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A B S T R A C T

Background: Primary care data in the UK are widely used for cancer research, but the reliability of recording key
events like diagnoses remains uncertain. Although data linkage can improve reliability, its costs, time re-
quirements, and sample size constraints may discourage its use. We evaluated accuracy, completeness, and date
concordance of prostate cancer (PCa) diagnosis recording in Clinical Practice Research Datalink (CPRD) GOLD
and Aurum compared to linked Cancer Registry (CR) and Hospital Episode Statistics (HES) Admitted Patient Care
(APC) in England.
Methods: Incident PCa diagnoses (2000–2016) for males aged ≥46 at diagnosis who remained registered with
their General Practitioner (GP) by age 65 and were recorded in at least one data source were analysed. Accuracy
was the proportion of diagnoses recorded in GOLD or Aurum with a corresponding record in CR or HES.
Completeness was the proportion of CR or HES diagnoses with a corresponding record in GOLD or Aurum.
Results: The final cohorts for comparisons included 29,500 records for GOLD and 26,475 for Aurum. Compared to
CR, GOLD was 86% accurate and 65% complete, while Aurum was 87% accurate and 77% complete. Compared
to HES, GOLD was 76% accurate and 60% complete, and Aurum was 79% accurate and 70% complete.
Concordance in diagnosis dates improved over time in both GOLD and Aurum, with 93% of diagnoses recorded
within a year compared to CR, and 66% (GOLD) and 71% (Aurum) compared to HES. Delays of 2–3 weeks in
primary care diagnosis recording were observed compared to CR, whereas most diagnoses appeared at least 3
months earlier in primary care than in HES.
Conclusions: Aurum demonstrated better accuracy and completeness for PCa diagnosis recording than GOLD.
However, linkage to HES or CR is recommended for improved case capture. Researchers should address the
limitations of each data source to ensure research validity.

1. Introduction

In the United Kingdom (UK), primary care electronic health record
(EHR) databases draw data from National Health Service (NHS) general
practices where over 98% of the population are registered to access
primary healthcare [1]. These databases are extensively used for cancer
research since most patients with symptoms initially present to a general

practitioner (GP) [2–6]. However, identifying cancer diagnoses from
primary care EHRs presents challenges due to inaccurate and incomplete
data varying across tumour types [7–9]. Additionally, a diagnostic code
in primary care may not definitively indicate a cancer diagnosis, while
lacking a code may not consistently imply the absence. Recent im-
provements in data linkage provide solutions to mitigate these un-
certainties and the potential misclassification bias when studies solely
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rely on primary care data [10]. Nonetheless, researchers might still
avoid data linkage due to high costs, tight timelines, and limitations in
sample size and coverage [11]. This underscores the importance of
assessing the correctness, completeness, and timeliness of primary care
data for research purposes [12].

Prostate cancer (PCa) is the most commonmalignancy among men in
the UK typically diagnosed with GP referrals following abnormal exams
or elevated prostate-specific antigen (PSA) levels. [13,14]. For diagnosis
information to appear in primary care records, hospital discharge or
diagnosis letters must be accurately coded into EHRs. This can cause

delays, as primary care diagnosis records are often only updated when
GPs take action, such as prescribing medication [15]. Moreover, errors
in data transfer, or misclassification, such as confusing benign prostatic
hypertrophy/hyperplasia (BPH) with PCa make identifying PCa di-
agnoses from primary care EHRs challenging. Hence, this study aimed to
evaluate the quality of PCa diagnosis recording in primary care using
linked Clinical Practice Research Datalink (CPRD) data in England.

CPRD GOLD and Aurum are UK primary care datasets providing
patient-level data linkage to the National Cancer Registration and
Analysis Service (NCRAS), Hospital Episode Statistics (HES), and Office
of National Statistics (ONS) in England [1,16–18]. This study evaluated
the quality of PCa diagnoses in GOLD and Aurum based on their accu-
racy, completeness and recording dates through comparison to external
datasets: NCRAS Cancer Registry (CR) and HES Admitted Patient Care
(APC). We also explored patient records with diagnoses coded in both
linked sources but without corresponding records in GOLD and Aurum.
The findings offer insights into primary care data quality to support
informed decisions in selecting data sources for PCa research.

2. Methods

2.1. Data sources

This study utilised CPRD GOLD and CPRD Aurum primary care data,
linked to the Cancer Registry (CR), Hospital Episode Statistics Admitted
Patient Care (HES APC), and the 2015 Index of Multiple Deprivation
(IMD) quintiles [19] (November 2019 release version, set 17). We will
refer to CPRD GOLD as ‘GOLD’, CPRD Aurum as ‘Aurum’, Cancer Reg-
istry as ‘CR,’ and HES APC data as ’HES.’

GOLD and Aurum are two large, longitudinal, UK population-based
EHR databases widely used for medical research. Both databases
collect deidentified patient data from GPs, including demographic

Fig. 1. Definitions of accuracy and completeness for GOLD compared to CR
for reference.

Fig. 2. Cohort definitions for CPRD GOLD and CPRD Aurum and the final study cohorts.
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details, medical diagnoses, prescriptions, referrals, and hospital infor-
mation [1,18]. They offer a secure data linkage service for external
healthcare and area-level databases for a subset of English general
practices that have consented. This linkage is established through a
unique patient identifier created by CPRD, allowing for the integration
and analysis of data from multiple sources. GOLD, sourced from Vision
patient management software, has been available for decades and con-
tains data from over 15 million patients [1]. It is well-validated, with
over 2400 peer-reviewed publications [9]. However, its patient numbers
have declined as practices transition to other systems [1]. In contrast,
Aurum, which covers over 30 million patients from more than 1000
practices, and is drawn from EMIS patient management software, has
rapidly grown in usage and offers a larger, more contemporary patient
population [18]. Aurum uses a combination of coding systems, including
SNOMED CT [20,21] and Read Version 2, whereas GOLD primarily uses
Read codes [22,23]. For this study, data from both databases covered the
period from 1 January 1990–31 December 2016, marking the available
endpoint at the time of download.

