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Purpose: To compare epidemiological estimates of 19 different cancer types in Clinical Practice Research Datalink (CPRD) Aurum
and CPRD General Practice Online Database (GOLD) databases against linked secondary data sources in England to understand best
use of these data sources for research.

Methods: The source population comprised patients in CPRD Aurum or GOLD (separately) who were eligible for linkage to Cancer
Registry (CR), Hospital Episode Statistics (HES), and Office for National Statistics (ONS). We selected patients who had an incident
cancer diagnosis recorded in >1 data sources (CPRD Aurum or GOLD, HES, CR) between January 1, 2011 and December 31, 2018.
We estimated incidence rates (IR) and counts by cancer type and data source, and survival probability by cancer type among patients
with an ONS death record recorded between January 1, 2011 and April 30, 2020.

Results: The highest incident case capture resulted from CPRD Aurum or GOLD linked to HES and CR. In the fully linked CPRD
Aurum-HES-CR and CPRD GOLD-HES-CR datasets, cancers typically diagnosed and managed in primary care (eg, breast, prostate,
and lung) had the highest IRs and more complete case capture compared with other data sources, whereas HES and CR had higher IRs
for cancers diagnosed in secondary care settings (eg, gastric, renal, and bladder). Cancers with broad definitions (eg, head and neck)
had wider variations in IRs across data sources than cancers with narrower definitions. Survival estimates were generally higher for
cancer-related deaths versus all-cause deaths.

Conclusion: Findings highlight variation in cancer recording across different data sources. Researchers using CPRD data should assess the
benefit of incorporating linked data on a study-by-study basis. For studies of breast, prostate, and lung cancers, CPRD Aurum or GOLD
alone may be sufficient; however, linkage to HES and/or CR is recommended where a more complete case capture is required.

Plain Language Summary:

Purpose: To compare the number of patients with 19 different cancer types recorded in databases from general practitioner (GP)
practices in England with other databases. The aim was to help researchers understand and interpret results from these databases.
Methods: The GP practices databases, Clinical Practice Research Datalink (CPRD) Aurum and GOLD, were compared with the
Cancer Registry (CR), Hospital Episode Statistics (HES), and Office for National Statistics (ONS) death records. Patients in CPRD
Aurum or GOLD (separately) were included in the study if their medical record could be linked to CR, HES, and ONS. We selected
patients who had their first ever (incident) cancer diagnosis recorded in >1 data sources between January 1, 2011 and December 31,
2018. We estimated the number and rate of new cancer diagnoses by cancer type and data source. We estimated the probability of
survival by cancer type among patients with a death record between January 1, 2011 and April 30, 2020.

Results: The number of new cancer cases varied depending on the type of cancer. Linking GP records to hospital and cancer registry
data resulted in the highest count of new cancer cases. GP data alone captured more diagnoses for cancers typically diagnosed and
managed in primary care, while CR and HES linked datasets had higher rates for cancers diagnosed in secondary care.
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Conclusion: The results show that cancer records differ between various data sources. Researchers using CPRD data should carefully
consider whether to use linked data for each specific study.

Keywords: CPRD Aurum, CPRD GOLD, UK cancer registries, Hospital Episode Statistics, cancer incidence

Introduction

The Clinical Practice Research Datalink (CPRD) offers access to two medical databases, CPRD Aurum and CPRD
GOLD, containing deidentified primary care electronic health records of patients from a network of general practitioners
(GPs) in the United Kingdom (UK).'* While both databases are widely used for research, differences in their coverage,
coding systems, and time periods may affect the completeness and accuracy of cancer diagnosis recording.>* CPRD
Aurum covers English primary care practices while GOLD covers all UK primary care practices.® The health
information available in CPRD Aurum and GOLD can be enriched through linkage to the National Cancer
Registration and Analysis Service Cancer Registry (CR) data, Hospital Episode Statistics (HES) Admitted Patient
Care data, and the Office for National Statistics (ONS) death registration data.” These linkages provide the opportunity
to assess the scale of missing cancer diagnoses through the comparison of cancer diagnoses recorded in primary care data
(CPRD Aurum and GOLD) with those recorded in CR and HES data.

