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A B S T R A C T

Background: Differences in the recording of cancer case status and diagnosis date have been observed between
cancer registry (CR) – the reference standard – and electronic health records (EHRs); such differences may affect
estimates of cancer risk or misclassify diagnostic pathways. This study aims to quantify differences in recording
of case status and date of cancer diagnosis between cancer registry and EHRs.
Methods: Linked primary care (Clinical Practice Research Datalink (CPRD)), secondary care (Hospital Episode
Statistics (HES)) and national Cancer Registry (CR) data, were used to identify 14,301 patients with a recorded
diagnosis of brain, colon, lung, ovarian, or pancreatic cancer between 1999 and 2018. Agreement in case status
between datasets, differences in recorded diagnosis dates, and change in agreement over time were investigated
for each cancer site.
Results: Between 84% (ovary) to 92% (colon) of diagnoses in cancer registry were also recorded in combined
CPRD-HES data. Agreement with cancer registry was slightly lower in HES (78% (ovary) to 86% (colon)) and
CPRD (61% (ovary, pancreas) to 72% (brain)). The proportion of CPRD-HES diagnoses confirmed in CR varied
by cancer site (50% (brain) to 86% (lung)). Agreement between CR and HES was relatively stable within cancer
sites over time. Concordance between CR and CPRD was more heterogeneous between cancer sites and over time.
Best agreement in diagnosis date was observed between CR and HES (median difference 0 or 1 days, all cancer
sites).
Conclusion: Agreement between CR and EHR data is heterogeneous across cancer sites. Concordance does not
appear to have improved over time. Combined data from primary and secondary care may be sufficient to
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approximate case status in CR in some circumstances, but the date we consider to represent the diagnosis may
impact study outcomes.

1. Introduction

Many studies need to reliably identify cancer cases and their diag-
nosis dates. Population-based cancer registries (CR) are considered the
‘reference standard’ for this purpose, however routinely-collected hos-
pital data and electronic health records (EHR) are also used, when
cancer registry data do not exist, are unavailable for linkage, or access is
limited or delayed (Supplementary Information, Supp. Table 1 [1,2]).
The dates recorded in these data sources are derived for different pur-
poses but have all been used in research as a proxy for the cancer
diagnosis date [3–5] – we refer to these as the ‘cancer date’ from here.

In the UK, discrepancies in the recording of cancer diagnosis – mis-
matching case status and/or cancer date – have been observed between
cancer registry data and primary and secondary care EHRs [6–10]. It is
unclear how these differences vary over time and across cancer sites, and
how this may impact the results of studies which rely on accurately
determining cancer diagnoses. For instance, estimates of the positive
predictive value of presenting cancer symptoms may be biased due to
artefactual differences in case status.

This study aims to describe differences in the recording of cancer
diagnoses in primary and secondary care EHRs, and a population-based
cancer registration system in England. A secondary aim is to determine
whether differences in case status between data sources have changed
over time.

2. Methods

2.1. Data sources

This study used data from the Clinical Practice Research Datalink
(CPRD) GOLD, linked to National Cancer Registration and Analysis
Service cancer registration (CR) and Hospital Episode Statistics (HES)
Admitted Patient Care (APC) datasets.

CPRD GOLD is a database of anonymized routinely-collected primary
care data from participating UK GP practices using Vision software [11].
HES APC captures data on all admissions to English NHS providers from
April 1997 – March 2021 [12]. The population-based CR dataset con-
tains data on all tumours diagnosed in England between January 1990 –
December 2018 [13,14]. To achieve this, patient-level data is collated
from multiple sources such as hospital records (including HES), treat-
ment records, pathology reports, and multidisciplinary team meetings
[14]. Cancer registration officers process this data, seeking additional
information from primary or secondary care if necessary, and then
follow international standards to determine the ‘date of incidence’ of
each tumour [13,15]. Data from HES and CR were linked to CPRD GOLD
using an eight-step deterministic linkage algorithm based on NHS
number, sex, date of birth, and postcode [12,16].

2.2. Study population

This study investigated agreement in recorded cancer diagnosis for
five exemplar cancer sites (brain - including benign tumours, colon,
lung, ovarian, and pancreatic cancer). Codelists of Read v2 (for CPRD)
and ICD-10 codes (for CR and HES) were developed for each cancer site
(see Supplementary Information) [17].