The CR from NCRAS is a dynamic population-based database that
captures information across the entire cancer care pathway including
cancer diagnoses, treatments, and outcomes and serves as the national
standard for reporting cancer in England [16]. Each registerable tumour
diagnosed and treated in England is documented in the CR and reported
to NCRAS. Cancer diagnoses are systematically recorded using ICD-10
codes, with information sourced from various entities such as hospi-
tals, pathology and treatment reports, hospices, as well as cancer

screening and treatment centers. Over the years, CR has undergone
several transformations to improve data quality, particularly after the
introduction of the Cancer Outcomes and Services Dataset (COSD) in
2013, which set new standards for data collection and reporting [16].
This evolution reflects ongoing efforts to adapt to changing clinical
practices and to incorporate new data sources. CR data was available
from 1 January 1990–31 December 2016, the endpoint at the time of
download. HES records all admissions, outpatient appointments, and
Accident and Emergency attendances at NHS hospitals. HES APC in-
cludes admission and discharge dates, diagnoses (using ICD-10 codes)
and procedures for inpatient hospitalisations [17]. HES data used for
this study spanned from 1 April 1997–31 December 2016 the endpoint
at the time of download.

2.2. Patient selection

2.2.1. Source populations
The source populations provided by the CPRD included linkage-

eligible patients born in 1954 or earlier, with at least one year of
continuous registration between 1 January 1990 and 31 December
2016, and whowere still registered on their 65th birthday (Fig. 2). CPRD
only included patients from English practices contributing data of
acceptable quality and those from practices that switched from InPS
Vision to EMIS were excluded to avoid duplication between GOLD and
Aurum. Consequently, the GOLD population included all 800,018 pa-
tients who met the above inclusion criteria, while the Aurum population

Table 1
Patient characteristics between study data sources in each cohort.

Characteristics
CPRD GOLD cohort (N = 29,500) CPRD Aurum cohort (N = 26,475)

GOLD (N = 17,986) CR (N = 23,804) HES (N = 22,747) Aurum (N = 18,663) CR (N = 21,123) HES (N = 21,175)

Age at diagnosis
Mean ± st. dev.
Median (IQR)

73.6 ± 8.1
73 [67–79]

73.8 ± 8.1
74 [68–79]

76.1 ± 8.5
76 [70–82]

73.9 ± 8.4
73 [67–79]

73.1 ± 8.4
73 [67–79]

75.3 ± 8.9
75 [69–82]

< 60 years 545 (3 %) 680 (3 %) 405 (2 %) 828 (4 %) 928 (4 %) 633 (3 %)
60–69 years 5534 (31 %) 7074 (30 %) 5236 (23 %) 5980 (32 %) 6625 (31 %) 5366 (25 %)
70–79 years 7519 (42 %) 10,266 (43 %) 9177 (40 %) 7534 (40 %) 8654 (41 %) 8100 (38 %)
≥ 80 years 4388 (24 %) 5784 (24 %) 7929 (35 %) 4321 (23 %) 4916 (23 %) 7076 (33 %)
Year of diagnosis
2000–2003 4061 (23 %) 4681 (20 %) 3818 (17 %) 3759 (20 %) 3984 (19 %) 3598 (17 %)
2004–2007 5061 (28 %) 5364 (23 %) 4777 (21 %) 4458 (24 %) 4766 (23 %) 4503 (21 %)
2008–2011 4874 (27 %) 6078 (26 %) 5973 (26 %) 4693 (25 %) 5323 (25 %) 5603 (26 %)
2012–2016 3990 (22 %) 7681 (32 %) 8179 (36 %) 5753 (31 %) 7050 (33 %) 7471 (35 %)
Follow-up duration (years)
Mean ± st. dev. 10.4 ± 4.9 9.9 ± 4.9 9.4 ± 4.9 12.5 ± 5.3 12.8 ± 5.3 12.4 ± 5.4
Median (IQR) 11.0 (6.4–14.7) 10.4 (5.8–14.0) 9.8 (5.1–13.5) 15.2 (8.2–17.0) 16.1 (8.7–17.0) 15.2 (8.0–17.0)
IMD
1 - least deprived 2719 (15 %) 3650 (15 %) 3430 (15 %) 4007 (21 %) 4441 (21 %) 4347 (21 %)
2 2934 (16 %) 3920 (16 %) 3817 (17 %) 3921 (21 %) 4358 (21 %) 4251 (20 %)
3 3873 (22 %) 5105 (21 %) 4786 (21 %) 3698 (20 %) 4172 (20 %) 4230 (20 %)
4 4132 (23 %) 5711 (24 %) 5386 (24 %) 3717 (20 %) 4228 (20 %) 4328 (20 %)
5 - most deprived 4009 (22 %) 5418 (23 %) 5328 (23 %) 3320 (18 %) 3924 (19 %) 4019 (19 %)
Missing 319 (2 %) - - - - -
Ethnicity
Asian 127 (1 %) 182 (1 %) 182 (1 %) 250 (1 %) 277 (1 %) 279 (1 %)
Black 279 (2 %) 370 (2 %) 350 (2 %) 561 (3 %) 626 (3 %) 612 (3 %)
Mixed 41 (0 %) 49 (0 %) 38 (0 %) 69 (0 %) 74 (0 %) 67 (0 %)
Other 90 (1 %) 131 (1 %) 115 (1 %) 105 (1 %) 123 (1 %) 128 (1 %)
White 16,374 (91 %) 22,089 (93 %) 21,426 (94 %) 17,019 (91 %) 19,274 (91 %) 19,523 (92 %)
Unknown 1075 (6 %) 983 (4 %) 636 (3 %) 659 (4 %) 749 (4 %) 566 (3 %)
Practice Region
1-North East 447 (2 %) 654 (3 %) 644 (3 %) 755 (4 %) 831 (4 %) 874 (4 %)
2-North West 1529 (9 %) 1980 (8 %) 2058 (9 %) 2988 (16 %) 3308 (16 %) 3578 (17 %)
3-Yorkshire & The Humber 906 (5 %) 1411 (6 %) 1337 (6 %) 745 (4 %) 819 (4 %) 785 (4 %)
4-East Midlands 646 (4 %) 1101 (5 %) 1069 (5 %) 360 (2 %) 416 (2 %) 395 (2 %)
5-West Midlands 1481 (8 %) 1833 (8 %) 1838 (8 %) 3827 (21 %) 4298 (20 %) 4124 (19 %)
6-East of England 2326 (13 %) 3391 (14 %) 3320 (15 %) 1161 (6 %) 1255 (6 %) 1214 (6 %)
7-South West 3491 (19 %) 4876 (20 %) 4417 (19 %) 2916 (16 %) 3409 (16 %) 3435 (16 %)
8-South Central 2854 (16 %) 3346 (14 %) 2874 (13 %) 2257 (12 %) 2541 (12 %) 2313 (11 %)
9-London 1454 (8 %) 1884 (8 %) 1873 (8 %) 1914 (10 %) 2267 (11 %) 2404 (11 %)
10-South East Coast 2852 (16 %) 3328 (14 %) 3317 (15 %) 1692 (9 %) 1927 (9 %) 2004 (9 %)
Missing - - - 48 (0 %) 52 (0 %) 49 (0 %)
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was a random sample of 800,000 eligible patients, matched by size to
GOLD.

