60

 
(50–69) 68

 
(60–76) 

Age group
18–39 3980

 
(2%) 5537 (3%) 1210

 
(2%) 350

 
(3%) 298

 
(2%) 206

 
(4%) 4410

 
(2%) 569

 
(2%) 17,867 (2%) 511 (5%) 285 (2%)

40–49 14,963 (6%) 17,504
 
(8%) 3717 (6%) 1280

 
(10%) 910

 
(7%) 560

 
(10%) 15,124

 
(6%) 2083 (9%) 64,890

 
(7%) 1619

 
(17%) 952 (5%) 

50–59 38,777 (16%) 38,272 (18%) 9912 (17%) 2444
 
(20%) 2260

 
(17%) 1071 (18%) 41,907 (16%) 4560

 
(19%) 161,874

 
(17%) 2519

 
(27%) 2807 (16%) 

60–69 66,264
 
(28%) 57,522 (27%) 18,589

 
(32%) 3357 (27%) 3390

 
(25%) 1548

 
(27%) 77,338

 
(30%) 6845 (29%) 275,071 (29%) 2415 (26%) 5717 (33%) 

70–79 69,257 (29%) 55,580
 
(26%) 16,144

 
(28%) 3210

 
(26%) 3775 (28%) 1480

 
(25%) 72,635 (28%) 5965 (25%) 273,206

 
(29%) 1559

 
(17%) 5287 (30%) 

80+ 46,635 (19%) 39,175 (18%) 8661 (15%) 1634
 
(13%) 2682 (20%) 952 (16%) 47,887 (18%) 3752 (16%) 150,288

 
(16%) 763 (8%) 2467 (14%) 

Cancer types
Breast 77,384

 
(32%) 54,248

 
(25%) 21,248

 
(36%) 4137 (34%) 3423 (26%) 1588

 
(27%) 55,816

 
(22%) 7435 (31%) 257,562 (27%) 9386

 
(100%) 6377 (36%)

Colorectal 44,155 (18%) 50,862 (24%) 8395 (14%) 3141 (26%) 3141 (24%) 1352 (23%) 61,356
 
(24%) 3493 (15%) 215,109

 
(23%) – –

Head and neck 10,487 (4%) 12,639
 
(6%) 3756

 
(6%) 747 (6%) 914

 
(7%) 537 (9%) 10,759

 
(4%) 1491 (6%) 47,306

 
(5%) – –

Liver 2913 (1%) 7622 (4%) 1203 (2%) 346
 
(3%) 811 (6%) 0

 
(0%) 1894

 
(1%) 887 (4%) 7524

 
(1%) – –

Lung 34,990
 
(15%) 29,009

 
(14%) 3996

 
(7%) 510

 
(4%) 1247 (9%) 329

 
(6%) 34,358

 
(13%) 3066

 
(13%) 160,940

 
(17%) – 3063 (17%)

Pancreatic 7558
 
(3%) 7989

 
(4%) 2749

 
(5%) 309

 
(3%) 589

 
(4%) 206

 
(4%) 10,257 (4%) 1064

 
(4%) 35,604

 
(4%) – –

Prostate 56,634
 
(24%) 42,771 (20%) 15,609

 
(27%) 2779

 
(23%) 2520

 
(19%) 1034

 
(18%) 77,156

 
(30%) 5664

 
(24%) 187,851 (20%) – 8075 (46%)

Stomach 5755 (2%) 8450
 
(4%) 1277 (2%) 306

 
(2%) 670

 
(5%) 771 (13%) 7705 (3%) 674

 
(3%) 31,300

 
(3%) – –

Values are no (%) except as indicated. 
a Only breast cancer patients were included for this database and due to ethical governance for this database only results for females are reported. 

b
 Only breast, lung and prostate cancer patients were 

included in
 
this database. 

c Cancer-specific databases included data from 
several sources, including cancer registry and EHR

 
data.

Table 1: Baseline patient characteristics at the time of cancer diagnosis across databases.
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Baseline characteristics
Table 1 shows a summary of the baseline patient 
characteristics of eligible patients with a diagnosis of 
any of the eight cancers for each database. According to 
Table 1, NCR from the Netherlands, contributed the 
largest number of patients (n = 943,196) whereas 
ULSM from Portugal, contributed the smallest 
(n = 5817). Across all databases, the most prevalent 
cancers were breast, prostate, colorectal, and lung. 
Median age ranged from 60 years in ECi in Scotland 
(breast cancer only), to 69 years in CPRD GOLD, UK 
and IMASIS, Spain, with other databases reporting a 
median age at diagnosis between 66 and 68 years. 
Stratification by age and sex showed that breast 

cancer was most common among females across most 
databases with decreasing prevalence with increasing 
age. Alternatively, among males, colorectal and head 
and neck cancers were more prevalent in younger age 
groups with prostate cancer higher in older males 
(Tables S6 and S7).
Aside from sex-specific cancers, more males were 

diagnosed with lung (54% [n = 18,843, CPRD 
GOLD]–83% [n = 424, HUVM]), liver (66% [n = 534 
IMASIS]–81% [n = 718, GCR]) and head and neck 
cancers (58% [n = 2160, HUS]–88% [n = 473, ULSM]) 
(Table S8). In contrast, pancreatic (47% [n = 1293, 
HUS]–55% [n = 169, HUVM] males), colorectal (50% 
[n = 4198, HUS]–59% [n = 1863, HUVM] males) and 
stomach cancers (54% [n = 693, HUS]–64% [n = 20,105, 
NCR] males) exhibited a more balanced distribution 
between sexes. Some regional differences were 
observed, with Spanish, Portuguese and Estonian da-
tabases (HUVM, IMASIS, SIDIAP, ULSM and 
UTARTU) reporting a higher proportion of males with 
lung and head and neck cancers.
Common comorbidities any time prior to cancer 

diagnosis were relatively consistent across databases, with 
variations observed by cancer type (Tables S9 and S10). 
Age-related comorbidities, such as hypertension (11% 
[HUS]–63% [UTARTU]; 6277/58,233–11,026/17,515 in-
dividuals), osteoarthritis (8% [HUS]–28% [UTARTU]; 
4786/58,233–4863/17,515) and hyperlipidaemia (3% 
[HUS]–21% [UTARTU]; 1513/58,233–3614/17,515) were 
among the top conditions across most cancer types and 
databases, with ischaemic heart disease particularly com-
mon among prostate cancer patients (7% [HUS]–20% 
[UTARTU]; 1050/15,609–1652/8075).
Some cancer types showed increased prevalence of 