We selected cases from a random sample of 1 million CPRD GOLD
patients who were registered at an up-to-standard CPRD practice for at
least one year between 1/1/2007–31/10/2021, whilst aged 30–99, and
who were eligible for linkage to HES and CR data. From this sample we
included any patient who had a recorded diagnosis of brain, colon, lung,
ovarian, or pancreatic cancer in any of CPRD, HES, or CR.

For each cancer site, for each of CR, CPRD, and HES APC, we iden-
tified patients with a diagnosis code (Read v2/ ICD-10) for the selected
site recorded between 1/1/1999 and 31/12/2018. For this study, for
each patient we only considered data from all three datasets when pa-
tients were fully eligible for study in CPRD. Detailed inclusion criteria
are described in the Supplementary Information.

To compare the use of combined primary and secondary care records
to cancer registry data, we applied the same selection criteria to com-
bined records from CPRD GOLD and HES APC to identify a fourth set of
cases– referred to as the EHR case set.

Cancer dates were defined as the date of the recorded cancer diag-
nosis in CPRD, the European Network of Cancer Registries (ENCR)
guideline date of incidence in CR [15], and the start date of the
consultant episode in which the diagnosis was recorded in HES APC.

2.3. Statistical analysis

2.3.1. Patient characteristics and agreement of cancer diagnosis
For each cancer site and dataset we report descriptive statistics for

age at diagnosis, sex (both determined from CPRD), year of diagnosis,
and Elixhauser Comorbidity Index at diagnosis (determined from HES
APC) [18,19]; smoking status (determined from CPRD) is reported for
lung cancer patients only (see Supplementary Information). Note that
patient characteristics are reported to provide a descriptive summary of
the patients captured in each dataset and statistical tests were not used
to compare concordance of characteristics between datasets. Charac-
teristics are determined from the datasets listed above regardless of the
dataset in which the patient’s diagnosis was recorded.

‘Agreement of cancer diagnosis’ between datasets was defined as
identification of a case in both datasets, regardless of the timing of the
cancer dates during the study period [6]. Agreement is reported between
each pair of datasets for each cancer site.

To account for differences in tumour site coding between datasets,
for each of CR, HES, and CPRD we further report the percentage of
patients for each cancer site with any cancer diagnosis (i.e., including
diagnoses at other cancer sites) recorded in each of the other datasets
within one year.

2.3.2. Comparison of recorded cancer dates
We considered differences between cancer dates in the CR, as the

‘reference standard’, and other datasets. We restricted cases from the CR
to only include diagnoses between 1/1/2000 and 31/12/2017, allowing
identification of cases recorded up to one year earlier or later than the
CR cancer date in each of the other datasets. We assumed that diagnoses
recorded more than one year apart represented distinct diagnoses, as in
Arhi et al. [6], and did not include them when calculating differences in
cancer dates. For each cancer site and dataset we report the median and
interquartile range of the difference in days between cancer dates, and
the cumulative percentage of patients within each week of difference.

2.3.3. Changes in concordance with cancer registry over time
We used logistic regression to examine changes in concordance be-

tween the CR and CPRD or HES APC over time, stratifying by cancer site
and adjusting for patient age and sex. We examined the probability of a
diagnosis in CR being recorded in each of CPRD and HES APC both
overall and (for CR patients diagnosed between 1/1/2000 and 31/12/
2017) within one year. We modelled secular trends in agreement over
diagnosis year using a cubic polynomial. Between 2013 and 2015 the
eight English regional cancer registries were merged into a single na-
tional registry, establishing standardised data collection rules and a
national data specification (COSD) for data reported from multi-
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disciplinary teams [20]. To account for this we included dummy vari-
ables for pre-2013 (prior to change in cancer registration practices),
2014–15 (during change) and post-2016 (following change) to capture
any step changes in our model.

2.3.4. Supplementary analysis
We investigated patient characteristics associated with the under-

recording of diagnoses in CR. Cases diagnosed between 1/1/2014 and
31/12/2018 were identified from HES and CPRD, and for each dataset a
logistic regression model was used to predict the likelihood of the
diagnosis being recorded in CR, adjusting for cancer site, age at diag-
nosis, and Elixhauser Comorbidity Index at diagnosis.