2.2.2. Study cohorts
To define our study cohorts for GOLD and Aurum with linkage to CR

and HES, we extracted records of male patients who had a first-time
(incident) primary PCa diagnosis recorded in at least one of the data
sources between 1 January 2000 and 31 December 2016 (Supple-
mentary_information-S1) (Fig. 2). Follow-up periods were defined for
each patient record to identify the period during which all data sources
were present. The start of follow-up was the latest of either the primary
care registration start date/current registration date, or the beginning of
the study period (1 January 2000). The end of follow-up was set to the
earliest of the transfer-out date, the last data collection date, the date of
death, or the end of the study period (31 December 2016). The date of
the earliest PCa diagnosis code in each data source was defined as the
‘diagnosis date’ for each patient. Records with no active follow-up time
(i.e., if end of follow-up<start of follow-up) or diagnosis dates outside
the follow-up period were excluded to ensure diagnoses occurred within
active follow-up.

2.3. Patient characteristics

Patient characteristics were categorised as follows: age at diagnosis
(<60, 60–69, 70–79, ≥80) with a minimum diagnosis age of 46 years;
year of diagnosis (2000–2003, 2004–2007, 2008–2011, 2012–2016);
practice-level IMD quintile (1 = least deprived to 5 = most deprived);

ethnicity (aggregated based on the higher-level ethnicity classification
with six groups: Asian, Black, Mixed, Other, Unknown, White) and the
geographical region of the registered practice in England.

2.4. Data analysis

The analysis was conducted separately for GOLD and Aurum,
comparing each source to CR and HES. The study cohorts for GOLD and
Aurumwere defined, and patient characteristics were detailed alongside
an assessment of the overall agreement between data sources. The
quality of PCa diagnoses in GOLD and Aurum was explored through
three key metrics: accuracy, completeness, and recording date
concordance.

Accuracy of GOLD/Aurum was defined as the proportion of patients
with PCa diagnoses in GOLD/Aurum that had corresponding records in
the external source. Completeness of GOLD/Aurum was the proportion
of all patients with diagnoses in the external source that had corre-
sponding records in GOLD/Aurum. Methodologies by Weiskopf and
Weng [24] were employed for these estimations, with example calcu-
lations for GOLD compared to CR illustrated in Fig. 1. These metrics
were further analysed based on the patient’s age at diagnosis, diagnosis
year, IMD, ethnicity, and region.

Discrepancies in diagnosis dates were assessed by comparing GOLD
and Aurum with both CR and HES separately. The differences in dates
were calculated in weeks, with the mean, standard deviation, median,
and interquartile range (IQR) used to describe each comparison. For
clarity in plotting these differences, records with more than one-year

Fig. 3. The agreement between study sources and overall accuracy/completeness measures in CPRD GOLD and CPRD Aurum.
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Table 2
Accuracy estimates of prostate cancer diagnoses recorded in CPRD GOLD and Aurum compared to CR and HES.