certain comorbidities potentially indicative of risk fac-
tors and even prodromic conditions (Table 2 and 
Table S10). For liver cancer patients, chronic liver dis-
ease was the most common (24% [CPRD GOLD/ 
HUS]–77% [IMASIS]; 709/2913 and 292/1203–622/ 
811) and, for some databases, viral hepatitis (19% 
[SIDIAP]–58% [IMASIS]; 1455/7622–467/811) was also 
prevalent. Anaemia was more prevalent among colo-
rectal (9% [HUS]–23% [IMASIS]; 791/8395–730/3141),

and stomach cancer patients (10% [HUS]–34% [IMA-
SIS]; 130/1277–225/670) compared to other cancers. In 
lung cancer patients, chronic obstructive pulmonary 
disease (COPD) (18% [SIDIAP]–34% [HUVM/ 
UTARTU]; 5310/29,009–171/510 and 1039/3063) was 
prevalent, with some databases also showing high 
proportions of pneumonia (15% [IMASIS]–33% 
[UTARTU]; 183/1247–1001/3063). COPD was also 
common in head and neck cancers (4% [HUS]–15% 
[IMASIS]; 138/3756–134/914). Type 2 Diabetes mellitus 
(T2D) diagnoses were higher in pancreatic (9% 
[HUS]–35% [HUVM]; 260/2749–107/309) and liver 
cancer patients (17% [HUS]–31% [IMASIS]; 200/ 
1203–252/811). The prevalence of obesity varied 
depending on whether it was defined only by diagnostic 
codes or combined with BMI measurements, with the 
latter being the most common comorbidity in primary 
care databases across all cancer types.
Medications prescribed the year preceding diagnosis 

also showed relative consistency across databases 
(Table S11). Common medications included those for acid-
related disorders (15% [HUS/IMASIS]–53% [SIDIAP]; 
8945/58,233 and 1994/13,315–113,271/213,590), systemic 
antibacterials (12% [IMASIS]–55% [UTARTU]; 1597/ 
13,315–9599/17,515), anti-inflammatory/antirheumatic 
treatments (10% [IMASIS]–51% [SIDIAP]; 1383/13,315–108, 
067/213,590), and psycholeptics (2% [UTARTU]–37% 
[SIDIAP]; 431/17,515–78,759/213,590). Diuretics were 
commonly prescribed among liver cancer patients (15% 
[IMASIS]–44% [SIDIAP]; 120/811–3324/7622), and 
medications for obstructive airway diseases among lung 
cancer patients (12% [IMASIS]–49% [SIDIAP]; 147/ 
1247–14,294/29,009) (Table 3 and Table S12). Prostate 
cancer patients were more likely prescribed renin-
angiotensin system agents (6% [IMASIS]–47% 
[UTARTU]; 142/2520–3809/8075) and lipid-modifying 
agents (5% [IMASIS]–38% [CPRD GOLD/SIDIAP]; 
128/2520–21,776/56,634 and 16,403/42,771). Overall, 
the prevalence of comorbidities and medications was 
higher and remained more consistent between primary 
care databases than between hospitals.

Overall survival across databases and cancer types
Age-standardised survival trends showed differences be-
tween data sources, with the largest variations observed for 
pancreatic and stomach cancers (Fig. 1). Spanish data-
bases consistently showed higher survival curves for most 
cancers, with confidence intervals overlapping with those 
from Switzerland, Finland and Estonia. Conversely, the 
nationwide databases from the UK, Netherlands and 
Norway tended to display lower rates, often overlapping 
with databases from Switzerland and Scotland (Figure S1). 
Survival curves according to database type showed 

several differences (Figure S2). Primary care databases 
consistently displayed non-overlapping intervals, with 
SIDIAP (Spain) performing better than CPRD GOLD 
(UK). Conversely, cancer registries and cancer-specific
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databases showed similar lower survival curves across 
most cancer types. GCR displayed the highest survival 
curves and widest confidence intervals, non-

overlapping for breast, colorectal and prostate cancers. 
Lastly, hospital databases showed similar survival 
curves, with broad overlapping confidence intervals.

CPRD 
GOLD (UK)

SIDIAP
(Spain)

HUS
(Finland)

HUVM
(Spain)

IMASIS
(Spain)

ULSM
(Portugal)

UTARTU
(Estonia)

Breast
Cardiovascular diseases Hypertension 15,733 (20%) 8744 (16%) 1523 (7%) 874 (21%) 565 (17%) 391 (25%) 3571 (56%)
Endocrine and metabolic disorders Hyperlipidaemia 5225 (7%) 5600 (10%) 317 (1%) 500 (12%) 240 (7%) 230 (14%) 1362 (21%)
Musculoskeletal disorders Osteoarthritis 13,010 (17%) 9257 (17%) 1764 (8%) 445 (11%) 268 (8%) 136 (9%) 1946 (31%)
Mental health disorders Anxiety 11,663 (15%) 9256 (17%) 246 (1%) 115 (3%) 93 (3%) 85 (5%) 666 (10%)

Depressive disorder 11,372 (15%) 5070 (9%) 480 (2%) 216 (5%) 205 (6%) 129 (8%) 900 (14%)
Colorectal
Cardiovascular diseases Hypertension 11,877 (27%) 11,963 (24%) 1086 (13%) 1172 (37%) 1226 (39%) 473 (35%) –
Endocrine and metabolic disorders Hyperlipidaemia 3936 (9%) 5943 (12%) 252 (3%) 607 (19%) 617 (20%) 287 (21%) –

Type 2 Diabetes 4564 (10%) 6480 (13%) 464 (6%) 522 (17%) 492 (16%) 180 (13%) –
Haematologic disorders Anaemia 7826 (18%) 10,868 (21%) 791 (9%) 315 (10%) 730 (23%) 251 (19%) –
Musculoskeletal disorders Osteoarthritis 8316 (19%) 9073 (18%) 691 (8%) 402 (13%) 384 (12%) 115 (9%) –

