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Introduction

The United Kingdom (UK) Clinical Practice Research 
Datalink (CPRD) Aurum is an electronic primary care 
database sourced from Egton Medical Information Systems 
(EMIS®) patient management software which became 
available in 2018 (1). While there are similarities between 

CPRD Aurum and CPRD GOLD, another primary care 
data source with well-established reliability and quality for 
use in medical research, the quality of recording in CPRD 
Aurum has yet to be fully assessed (2-8). Assessments of 
the quality and completeness of all new data resources are 
necessary to evaluate suitability for medical research. 
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We have previously published validation assessments 
describing recording of pulmonary embolism, myocardial 
infarction, and diabetes, hypercholesterolemia, and 
anemia in CPRD Aurum using methodologies described 
by Weiskopf and Weng (9-12). This study used the same 
patient population as prior assessments to describe data 
source agreement on the presence of malignant cancer 
diagnoses recorded in CPRD Aurum primary care data 
compared with Hospital Episode Statistics (HES) Admitted 
Patient Care (APC) data, which has the most complete 
capture of diagnoses and procedures provided in the hospital 
settings (13,14). This comparison provides information on 
“correctness” (i.e., accuracy, validity) and “completeness” 
(i.e., presence, missingness) of cancer diagnoses recorded 
in CPRD Aurum. For most cancers, we expect diagnoses 
to appear in both data sources because HES APC data 
captures diagnoses and procedures conducted in-hospital 
and follow-up care is provided by general practitioners (GPs) 
(13,14). This study provides an assessment of the quality 
and completeness of cancer diagnoses recorded in CPRD 
Aurum, but the results may also be an indicator of the 
quality of recording of other chronic conditions with similar 
clinical care pathways. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://ace.amegroups.com/article/view/10.21037/ace-
22-4/rc).

Methods

Data resources

CPRD Aurum is provided by CPRD, a research service 
jointly supported by the Medicines and Healthcare products 
Regulatory Agency and the National Institute for Health 
Research, as part of the UK Department of Health and 
Social Care. As described in prior publications, CPRD 
Aurum is a large, prospectively collected, population-based, 
anonymized electronic medical record database (1,9-11).  
GPs record demographic information, prescription 
details, clinical events, referrals, hospital admissions, 
laboratory results, and lifestyle details (e.g., smoking, 
alcohol consumption) using EMIS® patient management 
software. As gatekeepers for all National Health Service 
(NHS) care, including hospital and specialist referrals, GP 
records are expected to include primary diagnoses leading 
to hospital referrals and details of encounters at secondary 
care providers (8). Data for this study was extracted in 
November 2018.

HES APC data was used as an external reference 
standard for this validation study. HES APC contains 
information on inpatient hospitalizations in England since 
1997 for the purpose of hospital payment (13,14). CPRD 
Aurum practices in England are linked to HES APC data. 
HES APC data contains details of each NHS hospital 
stay, including diagnoses made during the stay, procedures 
performed, and dates of admission and discharge. 

Study population

The source population was a random sample of 50,000 
CPRD Aurum patients from among practices with a recent 
HES APC update in October 2018. To enable comparison 
of data recordings, patients in the source population were 
required to have at least one admission for any reason 
recorded in HES APC after the latest of the following: 
patient’s last EMIS registration date, the patient’s 20th 
birthday based on year of birth, or the start of HES 
coverage (April 1, 1997). This 50,000-patient sample was 
also used for other CPRD Aurum validation studies that 
describe other data elements and outcomes (9-11).

The study period was April 1, 1997, through December 
31, 2017 (time frame when data from both sources was 
present). The start and end of each patient’s active CPRD 
Aurum electronic record were estimated using available 
registration, prescription, and clinical data [Supplementary 
file (Appendix 1): Start End]. Patient’s cohort entry date 
was defined as April 1, 1997 (start of HES data) or their 
estimated CPRD Aurum record start date, whichever 
came later. The end of follow-up was defined as first of the 
patient’s estimated CPRD Aurum end date, death date, 
or December 31, 2017 (end of HES data). We excluded 
patients whose CPRD Aurum and HES APC record did 
not overlap or who did not have a valid birth date. We also 
excluded patients with a record of a prior cancer diagnosis 
in either data source before cohort entry because recording 
of cancer may vary based on prior cancer history in either 
data source. 