Accuracy estimates by patient characteristics compared to CR
Characteristics CPRD GOLD CPRD Aurum

Cases in GOLD
(N)

Cases in GOLD and CR
(N)

Accuracy Estimate
(%)

Cases in Aurum
(N)

Cases in Aurum and CR
(N)

Accuracy Estimate
(%)

Overall accuracy
estimates 17,986 15,443 85.9 % 18,663 16,172 86.7 %

Age at diagnosis ​ ​ ​ ​ ​ ​
< 60 years 545 460 84.4 % 828 717 86.6 %
60–69 years 5534 4900 88.5 % 5980 5389 90.1 %
70–79 years 7519 6601 87.8 % 7534 6675 88.6 %
≥ 80 years 4388 3482 79.4 % 4321 3391 78.5 %
Year of diagnosis ​ ​ ​ ​ ​ ​
2000–2003 4061 3123 76.9 % 3759 2930 77.9 %
2004–2007 5061 4316 85.3 % 4458 3749 84.1 %
2008–2011 4874 4345 89.1 % 4693 4199 89.5 %
2012–2016 3990 3659 91.7 % 5753 5294 92.0 %
IMD ​ ​ ​ ​ ​ ​
1 - least deprived 2719 2349 86.4 % 4007 3420 85.4 %
2 2934 2518 85.8 % 3921 3412 87.0 %
3 3873 3387 87.5 % 3698 3174 85.8 %
4 4132 3597 87.1 % 3717 3216 86.5 %
5 - most deprived 4009 3592 89.6 % 3320 2950 88.9 %
Ethnicity ​ ​ ​ ​ ​ ​
Asian 127 110 86.6 % 250 216 86.4 %
Black 279 245 87.8 % 561 488 87.0 %
Mixed 41 35 85.4 % 69 64 92.8 %
Other 90 78 86.7 % 105 89 84.8 %
White 16,374 14,398 87.9 % 17,019 14,817 87.1 %
Practice Region ​ ​ ​ ​ ​ ​
1-North East 447 416 93.1 % 755 691 91.5 %
2-North West 1529 1382 90.4 % 2988 2595 86.8 %
3-Yorkshire & The
Humber

906 794 87.6 % 745 662 88.9 %

4-East Midlands 646 578 89.5 % 360 304 84.4 %
5-West Midlands 1481 1259 85.0 % 3827 3374 88.2 %
6-East of England 2326 2050 88.1 % 1161 1002 86.3 %
7-South West 3491 3122 89.4 % 2916 2581 88.5 %
8-South Central 2854 2294 80.4 % 2257 1955 86.6 %
9-London 1454 1224 84.2 % 1914 1579 82.5 %
10-South East Coast 2852 2324 81.5 % 1692 1388 82.0 %

Accuracy estimates by patient characteristics compared to HES

Characteristics
CPRD GOLD CPRD Aurum
Cases in GOLD
(N)

Cases in GOLD and HES
(N)

Accuracy Estimate
(%)

Cases in Aurum
(N)

Cases in Aurum and HES
(N)

Accuracy Estimate
(%)

Overall accuracy
estimates 17,986 13,655 75.9 % 18,663 14,776 79.2 %

Age at diagnosis ​ ​ ​ ​ ​ ​
< 60 years 545 408 74.9 % 828 667 80.6 %
60–69 years 5534 4280 77.3 % 5980 4875 81.5 %
70–79 years 7519 5713 76.0 % 7534 5935 78.8 %
≥ 80 years 4388 3254 74.2 % 4321 3299 76.3 %
Year of diagnosis ​ ​ ​ ​ ​ ​
2000–2003 4061 3069 75.6 % 3759 3000 79.8 %
2004–2007 5061 3974 78.5 % 4458 3684 82.6 %
2008–2011 4874 3786 77.7 % 4693 3882 82.7 %
2012–2016 3990 2826 70.8 % 5753 4210 73.2 %
IMD ​ ​ ​ ​ ​ ​
1 - least deprived 2719 2058 75.7 % 4007 3029 75.6 %
2 2934 2242 76.4 % 3921 3041 77.6 %
3 3873 2951 76.2 % 3698 2955 79.9 %
4 4132 3165 76.6 % 3717 3004 80.8 %
5 - most deprived 4009 3239 80.8 % 3320 2747 82.7 %
Ethnicity ​ ​ ​ ​ ​ ​
Asian 127 100 78.7 % 250 197 78.8 %
Black 279 223 79.9 % 561 449 80.0 %
Mixed 41 27 65.9 % 69 51 73.9 %
Other 90 63 70.0 % 105 86 81.9 %
White 16,374 12,923 78.9 % 17,019 13,672 80.3 %
Practice Region ​ ​ ​ ​ ​ ​
1-North East 447 375 83.9 % 755 643 85.2 %
2-North West 1529 1345 88.0 % 2988 2588 86.6 %
3-Yorkshire & The
Humber

906 715 78.9 % 745 586 78.7 %

4-East Midlands 646 533 82.5 % 360 279 77.5 %

(continued on next page)
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gap between diagnosis dates were excluded. Finally, patients identified
with PCa diagnoses in both CR and HES but lacking corresponding re-
cords in GOLD/Aurum were examined within ±365 days of their CR
diagnosis date to identify potential reasons. The presence of supporting
clinical codes related to PCa management, such as prostatectomy,
radiotherapy, chemotherapy, and referrals/specialist visits, was
explored restricting the analysis to men without a history of other ma-
lignancies. Additional possible explanations for variations in recording
were also described.

This study adhered to the REporting of studies Conducted using the
Observational Routinely collected health Data (RECORD) statement
[25] for reporting observational research involving routinely collected
data (Supplementary_information-S2). All statistical analyses were per-
formed using R software (version 4.3.2).

3. Results

3.1. Study cohort definitions

The final study cohorts for comparison included 29,500 patients for
GOLD and 26,475 patients for Aurumwith PCa diagnosis codes recorded
in any data source during the study period (Fig. 2).

