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ABSTRACT

Objectives Validation studies in oncology are limited in
Japan. This study was conducted to evaluate the accuracy
of diagnosis and adverse event (AE) definitions for specific
cancers in a Japanese health administrative real-world
database (RWD).

Design and setting Retrospective observational
validation study to assess the diagnostic accuracy of
electronic medical records (EMRs) and claim coding
regarding oncology diagnosis and AEs based on medical
record review in the RWD. The sensitivity and positive
predictive value (PPV) with 95% Cls were calculated.
Participants The validation cohort included patients with
lung (n=2257), breast (n=1121), colorectal (n=1773),
ovarian (n=216) and bladder (n=575) cancer who visited
the hospital between January 2014 and December 2018,
and those with prostate cancer (n=3491) visiting between
January 2009 and December 2018, who were identified
using EMRs.

Outcomes Key outcomes included primary diagnosis,
deaths and AEs.

Results For primary diagnosis, sensitivity and PPV for the
respective cancers were as follows: lung, 100.0% (96.6 to
100.0) and 81.0% (74.9 to 86.2); breast, 100.0% (96.3 to
100.0) and 74.0% (67.3 to 79.9); colorectal, 100.0% (96.6
t0 100.0) and 80.5% (74.3 to 85.8); ovarian, 89.8% (77.8
t0 96.6) and 75.9% (62.8 to 86.1); bladder, 78.6% (63.2
10 89.7) and 67.3% (52.5 to 0.1); prostate, 100.0% (93.2
t0 100.0) and 79.0% (69.7 to 86.5). Sensitivity and PPV
for death were as follows: lung, 97.0% (84.2 to 99.9) and
100.0% (84.2 to 100.0); breast, 100.0% (1.3 to 100.0)
and 100.0% (1.3 to 100.0); colorectal, 100.0% (28.4 to
100.0) and 100.0% (28.4 to 100.0); ovarian, 100.0%
(35.9 t0 100.0) and 100.0% (35.9 to 100.0); bladder,
100.0% (9.4-100.0) and 100.0% (9.4 to 100.0); prostate,
75.0% (19.4 t0 99.4) and 100.0% (19.4 to 100.0).
Overall, PPV tended to be low, with the definition based
on International Classification of Diseases, 10th revision
alone for AEs.

Conclusion Diagnostic accuracy was not so high, and
therefore needs to be further investigated.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= To our knowledge, this is the first study in oncology
in Japan that validates disease and adverse event
(AE) definitions in a health administrative real-world
database (RWD) using chart review based on elec-
tronic medical records data from a hospital as the
reference standard.

= Validation was performed at a single facility, which
may limit generalisability and transportability of the
results.

= Study results are limited by the inherent issues re-
lated to the use of an RWD, which primarily stores
medical information for the purpose of insurance
claims.

= The diagnosis and AE definitions used in this study
may not be the most suitable; thus, there is an op-
portunity to further deepen these definitions.

= Study methods for the consolidation of true positives
for events with low incidence need to be further in-
vestigated as it was challenging to investigate out-
comes with extremely low incidence.

Trial registration number University Hospital Medical
Information Network (UMIN) Clinical Trials Registry
(UMIN000039345).

INTRODUCTION

In recent years, evidence from routine clin-
ical practice using data from real-world
databases (RWDs) has increasingly gained
importance in decision-making in healthcare,
research and drug development." In addition,
RWD studies can help generate evidence for
advancement in precision medicine and facil-
itation of targeted and efficient patient care.”
In line with this trend, evidence related to
several aspects, such as health technology,
expenditure forecasting, survival outcomes,
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time to therapy and treatment efficacy, is increasingly
being collected from RWD studies in oncology.”®

However, it is important to validate case-identification
algorithms to evaluate the accuracy of information sourced
from RWDs, which is usually collected for purposes other
than research.” To this end, several studies have been
conducted outside of Japan to evaluate the accuracy of
algorithms based on health administrative data in iden-
tifying cancer diagnoses or other outcomes using data-
bases, such as registries, population-based cohorts, chart
reviews and electronic medical records (EMRs) as refer-
ence standards.*’