Several studies have reported that clinical information captured in CPRD Aurum and GOLD is of high accuracy and
completeness regarding several clinical conditions, pharmacological prescriptions, and deaths.** '* However, assessments of
cancer diagnosis records have yielded different results, with the capture of cancer cases varying by cancer type.*'*'>° In
a study of 116,769 patients, records from CPRD GOLD with linked HES were compared with CR data for five cancer types.'®
Around 10% of cases identified from CPRD GOLD or HES did not have a confirmatory diagnosis recorded in CR, while up to
32% of other cancer cases identified in linked CR were missing in CPRD GOLD.'® Linking HES and CR to CPRD Aurum or
GOLD for studies on certain cancer types may be warranted to improve the accuracy and completeness of case capture, and
should be considered for studies requiring data that are not captured in GP records, such as cancer stage or grade.*”

Previous studies comparing cancer diagnosis information across medical databases have typically focused on a few cancer
types. Our study aimed to comprehensively describe how well cancer diagnoses are recorded across CPRD Aurum and GOLD
for 19 cancer types, and to evaluate cancer recording in linked data to describe best use of these data resources for cancer
research. The objectives were to: (i) measure and compare the incidence of 19 cancer types calculated based on CPRD Aurum
and GOLD databases with and without linkage to CR and HES; and (ii) estimate survival by cancer type using ONS death
registry data.

By comparing the completeness and accuracy of cancer diagnosis recording across multiple data sources and cancer
types, this study aims to offer new insights into the strengths and limitations of primary care data for cancer research. The
findings could help to guide researchers in selecting the most appropriate data sources for future studies, and to highlight
the value of data linkage in improving case capture and epidemiological estimates.

Methods

Study Design

This retrospective cohort study estimated incidence rates (IRs) and survival probabilities of 19 cancer types annually among
patients in England. Estimates were described separately for CPRD Aurum and GOLD, linked with HES, CR, and ONS death
registry to cross-reference cancer diagnoses across the different data sources.

Data Sources

CPRD Aurum and GOLD contain deidentified primary care data, including demographics and diagnoses.”® CPRD Aurum,
launched in 2017, covers 24.75% of the UK population. It is based on primary care data contributed from practices in England
collected using the EMIS Web® software, with data available from 1995 onwards.>*' CPRD GOLD, formerly known as the
General Practice Research Database, was established in 1987 and covers 4.17% of the UK population, with data available
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from 1987 onwards.? It is based on primary care data captured from practices in Scotland, Wales, Northern Ireland, and
England via the Vision™ patient management software.>®

CPRD data for patients in England can be linked to HES, CR, and ONS data.” HES provides hospital episode data in
England from 1997 onwards, including admission and discharge dates, and diagnoses.” CR data contain every registrable
tumor diagnosed or treated in England.”*® The ONS contains data pertaining to the official date and cause of death for
people in England. In relation to the latter, it is a legal requirement to certify and register all deaths in England, so these

data can be regarded as well ascertained.”**

Study Population

Cancer types included were acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML), bladder cancer, brain
cancer, breast cancer, colorectal cancer, esophageal cancer, gastric cancer, head and neck cancer, lung cancer, melanoma,
multiple myeloma (MM), neuroendocrine cancer, ovarian cancer, pancreatic cancer, prostate cancer, renal cancer, thyroid
cancer, and uterine cancer. Cancer diagnoses and death were identified using International Classification of Diseases 10th
Revision (ICD-10) codes, CPRD Aurum medical codes, and CPRD GOLD diagnostic codes. Diagnostic codes for
included cancer types can be found in Supplementary Table 1. The analysis of prostate cancer was restricted to male

patients, while that of ovarian and uterine cancers was restricted to female patients.