Age at diagnosis was similar across GOLD, Aurum and CR, but HES
included older patients in both cohorts: the mean age was 76.1 years in
GOLD and 75.3 years in Aurum (Table 1). HES had a higher proportion
of patients aged≥80 years across both cohorts (35 % in GOLD and 33 %
in Aurum) compared to 23–24 % in other sources. Diagnoses increased
over time in all sources, except GOLD with fewer diagnoses in
2012–2016 (22 %). Aurum had more patients from less deprived areas
(21 % in Aurum vs. 15 % in GOLD), while GOLD hadmore from themost
deprived (22 % in GOLD vs. 18 % in Aurum). Ethnicity was similar
across sources, with >90 % of patients being White. Aurum had more
patients from practices in the West Midlands, North West, and South
West (16–21 %), while GOLD had more from the South West, South
Central, and South East Coast (16–19 %).

3.2. Agreement between study sources

For the comparison of GOLD with CR and HES, a total of 29,500
diagnoses were identified from either source, with 61 % recorded in
GOLD, 81 % in CR, and 77 % in HES (Fig. 3). The accuracy estimates of
GOLD were 85.9 % when compared to CR and 75.9 % compared to HES,
while the completeness estimates were 64.9 % for CR and 60.0 % for
HES. In the Aurum comparison, 26,475 diagnoses in total were identi-
fied; 71 % were recorded in Aurum, with 80 % each in CR and HES.
Aurum demonstrated better quality estimates, with an accuracy of
86.7 % for CR and 79.2 % for HES, along with completeness estimates of
76.6 % and 69.8 %, respectively.

3.3. Accuracy estimates by patient characteristics

Accuracy estimates for both GOLD and Aurum compared to CR were
generally similar across most patient characteristics (Table 2). The
lowest accuracy was observed in the ≥80 age group for both cohorts
(~79 %), while accuracy improved over time, reaching 92 % for di-
agnoses made between 2012 and 2016. IMD-5 quintile exhibited the
highest accuracy (89–90 %). The ’mixed’ ethnic group had the highest
accuracy in Aurum (93 %) but the least in GOLD (85 %). Practices in the

North East demonstrated the highest accuracy (92–93 %), whereas
South Central had the lowest accuracy in GOLD (80 %) and South East
Coast in Aurum (82 %).

Compared to HES, Aurum generally showed higher accuracy than
GOLD (Table 2). Accuracy was again lowest for the ≥80-year age group
(74 % in GOLD, 76 % in Aurum) and for diagnoses recorded in
2012–2016 (71 % in GOLD, 73 % in Aurum). IMD quintile 5 also had the
highest accuracy (81–83 %), while the ’mixed’ ethnic group had the
lowest (66 % in GOLD, 74 % in Aurum). The North West region had the
highest accuracy (87–88 %), while South Central had the lowest (63 %
in GOLD, 70 % in Aurum).

3.4. Completeness estimates by patient characteristics

Completeness estimates compared to CR were notably higher for
Aurum than for GOLD across all patient characteristics (Table 3).
Completeness declined with age, with the ≥80 age group showing the
lowest data completeness (56 % for GOLD and 64 % for Aurum).
Completeness in GOLD was the least during 2012–2016 (46 %), while
Aurum had its lowest in 2000–2003 (72 %). The ’mixed’ ethnic group
showed higher completeness in both cohorts (71 % in GOLD and 87 % in
Aurum). The highest completeness for GOLD was seen in the North West
and South East Coast (70 %), with the East Midlands having the lowest
(53 %). In Aurum, the North East had the highest completeness (83 %),
while London had the lowest (70 %).

Compared to HES, Aurum again demonstrated higher completeness
than GOLD across all patient characteristics (Table 3). The ≥80 age
group had the lowest completeness (52 % in GOLD, 57 % in Aurum).
Diagnoses recorded between 2012 and 2016 were least complete in
GOLD (51 %), while Aurum had its lowest in 2000–2003 (58 %). The
’mixed’ ethnic group also showed higher completeness in both cohorts
(71 % in GOLD, 76 % in Aurum). The highest completeness for GOLD
was in the North West (65 %) and the lowest in the East Midlands
(50 %). In Aurum, Yorkshire & The Humber had the highest complete-
ness (75 %), while London had the lowest (62 %).

3.5. Discrepancies in diagnosis dates

In comparison to CR, a majority of records in both GOLD (77 %) and
Aurum (74 %) showed later diagnosis dates, with median differences of
15 days in both databases (Table 4). Conversely, when compared to HES,
a significant proportion of records in GOLD (62 %) and Aurum (59 %)
had earlier diagnosis dates, with median differences of 67 days and 42
days, respectively. Only 6 % of records in both databases matched the
diagnosis dates in CR, while 3–4 % matched those in HES.

The concordance in diagnosis dates significantly improved over the
years for both GOLD and Aurum when compared to CR and HES (Sup-
plementary_information-S3). A higher proportion of diagnoses was
recorded within a year when compared to CR (93 % in both GOLD and
Aurum) versus HES (66 % in GOLD, 71 % in Aurum). Discrepancies
were further explored by plotting the date differences only within a year,
quantified in weeks, where positive x-axis values represented later dates
in GOLD/Aurum and negative values earlier dates (Figs. 4 and 5). The
distributions were similar for both GOLD and Aurum, with peaks at 2–3
weeks indicating delayed diagnoses in primary care compared to CR
(Fig. 4). Most cases showed diagnoses recorded at least 3 months earlier
in primary care compared to HES, with additional 2–3 week peaks
(Fig. 5).