Cancer diagnosis identification

To align coding systems between the two data sources, 
CPRD Aurum MedCodes were organized to match ICD-
10 neoplasm groupings at specified cancer sites (available 
online: https://cdn.amegroups.cn/static/public/ace-22-
4-1.xlsx: codes) (15). We did not evaluate cancers at ill-
defined and unspecified sites, in situ or benign neoplasms, 

https://ace.amegroups.com/article/view/10.21037/ace-22-4/rc
https://ace.amegroups.com/article/view/10.21037/ace-22-4/rc
https://cdn.amegroups.cn/static/public/ACE-22-4-supplementary.pdf
https://cdn.amegroups.cn/static/public/ace-22-4-1.xlsx
https://cdn.amegroups.cn/static/public/ace-22-4-1.xlsx
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or neoplasms with unspecified behavior. We selected all 
patients with a first-time code for cancer at a specified site 
recorded in either CPRD Aurum or HES APC after cohort 
entry. 

Statistical analyses

We assessed “correctness” of cancer diagnoses in CPRD 
Aurum as the proportion of patients with at least one cancer 
diagnosis at a specified site in CPRD Aurum that also had 
a concordant diagnosis recorded in HES APC, the external 
reference standard (12). We report correctness overall, 
by cancer site, and stratified by sex. We also described 
the timing of cancer diagnosis coding between CPRD 
Aurum and HES APC. We then restricted the assessment 
to patients who in addition to a cancer diagnosis code in 
CPRD Aurum also had supporting clinical codes related to 
cancer care, chemotherapy, radiology, referrals/specialist 
visits, and palliative care. 

To assess “completeness” of cancer diagnoses recorded in 
CPRD Aurum, we calculated the proportion of patients who 
had a concordant diagnosis present in CPRD Aurum (12).  
We report completeness overall, by cancer site, and 
stratified by sex. 

For both correctness and completeness, we reviewed the 
electronic records for patients who had a diagnosis of cancer 
coded in only one of the two data sources and described 
potential explanations for differences in recording, 
including issues with data integrity and presence of other 
supporting clinical codes. 

All analyses were performed using SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA). 

Ethical review and copyright

This study is based in part on data from the Clinical 
Practice Research Datalink obtained under license from the 
UK Medicines and Healthcare products Regulatory Agency. 
The data is provided by patients and collected by the 
NHS as part of their care and support. The interpretation 
and conclusions contained in this study are those of the 
authors alone. This study was approved by the Independent 
Scientific Advisory Committee (ISAC) for Medicines and 
Healthcare Products Regulatory Agency (protocol No: 
18_191), and the protocol was made available to the journal 
reviewers upon request. This study used anonymized 
electronic medical records, no patient contact occurred 
in its conduct, and it was performed in accordance with 

the Declaration of Helsinki (as revised in 2013). Hospital 
Episode Statistics (HES) Copyright© (2018), re-used with 
the permission of The Health & Social Care Information 
Centre. All rights reserved. Researchers can apply for 
a limited license to access CPRD data for public health 
research, subject to individual research protocols meeting 
CPRD data governance requirements. More details 
including data specification, license fees and applications 
process are available on the CPRD website (https://www.
cprd.com).

Results

Study population and characteristics of cancer patients

From the 50,000-patient source population, we excluded 
581 (1.2%) patients whose CPRD Aurum and HES APC 
record did not overlap and <0.1% (N<5, not reportable) 
patients who did not have a valid birth date. We also 
excluded 1,704 (3.4%) patients with a prior cancer diagnosis 
recorded in either data source before cohort entry. From 
among the remaining 47,771 eligible patients, there were 
6,019 (12.6%) patients with a diagnosis code for cancer at a 
specified site: 3,864 had a diagnosis coded in CPRD Aurum, 
5,545 had a diagnosis in HES APC, and 3,390 had a cancer 
diagnosis code in both data sources. Patient sex, year of first 
cancer diagnosis, age at first cancer diagnosis, and follow-
up time were similar for patients with a cancer record in 
CPRD Aurum and/or HES APC (Table 1). 