Patient selection criteria were applied separately for CPRD Aurum and GOLD. Patients were included if they: (i)
fulfilled the CPRD data-quality standards (ie, “acceptable” flag) for CPRD Aurum and GOLD; (ii) were eligible for
linkage to HES, CR, or ONS data; and (iii) were registered in the CPRD database for at least one day during the study
period (January 1, 2011 to December 31, 2018). Patients eligible for linkage were those from GP practices in England
who consented to participate in the linkage process, who had not opted out from sharing their records, and whose primary
care records had a valid identifier to allow for linkage to HES, CR, or ONS death registration data.” Since this study was
restricted to patients in CPRD Aurum or GOLD who were eligible for linkage to HES, CR, or ONS, the study population
was restricted to patients in England only, based on linkage availability.

Patients with an incident cancer diagnosis in at least one of the data sources (CPRD, HES, CR) between January 1,
2011 (or the GP registration start date, whichever was latest) and December 31, 2018 (or GP registration end date or last
collection date of the GP practice, whichever was earliest) were included for IR analysis (Figure 1). An incident
diagnosis was defined as the first recorded diagnosis code of a particular cancer type (a patient may have had more
than one incident cancer type diagnosed). This approach may result in misclassification, whereby recurrent cancers could
be incorrectly classified as incident cases, particularly in the absence of complete historical data. This methodology,
however, is consistent with previous large-scale epidemiological studies using UK electronic health records, where
similar definitions have been adopted due to data structure limitations.'®*>° Patients with an ONS death record during
the follow-up period (January 1, 2011 to April 30, 2020) were included for survival analysis.

To evaluate the completeness of cancer diagnoses (as estimated by IRs) recorded in the various combinations of data
sources, we created separate analytical datasets for patients whose cancer diagnoses were identified in CPRD Aurum or
GOLD and their data linkages: (i) CPRD Aurum patients: CPRD Aurum records only; (ii) CPRD Aurum patients: HES
records only; (iii) CPRD Aurum patients: CR records only; (iv) CPRD Aurum patients: HES-CR records; (v) CPRD
Aurum patients: CPRD Aurum-HES-CR records (fully linked data); (vi) CPRD GOLD patients: CPRD GOLD records
only; (vii) CPRD GOLD patients: HES records only; (viii) CPRD GOLD patients: CR records only; (ix) CPRD GOLD
patients: HES-CR records; and (x) CPRD GOLD patients: CPRD GOLD-HES-CR records (fully linked data). These
datasets are further described in Table 1.

To compare the completeness of cancer diagnosis records, we compared cancer types coded in CPRD Aurum and
GOLD with those in the respective fully linked datasets (CPRD Aurum-HES-CR or CPRD GOLD-HES-CR). The
CPRD, HES, or CR cancer diagnosis code appearing first on a patient’s record was taken as the incident diagnosis for
that cancer type in the fully linked dataset for patients in the CPRD Aurum and GOLD databases separately. The fully
linked datasets were used as references for this analysis, as it was assumed that combining the GP databases with linked
HES and CR data would result in the most complete cancer-case capture.
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Figure | Study design and data sources (a) CPRD Aurum and (b) CPRD GOLD.
Abbreviations: APC, Admitted Patient Care; CPRD, Clinical Practice Research Datalink; HES, Hospital Episode Statistics; ONS, Office for National Statistics.
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Table | Analytical Dataset Selection for Incidence Rate Analysis and Cross-Comparison of Diagnoses by Data Source

Dataset Name

Cancer Cases (Numerator)

Source Population
(Denominator)

CPRD Aurum study population

CPRD Aurum records only

All CPRD Aurum source population patients with an incident cancer

diagnosis recorded in CPRD Aurum

CPRD Aurum-HES-CR (fully linked,

reference)

All CPRD Aurum source population patients with an incident cancer
diagnosis recorded in CPRD Aurum, HES, and/or CR