Table 2 (continued )

5-West Midlands 1481 1143 77.2 % 3827 2960 77.3 %
6-East of England 2326 1881 80.9 % 1161 893 76.9 %
7-South West 3491 2680 76.8 % 2916 2466 84.6 %
8-South Central 2854 1793 62.8 % 2257 1576 69.8 %
9-London 1454 1098 75.5 % 1914 1484 77.5 %
10-South East Coast 2852 2092 73.4 % 1692 1271 75.1 %
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Table 3
Completeness estimates of prostate cancer diagnoses recorded in CPRD GOLD and CPRD Aurum compared to CR and HES.

Completeness estimates by patient characteristics compared to CR

Characteristics
CPRD GOLD CPRD Aurum

Cases in CR (N) Cases in GOLD and CR (N) Completeness
(%)

Cases in CR (N) Cases in Aurum and CR (N) Completeness
(%)

Overall completeness estimates 23,804 15,443 64.9 % 21,123 16,172 76.6 %
Age at diagnosis ​ ​ ​ ​ ​ ​
< 60 years 680 561 82.5 % 928 848 91.4 %
60–69 years 7074 5200 73.5 % 6625 5650 85.3 %
70–79 years 10,266 6428 62.6 % 8654 6548 75.7 %
≥ 80 years 5784 3254 56.3 % 4916 3126 63.6 %
Year of diagnosis ​ ​ ​ ​ ​ ​
2000–2003 4681 3252 69.5 % 3984 2867 72.0 %
2004–2007 5364 4182 78.0 % 4766 3769 79.1 %
2008–2011 6078 4364 71.8 % 5323 4251 79.9 %
2012–2016 7681 3645 47.5 % 7050 5285 75.0 %
IMD ​ ​ ​ ​ ​ ​
1 - least deprived 3650 2349 64.4 % 4441 3420 77.0 %
2 3920 2518 64.2 % 4358 3412 78.3 %
3 5105 3387 66.3 % 4172 3174 76.1 %
4 5711 3597 63.0 % 4228 3216 76.1 %
5 - most deprived 5418 3592 66.3 % 3924 2950 75.2 %
Ethnicity ​ ​ ​ ​ ​ ​
Asian 182 110 60.4 % 277 216 78.0 %
Black 370 245 66.2 % 626 488 78.0 %
Mixed 49 35 71.4 % 74 64 86.5 %
Other 131 78 59.5 % 123 89 72.4 %
White 22,089 14,398 65.2 % 19,274 14,817 76.9 %
Practice Region ​ ​ ​ ​ ​ ​
1-North East 654 416 63.6 % 831 691 83.2 %
2-North West 1980 1382 69.8 % 3308 2595 78.4 %
3-Yorkshire & The Humber 1411 794 56.3 % 819 662 80.8 %
4-East Midlands 1101 578 52.5 % 416 304 73.1 %
5-West Midlands 1833 1259 68.7 % 4298 3374 78.5 %
6-East of England 3391 2050 60.5 % 1255 1002 79.8 %
7-South West 4876 3122 64.0 % 3409 2581 75.7 %
8-South Central 3346 2294 68.6 % 2541 1955 76.9 %
9-London 1884 1224 65.0 % 2267 1579 69.7 %
10-South East Coast 3328 2324 69.8 % 1927 1388 72.0 %

Completeness estimates by patient characteristics compared to HES

Characteristics
CPRD GOLD CPRD Aurum
Cases in HES
(N)

Cases in GOLD and HES (N) Completeness
(%)

Cases in HES
(N)

Cases in Aurum and HES (N) Completeness
(%)

Overall completeness estimates 22,747 13,655 60.0 % 21,175 14,776 69.8 %
Age at diagnosis ​ ​ ​ ​ ​ ​
< 60 years 405 325 80.2 % 633 554 87.5 %
60–69 years 5236 3833 73.2 % 5366 4499 83.8 %
70–79 years 9177 5411 59.0 % 8100 5726 70.7 %
≥ 80 years 7929 4086 51.5 % 7076 3997 56.5 %
Year of diagnosis ​ ​ ​ ​ ​ ​
2000–2003 3818 2134 55.9 % 3598 2097 58.3 %
2004–2007 4777 3289 68.9 % 4503 3194 70.9 %
2008–2011 5973 4044 67.7 % 5603 4150 74.1 %
2012–2016 8179 4188 51.2 % 7471 5335 71.4 %
IMD ​ ​ ​ ​ ​ ​
1 - least deprived 3430 2058 60.0 % 4347 3029 69.7 %
2 3817 2242 58.7 % 4251 3041 71.5 %
3 4786 2951 61.7 % 4230 2955 69.9 %
4 5386 3165 58.8 % 4328 3004 69.4 %
5 - most deprived 5328 3239 60.8 % 4019 2747 68.4 %
Ethnicity ​ ​ ​ ​ ​ ​
Asian 182 100 54.9 % 279 197 70.6 %
Black 350 223 63.7 % 612 449 73.4 %
Mixed 38 27 71.1 % 67 51 76.1 %
Other 115 63 54.8 % 128 86 67.2 %
White 21,426 12,923 60.3 % 19,523 13,672 70.0 %
Practice Region ​ ​ ​ ​ ​ ​
1-North East 644 375 58.2 % 874 643 73.6 %
2-North West 2058 1345 65.4 % 3578 2588 72.3 %
3-Yorkshire & The Humber 1337 715 53.5 % 785 586 74.6 %
4-East Midlands 1069 533 49.9 % 395 279 70.6 %
5-West Midlands 1838 1143 62.2 % 4124 2960 71.8 %
6-East of England 3320 1881 56.7 % 1214 893 73.6 %
7-South West 4417 2680 60.7 % 3435 2466 71.8 %
8-South Central 2874 1793 62.4 % 2313 1576 68.1 %
9-London 1873 1098 58.6 % 2404 1484 61.7 %
10-South East Coast 3317 2092 63.1 % 2004 1271 63.4 %
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3.6. Reasons diagnoses were missing in GOLD and Aurum