The implementation of the revised ordinance of Good
Postmarketing Study Practice by the Pharmaceuticals
and Medical Devices Agency (PMDA) of Japan in 2018
suggests that the importance of using RWDs in postmar-
keting surveillance to investigate the safety and efficacy
of pharmaceutical products is being recognised in Japan
as well."”® To encourage validation studies, the PMDA of
Japan and Japan Society for Pharmacoepidemiology estab-
lished a basic concept for conducting validation studies to
verify diagnosis codes and other outcome definitions in
Japanese RWDs.'? *” However, to our knowledge, only a
few claims-based validation studies® ™ have reported on
outcomes in cancer>? % to date. Thus, this necessitates
validation studies on a wider range of cancer types in
Japan using a reliable database as a reference standard.
This study was conducted for validation of diagnosis and

adverse event (AE) definitions for specific cancers in a
Japanese RWD using a chart review by EMR.

PATIENTS AND METHODS

Study design

This was a validation study of diagnosis and AE definitions
in the health administrative RWD of the Health, Clinic,
and Education Information Evaluation Institute (HCEI)
conducted by chart review of EMRs from Kurashiki
Central Hospital, Japan, as the reference standard.

Data collection

Data were collected retrospectively from EMRs at the
Kurashiki Central Hospital, Japan (figure 1), which were
the primary data source. All possible cases that met the
diagnosis and AE definitions and cases other than all
possible cases were identified using International Classi-
fication of Diseases, 10th revision (ICD-10) codes (online
supplemental figures S1-S6) from the EMRs. Further,
these cohorts were randomly sampled to verify the diag-
noses and related events. EMRs were manually reviewed
to verify the diagnosis of all possible cases. This verified
dataset was anonymised and sent to Real World Data Co,
the vendor for HCEIL The verified dataset was linked
deterministically to claims data and EMRs originally
derived from the hospital.

HCEI/'RWD database
EMR/Claims data b HCEI RWD b
from other hospitals = »  database =
N N
Data anonymized,
assigned a unique LS
b code anonymised and
= standardised
- ee——
=]

EMR/Claims data = —
in KCH =

All possible cases

defined followed by

random sampling in
KCH

Data linked with HCEI
RWD after assigning
a unique code

Chart review
in KCH

Figure 1

v

=

Health, Clinic, and Education Information Evaluation Institute/real-world database. EMR, electronic medical record;

HCEI, Health, Clinic, and Education Information Evaluation Institute; KCH, Kurashiki Central Hospital; RWD, real-world

database.
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Chart review based on EMR

A chart review for all possible cases was conducted
by medical professionals, including medical doctors
involved in the management of cancer patients and four
clinical research coordinators (CRCs) at the Kurashiki
Central Hospital, Japan. The diagnosis of cancer was
made primarily by histopathological tests, followed by
radiological diagnosis and findings based on the physi-
cian’s clinical examination. At least two CRCs conducted
chart reviews independently. Any disagreements were
resolved by the two CRCs and by a medical doctor, if still
unresolved.

HCEI database

HCEI is an integrated RWD initiated in Japan and
supported by Real World Data Co (Kyoto) 3 As of August
2020, HCEI was collecting information from approxi-
mately 20 million patients from 190 medical institutions
in Japan, including Kurashiki Central Hospital. The
HCEI database covers 1.2% of the overall Japanese popu-
lation and includes data from 1.3 million outpatients and
0.21 million inpatients in 2019.** Medical information is
extracted from EMRs, claims and Diagnosis Procedure
Combination (DPC) in the HCEI database. Patient-
level data from DPC, EMRs and claims are integrated in
advance at the hospital, anonymised, linked to a unique
code and standardised (figure 1). The linked data are
then provided to HCEI for storage on their server. Infor-
mation on procedures (such as surgery) is obtained
from claims, while information on laboratory tests and
treatments is obtained from EMRs. Diagnosis data are
obtained from both claims and EMRs. Per HCEI’s security
policy, personal identifiable information (such as date
of birth) is not collected during data extraction. Master
lists are constructed based on the national standards of
the Mlgrglssggz of Health, Labour and Welfare (MHLW) of
Japan.