CR records only

All CPRD Aurum source population patients with an incident cancer

diagnosis recorded in CR

HES records only

All CPRD Aurum source population patients with an incident cancer

All patients in CPRD Aurum
eligible for linkage to HES,
CR, or ONS (England only)

diagnosis recorded in HES

HES-CR records All CPRD Aurum source population patients with an incident cancer

diagnosis recorded in CR and/or HES

CPRD GOLD study population

CPRD GOLD records only All CPRD GOLD source population patients with an incident cancer | All patients in CPRD GOLD
eligible for linkage to HES,

CR, or ONS (England only)

diagnosis recorded in CPRD Aurum

CPRD GOLD-HES-CR (fully linked,

reference)

All CPRD GOLD source population patients with an incident cancer
diagnosis recorded in CPRD Aurum, HES, and/or CR

CR records only All CPRD GOLD source population patients with an incident cancer

diagnosis recorded in CR

HES records only All CPRD GOLD source population patients with an incident cancer

diagnosis recorded in HES

HES-CR records All CPRD GOLD source population patients with an incident cancer

diagnosis recorded in CR and/or HES

Abbreviations: CPRD, Clinical Practice Research Datalink; CR, Cancer Registry; HES, Hospital Episode Statistics; ONS, Office for National Statistics.

The fully linked datasets were also used for survival analysis. Patients were included in the survival analysis if they
had at least one diagnosis of one of the 19 prespecified cancer types recorded in at least one of the study datasets. Death
records were taken from the ONS database. A follow-up period from January 1, 2011 to April 30, 2020 was used to
capture survival. Many factors that influence survival, such as cancer stage, histology, and treatment regimen, were not
evaluated during this study. As such, survival analyses are unadjusted.

Statistical Analysis
Analyses conducted included incidence counts, IRs, proportion comparisons, and survival probability estimates, all by
cancer type. Estimates were calculated separately for CPRD Aurum and GOLD linked datasets.

IRs per cancer type were estimated annually (2011 to 2018) for each of the 10 analytical datasets. The IR (per
100,000 person-years) of cancer cases per year per cancer type was estimated as the number of new cancer cases divided
by the total number of person-years (see Table 1). New cases were defined as patients with their first diagnosis of that
type of cancer. A patient was classed as an incident case in a particular year if their first diagnosis occurred in their
patient record within that particular year and they had a record in the relevant database for one or more days within
that year. The denominator included the total person-years of patients registered in CPRD Aurum or GOLD (separately)
per year of the study period. For each IR estimate, 95% confidence intervals were computed using the Poisson
distribution. Comparisons between IRs across datasets and cancer types were performed descriptively. All statistical
analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC).

Clinical Epidemiology 2025:17 htps: 1029
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The proportion of cancer cases captured by each individual dataset (CPRD Aurum/GOLD, HES, CR) in comparison
with the cases recorded in the fully linked dataset (CPRD Aurum- or GOLD-HES-CR) was calculated to assess the
capture of incident outcomes in each data source.

Kaplan—Meier survival probabilities over time were estimated among patients diagnosed with cancer between
January 1, 2011 and December 31, 2018 by cancer type. Patients were followed up from incident diagnosis until
death, loss to follow-up, or end of the follow-up period (April 30, 2020). Death from any cause and cancer-related death
(ie, where cancer was listed as the primary cause of death such that the main ICD-10 code in ONS data corresponded to
that specific cancer type) were outcomes of interest. Outcomes were presented as separate lines on the same Kaplan—
Meier plot for each cancer type. The fully linked dataset (CPRD-HES-CR) was linked to ONS death data to calculate
unadjusted survival probabilities.

Owing to the structure of the available data, patient time at risk was not censored at the time of event occurrence, and
person-time denominators included all time registered in the database. This methodological limitation may result in
underestimation of IRs and should be considered when interpreting the results.