Head and Neck
Cardiovascular diseases Hypertension 2383 (23%) 2496 (20%) 356 (9%) 219 (29%) 239 (26%) 167 (31%) –
Endocrine and metabolic disorders Hyperlipidaemia 813 (8%) 1334 (11%) 74 (2%) 119 (16%) 116 (13%) 111 (21%) –

Type 2 Diabetes 764 (7%) 1323 (10%) 163 (4%) 98 (13%) 96 (11%) 57 (11%) –
Musculoskeletal Disorders Osteoarthritis 1514 (14%) 1590 (13%) 248 (7%) 68 (9%) 51 (6%) 37 (7%) –
Respiratory diseases COPD 945 (9%) 1084 (9%) 138 (4%) 88 (12%) 134 (15%) 74 (14%) –

Liver –
Cardiovascular diseases Hypertension 840 (29%) 1760 (23%) 229 (19%) 137 (40%) 360 (44%) – –
Digestive and hepatobilary diseases Chronic liver disease 709 (24%) 2473 (32%) 292 (24%) 168 (49%) 622 (77%) – –

Viral hepatitis 130 (4%) 1455 (19%) 86 (7%) 86 (25%) 467 (58%) – –
Endocrine and metabolic disorders Type 2 Diabetes 768 (26%) 1468 (19%) 200 (17%) 99 (29%) 252 (31%) – –
Musculoskeletal disorders Osteoarthritis 635 (22%) 1251 (16%) 105 (9%) 39 (11%) 115 (14%) – –

Lung
Cardiovascular diseases Hypertension 9316 (27%) 6784 (23%) 751 (19%) 271 (53%) 412 (33%) 134 (41%) 1950 (64%)
Endocrine and Metabolic Disorders Hyperlipidaemia 3406 (10%) 3417 (12%) 202 (5%) 152 (30%) 259 (21%) 99 (30%) 619 (20%)
Infectious diseases Pneumonia 1904 (5%) 3198 (11%) 640 (16%) 35 (7%) 183 (15%) 80 (24%) 1001 (33%)
Musculoskeletal Disorders Osteoarthritis 7175 (21%) 4426 (15%) 357 (9%) 75 (15%) 105 (8%) 28 (9%) 814 (27%)
Respiratory diseases COPD 8624 (25%) 5310 (18%) 931 (23%) 171 (34%) 370 (30%) 77 (23%) 1039 (34%)

Pancreatic
Cardiovascular diseases Hypertension 2115 (28%) 1955 (24%) 446 (16%) 140 (45%) 310 (53%) 84 (41%) –
Endocrine and metabolic disorders Hyperlipidaemia 719 (10%) 957 (12%) 105 (4%) 88 (28%) 165 (28%) 60 (29%) –

Type 2 Diabetes 1538 (20%) 1900 (24%) 260 (9%) 107 (35%) 187 (32%) 48 (23%) –
Haematologic disorders Anaemia 553 (7%) 881 (11%) 93 (3%) 33 (11%) 128 (22%) 35 (17%) –
Musculoskeletal disorders Osteoarthritis 1657 (22%) 1686 (21%) 296 (11%) 44 (14%) 117 (20%) 25 (12%) –

Prostate
Cardiovascular diseases Hypertension 16,422 (29%) 11,161 (26%) 1722 (11%) 962 (35%) 844 (33%) 385 (37%) 5505 (68%)

Ischaemic heart disease 6596 (12%) 2404 (6%) 1050 (7%) 219 (8%) 226 (9%) 104 (10%) 1652 (20%)
Endocrine and metabolic disorders Hyperlipidaemia 5768 (10%) 5169 (12%) 476 (3%) 502 (18%) 465 (18%) 232 (22%) 1633 (20%)

Type 2 Diabetes 5148 (9%) 4925 (12%) 707 (5%) 405 (15%) 279 (11%) 145 (14%) 1121 (14%)
Musculoskeletal Disorders Osteoarthritis 11,132 (20%) 6606 (15%) 1224 (8%) 264 (9%) 215 (9%) 87 (8%) 2103 (26%)

Stomach
Cardiovascular diseases Hypertension 1567 (27%) 1810 (21%) 164 (13%) 119 (39%) 286 (43%) 250 (32%) –
Endocrine and metabolic disorders Hyperlipidaemia 472 (8%) 883 (10%) 43 (3%) 61 (20%) 141 (21%) 156 (20%) –

Type 2 Diabetes 680 (12%) 1053 (12%) 73 (6%) 59 (19%) 110 (16%) 96 (12%) –
Haematologic disorders Anaemia 1338 (23%) 2305 (27%) 130 (10%) 54 (18%) 225 (34%) 171 (22%) –
Musculoskeletal disorders Osteoarthritis 1268 (22%) 1578 (19%) 101 (8%) 47 (15%) 97 (14%) 68 (9%) –

Values are no (%). Denominators used for percentage calculations are provided in Table 1 (total cases per each cancer site and specific database).CPRD GOLD, Clinical Practice Research Datalink; SIDIAP, 
The Information System for Research on Primary Care; UTARTU, University of Tartu; HUS, Hospital District of Helsinki and Uusimaa; HUVM, Hospital Universitario Virgen Macarena; IMASIS, Institut 
Municipal Assistència Sanitària Information System; ULSM, Unidade Local de Saúde de Matosinhos; COPD, Chronic Obstructive Pulmonary Disease.

Table 2: Top 5 baseline comorbidities any time prior to cancer diagnosis per cancer type and database.
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CPRD 
GOLD (UK)

SIDIAP
(Spain)

HUS
(Finland)

IMASIS
(Spain)

ULSM
(Portugal)

UTARTU
(Estonia)

Breast
Anti-infective agents Antibacterials for systemic use 30,729 (40%) 18,729 (35%) 1427 (7%) 163 (5%) 624 (39%) 1980 (31%)
Cardiovascular agents Agents acting on the Renin-Angiotensin System 15,687 (20%) 14,331 (26%) 2347 (11%) 79 (2%) 267 (17%) 2405 (38%)
Gastrointestinal agents Drugs Acid-Related Disorders 20,199 (26%) 23,296 (43%) 2209 (10%) 192 (6%) 543 (34%) 1168 (18%)
Immune system modulators Anti-inflammatory and Antirheumatic agents 18,902 (24%) 27,631 (51%) 6078 (29%) 238 (7%) 746 (47%) 1824 (29%)
Nervous system agents Psycholeptics 14,296 (18%) 21,670 (40%) 4120 (19%) 277 (8%) 532 (34%) 187 (3%)