3. Results

3.1. Patient characteristics

We identified 1731 brain, 4837 colon, 5420 lung 1406 ovarian, and
1280 pancreatic cancer patients with an eligible diagnosis recorded in at
least one of CPRD, HES, or CR between 1/1/1999 and 31/12/2018
(Table 1). Case selection flow charts are given in Supplementary Infor-
mation (Supp. Figs 1–5). For each cancer site, age, sex, year of diagnosis,
and Elixhauser Comorbidity Index were broadly similar across data
sources (Supplementary Information, Supp. Tables 2–6).

3.2. Agreement of cancer diagnosis

For all cancer sites, a diagnosis in CR was typically more likely to be
recorded in HES than CPRD (Table 2). Agreement of cancer diagnosis
ranged from 49.9 % (brain tumours, EHR diagnosis confirmed in CR) to
92.0 % (colon, CR diagnosis confirmed in EHR).The percentage of cases
in combined EHR data recorded in CR data was much lower (ranging
from 49.9 % (brain tumours) to 85.9 % (lung)) than the percentage of
CR cases recorded in EHR data (Table 2).

Similar patterns were seen in the percentage of patients in each
dataset with any cancer diagnosis recorded in another dataset within
one year (Supp. Table 7). The percentage of CR-captured patients with
any cancer diagnosis ranged from 77.6 % (brain tumours) to 87.3 %
(colon) in CPRD, and from 86.8 % (ovarian) to 93.0 % (colon) in HES.

3.3. Comparison of recorded cancer dates

The proportion of cases with diagnoses recorded in CR (2000 – 2017)
and a second dataset (1999 – 2018) with cancer dates that differed by
more than one year ranged from 0.64 % (pancreatic, CR vs CPRD) to
5.34 % (brain, CR vs CPRD) (Supplementary Information, Supp.
Table 8). For patients with diagnoses in CR and a second dataset within
one year, differences in cancer date varied across cancer sites and
datasets (Fig. 1, Fig. 2, Supplementary Information Supp. Tables 9–11).

3.4. Changes in concordance with cancer registry over time

The probability of a CR diagnosis being recorded in HES remained
consistently high over time for lung cancer and pancreatic cancer (lung
c.0.86, pancreatic – female patients c.0.87, pancreatic – male patients
c.0.82), but was more variable for other cancer sites (Supplementary
Information, Supp. Figures 6 – 10). The probability of a CR diagnosis
being recorded in CPRD varied more over cancer sites and time, ranging
from 0.46 (ovarian cancer 2000) to 0.77 (lung cancer, 2005–2006).

No statistically significant change was observed in the probability of
recording for any cancer site in 2013, 2014–15, or 2016, although
ovarian and brain cancer showed some volatility.

3.5. Supplementary analysis

In both HES and CPRD, patients with colon, lung, ovarian, and
pancreatic cancers were significantly more likely to have their diagnosis
recorded in CR than patients with brain tumours (Supplementary In-
formation, Supp. Tables 12& 13). HES patients with a higher Elixhauser
Comorbidity Index were less likely to have their diagnosis recorded in
CR.

4. Discussion

4.1. Summary

We examined differences in the recording of cancer diagnosis in
England between three datasets widely used for research purposes. Of
diagnoses recorded in the cancer registry, 84 % (ovarian) to 92 %
(colon) were also recorded in combined EHRs, and recording was
generally higher in secondary care. Of the cases recorded in primary
care, 58 % (brain tumours) to 92 % (lung) were also recorded in the

Table 1
Summary statistics of patients with recorded cancer diagnoses in CR, CPRD, HES, and EHR (combined CPRD and HES). Patients are included once for each cancer site
recorded in each dataset.

CR
(N=11,286)

CPRD
(N=9415)

HES
(N=11,750)

EHR
(N=13,472)