Results

Details of the patient sample size and attrition for each population dataset are set out in Table 2. The incident cancer
counts for the fully linked CPRD Aurum-HES-CR and CPRD GOLD-HES-CR datasets are shown in Supplementary
Table 2. The case counts in the CPRD GOLD-HES-CR dataset declined over time and increased in the CPRD Aurum-
HES-CR dataset due to the gradual replacement of the Vision patient management software by the EMIS system.’

Table 2 Patient Numbers and Attrition in Population Datasets

CPRD Aurum n
CPRD Aurum alone
Patients in the CPRD Aurum dataset 1,123,375
Patients with an observation record 1,123,352
Patients with a cancer record before 2019 649,504
Patients registered during the study period 649,504
HES alone
Patients with a diagnosis in the HES Aurum database 1,068,261
Patients with a primary diagnosis of cancer before 2019 632,309
Patients registered during the study period 632,309
CR alone
Patients with a record in the CR Aurum database 633,507
Patients with a cancer record before 2019 552,623
Patients registered during the study period 552,623
HES-CR
Patients who met criteria for either HES or CR cohorts 747,961
Aurum-HES-CR
Patients who met criteria for CPRD, HES, or CR cohorts | 845,939

(Continued)
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Table 2 (Continued).

CPRD GOLD n
CPRD GOLD alone
Patients in the CPRD GOLD dataset 305,512
Patients with a diagnosis record 305,408
Patients with a cancer record before 2019 153,844
Patients registered during the study period 147,473
HES alone
Patients with a diagnosis in the HES GOLD database 298,357
Patients with a primary diagnosis of cancer before 2019 192,218
Patients registered during the study period 185,208
CR alone
Patients with a record in the CR GOLD database 267,666
Patients with a cancer record before 2019 224,164
Patients registered during the study period 216,202
HES-CR
Patients who met criteria for either HES or CR cohorts 231,899
GOLD-HES-CR
Patients who met criteria for CPRD, HES, or CR cohorts 248,587

Abbreviations: CPRD, Clinical Practice Research Datalink; CR, Cancer Registry; HES,
Hospital Episode Statistics.

Cancer Type-Specific Incidence Rates

CPRD Aurum and Linked Datasets

Overall, the cancer type-specific IRs in CPRD Aurum and the linked datasets were generally similar regardless of data
source (Figure 2a). IRs were similar on an absolute scale; however, differences on a relative scale were more pronounced
for rarer cancers. The highest IRs for all cancer types, suggesting a more complete case capture (assuming no false
positives), were obtained using the fully linked CPRD Aurum-HES-CR dataset. IRs for prostate, breast, lung, and
colorectal cancer were the highest during the study period. The IR for head and neck cancer varied widely by data source
used, with the lowest capture in the CPRD Aurum alone, and the highest capture in the fully linked CPRD Aurum-HES-
CR datasets (Figure 2). Differences in IRs by data source appeared to be smaller for frequently reported cancer types (eg,
breast cancer) or certain more aggressive cancers (eg, lung cancer). After 2013, the IR for bladder cancer based on CR
data was similar to that observed in other data sources. The CPRD Aurum data alone had a more complete capture of
cancers typically diagnosed and managed in primary care settings (eg, breast and prostate cancers) when compared with
the linked data sources. In contrast, the IRs for cancers typically diagnosed in secondary care settings (eg, gastric, renal,
bladder cancers) were higher in HES and CR linked datasets as compared with CPRD Aurum alone.

CPRD GOLD and Linked Datasets

Overall, IRs for the different cancer types in the CPRD GOLD datasets were similar to those in the CPRD Aurum
datasets. The fully linked dataset (CPRD GOLD-HES-CR) had a higher case capture, as evidenced by the higher IRs
regardless of cancer type (Figure 2b). The trends of IRs for the different cancer types over time in CR were similar in
CPRD Aurum and GOLD.
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Figure 2 Incidence rates in (a) CPRD Aurum and linked HES and CR datasets, and (b) CPRD GOLD and linked HES and CR datasets over time.
Abbreviations: CPRD, Clinical Practice Research Datalink; CR, Cancer Registry; HES, Hospital Episode Statistics.