Patient and public involvement in research

Patients or the public were not involved in the design
or conduct, reporting or dissemination plans of our
research.

Patient selection

Patients with lung, breast, colorectal, ovarian and bladder
cancer who visited Kurashiki Central Hospital between
January 2014 and December 2018 (online supplemental
figures S1-S5), and those with prostate cancer (online
supplemental figure S6) who visited the hospital between
January 2009 and December 2018, were eligible for
the study. Further information on inclusion criteria is
provided in online supplemental table S1. Patients partic-
ipating in clinical trials during the data extraction periods
and those who were assigned the respective ICD-10 code
for lung, colorectal, breast, ovarian and bladder cancer
from 1 January 2014 to 31 January 2014 and from 1
November 2018 to 31 December 2018, and that for
prostate cancer from 1 January 2009 to 31 January 2009

and from 1 November 2018 to 31 December 2018, were
excluded from the study. Patients diagnosed during these
periods were excluded to avoid bias due to the time lag
between suspected diagnosis by medical examination and
confirmation of diagnosis by biopsy, when the outcome
definition was potentially met.

The cohort entry date was the date when the respec-
tive cancer was diagnosed—January 2014 for lung, breast,
colorectal, ovarian and bladder cancer and January 2009
for prostate cancer—and the end date was 31 December
2018. To avoid selection of cases diagnosed before the
cohort entry date, patients who were assigned the respec-
tive ICD-10 code for lung, colorectal, breast, ovarian and
bladder cancer before 31 December 2013, and that for
prostate cancer before 31 December 2008, were excluded.

Eligible patients were stratified by random sampling
as all possible and not possible cases. All possible cases
included patients who met the ICD-10 code for the respec-
tive support during the specified data extraction period.
Patients who were never assigned an ICD-10 code for
the respective cancer; those with lung, colorectal, breast,
ovarian and bladder cancer who visited the hospital
between 1 January 2014 and 31 December 2018; and
those with prostate cancer between 1 January 2009 and
31 December 2018 were stratified as not possible cases.
Overall, 200 cases each with lung, breast or colorectal
cancer and 100 cases each with ovarian, bladder or pros-
tate cancer were targeted and randomly selected from all
possible cases for the EMR review, and not possible cases
were also randomly selected using the same proportions.

Outcomes and assessment of accuracy
Outcomes for validation included primary diagnosis,
performance status (PS)ZQ,38 first/second/third recur-
rence or exacerbation, death and AEs, particularly
immune-related AEs (irAEs), associated with new diag-
noses for patients with lung, breast, colorectal, ovarian,
bladder and prostate cancer. AEs included interstitial
pneumonia, liver dysfunction, colitis/diarrhoea, type
1 diabetes mellitus (T1DM), encephalitis/meningitis,
nerve disorders (excluding paresthesia), myasthenia
gravis, Guillain-Barré syndrome, skin disorder, rhabdomy-
olysis, myocarditis, perforation of digestive tract/fistula,
hypoadrenocorticism and febrile neutropenia.
Outcomes were defined by separate algorithms (online
supplemental tables S2 and S3) for each cancer type
using one variable or a combination of >2 variables, such
as diagnoses, treatments, procedures and laboratory test
results. Lung cancer was further classified as primary,
non-small cell and small cell.

Statistical analysis

The target sample size for random sampling was deter-
mined based on the feasibility of chart review. If >100
patients each meet the definition of primary diagnosis and
true positives, the 95% Cls for positive predictive value
(PPV) and sensitivity can be estimated with a precision of
up to £10% for lung, breast and colorectal cancer.”” The
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sample size for ovarian, bladder and prostate cancer was
half that for lung, breast and colorectal cancer.

In the dataset submitted by HCEI, accuracy for each
cancer type was evaluated using sensitivity, specificity, PPV
and negative predictive value (NPV) for primary diag-
nosis, first recurrence/exacerbation and death. Other
outcomes were evaluated using only PPV to determine
if the cases were true for those meeting the outcome
definition. AEs were validated in patients with true
primary cancer who had received chemotherapy. PPV was
calculated only after confirming whether the outcome
occurred within (before or after) 30 days of the patient
meeting the outcome definition.