Colorectal
Anti-infective agents Antibacterials for systemic use 17,558 (40%) 18,726 (37%) 1372 (16%) 380 (12%) 498 (37%) –
Cardiovascular agents Antithrombotic agents 5385 (12%) 11,482 (23%) 2008 (24%) 341 (11%) 371 (27%) –
Gastrointestinal agents Drugs Acid-Related Disorders 16,847 (38%) 27,538 (54%) 1716 (20%) 579 (18%) 540 (40%) –
Immune system modulators Anti-inflammatory and Antirheumatic agents 9627 (22%) 23,211 (46%) 2739 (33%) 295 (9%) 487 (36%) –
Nervous system agents Psycholeptics 7577 (17%) 18,724 (37%) 1657 (20%) 392 (12%) 433 (32%) –

Head & Neck
Anti-infective agents Antibacterials for systemic use 5789 (55%) 6509 (51%) 551 (15%) 84 (9%) 198 (37%) –
Gastrointestinal agents Drugs Acid-Related Disorders 3671 (35%) 7055 (56%) 606 (16%) 140 (15%) 156 (29%) –
Immune system modulators Anti-inflammatory and Antirheumatic agents 3031 (29%) 7812 (62%) 1234 (33%) 206 (23%) 244 (45%) –
Nervous system agents Opioids 3893 (37%) 2794 (22%) 747 (20%) 52 (6%) 110 (20%) –

Psycholeptics 1893 (18%) 4279 (34%) 686 (18%) 197 (22%) 118 (22%) –
Liver
Anti-infective agents Antibacterials for systemic use 1453 (50%) 3295 (43%) 326 (27%) 115 (14%) – –
Cardiovascular agents Agents acting on the Renin-Angiotensin System 1163 (40%) 3229 (42%) 300 (25%) 59 (7%) – –
Gastrointestinal agents Drugs Acid-Related Disorders 1582 (54%) 4828 (63%) 380 (32%) 192 (24%) – –
Immune system modulators Anti-inflammatory and Antirheumatic agents 756 (26%) 3536 (46%) 477 (40%) 66 (8%) – –
Nervous system agents Opioids 1252 (43%) 2003 (26%) 400 (33%) 66 (8%) – –

Lung
Anti-infective agents Antibacterials for systemic use 24,022 (69%) 15,416 (53%) 1102 (28%) 192 (15%) 146 (44%) 1458 (48%) 
Gastrointestinal agents Drugs Acid-Related Disorders 15,961 (46%) 18,267 (63%) 1080 (27%) 239 (19%) 152 (46%) 785 (26%) 
Immune system modulators Anti-inflammatory and Antirheumatic agents 15,243 (44%) 17,829 (61%) 1984 (50%) 201 (16%) 139 (42%) 945 (31%) 
Nervous system agents Psycholeptics 9078 (26%) 11,991 (41%) 1554 (39%) 170 (14%) 139 (42%) 86 (3%) 
Respiratory system Drugs for Obstructive Airway Diseases 15,899 (45%) 14,294 (49%) 1430 (36%) 147 (12%) 120 (36%) 976 (32%) 

Pancreatic
Anti-infective agents Antibacterials for systemic use 3523 (47%) 3283 (41%) 684 (25%) 84 (14%) 67 (33%) –
Gastrointestinal agents Drugs Acid-Related Disorders 4674 (62%) 5635 (71%) 850 (31%) 148 (25%) 100 (49%) –
Immune system modulators Anti-inflammatory and Antirheumatic agents 2121 (28%) 4345 (54%) 1180 (43%) 77 (13%) 71 (34%) –
Nervous system agents Opioids 3665 (48%) 2742 (34%) 1062 (39%) 52 (9%) 64 (31%) –

Psycholeptics 2056 (27%) 3873 (48%) 873 (32%) 103 (17%) 83 (40%) –
Prostate
Anti-infective agents Antibacterials for systemic use 25,223 (45%) 22,724 (53%) 5640 (36%) 508 (20%) 589 (57%) 6161 (76%) 
Cardiovascular agents Agents acting on the Renin-Angiotensin System 19,133 (34%) 19,348 (45%) 2589 (17%) 142 (6%) 252 (24%) 3809 (47%) 

Lipid Modifying agents 21,776 (38%) 16,403 (38%) 2147 (14%) 128 (5%) 336 (32%) 1703 (21%) 
Gastrointestinal agents Drugs Acid-Related Disorders 18,050 (32%) 20,001 (47%) 1642 (11%) 369 (15%) 368 (36%) 1337 (17%) 
Immune system modulators Anti-inflammatory and Antirheumatic agents 15,412 (27%) 19,548 (46%) 3497 (22%) 254 (10%) 409 (40%) 2299 (28%) 

Stomach
Anti-infective agents Antibacterials for systemic use 2637 (46%) 3225 (38%) 151 (12%) 71 (11%) 242 (31%) –
Cardiovascular agents Antithrombotic agents 928 (16%) 1666 (20%) 250 (20%) 57 (9%) 193 (25%) –
Gastrointestinal agents Drugs Acid-Related Disorders 4291 (75%) 6651 (79%) 462 (36%) 135 (20%) 362 (47%) –
Immune system modulators Anti-inflammatory and Antirheumatic agents 1352 (23%) 4155 (49%) 380 (30%) 46 (7%) 243 (32%) –
Nervous system agents Psycholeptics 1211 (21%) 3452 (41%) 216 (17%) 66 (10%) 215 (28%) –

Values are no. (%). Denominators used for percentage calculations are provided in Table 1 (total cases per each cancer site and specific database). CPRD GOLD, Clinical Practice Research Datalink; SIDIAP, 
The Information System for Research on Primary Care; UTARTU, University of Tartu; HUS, Hospital District of Helsinki and Uusimaa; HUVM, Hospital Universitario Virgen Macarena; IMASIS, Institut 
Municipal Assistència Sanitària Information System; ULSM, Unidade Local de Saúde de Matosinhos. a Due to incomplete prescription data, HUVM database was excluded from this part of patient 
characterisation analysis.