In the GOLD cohort (29,500 patients), 5939 (20.1 %) had prostate
cancer (PCa) diagnoses recorded in both CR and HES but not in GOLD.
Of them, 42 % had no records in GOLD within ±365 days of their CR
diagnosis dates (Fig. 6). Around 7 % had supporting evidence such as
treatment codes (e.g.: prostatectomy, radiotherapy etc.) indicating PCa
management while 11 % had non-malignant PCa codes (e.g., in-situ,
benign or uncertain behaviour). Another 4 % had no diagnosis codes
but evidence of diagnostic tests for PCa (e.g.: PSA), and 6 % had other
prostate conditions like BPH or prostatism. Among the remaining 4236
records, 1406 (24 %) had non-informative administrative codes such as
‘attachment’, ‘referral letter’ and ‘scanned document’, suggesting
additional clinical details that likely contained diagnostic data but were
inaccessible to researchers. For 6 % of cases, no relevant reason for
missing diagnoses was identified.

In the Aurum cohort (26,475 patients), 3538 (13.4 %) were missing
PCa diagnoses in Aurum but recorded in both CR and HES. Of them,
36 % had no Aurum records within ±365 days of their CR diagnosis

date. Around 6 % had treatment codes indicating PCa care and 13 % had
non-malignant PCa codes. Similar to GOLD, around 4 % had evidence of
diagnostic tests without recorded diagnoses and 6 % had codes for other
prostate conditions. Of the remaining 2522 records, 829 (23 %) had
non-informative administrative codes, while 12 % had no identifiable
reason for the missing diagnoses.

4. Discussion

This study provides a comprehensive evaluation of the quality of PCa
diagnosis recording in primary care using CPRD GOLD and CPRD Aurum
datasets by examining their accuracy, completeness, and recording dates
using major national English data sources. We expected PCa diagnoses
to be captured within linked external cancer registrations and secondary
care data in addition to primary care, considering the integrated care
pathway involving hospital treatment, cancer registry reporting, and
follow-up care by GPs and specialists. Our findings reveal key differ-
ences in patient characteristics, data quality, and the value of data
linkage for improving diagnosis capture while identifying challenges in

Table 4
Discrepancies in prostate cancer diagnosis dates recorded in CPRD GOLD and CPRD Aurum compared to CR and HES.

Comparison to CR Comparison to HES

CPRD GOLD CPRD Aurum CPRD GOLD CPRD Aurum

Median (IQR) (days) 15 (3− 33) 15 (0− 31) − 67 (− 611− 14) − 42 (− 408− 16)
Mean ± st. dev. (days) 12.3 ± 430 11.1 ± 447 − 479.6 ± 984.8 − 388.8 ± 901.9
Earlier in GOLD/Aurum 2614 (17 %) 3215 (20 %) 8492 (62 %) 8707 (59 %)
Same date 979 (6 %) 989 (6 %) 426 (3 %) 522 (4 %)
Later in GOLD/Aurum 11,850 (77 %) 11,968 (74 %) 4737 (35 %) 5547 (38 %)

Fig. 4. Discrepancies in diagnosis dates recorded in GOLD and Aurum compared to CR.
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data, particularly for older patient cohorts.

4.1. Comparison with previous studies

Our findings highlight that patient characteristics differ across data
sources, with HES data capturing an older demographic (median age:
75–76 years). This aligns with previous studies suggesting that using
HES alone may over-represent older patients [26,27]. The regional dif-
ferences observed were also consistent with known geographic distri-
butions of these datasets, with GOLD representing more patients from
the South West, South Central, and South East Coast practices while
Aurum coveringmore in theWest Midlands, NorthWest, and SouthWest
[1,18].

Both GOLD and Aurum showed higher accuracy and completeness
estimates with CR compared to HES, consistent with prior findings [26,
27]. However, our estimates were slightly lower than previously re-
ported for GOLD [26–29] and Aurum [28,30], which may be attributed
to our older cohorts, as increased age is known to be associated with
discordance in cancer recording [28,30,31]. The overall accuracy and
completeness, compared to combined CR and HES, were 93 % and 59 %
for GOLD and 94 % and 69 % for Aurum. Margulis et al. reported similar
accuracy but higher completeness (79 %) for GOLD, though their cohort
which included only patients treated for overactive bladder, limits
comparability [32].

Our study demonstrates the substantial benefits of data linkage for
enhancing diagnosis capture. CR linkage could increase the capture of
PCa diagnoses by 28 % in GOLD and 19 % in Aurum, while using HES
could improve it by 31 % in GOLD and 24 % in Aurum. Combining both
CR and HES could further increase diagnosis capture by 39 % in GOLD
and 30 % in Aurum. However, around 9 % of cases identified in GOLD/
Aurum had no corresponding records in CR and about 15 % were
missing in HES. Moreover, we identified that around 20 % of cases

recorded in either HES or the GOLD/Aurum record were not found in
CR, a higher proportion than reported by Arhi et al. likely due to our
older patient cohort [27]. Researchers often assume CR as a “gold
standard” due to its importance in reporting cancer in England; how-
ever, its quality heavily varies by tumour type and calendar time [26,
31]. Strongman et al. addressed this by developing a cancer algorithm
without considering CR as an outright gold standard but used multiple
data sources and identified cases in GOLD, HES, or ONS that were
missing in CR [26]. Nevertheless, these missing cases in CR may also
reflect provisional diagnoses, differences in definitions, diagnoses from
private healthcare or outside England, or data linkage errors.