Correctness of cancer diagnoses recorded in CPRD Aurum

There were 3,864 patients who had a code for cancer 
at a specified site recorded in CPRD Aurum, of which 
3,390 (87.7%) also had a concordant diagnosis at the 
same site recorded in HES APC. Correctness was greater 
than 80% regardless of diagnosis year and age at first 
cancer diagnosis (Table 2). The cancer diagnosis date 
recorded in CPRD Aurum corresponded closely with the 
diagnosis date recorded in HES APC (median difference 
24 days, interquartile range 10–82 days): 265 (6.9%) had 
the diagnosis recorded on the same date, 1,664 (43.1%) 
recorded 1–30 days apart, 651 (16.9%) 31–90 days apart, 
and 1,284 (33.2%) were recorded more than 90 days apart. 
When we assessed correctness by cancer site, the proportion 
of patients who had a diagnosis code for that site recorded 
in both CPRD Aurum and HES APC remained greater 
than 80% for most cancer sites. Correctness was highest 

https://www.cprd.com
https://www.cprd.com
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Table 1 Characteristics of patients with a first-time cancer at a specified cancer site in 50,000 CPRD Aurum patient sample, by data source

Characteristic Cancer cases in CPRD Aurum sample (N=3,864) (%) Cancer cases in HES APC† (N=5,545) (%)

Sex

Female 1,868 (48.3) 2,635 (47.5)

Male 1,996 (51.7) 2,910 (52.5)

Year of first cancer diagnosis

1997–1999 237 (6.1) 500 (9.0)

2000–2004 831 (21.5) 1,144 (20.6)

2005–2009 980 (25.4) 1,373 (24.8)

2010–2014 1,113 (28.8) 1,542 (27.8)

2015–2017 703 (18.2) 986 (17.8)

Age at first cancer diagnosis (years)

20–29 32 (0.8) 41 (0.7)

30–39 116 (3.0) 150 (2.7)

40–49 258 (6.7) 330 (6.0)

50–59 621 (16.1) 800 (14.4)

60–69 1,003 (26.0) 1,347 (24.3)

70–79 1,065 (27.6) 1,539 (27.8)

≥80 769 (19.9) 1,338 (24.1)

Follow-up time‡ (years)

Mean ± St. Dev. 13.1±6.3 12.6±6.6

Median 13.7 13.0

Interquartile range 7.7–19.8 6.8–19.4
†, HES APC matched to the CPRD Aurum 50,000 patient sample; ‡, patients followed from 1 April 1997 (start of HES APC data) or the 
start of the patient’s electronic record (whichever came later) through 12/31/2017 12 December 2017 (end of HES APC data) or the end 
of the patient’s electronic record (whichever came first). CPRD, Clinical Practice Research Datalink; HES APC, Hospital Episode Statistics 
Admitted Patient Care; St. Dev., standard deviation.

for cancers of digestive organs (92.2%), cancers of lip, oral 
cavity, and pharynx (85.9%), respiratory and intrathoracic 
organs (85.5%), urinary tract (85.2%), breast (83.7%), and 
cancers of male genital organs (80.9%). Correctness was 
lowest for thyroid and other endocrine glands (66.7%), 
melanoma and other malignant neoplasms of the skin 
(70.4%), and cancers of bone and articular cartilage 
(74.4%) (Table 2). Overall, correctness was slightly higher 
for males (89.3%) than females (86.1%). Correctness was 
higher for males for cancers of lip, oral cavity, and pharynx 
(91.5% versus 75.0% females), bone and articular cartilage 
(73.9% versus 68.5%), and urinary tract (89.7% versus 
73.4%) (Table 2).

Approximately 85% of patients with cancer diagnoses 

at a specific site recorded in CPRD Aurum also had other 
supporting clinical codes consistent with cancer diagnosis 
or care in their CPRD Aurum record (e.g., suspected 
cancer codes, cancer diagnosis, cancer care, chemotherapy, 
referrals, specialist visits, palliative care) that supported 
the presence of cancer (“true cases”) (Table 2). When we 
restricted the cases in CPRD Aurum to those who had 
supporting clinical codes, 88.6% had a concordant diagnosis 
recorded in HES APC. While this correctness estimate for 
all cancers at a specified site (88.6%) was similar to that 
found in the main analysis (87.7%), correctness estimates 
were improved for some less common cancer sites (i.e., 
bone and articular cartilage and thyroid or other endocrine 
glands) when we restricted the assessment to patients who 
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Reasonable explanation for 
discordance N=323 (8.4%)*
•	Presence of supporting 

clinical codes indicating 
cancer may have been 
evaluated or cared for by 
the general practitioner or a 
specialist outside a hospital 
setting (likely true cancer 
cases)