Comparison of Proportion of Incident Diagnosis by Dataset and Year
In comparison with the fully linked CPRD Aurum-HES-CR dataset, the proportion of diagnoses recorded in each dataset
(CPRD Aurum, HES, CR) was relatively similar across many cancer types (Table 3 and Supplementary Figure la).

CPRD Aurum captured a higher proportion of breast, prostate, melanoma, colorectal, pancreatic, renal, brain, and thyroid
cancers compared with HES and CR datasets. HES data captured a higher proportion of AML, ALL, MM, bladder,
gastric, head and neck, and uterine cancers compared with the other data sources. CR data generally had a lower
proportion of cancer diagnoses recorded when compared with CPRD Aurum and/or HES, and this trend remained stable

over time.
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Table 3 Median Proportion of Incident Diagnoses Recorded Over Time by Data Source in the Fully

Linked Analytic Datasets

Median® Proportion (%) for

CPRD Aurum-HES-CR

Median® Proportion (%) for

CPRD GOLD-HES-CR

CPRD Aurum HES CR CPRD GOLD HES CR
Acute lymphoblastic leukemia 29.3 95.7 553 21.4 96.2 70.0
Acute myeloid leukemia 70.2 77.0 54.4 68.3 79.2 75.2
Bladder cancer 729 89.2 67.0 69.0 87.8 84.8
Brain cancer 86.9 49.9 17.4 75.4 51.3 225
Breast cancer 89.6 86.8 749 88.1 85.6 97.9
Colorectal cancer 80.3 75.2 66.9 76.1 77.9 89.5
Esophageal cancer 83.4 86.8 62.9 81.8 84.0 82.8
Gastric cancer 52.1 834 579 47.1 79.5 73.6
Head and neck cancer 16.7 86.0 46.2 17.8 78.6 59.6
Lung cancer 735 729 722 68.2 714 92.8
Melanoma 80.5 62.5 65.8 81.0 53.0 78.1
Multiple myeloma 8l1.7 84.6 63.9 69.2 80.0 82.0
Neuroendocrine cancer 39.0 528 42.9 38.6 52.0 54.4
Ovarian cancer 69.5 72.6 61.3 66.0 68.1 76.8
Pancreatic cancer 73.9 719 67.2 70.5 709 86.8
Prostate cancer 90.6 64.1 72.8 80.1 624 95.9
Renal cancer 68.3 69.8 67.2 54.6 68.4 87.5
Thyroid cancer 8l.5 62.3 53.7 37.1 67.3 73.1
Uterine cancer 734 85.8 71.7 60.4 83.6 932

Notes: *Median over time where the denominators are the number of diagnoses captured in any of the three databases (CPRD,

CR, HES).

Abbreviations: CPRD, Clinical Practice Research Datalink; CR, Cancer Registry; HES, Hospital Episode Statistics.

For CPRD GOLD, the results were broadly similar to those for CPRD Aurum; however, CR captured a higher proportion
of incident diagnoses for prostate, renal, thyroid, pancreatic, lung, colorectal, breast, renal, uterine, and neuroendocrine

cancers (Table 3 and Supplementary Figure 1b).

Survival by Dataset and Year

For the fully linked CPRD Aurum-HES-CR dataset, any cause of death resulted in a smaller survival probability over

time for all cancer types compared with cancer-related death (Figure 3a). The difference between cancer-related death

and any cause of death appeared to be less prominent for more aggressive cancers (eg, pancreatic cancer). Survival
probabilities for the fully linked CPRD GOLD-HES-CR dataset were consistent with those for CPRD Aurum