Table 3: Top 5 baseline medication one year prior to cancer diagnosis per cancer type and database. a
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Sex-stratified results showed higher variability for 
females (Figure S3), and, for most cancers, survival 
curves were lower for males, except for liver and 
pancreatic cancers. Crude survival curves and numbers 
at risk are provided in the supplement (Figure S4 and 
Table S11), with crude KM curves showing similar but 
larger sex differences (Figure S5).

Breast cancer had the highest survival for one 
(94–97%), five (76–85%), and ten years (60–74%), apart 
from CPRD GOLD, SIDIAP, UTARTU, and CRN, 
where prostate cancer had higher one-year (95–97%) 
and five-year survival (77–83%) (Table 4). Pancreatic 
cancer showed the worst prognosis, with one-year sur-
vival ranging from 19.8% (95% CI 18.7–21.1) in

Fig. 1: Age-standardised Kaplan–Meier survival curves by database and cancer type. Patients at risk can be found in the Table S13.
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Cases (N) Events (N) One-year survival 
(95% CI)

Five-year survival 
(95% CI)

Ten-year survival 
(95% CI)

Median survival 
(95% CI)

Median
follow-up

Breast 
CPRD GOLD (UK) 77,384 16,870 94.7 (94.4–95.1) 78.2 (77.5–79) 64.3 (63.3–65.4) 4 (3.9–4.2) 1932
SIDIAP (Spain) 54,248 8539 96.9 (96.6–97.2) 84.3 (83.5–85) 70.6 (69.4–71.8) 0.8 (0.8–0.8) 2893
HUS (Finland) 21,248 4278 95.6 (94.9–96.2) 81 (79.7–82.3) 66.5 (64.7–68.3) 0.7 (0.7–0.8) 2986
HUVM (Spain) 4137 728 95.8 (94.3–97.2) 82 (79–85.3) 65.9 (61.5–70.9) 3.9 (3.6–4.5) 2879
IMASIS (Spain) 3423 553 95.3 (93.7–96.9) 84.7 (81.7–87.8) 73.6 (69.2–78.5) 1.3 (1–1.6) 2788
CRN (Norway) 55,816 15,121 94.7 (94.3–95.1) 78.2 (77.3–79) 62.3 (61.2–63.4) 3.5 (3.4–3.7) 2248
GCR (Switzerland) 7435 1741 96.6 (95.7–97.5) 82.7 (80.7–84.8) 67.9 (65.3–70.8) 4.6 (4.2–5.1) 2505
NCR (Netherlands) 257,562 75,574 95.1 (94.9–95.3) 78.4 (78–78.8) 62.4 (61.9–62.9) 9.1 (8.9–9.2) 3082
ECi (Scotland) 9386 2776 94.3 (93.2–95.4) 75.8 (73.7–78) 59.9 (57.3–62.6) 3.5 (3.2–3.8) 2409
UTARTU (Estonia) 6377 1046 94.1 (92.9–95.3) 76.9 (74.1–79.9) – 0.7 (0.6–0.8) 2013

Colorectal 
CPRD GOLD (UK) 44,155 20,337 82.6 (81.7–83.5) 57.4 (56.1–58.7) 45.3 (43.8–46.8) 5.5 (5.2–5.8) 1103
SIDIAP (Spain) 50,862 18,457 90 (89.4–90.6) 68.2 (67.1–69.2) 53.8 (52.5–55.3) 3.1 (3–3.2) 2110
HUS (Finland) 8395 3351 86.8 (85.1–88.5) 65.4 (62.8–68.2) 49.5 (46.3–53) 2.8 (2.6–3) 1937
HUVM (Spain) 3141 1246 85.6 (82.8–88.5) 61.1 (56.8–65.8) 46.3 (41.2–52.2) 2.2 (2–2.8) 1846
IMASIS (Spain) 3141 1159 86.5 (83.7–89.4) 66 (61.5–70.9) 55.5 (50–61.9) 3.4 (3–3.8) 1683
CRN (Norway) 61,356 33,621 82.2 (81.5–82.9) 57.6 (56.6–58.7) 44.3 (43.2–45.4) 5.4 (5.2–5.7) 1175
GCR (Switzerland) 3493 1763 85.7 (83.1–88.4) 62.3 (58.4–66.6) 49.6 (45.3–54.5) 6.4 (5.6–7.6) 1391
NCR (Netherlands) 215,109 114,802 81.3 (80.9–81.7) 56.4 (55.9–57) 43.1 (42.5–43.7) 7.9 (7.6–8.1) 1749

Head & Neck 
CPRD GOLD (UK) 10,487 4531 80.4 (78.6–82.2) 54.9 (52.5–57.4) 39.1 (36.3–42.2) 5.9 (5.3–6.9) 1209
SIDIAP (Spain) 12,639 4903 86.1 (84.7–87.4) 62.1 (60.1–64.2) 44.8 (42.4–47.5) 5.2 (4.8–5.6) 2138
HUS (Finland) 3756 1526 85.3 (82.8–87.8) 63.6 (60–67.5) 46.3 (42.3–51) 5.5 (4.9–6.3) 2016
HUVM (Spain) 747 263 83.3 (77.2–89.7) 62.5 (53.4–73.6) 37.3 (27.3–54.8) 2.4 (1.6–3.4) 1867
IMASIS (Spain) 914 407 80.6 (74.9–86.8) 55.7 (47.9–64.7) 37.4 (28.9–49.1) 5.3 (3.7–7.9) 1340
CRN (Norway) 10,759 5336 83.1 (81.6–84.7) 58 (55.8–60.3) 41.7 (39.4–44.3) 6.8 (6.3–7.4) 1317
GCR (Switzerland) 1491 845 80.2 (75.9–84.9) 51.1 (45.6–57.4) 33.8 (28.1–41.2) 4.7 (3.8–5.9) 1271
NCR (Netherlands) 47,306 25,863 81.6 (80.8–82.4) 55.2 (54.2–56.3) 37.8 (36.6–39) 7 (6.7–7.4) 1891