No concordant cancer diagnosis 
in linked HES APC, resulting 

in review of electronic records 
N=474 (12.3%)

Cancer diagnosis at a specified 
site recorded in CPRD Aurum 

Sample N=3,864

Cancer diagnosis at the same specified 
site recorded in HES APC (Correctness) 

N=3,390 (87.7%)

Cancer diagnosis near end of  
follow-up N=89 (2.3%)*

•	Cancer recorded <90 days before 
the end of follow-up (potentially not 
enough time to capture diagnosis)

•	Cancer diagnosis in HES APC 
outside of follow-up period (data 
source overlap)

•	Cancer recorded in CPRD Aurum 
on same date as new patient 
screen with no cancer treatments 
(potential historic diagnosis)

Coding issue in CPRD Aurum or HES APC N=62 (1.6%)*
•	Secondary, benign, in situ, neoplasm of unspecified or uncertain 

behavior cancer code was coded in HES APC, but a malignant cancer 
at a specific site was coded in CPRD Aurum (different codes used)

•	Administrative code(s) recorded in CPRD Aurum suggests that the 
general practitioner has access to additional clinical details that are 
inaccessible to researchers (e.g., “attachment”, “scanned document”)

•	Diagnostic procedures (e.g., biopsy) or specific cancer treatments (e.g., 
surgery, excisions) coded in HES APC, but not a cancer diagnosis 
code

•	Code for “personal history of cancer” or “Illness unspecified” (ICD-
10 R69) coded in HES APC around the same date as CPRD Aurum 
cancer diagnosis

•	No reason identified

Figure 1 Reasons cancer diagnosis at a specific site may have been recorded in CPRD Aurum but not HES APC. CPRD, Clinical Practice 
Research Datalink; HES APC, Hospital Episode Statistics Admitted Patient Care. * Note: all proportions reported in figure among 3,864 
cancer cases. 

had supporting clinical codes. 
Of the 3,864 cancer cases recorded in CPRD Aurum, 

we reviewed the electronic records for 474 (12.3%) with a 
diagnosis at a specified site recorded in CPRD Aurum and 
without a corresponding diagnosis code in HES APC to 
determine if there was a plausible reason for the discordant 
recordings (Figure 1). Among these 474 records reviewed, 
323 had presence of cancer diagnosis plus supporting 
clinical codes recorded in CPRD Aurum, which may 
indicate that the cancer may have been under evaluation 
or cared for by the GP or a specialist outside a hospital 
setting (likely true cancer cases). Timing may have impacted 
the coding of cancer diagnoses and care received at the 
beginning or end of follow-up (89 of 474 records reviewed). 
There remained 62 of 474 records reviewed where coding 
issues in CPRD Aurum and/or HES APC may have 
explained the discordant recordings. Overall, 96.1% of the 
3,864 patients with a cancer diagnosis at a specified site 
recorded in the CPRD Aurum sample had a concordant 
cancer diagnosis coded in HES APC (87.7%) or had a 

cancer diagnosis plus presence of supporting clinical codes 
recorded in CPRD Aurum indicating the cancer was cared 
for by a GP or specialist outside a hospital setting (8.4%). 

Completeness of cancer diagnoses recorded in CPRD 
Aurum

There were 5,545 patients who had a code for cancer at a 
specified site recorded in HES APC, of which 3,390 (61.1%) 
also had a diagnosis recorded in CPRD Aurum at the same 
site (Table 3). Completeness estimates were lower early in 
the study period (1997–2004) and stabilized in later years 
(2005–2017) (Table 3). When stratified by age at first cancer 
diagnosis, completeness estimates were similar for those 
aged 20–49 (64.5%), 50–59 (69.0%), 60–69 (65.3%), and 
70–79 (61.9%), but lower for those aged 80 years or older 
(50.2%) (Table 3). Completeness estimates were similar for 
females (61.0%) and males (61.2%) (Table 3).