Age
Mean (SD) ​ 71.1 (12.3) ​ 70.1 (12.2) ​ 70.6 (12.4) ​ 70.6 (12.5)
Median (IQR) ​ 72.0 (17.0) ​ 71.0 (17.0) ​ 72.0 (17.0) ​ 72.0 (17.0)
Sex, n (%)
Female ​ 6000 (53.2%) ​ 5032 (53.5%) ​ 6253 (53.2%) ​ 7216 (53.6%)
Male ​ 5286 (46.8%) ​ 4383 (46.6%) ​ 5497 (46.8%) ​ 6256 (46.4%)
Year of diagnosis, n (%)
1999–2013 ​ 8583 (76.1%) ​ 7302 (77.6%) ​ 8961 (76.3%) ​ 10,323 (76.6%)
2014–2018 ​ 2703 (24.0%) ​ 2113 (22.4%) ​ 2789 (23.7%) ​ 3149 (23.4%)
Elixhauser score, n (%)
0 ​ 5671 (50.3%) ​ 4604 (48.9%) ​ 6017 (51.2%) ​ 7088 (52.6%)
1 ​ 2580 (22.9%) ​ 2306 (24.5%) ​ 2699 (23.0%) ​ 3035 (22.5%)
2–3 ​ 2176 (19.3%) ​ 1822 (19.4%) ​ 2152 (18.3%) ​ 2384 (17.7%)
4+ ​ 859 (7.61%) ​ 683 (7.25%) ​ 882 (7.51%) ​ 965 (7.16%)
Cancer site, n (%)
Brain ​ 898 (7.96%) ​ 1122 (11.92%) ​ 1315 (11.2%) ​ 1606 (11.9%)
Colon ​ 3627 (32.1%) ​ 3210 (34.1%) ​ 3893 (33.1%) ​ 4517 (33.5%)
Lung ​ 4699 (41.6%) ​ 3522 (37.4%) ​ 4473 (38.1%) ​ 4952 (36.8%)
Ovary ​ 1027 (9.10%) ​ 811 (8.61%) ​ 1056 (8.99%) ​ 1231 (9.14%)
Pancreas ​ 1035 (9.17%) ​ 750 (7.97%) ​ 1013 (8.62%) ​ 1166 (8.65%)
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cancer registry. When recorded in multiple datasets, cancer dates were
generally earlier in cancer registry data compared to primary care data,
but on the same date or later in cancer registry compared to secondary
care data. Agreement in recording of case status does not appear to have
increased over time.

4.2. Strengths and limitations

Within each data source, diagnoses were determined from the pres-
ence of a single code, and were not confirmed using other codes, in-
vestigations, or treatments. The HES Outpatient (OP) dataset was not
included in this study, as the recording of diagnostic fields is not
mandatory and has high missingness [21,22]. Additionally, HES only
contains data on NHS funded hospital care – diagnoses in private
healthcare settings may not be captured.

To maximise the chances of cancer registry diagnoses being captured
in primary and/or secondary care, records of each cancer site prior to a
patient’s registration at an up-to-standard CPRD GOLD practice were
discarded from all data sources, in line with a previous study [10]. Thus,
for some cases, the earliest record of their cancer diagnosis in HES or CR
may have been ignored. However, as a year of disease-free follow-up
prior to diagnosis was required in each data source, it is unlikely that
these excluded records represent diagnoses that would have been
captured in CPRD.

As previous studies have shown, agreement in recorded cancer
diagnosis is likely to vary between cancer sites [8,10]. As an initial
approach, we included five distinct cancer sites as it was not possible to
consider all cancer sites in this study. The included sites have different
presenting signs and symptoms, and appreciable proportions of cases
with these cancers are diagnosed through different diagnostic routes (for
example, emergency presentations, two-week wait referral pathways, or
screening) which may impact the recording and timing of cancer diag-
nosis in data sources differently [23,24]. However, the availability and
use of different pathways has varied over time and diagnostic pathway
variation is not the only reason why concordance between data sources
may vary by cancer site. Future research should expand this analysis to
other cancers such as non-melanoma skin cancers, rectal cancers, and
haematological cancers for which concordance may vary for other rea-
sons – for instance GPs may be more likely to record suspected diagnoses
of non-melanoma skin cancers. Furthermore, for patients with a cancer
diagnosis recorded in CR, future research could examine the extent to
which diagnostic route is associated with a diagnosis also being recorded
in other data sources.

Brain, pancreatic, and lung cancer have relatively high proportions
of patients diagnosed as an emergency [24,25] and can have high
mortality rates [26,27]. We selected cases from a cohort with at least one
year of follow-up between 2007 and 2021. As fewer patients diagnosed
between 1999 and 2007 will have survived for long enough to be eligible
for inclusion these sites are underrepresented prior to 2008. It is unclear
how this affects results, however the high rate of emergency pre-
sentations may explain the high probability of a CR diagnosis also being
recorded in HES for these sites (Supplementary Figures 6, 8 & 10).