(Figure 3b).
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Figure 3 Kaplan—Meier plots of cancer survival probability using fully linked (@) CPRD Aurum data (CPRD Aurum-HES-CR), and (b) CPRD GOLD data (CPRD GOLD-HES-CR).
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Discussion
This study represents the most comprehensive comparison of cancer diagnosis recording, covering 19 distinct cancer types in
CPRD Aurum and GOLD linked to HES and CR datasets, and provides a valuable reference for researchers navigating data
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source selection for CPRD-based oncology studies. The findings demonstrate homogeneity in the recording of epidemiolo-
gical estimates across CPRD Aurum and GOLD, and linked HES and CR data. Our results indicate that the highest IRs were
obtained using the fully linked datasets (eg, most complete case capture). Several cancers had a lower proportion of cases
coded in CPRD Aurum and GOLD, likely reflecting patient care pathways for these cancer types. While linkages are valuable,
researchers should be aware of the practical impacts of using linked data, such as reduced sample size, geographic general-
izability, and lag in data availability for linked data. Decisions regarding use of linkages should be based on the requirements
of the study question and be balanced against practical considerations.*

Overall, the IRs were similar for CPRD Aurum and CPRD GOLD, and broadly in line with published research. For
example, Cancer Research UK age-standardized IRs (per 100,000 person-years) between 2011 and 2018 were 5-6 for
AML (vs crude IR of 37 in this study),” 1013 for gastric cancer (vs 4-14 in this study),?® and 23-24 for ovarian
cancer (vs 13-27 in this study).?’ Variations in the epidemiological estimates of certain cancer types across the different
data sources may be due to various factors, such as diagnosis at primary versus secondary care settings, prognosis, and

different coding systems. As with previous studies,****

we observed that the proportion of diagnoses captured in the
different data sources varied by cancer type, which is likely a reflection of diagnostic and care pathways. For example,
IRs estimated based on CPRD Aurum and CPRD GOLD alone had a high capture of diagnoses for cancer types
commonly diagnosed and managed in primary care settings (eg, breast and prostate cancer), possibly because these
cancer types can be treated with hormone-only treatments at first line and do not require hospitalization. In contrast,
cancers that are typically more aggressive or more likely to be diagnosed and cared for in the hospital setting (eg, lung
and pancreatic cancer) are less likely to be recorded in primary care data.'> Cancers that have broad definitions (ie, head
and neck cancer) had wider variations in IRs across data sources, likely due to variations in the different coding systems.

The CR has been regarded as a gold standard for source data'®; however, the completeness of data in the CR can vary based
on the cancer type and calendar time.'*** The CR was created in 2013 by merging eight regional English registries into
a single national registry.”° Data collected by the CR come from multiple sources, resulting in inconsistencies in the incoming
data.” A study comparing the correctness and completeness of breast cancer diagnosis records in CPRD Aurum and GOLD
against the HES (2004-2019) and CR databases (2004-2016) reported that among the data linked to all sources, some (CPRD
Aurum: 11.5%; CPRD GOLD: 12.1%) cases of malignant breast cancer recorded in the CPRD or HES databases were missing
from the CR database.'* There have been multiple initiatives in the UK to improve cancer recording in primary care data. In
the 2000s, the “2-week wait” referral pathway was introduced to ensure that patients with symptoms indicative of cancer were
seen by a specialist within 2 weeks of primary care referral.*' In 2004, the Quality and Outcomes Framework was introduced
as a voluntary incentive program for primary care practices in England with the aim of improving patient care by rewarding
practices for achieving quality indicators across various areas, including cancer diagnosis.** Both of these initiatives may have
improved cancer diagnosis recording in primary care.”®

In our study, unadjusted survival times were similar between CPRD Aurum and GOLD, and our study demonstrated the
impact of having the ONS cause-of-death information on survival time, where we found that survival probabilities for all
cancers over time were higher with cancer-related deaths compared with any cause of death. The survival probabilities for
more aggressive cancer types, where survival times are often short, were comparable for cancer-related death and any cause of
death. Thus, ONS cause-of-death information may be less relevant for more aggressive cancer types.