Completeness estimates varied widely by cancer site 
(Table 3). Breast (86.5%) and male genital (84.0%) cancers 
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CPRD Aurum record had 
some evidence of cancer 

N=1,258 (22.7%)*
•	While no cancer diagnosis 

was recorded in CPRD 
Aurum, general practitioner 
coded surgeries, treatments, 
or other supporting clinical 
codes indicating cancer 
care was received

Cancer diagnosis not 
concordant with CPRD Aurum, 
resulting in review of electronic 

records N=2,155 (38.9%)

Cancer diagnosis at a specified 
site recorded in HES APC 

N=5,545

Cancer diagnosis at the same specified 
site in CPRD Aurum (Completeness)

N=3,390 (61.1%)

Cancer diagnosis near end of  
follow-up N=121 (2.2%)*

•	Cancer recorded in HES APC 
<90 days before the end of follow 
up. May not have had enough 
time for general practitioner to 
capture diagnoses before data was 
extracted

No clear reason for missing or discordant information in CPRD Aurum 
N=776 (14.0%)*

•	Administrative code(s) recorded in CPRD Aurum suggests that the 
general practitioner has access to additional clinical details from 
the hospital that are inaccessible to researchers (e.g., “attachment”, 
“scanned document”), but no diagnosis or treatment

•	Cancer was noted in CPRD Aurum, but the code did not match 
the specific diagnosis recorded in HES APC (e.g., disseminated 
cancer, metastatic cancer, a non-specific cancer code (“neoplasm”, 
“carcinoma”), secondary, benign, in situ, or neoplasm of unspecified or 
uncertain behavior) 

•	No reason identified

Figure 2 Reasons cancer diagnosis at a specified site were recorded in HES APC but not CPRD Aurum. HES APC, Hospital Episode 
Statistics Admitted Patient Care; CPRD, Clinical Practice Research Datalink. * Note: all proportions reported in figure among 3,864 cancer 
cases.

had the highest completeness. Completeness was lowest 
at sites typically associated with metastatic or secondary 
cancers: bone (6.9%), melanoma (6.9%), mesothelial and 
soft tissue (10.8%), other respiratory and intrathoracic 
organs (11.8%), and liver cancer (25.6%). Cancers of 
thyroid and other endocrine glands (17.8%) also had low 
completeness. Although completeness was similar by sex 
(61%) (Table 3), there were differences for some cancer 
sites: males had higher completeness for lip/oral cavity and 
digestive organs (60.6% vs. 48.7%), digestive organs (65.3% 
vs. 53.1%), mesothelial and soft tissues (16.0% vs. 6.8%), 
whereas females had higher completeness for thyroid and 
other endocrine gland cancers (20.8% vs. 14.6%).

From the 5,545 cancer cases in HES APC, we reviewed 
electronic records of 2,155 (38.9%) where there was a 
diagnosis code for cancer at a specified site recorded in the 
linked HES APC data without a corresponding diagnosis 
code recorded in CPRD Aurum to assess if there was a 
plausible reason for the discordant recordings (Figure 2).  
Among these 2,155 records reviewed, 1,258 had supporting 
clinical codes in CPRD Aurum indicating cancer care 
was received. The cancer diagnosis in HES APC was 

recorded near the end of the follow-up period in a further 
121 patients of 2,155 reviewed, suggesting that there may 
not have been enough time for the GP to document the 
diagnosis or its care in CPRD Aurum. There remained 776 
of 2,155 cancer cases in HES APC where there was no clear 
reason for missing or discordant information (Figure 2).  
Overall, 83.8% of 5,545 patients with a cancer diagnosis 
at a specified site coded in HES APC had a concordant 
diagnosis in CPRD Aurum (61.1%) or had presence of 
supporting clinical codes indicating cancer care was received 
(22.7%). 

Discussion

The results of this study indicate that cancer diagnoses 
recorded in CPRD Aurum, where present, are of sufficient 
quality for most observational research. Throughout the 
study period (1997–2017), 87.7% of cancer diagnoses at a 
specified site recorded in CPRD Aurum were concordant 
with HES APC, while an additional 8.4% had a cancer 
diagnosis plus presence of supporting clinical codes 
recorded in CPRD Aurum indicating the cancer was cared 
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for by a GP or specialist (correctness). The completeness 
of cancer diagnosis recordings in CPRD Aurum compared 
with HES APC was 61.1%. An additional 22.7% of 
patients without the presence of a concordant diagnosis 
code in HES APC had other supporting clinical codes in 
CPRD Aurum where the GP indicated the patient had 
received cancer treatment and care. Completeness varied 
over the study period. Completeness estimates were higher 
for cancers at sites where GPs often prescribe ongoing 
drug therapy (e.g., breast cancer, prostate cancer), and 
were lower for cancers at sites typically associated with 
metastatic or secondary cancers (e.g., bone or articular 
cartilage, mesothelial and soft tissue), as well as for cancer 
sites that may be treated in outpatient specialist settings 
(e.g., melanoma, thyroid or other endocrine gland). 
Researchers should consider use of HES data linkage in 
addition to CPRD Aurum data if studying cancer sites 
where completeness estimates are low.