All possible cases refer to the population thatis assumed
to include all true patients,' **** and included patients
who met the ICD-10 code for the respective cancer in
EMRs during the specified data extraction period. True
positives were defined as patients in whom the outcomes
occurred based on HCEI information and EMR review.
In addition, patients were randomly selected from cases
other than all possible cases at the same extraction rate as
that for ‘all possible cases’ to calculate the specificity and
NPV for primary diagnosis, first recurrence/exacerba-
tion and death. The data extraction period for different
cancer types was estimated based on the national survival
rate survey of 2019 conducted by the National Cancer
Center Council,” in which the survival period was 10
years for prostate cancer and 5 years for other cancer
types. Likewise, a longer data extraction period was
considered for prostate cancer to allow for the collection
of true positives.

The frequency and 95% Cls were calculated for sensi-
tivity, specificity, PPV and NPV. 95% CIs were calculated
by the symmetric CI method. The degree of agreement
between two chart reviewers was evaluated using the
kappa coefficient. Extrapolability of the Kurashiki Central
Hospital database to that of other hospitals in HCEI data-
base was assessed by comparing the distribution of patient
characteristics (age at data extraction, sex, age at time of

granting ICD-10, observation periods). Outcome defini-
tions used for identification of patients were as follows:
Al for lung cancer, ol for breast cancer, 1 for colorectal
cancer, Y1 for ovarian cancer, €1 for bladder cancer and 81
for prostate cancer (online supplemental table S2). Statis-
tical analyses were conducted using R V.4.0.2 software.

RESULTS

Patient disposition

Of the 256418 patients who received medical treat-
ment from 2014 to 2018, 2257 with lung cancer (online
supplemental figure S1), 1121 with breast cancer (online
supplemental figure S2), 1773 with colorectal cancer
(online supplemental figure S3), 216 with ovarian cancer
(online supplemental figure S4) and 575 with bladder
cancer (online supplemental figure S5) were included
as all possible cases (table 1). From 2009 to 2018, 3491
patients with prostate cancer of 413 631 patients receiving
medical treatment (online supplemental figure S6) were
included as all possible cases (table 1).

For identifying patients with each cancer type, the
following outcome definitions were used: Al for lung
cancer, ol for breast cancer, B1 for colorectal cancer, Yl
for ovarian cancer, €1 for bladder cancer and 81 for pros-
tate cancer (online supplemental table S2).

Lung cancer

The kappa value in chart reviews for diagnosis defini-
tions was 0.982 (95% CI 0.947 to 1.017) for primary lung
cancer, 0.979 (95% CI 0.950 to 1.008) for non-small cell
lung cancer (NSCLC), 1.00 for small cell lung cancer
(SCLC) and 0.982 (95% CI 0.947 to 1.017) for death.
There were 30 false negatives and 132 true positives for
Al using DPC diagnosis (figure 2). Sensitivity was 100%
with A2 using related definitive diagnosis (figure 2).
Although specificity, PPV and NPV for NSCLC were high
for B1 and B2 using cancer-related diagnosis codes, sensi-
tivity was low (38.3%; online supplemental table S4).

Table 1 Study cohort
Patients who
underwent medical
Study period for patient treatment during the True
Cancer type selection and chart review study periods, n Target patients, n All possible cases, n cases, n
Lung cancer January 2014 to December 256418 252847 2257 162
2018
Breast cancer January 2014 to December 256418 253358 1121 148
2018
Colorectal cancer January 2014 to December 256418 252733 1773 161
2018
Ovarian cancer January 2014 to December 256418 254995 216 49
2018
Bladder cancer January 2014 to December 256418 254520 575 42
2018
Prostate cancer January 2009 to December 413631 410356 3491 79
2018
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A. Primary lung cancer (kappa value [95% Cl]: 0.982 [0.947 to 1.017])