Liver 
CPRD GOLD (UK) 2913 2225 43.9 (39.5–49) 15.3 (11.7–20.1) 9.8 (6.6–14.6) 0.8 (0.6–1.1) 225
SIDIAP (Spain) 7622 5333 63.2 (60.7–65.8) 28.4 (25.9–31.2) 17.5 (15–20.6) 1.9 (1.6–2.2) 610
HUS (Finland) 1203 924 48 (41.6–55.4) 19.1 (13.9–26.6) 11.2 (6.8–19.6) 0.8 (0.6–1.5) 298
HUVM (Spain) 346 234 52.8 (42.2–66.9) 23.6 (14.7–41) 12.9 (8.5–23.7) 1.1 (0.6–2.1) 389
IMASIS (Spain) 811 530 61 (52.8–70.3) 26.1 (18.7–38) 11.8 (5.6–26.8) 1.5 (1.1–2.4) 391
CRN (Norway) 1894 1499 40 (35–45.7) 19.7 (15.6–25) 12.9 (9–19.1) 0.6 (0.4–0.8) 165
GCR (Switzerland) 887 697 52.7 (45.5–61.4) 20.3 (14.5–28.9) 12.3 (7.4–21) 1.2 (0.9–1.7) 357
NCR (Netherlands) 7524 5972 42 (39.3–44.8) 16.9 (14.8–19.4) 10.4 (8.4–13) 0.7 (0.6–1) 238

Lung 
CPRD GOLD (UK) 34,990 28,066 40.9 (39.4–42.5) 13.6 (12.3–15) 8.1 (6.9–9.7) 0.8 (0.7–0.8) 216
SIDIAP (Spain) 29,009 20,592 58.5 (57.1–59.9) 25.4 (24.1–26.9) 16 (14.6–17.6) 1.4 (1.3–1.4) 478
HUS (Finland) 3996 2953 54 (50.1–58) 26 (22.1–30.7) 16.2 (12.6–21.2) 1.2 (1–1.5) 416
HUVM (Spain) 510 250 60.2 (49.8–72.3) 29.8 (17.2–56.8) 19.1 (6.7–56.9) 0.6 (0.4–2.1) 716
IMASIS (Spain) 1247 804 58.9 (52.5–66.6) 27.7 (21.7–36.1) 17.6 (11.6–26.9) 1.6 (1.3–2) 420
CRN (Norway) 34,358 28,358 43.3 (41.8–44.8) 16.7 (15.6–18) 10.4 (9.3–11.6) 0.8 (0.7–0.8) 240
GCR (Switzerland) 3066 2470 50.7 (46.3–55.8) 21.8 (18.1–26.8) 13 (9.7–18) 1 (0.9–1.2) 319
NCR (Netherlands) 160,940 133,829 43.7 (43.1–44.4) 16.3 (15.8–16.9) 9.6 (9.1–10) 0.8 (0.8–0.8) 282
UTARTU (Estonia) 3063 2063 54 (49.6–58.7) 26.2 (21.4–32.1) – 1 (0.8–1.2) 385

Pancreas 
CPRD GOLD (UK) 7558 6456 29.9 (27.1–33.1) 8.7 (6.7–11.4) 6.2 (4.3–8.9) 0.5 (0.4–0.5) 130
SIDIAP (Spain) 7989 6042 50.7 (48.1–53.5) 19.8 (17.4–22.5) 12.6 (10.1–15.7) 1 (0.9–1.1) 319
HUS (Finland) 2749 2276 42.3 (37.7–47.6) 16 (12.3–21) 11.7 (8.2–16.8) 0.8 (0.6–1) 235
HUVM (Spain) 309 224 44.6 (32.9–60.2) 17.2 (8.4–34.8) – 0.6 (0.5–1.2) 276
IMASIS (Spain) 589 388 44.3 (34.5–56.1) 24.9 (16–37.9) 16.8 (8.3–36.6) 0.6 (0.4–1) 167
CRN (Norway) 10,257 9591 24.4 (22.3–26.9) 4.2 (3.1–5.8) 3 (2–4.5) 0.4 (0.4–0.5) 118
GCR (Switzerland) 1064 961 36.9 (30.1–46.5) 8.2 (4.4–17) 6.1 (2.7–14.7) 0.7 (0.6–0.9) 198
NCR (Netherlands) 35,604 33,504 19.8 (18.7–21.1) 2.9 (2.3–3.5) 1.8 (1.3–2.4) 0.3 (0.3–0.4) 111

(Table 4 continues on next page)
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NCR–50.7% (95% CI 48.1–53.5) in SIDIAP, and ten-
year survival ranging from 1.8% (1.3–2.4) in 
NCR–16.8 (8.3–36.6) in IMASIS.
Stratification by sex showed across most databases, 

males had poorer survival at five and ten years for 
colorectal, lung, and head and neck cancers compared 
to females, with lung cancer also showing better sur-
vival in females at one year (Table S12). No sex differ-
ences were observed for liver, pancreatic nor stomach 
cancers across most databases with few exceptions. 
Crude survival estimates showed similar results, but 
with larger differences between sexes (Tables S13 and 
S14).

Discussion
In this study, we present a detailed analysis of baseline 
characteristics and overall survival for eight cancers 
recorded from EHRs and cancer registries from 11 
databases across Europe that were mapped to the 
OMOP-CDM. Our findings indicate similarities in pa-
tient demographics across databases, and higher prev-
alence of comorbidities and prescriptions among 
primary care databases. Survival trends varied between 
cancer types and databases, especially among pancre-
atic and stomach cancers. Across databases, breast and 
prostate cancers were the most prevalent and had the 
highest survival compared to pancreatic cancer, with 
the poorest. Excluding breast cancer, more males were 
diagnosed with cancer and in general, had poorer long-

term survival for specific cancers. Medication use and 
comorbidity profiles for patients with lung, gastroin-
testinal, pancreatic and liver cancers were consistent 
with known risk factors and early cancer indicators. 
Breast, prostate, colorectal, and lung cancers were 

the most prevalent cancers in this study, consistent 
with findings across Europe. 1 Males constituted a 
higher proportion of cases, apart from breast cancer, 
aligning with existing literature. 1,8 While higher behav-
ioural and environmental risk factors contribute to 
higher male cancer predominance, other studies also 
point to sex-related biologic and genetic factors as 
important contributors to increasing cancer suscepti-
bility in males. 9,10 Survival advantages for females have 
been widely reported, though these differences may 
also diminish with increasing age. 10