When identifying brain tumour diagnoses, both benign and malig-
nant diagnoses were included – as common in cancer registration
practice – as the presenting symptoms and diagnostic processes are
similar. Uniquely among the cancer sites studied, a large proportion of
brain tumour cases identified in CPRD and HES did not have their
diagnosis recorded in cancer registry data. There are two theoretical
explanations for this finding.

First, that some brain cancer cases recorded in data sources other
than the cancer registry represent ‘false positives’. This can relate to
situations where there was initial suspicion of brain cancer, which was
not subsequently confirmed; or instances where brain metastases orig-
inating from primary tumours of other organs are misclassified as brain
tumours. Brain is a very common site of metastasis from primary tu-
mours in other organs, so the ratio of secondary to primary tumours inTa
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the brain is high. Therefore, a small degree of misclassification of me-
tastases could produce a large degree of discordance between different
sources, as observed in our study. Examining recording concordance
between data sources for neoplasms of other organs where the majority
of neoplasms arise from other organs, such as liver, would be useful.

Second, some brain cancers not recorded by the cancer registry may
represent ‘false negatives’, i.e., genuine primary brain tumours that have
not been captured. Further research is needed to elucidate the relatively
high degree of discordance observed for brain tumours.

4.3. Comparison with literature

There are seven main papers of relevance to this study [6–10,28,29]

– summarised in Supplementary Information (Supp. Table 14) – all using
data from prior to 2014. Key comparisons are outlined in Table 3.
Studies showed wide ranges in agreement between primary and sec-
ondary care records and cancer registry, with earlier studies appearing
to show higher concordance [9,28]. Our study is the first to examine
whether concordance between CR, CPRD GOLD, and HES has changed
during a recent 20-year period.

Agreement between CR and CPRD is more variable over time and
across cancer sites compared to agreement between CR and HES; this is
likely to reflect that a range of factors may impact the recording of
cancer diagnosis in primary care. Given the increased use of computers
during primary care consultations, and changes to the design of general
practice EHR systems, more recent coded data may be more accurate

Fig. 1. Cumulative percentage of patients by difference in cancer date (in a secondary data source - HES, CPRD, or combined EHR) from NCRAS cancer date, for
diagnoses occurring earlier in a secondary data source than in NCRAS. For each data source, the denominator population includes patients identified as having a
cancer diagnosis recorded in both NCRAS (2000 – 2017) and another data source (1999 – 2018) within 1 year.

Fig. 2. Cumulative percentage of patients by difference in cancer date (in a secondary data source - HES, CPRD, or combined EHR) from NCRAS cancer date, for
diagnoses occurring later in a secondary data source than in NCRAS. For each data source, the denominator population includes patients identified as having a cancer
diagnosis recorded in both NCRAS (2000 – 2017) and another data source (1999 – 2018) within 1 year.
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and complete than before. Additionally, the introduction of the ’two-
week wait’ strategy since the 2000’s, and Quality and Outcomes
Framework in 2004 may have affected the recording of cancer diagnosis
in primary care [30–33]. These factors – combined with changes to
cancer registration – could explain some of the heterogeneity between
CPRD and CR recording over time.

4.4. Implications

The datasets compared in this study are collected for different pur-
poses and, to some extent, cancer dates may reasonably differ between
them. Myklebust et al. illuminate how the date of incidence used in CR
varies with cancer registration practices [29]. When registration is based
on histological confirmation (as in England, per ENCR rules [15]) this
‘delays’ diagnosis from the date of first relevant hospital admission or
clinical encounter. The resulting NCRAS cancer date is likely to occur on
the same day or after the HES APC cancer date (Figs. 1 and 2).

Comparing cancer dates between primary care and cancer registra-
tion is more complex. Primary care cancer dates depend on recording
practices of individual clinicians and wider healthcare system factors,
such as changing cancer detection strategies. Some clinicians may code a
suspicion of cancer using diagnostic codes – in which case CPRD cancer
dates will appear before CR dates. Others may record cancer only after
formal diagnosis – for example, on receipt of confirmation from sec-
ondary care – or may backdate the cancer date to a hospital admission or
pathology date. This could result in the heterogeneous agreement we
observe between CR and CPRD (Figs. 1 and 2).