The inclusion of data from March to April 2020, which coincided with the initial peak of the COVID-19 pandemic in the
UK, warrants careful consideration. During this period, there was a marked increase in mortality rates and a significant strain
on healthcare resources that influenced survival outcomes in patients with cancer. The pandemic led to disruptions in cancer
screening, diagnosis, and treatment services, which may have introduced bias into survival estimates for this time frame.
Nevertheless, the decision to include these data was made to ensure completeness and to reflect real-world conditions. Recent
literature emphasizes that care should be taken when interpreting cancer survival estimates during the pandemic, as observed
differences may be attributable both to genuine changes in outcomes and artefacts arising from healthcare disruptions.*?

There were limitations to this study. First, the study period ended in 2018, due to the availability of HES and CR data
at the time of download; however, study findings remain relevant for researchers. Furthermore, since the denominator for
IR calculations was total person-years for all patients captured by the CPRD Aurum or GOLD data for a given year, we
were unable to censor a patient’s time at risk when they had an event, potentially resulting in underestimation of IRs.
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Despite missing medical codes for some specific cancers (eg, ALL, brain, breast, head and neck, prostate, thyroid), the
estimated rates remained within the range reported by external sources. This study focused on identification of cancers
but not on other data elements needed for cancer research questions. Similarly, survival depends on factors such as stage,
histology, and treatment regimen, which were not evaluated. Overall, notable strengths of this study are the use of a large
dataset to assess 19 different cancer types and the use of CPRD Aurum and GOLD with linkage to HES and CR to
describe the data landscape of cancer diagnosis recording.

Differences in recording practices between primary and secondary care settings, as well as variations in coding systems,
have important implications for the accuracy and completeness of cancer diagnosis data. Cancer diagnoses recorded in
primary care databases such as CPRD Aurum and CPRD GOLD may include cases without histological confirmation,
potentially introducing false positives compared with cancer registry data, which typically require histological or cytological
verification. Miscoding, administrative errors, and changes in coding practices over time may further affect the reliability of
diagnosis recording. These factors should be considered when interpreting IRs and comparing data sources. The process of
patient linkage restricts the study population to individuals registered in England who are eligible for linkage to HES, CR, or
ONS data. This limitation may reduce the generalizability of our findings to other regions of the UK or internationally.
Furthermore, the demographic composition of CPRD-linked populations may not fully reflect the diversity of the UK
population, particularly with respect to ethnic groups. Recent studies have demonstrated that IRs for oncology indications
can vary substantially by ethnicity.* Researchers should therefore be cautious when generalizing findings from CPRD-linked
datasets and consider the potential impact of demographic composition on observed IRs and outcomes.

While our findings are robust within the UK context, external benchmarking is currently limited. To improve
generalizability, future work should incorporate comparisons with international datasets such as EUROCARE and
SEER. These comparisons would help contextualize our findings within broader epidemiological trends and support
the applicability of our results beyond the UK. Furthermore, differences in other data elements such as biomarkers and
disease stage should be explored in future linkage studies.

Conclusions

This comparison of diagnosis recording for 19 cancer types highlights the variation in cancer recording across different
data sources and represents the most comprehensive comparison to date. Cancer recording in CPRD Aurum and GOLD
captures a high proportion of diagnoses of most cancer types; however, the findings demonstrate variation in cancer
recording across different data sources. For cancers where capture in the primary care data is lower, linkage to HES and/
or CR may be recommended. Inclusion of ONS cause-of-death information demonstrated that survival probabilities for
all cancers over time were higher with cancer-related deaths than with any cause of death. This provides additional
information regarding cancer-specific survival and highlights the need for careful consideration of data sources and
survival endpoints in future studies. The findings of this study can guide researchers to select the most appropriate data
source for their study question. For studies of breast, prostate, and lung cancers, CPRD Aurum or GOLD alone may be
sufficient; however, linkage to HES and/or CR is recommended where a more complete case capture is required.
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