Although cancer is more prevalent in older pop-
ulations, diagnoses among younger adults have 
increased in recent decades. 11 Screening programs, 
reproductive factors and public awareness campaigns, 
particularly for breast cancer have likely led to a lower 
age at diagnosis. 10 Our findings also show that other 
cancers, such as colorectal, are becoming increasingly 
common among younger adults, likely due to birth 
cohort effects. 12 Furthermore, the rising prevalence of 
Human Papillomavirus infections may explain the 
higher prevalence of head and neck cancer in younger 
age groups. 13

The differences observed in the overall survival 
across databases can be attributed to several factors,

Cases (N) Events (N) One-year survival 
(95% CI)

Five-year survival 
(95% CI)

Ten-year survival 
(95% CI)

Median survival 
(95% CI)

Median
follow-up

(Continued from previous page) 

Prostate
CPRD GOLD (UK) 56,634 17,198 94.8 (94.4–95.2) 77.3 (76.3–78.2) 61.5 (60.1–63) 8.3 (7.9–8.6) 1607
SIDIAP (Spain) 42,771 10,155 97 (96.7–97.3) 83.4 (81.8–85.3) 67.5 (65.3–70.6) 4.2 (4.1–4.3) 2782
HUS (Finland) 15,609 4892 95.4 (94.5–96.2) 78.7 (76.6–80.7) 61.2 (58.7–63.7) 3.5 (3.4–3.6) 2614
HUVM (Spain) 2779 821 90.9 (88.9–92.8) 74.9 (71.3–78.8) 53.9 (48.1–60.9) 3.5 (3.2–4) 2429
IMASIS (Spain) 2520 660 94.8 (93.4–96.2) 83.1 (79.3–86.6) 68.2 (61.7–75.2) 4.4 (4–4.8) 2338
CRN (Norway) 77,156 27,565 95.5 (95.2–95.8) 78.8 (78.2–79.5) 60.5 (58.5–62.2) 8.1 (7.9–8.3) 2007
GCR (Switzerland) 5664 1699 96.2 (95.4–97) 77.8 (75.6–80.1) 63.2 (60.3–66.4) 4 (3.7–4.4) 2048
NCR (Netherlands) 187,851 72,576 95 (94.8–95.2) 75.9 (74.9–76.7) 58.3 (57.1–59.3) 7.9 (7.8–8) 2584
UTARTU (Estonia) 8075 1462 95 (94–96) 77.1 (74.7–79.7) – 0.6 (0.6–0.7) 1964

Stomach 
CPRD GOLD (UK) 5755 4501 47.1 (43.6–50.8) 20.3 (17.3–23.9) 14.2 (11.3–18) 0.9 (0.8–1.1) 255
SIDIAP (Spain) 8450 5225 67.7 (65.4–70.1) 39.7 (37–42.6) 30.3 (27.4–33.5) 2.8 (2.3–3.5) 722
HUS (Finland) 1277 907 56.8 (50.7–63.7) 31 (25.2–38.3) 23.2 (17.6–30.8) 1.5 (1–2.6) 457
HUVM (Spain) 306 188 54 (42.4–69.1) 34.7 (23.6–51.9) 25.2 (13.6–48) 0.3 (0.2–0.9) 466
IMASIS (Spain) 670 382 63.5 (54.9–73.3) 38.7 (29.8–50.8) 31.8 (22.5–45.5) 1.3 (0.9–3.1) 427
CRN (Norway) 7705 6520 48.3 (45.5–51.2) 19.3 (17.1–21.8) 14.2 (12.2–16.6) 1 (0.9–1.1) 278
GCR (Switzerland) 674 493 59.5 (51.6–68.6) 27.2 (20.2–36.9) 22.5 (16–32.3) 1.6 (1–3.5) 428
NCR (Netherlands) 31,300 26,655 43.9 (42.6–45.3) 17.5 (16.4–18.7) 12.7 (11.7–13.8) 0.8 (0.8–0.9) 262

CPRD GOLD, Clinical Practice Research Datalink; SIDIAP, The Information System for Research on Primary Care; UTARTU, University of Tartu; HUS, Hospital District of Helsinki and Uusimaa; HUVM, 
Hospital Universitario Virgen Macarena; IMASIS, Institut Municipal Assistència Sanitària Information System; ULSM, Unidade Local de Saúde de Matosinhos; CRN, Cancer Registry of Norway; GCR, 
Geneva Cancer Registry Data-Base; NCR, Netherlands Cancer Registry; ECi, South East Scotland Cancer Database.

Table 4: Age-standardised survival estimates per cancer type and database.
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with the database source likely being the most signifi-
cant. Cancer registries are the gold standard, and 
although they did show the lowest survival estimates for 
most studied cancers, this is due to their high level of 
comprehension in documenting all cancer events in the 
population in comparison to EHR databases. Whereas, 
for EHR, it captures health-seeking individuals and can 
lack information on the cause of death. This might 
result in a delay or oversight of those who do not seek 
health care due to the lack of early symptoms of more 
aggressive cancers, such as pancreatic and stomach 
cancers. Notably, two prior studies in both primary care 
databases in this study demonstrated relatively high 
sensitivity for cancer diagnoses when validated against 
cancer registries, which contributes to the reliability of 
our results based on primary care databases. 14,15 

Regional disparities in cancer mortality might also 
explain survival differences. According to the 2023 
Spanish Cancer Profile Report by the OECD, Spain has 
one of the lowest rates of cancer incidence and mor-
tality in the European Union (EU). 16 Furthermore, the 
country has large cancer mortality variability depending 
on the region, with some regions at the level of best-
performing country in EU, and others close to the 
average. Three Spanish databases informed our study, 
which belonged to the regions with lowest mortality in 
Spain, which likely contribute to the observed results, 
and might explain differences with studies using data 
from other Spanish regions. 1,2,16 Variations in data 
source quality, allocation of health care provisions, 
including screenings and treatment protocols, or their 
absence for cancers with poor survival, and lifestyle and 
socioeconomic factors can also explain variations in 
cancer survival across countries. 8,17 Furthermore, dif-
ferences in the prevalence of cancer subsites for specific 
cancers across countries can also explain the variations 
in survival. For example, gastric cardia cancers have 
poorer prognosis compared to gastric distal cancers, 
mainly due to differences in stage at diagnosis, tumour 
aggressiveness and treatment complexity, which could 
explain variation in survival across different countries. 18 