We chose to examine the coding of cancer diagnoses as 
part of our assessments of the CPRD Aurum data because 
cancer is a serious condition that requires medical attention 
and the patient care pathway spans both primary (GP) and 
secondary (hospital) healthcare settings. For these reasons, 
we expected that any patient who had a true cancer diagnosis 
would have a diagnosis recorded in both CPRD Aurum 
and HES APC data. However, it is likely that some patients 
with cancer received care in outpatient hospital settings 
or in specialist clinics, specifically for cancer sites that may 
be diagnosed or treated in a specialty care setting versus in 
hospital which could explain some of the low completeness 
numbers for certain cancer sites. It is likely that the increased 
concordance between the two data sources over calendar 
time, was due, at least in part, to more robust implementation 
of electronic data quality in the UK (16,17). 

Where a cancer diagnosis was not recorded in both data 
sources, we looked for the presence of supporting clinical 
codes in CPRD Aurum indicating the patient received 
cancer treatment. The proportion of patients with a 
diagnosis of cancer at a specified site in HES APC that was 
not present in CPRD Aurum was as high as 38.9% when 
relying on codes for cancer diagnosis at specified sites to 
select cases; but missing cases were reduced to 15.5% when 
codes indicating cancer treatment and management were 
used to capture cases in CPRD Aurum. It is important to 
note that, given the presence of free text or administrative 
codes (e.g., “attachment”, “scanned document”, “letter”), 
GPs are likely aware of the patient’s cancer status. GPs 
receive discharge letters detailing the various diagnoses and 

treatments received in hospital or specialist care settings, 
but GP staff must code these details into the electronic 
record for them to be available for use in research. 
Researchers should also consider using CPRD Aurum plus 
linked HES APC and Outpatient data, and/or linked cancer 
registry data from National Disease Registration Service to 
improve capture of cancer cases. 

In this study, we required all CPRD Aurum patients 
selected for this random sample to have at least one 
admission for any reason in HES APC. This was necessary 
to have two data sources to compare. HES, in general, is 
not a perfect reference standard because coders may be 
non-clinical staff and there may be non-specific coding 
of some hospital events. In addition, some cancer events 
may be treated in outpatient hospital settings or non-NHS 
facility where some patients with private insurance may 
have opted for care elsewhere. We did not evaluate HES 
outpatient data in this study; therefore, correctness may 
be underestimated, particularly for cancers treated solely 
in outpatient hospital or other specialist cancer treatment 
settings. However, it is important to note that, unlike 
HES APC, it is not mandatory for diagnostic information 
to be recorded using ICD-10 codes in HES outpatient 
data and diagnostic information is captured in less than 
5% of all attendances; therefore, the additional diagnostic 
information that could be provided by including HES 
outpatient data is likely to be small (18). It is also important 
to keep in mind that the goal of this study was to assess the 
quality of diagnosis recordings present in the CPRD Aurum 
data source, not to estimate unbiased measures of sensitivity 
and specificity. Cancer stage information is not available in 
CPRD Aurum or HES APC; therefore, we cannot assess 
differences in recording practices by cancer stage. Formal 
validation studies are still needed to assess the validity of 
cancer outcomes, including studies comparing CPRD 
Aurum to the Cancer Registry.

The results of this study are consistent with prior data 
quality assessments conducted in this same data sample 
and other UK primary care data (9-11,19,20). Diagnoses 
recorded in CPRD Aurum are of relatively high correctness 
for use in medical research, although completeness is 
variable across different cancers and over time and may 
not be sufficient for all research questions. Case capture 
could be improved by using linked data. Researchers should 
carefully consider study design, use of supporting clinical 
codes to enhance case selection, and use of linked data such 
as HES or cancer registry data to improve capture of cancer 
events. 
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Appendix 1 Methods for estimating patient level start and end dates in CPRD Aurum calculated by 
Boston Collaborative Drug Surveillance Program (BCDSP)

Table S1 provides the definitions of variables used to estimate a patient-level StartDate and EndDate in CPRD Aurum 
electronic medical records. Table S2 describes the steps of the StartDate algorithm and Table S3 describes the steps of the 
EndDate algorithm.