It is also worth considering whether data from primary care could
improve the quality and coverage of the cancer registry. Whilst data
streams from secondary care are already incorporated into the cancer
registration process, data does not currently pass directly from primary
care settings to the cancer registry [14]. As described above, the di-
agnoses coded in primary care are likely too tenuous to be relied upon
for case ascertainment purposes and are not used to determine incidence
dates. However, primary care data could be informative for the ascer-
tainment of other covariates, such as comorbidity burden.

The optimal dataset(s) for determining cancer dates depends on the

research question. For example, for diagnostic quality and safety
research [34], using cancer registry data to determine cancer date may
introduce complexity and bias. The date of histological confirmation
recorded in cancer registry data (in England) may differ from the date
the diagnosis was communicated to the patient based on other in-
vestigations (such as imaging). Other datasets may be preferable for
determining this diagnosis date [34]. It is unclear how study designs that
depend on a diagnosis date may be biased by differences in the cancer
date, however variation in case status alone may be sufficient to bias
estimates of epidemiological measures of cancer outcomes. Possible
implications of differences in case status and cancer date on different
study designs are outlined in Box 1.

Similarly the codes used to record the same tumour may vary be-
tween data sources. As illustrated in Supplementary Table 7, this issue
affects all cancer sites to varying degrees, but the largest variations can
be seen for ovarian and colon cancers. For instance, assigning a site to
ovarian cancer can be challenging and tumours that may be recorded in
HES as ovarian (i.e., ICD10 code C56) may be assigned other sites, such
as peritoneum, in the cancer registry. Note that guidance from the Royal
College of Pathologists advises pathologists to assign a site of fallopian
tube or primary peritoneum to what may be clinically referred to as
‘ovarian cancer’ based on the distribution of disease seen microscopi-
cally [38]. The cancer registry may be more likely to record the
pathologist assigned site than the HES assigned site. As such, the accu-
racy of site coding should be considered when selecting datasets for
research and when determining phenotypes.

4.5. Recommendations for selecting datasets

Costs, access delays, and linkage availability of cancer registration
data may present barriers to research [1]. Our findings suggest that
using combined electronic health record data for research can reason-
ably approximate cancer registry data, although limitations – such as
variable agreement across cancer sites and over time – must be consid-
ered and mitigated where possible.

Researchers should note that 84 – 92 % of cancer registry cases were
recorded in combined EHR data, and, except for brain cancer, similar
percentages of combined EHR cases were recorded in the cancer regis-
try; this highlights that agreement is high, but not perfect, and for brain
cancer it is indeed poorer. Clinician record review has previously
confirmed that many cancer diagnoses recorded in primary care are
valid [8], though research is needed to determine whether this remains
true. Recommendations for using different data sources to determine
case status and cancer date are summarised in Table 4. When selecting
data sources, researchers should consider the purpose for which the data
was collected, the data collection methods, and the possible biases
caused by variation in case status and diagnosis date in the context of
their specific research question.

5. Conclusion

Cancer registration data are considered the reference standard for
determining cancer incidence, but differences exist between case status
and cancer date compared to electronic health records in a minority of
patients with four of the five cancers studied (colon, lung, ovary, and
pancreas), while more substantial differences exist for brain cancer.
Combined data from primary and secondary care data may be sufficient
to identify cases in many circumstances. Further, while the CR is the
reference standard for fact of cancer, the earliest record of cancer in the
electronic health record may be the most relevant date for research into
the clinical diagnosis of cancer. The date we consider to represent the
diagnosis may impact on diagnostic interval lengths, positive predictive
values of presenting symptoms, and the distribution of diagnostic routes.
Mechanisms responsible for disagreements in cancer diagnosis status
and its recorded timing between sources should be elucidated by future
research, to help guide choice of the most appropriate diagnosis date.

Table 3
Key comparisons with existing literature.

Key observations from the literature Comparison with results of this study

More CR cases were recorded in HES
than CPRD (although less likely for
cancers managed in primary care) but
using a combination of datasets was
typically more sensitive than a single
dataset [6,8,10].

Our findings align with those from
previous studies, with HES records
confirming more CR diagnoses than
CPRD. A combined EHR dataset (CPRD +

HES) was able to identify a higher
percentage of CR cases than either CPRD
or HES alone for all five cancer sites (83.9
– 92.0 %).