Specific cancer types have distinct natural histories 
with certain risk factor profiles, early signs and symp-
toms with several examples evident in this study. 1 T2D 
has been associated with an increased risk of pancreatic 
cancer and may even be early symptom of undiagnosed 
cases. 19 Other notable findings include chronic liver 
disease and viral hepatitis among liver cancer patients, 
both of which are established risk factors due to 
inflammation, cirrhosis and cellular damage. 20 Addi-
tionally, COPD and pneumonia were more prevalent in 
lung cancer patients, the first one likely due to shared 
risk factors such as smoking, while the second may 
reflect an early symptom of undiagnosed disease or risk 
factor. 21,22 Finally, anaemia, a well-recognised early in-
dicator of gastrointestinal cancers, was commonly

observed prior to diagnosis of both colorectal and 
stomach cancers. 23,24

Prior medication usage before cancer diagnosis also 
provides valuable insights into various aspects of pa-
tient health, potential risk factors and underlying dis-
ease progression. Proton pump inhibitors and 
antibiotics were commonly prescribed prior to cancer 
diagnosis aligning with other studies. 25 While these 
medications are frequently prescribed in general med-
ical care, their use could suggest the treatment of early 
symptoms of underlying disease. 26 Variations in specific 
medications by cancer type appeared as expected in line 
with known risk factors, for instance, higher prevalence 
of COPD-related medications among lung cancer pa-
tients and higher prevalence of treatment of common 
complications of chronic liver disease and cirrhosis 
among liver cancer patients. 27

The federated approach taken in this study was 
possible by the prior mapping of all participating data-
bases to a common data model which enables for a 
more harmonised, transparent and efficient process 
compared to other strategies for multi-database ana-
lyses. 28 Data partners retained full governance of their 
data and actively participated throughout the study, 
from refining outcome variables, to conducting the 
analyses and discussing the results. Collaboration was 
facilitated though a study-a-thon, during which data 
partners shared findings and contributed to a deeper 
understanding of the results. The federated approach 
required complex coordination, for example managing 
the processing of obtaining protocol approvals, 
addressing any technical issues remotely, and analysing 
the large volume of aggregated results generated. 
However, these challenges are not unique to the 
federated approach but to any large-scale multi-data-
base study. In this context, the federated approach 
provides a practical and effective strategy for assessing 
diverse databases within a single study in a stand-
ardised and reproducible way.
The main strength of this study lies in the detailed 

characterisation of over 1.7 million patients, from 
multiple databases across several European countries, 
providing comprehensive insights into their de-
mographics, comorbidities, and medication use. This 
level of granularity, available in certain databases, 
offered a valuable perspective essential for under-
standing cancer in real-world settings. This diversity of 
databases allowed for a thorough assessment across 
countries and database types, enhancing the general-
isability of our results.
Despite these strengths, the study has some limita-

tions. Integrating and comparing diverse health data 
sources introduces challenges too, due to differences in 
population coverage and data comprehensiveness. 
Cancer registries typically achieve full population 
representativeness within their countries or regions,
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while primary care and hospital databases often cover 
smaller catchment areas. This variation should be 
considered when interpreting the results, as it might lead 
to selection bias. It is also important to note a potential 
overlap between the CPRD and ECi databases, as CPRD 
includes primary care records covering 28.6% of the 
Scottish population as of 2024. 29 However, ECi contains 
data exclusively from Scotland and from varied sources: 
paper-based patient case notes, EHRs, secondary health-
care databases and morbidity registers (Table S1). There-
fore, the inclusion of both databases contributes to a more 
comprehensive coverage of the Scottish population.
The lack of potential prognostic factors across data-

bases also likely influences the observed survival out-
comes. Many EHR databases do not routinely capture 
cancer-specific details like stage at diagnosis or pro-
gression. Conversely, cancer-registries generally pro-
vide staging data but lack medical history and 
socioeconomic status data, the latter not having a 
standard indicator in OMOP CDM yet, though stand-
arisation efforts are ongoing. 30 Additionally, variation in 
diagnostic and treatment guidelines across healthcare 
centres, countries and calendar time might also impact 
survival.
EHR databases currently contain missing data for 

certain key risk factors such as smoking status or 
alcohol intake, preventing their inclusion in the anal-
ysis. Addressing missingness in EHR data is particu-
larly challenging, as it is often difficult to differentiate 
between missing information and true negative re-
cords, and might lead to bias if data is not missing 
completely at random. Also, primary care databases 
might incompletely capture patients with severe can-
cers as these patients are less likely to initially attend 
these settings. This could result in selection bias and 
overestimation of survival as well as index date 
misclassification and delays of cancer diagnoses. 
Compared to EHR which only included SNOMED CT 
codes, registries additionally included ICD-O-3 codes, 
which may have contributed to differences in pheno-
type precision across data sources.
Furthermore, sparse survival data in younger age 

groups for some cancers may skew age-standardised 
rates towards older age groups with more abundant 
data, meaning survival might be underestimated. 
However, we included both crude and age-standardised 
survival estimates in this study for comparison. Finally, 
for most databases, the study period started in 2000, 
however for some data sources the study started after 
this date. This variation in start date for some databases 
may introduce bias, as more recent data could reflect 
advances in treatment and survival, affecting longitu-
dinal comparisons across data sources.
In summary, this study demonstrates the use of 

federated analysis that enables collaboration across 
multiple databases and countries, while preserving 
data-privacy. The variations in overall cancer survival

were observed across different databases and caution is 
warranted when interpreting the results as they likely 
reflect differences in data comprehensiveness between 
cancer registries and EHRs, and regional variations. 
Importantly, the inclusion of comorbidity profiles and 
medication use prior to diagnosis, ascertained in EHR, 
but often not present in cancer registries, provides 
novel insights into the complexity of real-world cancer 
populations, paving the way for deeper investigation 
into their impact on cancer prognosis and patient sur-
vival outcomes. The overall results of this study confirm 
established epidemiological patterns and demonstrate 
them through a large-scale integration of EHRs and 
cancer registry data from multiple countries using a 
standardised common data model and federated anal-
ysis to preserve data privacy. This novel approach es-
tablishes a methodological benchmark for future 
research on real-world cancer populations in Europe.
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