Table S1 Definitions

Term Definition

Plausible range Date range when electronic medical records would be possibly in use. Estimated StartDate and EndDate must fall in this 
range. 
Minimum = January 1, 1988 (GPs first started using computers for electronic medical records in 1988) or January 1 of 
Year of Birth, whichever came later 
Maximum = date of CPRD Aurum data download 

regstartdate CPRD Aurum data field for most recent registration with practice (See CPRD Aurum Data Specification). This field may 
be missing or may contain implausible values.

regenddate CPRD Aurum data field for the date the patient’s registration ended with the practice (See CPRD Aurum Data 
Specification). This field may be missing or may contain implausible values.

Rx Prescriptions (Issue table) in Plausible range

Clin Clinical information that indicates that a patient is active in the record, such as diagnoses, vaccinations, labs, diagnostic, 
clinical care, referrals in Plausible range.  
Use MedCodes (Observation Table) with EMISCatID 1-5, 7, 9, 11-12, 14-16, 20-21, 25, 27-29, 32-36, and 39-47 in 
CPRD Aurum MedCode dictionary. 

FirstRecordDate First date of Rx or Clin in Plausible range

LastRecordDate Last date of Rx or Clin in Plausible range

FirstRxDate First date of Rx in Plausible range

FirstClinDate Last date of Clin in Plausible range

DeathDate There are two death date fields in CPRD Aurum (See CPRD Aurum Data Specification). At the time of this study, emis_
ddate was used as the death date for estimation of a patient EndDate. Future studies will use cprd_ddate rather than 
emis_ddate.

lcd CPRD Aurum data field for last data collection date (practice-level) (See CPRD Aurum Data Specification) 

Supplementary
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Table S2 BCDSP’s algorithm to estimate a patient-level StartDate in CPRD Aurum

Algorithm step Primary condition Secondary condition Action

1 regstartdate missing StartDate = FirstRxDate

2 regstartdate missing If no Rx StartDate = FirstClinDate

3 regstartdate missing If no Rx or Clin StartDate = missing

4 regstartdate < Jan 1, 2000 StartDate = FirstRxDate

5 regstartdate < Jan 1, 2000 If no Rx StartDate = FirstClinDate on or after regstartdate

6 regstartdate < Jan 1, 2000 If no Rx or Clin Set StartDate to missing*

7 regstartdate ≥ Jan 1, 2000 If difference between FirstRxDate and 
regstartdate is ≤365 days 

StartDate = regstartdate

8 regstartdate ≥ Jan 1, 2000 If difference between FirstRxDate and 
regstartdate is >365 days 

StartDate = last of regstartdate or FirstRxDate

9 regstartdate ≥ Jan 1, 2000 If no Rx StartDate = FirstClinDate on or after regstartdate

10 regstartdate ≥ Jan 1, 2000 If no Rx or Clin Set StartDate to missing*

11 If StartDate in plausible range cannot be calculated by this point Set StartDate to missing*

Note: Patterns of recording by GPs in electronic records changed in the early 2000’s due to technological advances and the introduction 
of Quality and Outcome Framework (QOF), a pay-for-performance scheme which improved the collection of data due to reporting 
requirements. *Patients for whom a plausible StartDate cannot be estimated do not have clinical or prescription records of high quality for 

use in research.

Table S3 BCDSP’s algorithm to estimate a patient-level EndDate in CPRD Aurum

Algorithm step Primary condition Secondary condition Action

1 StartDate is missing* Set EndDate to missing*

2 DeathDate is not missing EndDate = minimum, not zero, of DeathDate and lcd

3 regenddate is not missing and within plausible range EndDate = minimum, not zero, of regenddate and lcd 

4 regenddate is missing If difference between lcd and 
LastRecordDate is ≤365 days

EndDate = lcd

5 regenddate is missing If difference between lcd and 
LastRecordDate is >365 days

EndDate = earliest of lcd and LastRecordDate

6 EndDate is calculated if EndDate < StartDate EndDate = StartDate

7 EndDate in plausible range cannot be calculated Set EndDate to missing*

*Patients for whom a plausible StartDate and/or EndDate cannot be estimated do not have clinical or prescription records of high quality 
for use in research.