Diagnoses in CPRD were likely to occur
later than in CR [6,9] – Boggon et al.
noted that 63 % of regional cancer
registry cases were also captured in
CPRD within 1 month [7].

This aligns with our finding that CPRD
diagnoses lag behind CR cancer dates,
but that between 72.1 – 79.8 % of CR
cases have the diagnosis captured in
CPRD within 1 month.

HES shows the highest concordance in
cancer dates with CR [6]

This was also the case in our study –
between 26.8 – 41.1 % of CR patients had
matching cancer dates in HES, compared
to 5.8 – 15.3 % in CPRD and 19.7 –
37.4 % in combined EHR data.

Margulis et al. observed greater
completeness of CPRD records between
2004 and 2008 [8]. Boggon et al. and
Margulis et al. were able to validate
some CPRD cases using free-text from
medical records [7,8].

Supplementary figures 6 - 10 show the
probability of a CR diagnosis being
recorded in CPRD peaking during this
period for three cancer sites (colon, lung,
ovary) – possibly reflecting an initial
improvement in recording of cancer
diagnosis in primary care following the
introduction of the Quality and
Outcomes Framework in 2004 [30]. We
were unable to access free-text to
validate CPRD cases.
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Box 1
Possible implications of differences in case status and cancer date on study designs dependent on a diagnosis date.

Implications for studies looking back from the diagnosis date

1. Diagnostic windows – Differences in case status and cancer date may impact estimates of diagnostic window length, dependent on the
underlying reasons for and directionality of differences.

2. Prodromal features – Many symptom-based NICE guidelines are based on research using primary care records to determine diagnosis. As
both the cases identified and cancer dates differ between data sources, this could affect PPV estimates.

3. Diagnostic routes – Differences in case status may lead to differing proportions of routes in the population both through ‘direct’
misclassification of incident cases and indirectly as differences in cancer date may misclassify ‘emergency presentation’ status (typically
defined by emergency healthcare use in the 30 days prior to the diagnosis date).

4. Diagnostic intervals – Measurement of intervals relies on the identification of a start point (typically a symptomatic consultation) and an
end point (the diagnosis date). As such, variation in the cancer date will result in different estimates of diagnostic intervals in CR
compared to EHR data. Differences in case status may be driven by factors that also relate to the length of the interval.

5. Missed diagnostic opportunities – Captured at the individual-level, differences in cancer date will lead to different amounts of time for
potential missed diagnostic opportunities to have occurred in different datasets, possibly biasing results.

Implications for studies looking forwards from the diagnosis date

6. Survival and prognostic outcomes – Differences in cancer date may result in immortal time bias. Differences in case status may be driven
by factors that also relate to survival (e.g., death-certificate only diagnoses may only be captured in cancer registration data)

7. Patient surveys – Different cancer patient surveys use different methods to draw patient samples [35–37]. Differences in cancer date and
case status between datasets may result in differences in case-mix.

Implications for studies dependent on case status

8. Incidence studies – Differences in case status will likely result in variation in estimated incidence levels. Factors driving differences in case
status may cause over- or under-estimation of incidence levels in certain patient groups.

Table 4
Implications and recommendations for using individual data sources to deter-
mine case status and diagnosis date.

Available data
source Implications Recommendations

Primary care data

Wide variation likely in
recording of cancer
diagnoses – consider case
status and cancer date with
caution
False positives and false
negatives are possible

Determining cancer status and/
or diagnosis date solely from
primary care data should be
avoided when possible -
confirmation using a second
data source could help limit false
negatives. If necessary, a higher
threshold should be considered
to limit false positives – e.g.,
using multiple records of the
condition, or evidence of
treatment.

Hospital
admission data

Case status and cancer date
likely more robust than
primary care data
Some cases – particularly
those managed in primary
care, such as skin cancer in
some health systems [39] –
are likely to be missing [8]

Consider diagnostic processes
and treatment pathways in the
healthcare system in question to
identify whether any particular
cancer sites or patient groups
may be missing

Population-based
cancer
registration data Case status likely to be

accurate. Cancer date
should be consistent with
registration practices.

The ability to interpret the date
of incidence recorded in
registration data as a proxy for
‘date of diagnosis’ will be
dependent on specific
registration practices.
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