Concordance of diagnosis recording dates was also better with CR for
both GOLD and Aurum (93 % within 1 year) than with HES (66–71 %
within 1 year), improving over time, especially after 2004, likely due to
initiatives like the Quality and Outcomes Framework (QOF) [33,34].
However, both GOLD and Aurum had most diagnoses recorded later
than CR, with a median delay of 15 days which may be attributed to the
time it takes for records to be processed in CR and then coded into the
primary care system. HES comparison showed that most diagnoses
occurred up to three months earlier or two to three weeks later in pri-
mary care. Arhi et al. observed a similar variation and suggested that the
first peak, occurring over 3 months earlier in primary care may have
reflected the extended period between neo-adjuvant treatment and
surgery while delayed primary care diagnoses indicated potential
diagnosis codes following resection, or an inpatient procedure in HES
[27].

Among the missing primary care records, 52 % in GOLD and 45 % in
Aurum were recorded in both CR and HES. Around 6–7 % of these re-
cords had evidence of treatment codes supporting PCa care, while
11–13 % had non-malignant diagnosis codes. Additionally, 23–24 %
only included non-informative administrative codes, suggesting that
although diagnostic information is communicated to primary care via

Fig. 5. Discrepancies in diagnosis dates recorded in GOLD and Aurum compared to HES.
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letters and reports, it is often not properly coded. While clinicians can
access these letters for clinical details on diagnoses, researchers face
limitations due to the absence of coded data. This highlights the need for
improving diagnostic coding in primary care or allowing researchers
controlled access to clinical notes and letters to supplement the coded
data to enhance data quality in research.

4.2. Strengths and limitations

To our knowledge, this is the first study to assess the quality of PCa
diagnosis recording considering both GOLD and Aurum allowing cross-
validation between the two databases. Previous studies have mostly
focused on GOLD, and have not extensively compared Aurum with CR
[28,30]. By estimating accuracy and completeness across patient de-
mographics, we reported disparities in data quality in primary care,
providing insights into the selection of datasets for future research.
Investigating why patients had diagnostic codes in linked data but not in
primary care highlighted challenges in case identification and the lim-
itations of routinely collected data.

However, variations in study populations, linked data sources,
timelines, prior cancer history and code definitions may have impacted

our results. The inclusion of men aged 46 and above in the analysis may
restrict the generalisability of the findings albeit the prevalence of PCa
among men over 50 in the UK, with high age-specific incidence rates
starting from 45 to 49 years and peaking in the 75–79 age group [13].
Moreover, the inclusion criteria for participants required them to be
registered on their 65th birthday, which may have introduced selection
bias in our study, as younger patients diagnosed with PCa would need to
survive to be included. However, we believe the impact of this would be
less given the high survival rates for PCa (84 % ten-year survival) [35].

The historical evolution of the data sources, particularly, CR and the
changes made post-2013, may have influenced our findings. The
applicability of the results might be further limited due to the study
period which only extends to 2016, and the recording practices may
have changed especially in light of the COVID-19 pandemic. Following
the 2020 lockdown, cancer incidence experienced significant disrup-
tions. Price et al. reported an estimated 14 % decrease in PCa incidence
from March 2020 to February 2022, with levels consistently remaining
below the expected throughout the entire period [36]. Given these
changes, the insights drawn from our study may not fully represent the
current landscape of PCa diagnosis recording, and ongoing evaluation of
recording practices in primary care is necessary to ensure data quality

Fig. 6. Analysis of patient records where prostate cancer diagnoses were recorded in both CR and HES but not in GOLD and Aurum (within ±365 days of the CR
diagnosis date).
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and accuracy in future research. Discrepancies in coding dictionaries are
a potential limitation, although the use of predefined codes and team
reviews with clinicians aimed to mitigate these issues. The exclusive use
of PCa diagnostic codes without combining other domains (e.g., test/-
morphology/treatment) may have affected case identification [30,37].
Reliance on structured data will miss PCa cases where diagnostic in-
formation exists in unstructured data in primary care clinical notes as we
have reported.

While our study highlights the limitations in primary care data
quality for PCa diagnoses, particularly among older men, it underscores
the significant improvements achievable through data linkage. Our
findings demonstrated higher recording accuracy and completeness in
Aurum compared to GOLD across both CR and HES. Integrating multiple
linked sources can greatly enhance the accuracy and completeness of
PCa diagnoses, thereby strengthening the reliability of observational
research. However, no single data source is a perfect reference standard
and will capture all true cancer cases, hence researchers must account
for the limitations of each source and the practical implications of linked
data use. Data linkage may not always be suitable for every study,
making quality assessment research, such as ours, valuable in under-
standing the strengths and limitations of each data source for more
informed interpretation. Future research should further investigate PCa
diagnosis recording quality in Aurum versus CR with a more represen-
tative cohort and explore reasons for unconfirmed or missing cases.

5. Conclusions

The study demonstrates better quality for PCa diagnosis recording in
CPRD Aurum compared to CPRD GOLD affirming its suitability for
research purposes. However, linking to external data sources such as CR
or HES is recommended for complete case capture. Importantly, we
observed low data quality within our study cohort of older patients,
highlighting the need for careful consideration in studies focused on this
demographic. Researchers must address inherent limitations within
each data source, tailor approaches to study requirements and mitigate
disparities in recording, timing, and patient characteristics to ensure
research validity.
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