Reference standard
Positive (n) Negative (n)
» PPV (%) = 95.0
index | Fositive (n) 132 i 95% CI: 89.9 to 98.0
test (A1) . NPV (%) = 99.9
Negative (n) % 22 95% CI: 99.8 t0 99.9
Sensitivity (%) = 81.5 Specificity (%) = 100.0
95% Cl: 74.6 to 87.1 95% CI: 99.9 to 100.0
Reference standard
Positive (n) Negative (n)
" PPV (%) =81.0
Index | Positve () 162 it 95% Cl: 74.9 10 86.2
test (A2) . NPV (%) = 100.0
Negative (n) 0 22206 95% CI: 100.0 to 100.0
Sensitivity (%) = 100.0 Specificity (%) = 99.8
95% ClI: 96.6 to 100.0 95% Cl: 99.8 to 99.9
Reference standard
Positive (n) Negative (n)
" PPV (%) = 94.8
Index | Positive (n) 128 i 95% CI: 89.6 10 97.9
test (Ad) - NPV (%) = 99.8
Negative (n) 34 2223t 95% Cl: 99.8 10 99.9
Sensitivity (%) = 79. Specificity (%) = 100.0
95% CI: 71.8 to 85.0 95% ClI: 99.9 to 100
B. Small cell lung cancer (kappa value [95% CI]: 1.000 [1.000 to 1.000]) C. Primary breast cancer (kappa value [95% CI]: 1.000 [1.000 to 1.000])

Reference standard

Reference standard

Positive (n) Negative (n) Positive (n) Negative (n)
| . PPV (%) = 100.0 | s PPV (%) =74.0
55 Positive (n) 10 0 95% CI:(S‘gJ t0100.0| | % q Positive (n) 148 52 95% lefio7).3to 799
- -y
£a : NPV (%) = 100.0 £9 : NPV (%) = 100.0
#|Negative (n) ! 2239% 05°% Cl: 100.0to 100.9 | *|"\o9ative () 0 . 95% CI: 100.0 to 100.0

Sensitivity (%) = 90.9
95% Cl: 58.7 t0 99.8

Specificity (%) = 100.0
95% Cl: 100.0 to 100.0|

D. Primary colorectal cancer (kappa value [95% Cl]: 0.953 [0

.900 to 1.006])

Reference standard

E.

Sensitivity (%) = 100.0
95% Cl: 96.3 to 100.0

Specificity (%) = 99.9
95% Cl: 99.8 to 99.9

Primary ovarian cancer (kappa valu

e [95% CI]: 0.920 [0.843 to 0.997])

Reference standard

Positive (n) Negative (n) Positive (n) Negative (n)

N PPV (%) = 80.5 ot PPV (%) = 75.9
58 Positive (n) 161 39 95% Cl: 74310858 | | 5 T Positive (n) 44 14 95% CI 62.8 to 86.1
Eg . NPV (%)= 1000 | |2 . %) =
= 2|Negative (n) 0 28 309 05% CI:(18()).0 t0100.0 |~ #|Negative (n) 5 11692 9?0/2"&(: g,g).ﬁl??)i?o

F. Primary bladd

Sensitivity (%) = 100.0
95% CI: 96.6 to 100.0

Specificity (%) = 99.9
95% Cl: 98.8 to 99.9

er cancer (kappa value [95% Cl]: 0.898 [0.812 to 0.985])

Reference standard

G.

Primary prost:

Sensitivity (%) = 89.8
95% ClI: 77.8 to 96.6

Specificity (%) = 99.9
95% Cl: 99.8 to 99.9

ate cancer (kappa val

ue [95% Cl]: 0.875 [0.7

55 to 0.995])

Reference standard

Positive (n) Negative (n) Positive (n) Negative (n)

I PPV (%) =673 1 PPV (%) = 79.0
5 Positive () . 16 95% CI: 52510801 | | 3 & Positive (n) 79 . 95% Cl: 69.7 to 86.5
£3 - NPV (%) = 1000 | |£ & - NPV (%) = 100.0

Negative (n) ° 44208 05% CI: 1000 to 100.9 || Negative (n) 0 11655 95% Cl: 100.0 to 100.0

Sensitivity (%) = 78.6
95% Cl: 63.2 to 89.7

Specificity (%) = 100.0
95% CI: 99.9 to 100.0

Sensitivity (%) = 100.0
95% Cl: 93.2 to 100.0

Specificity (%) = 99.8
95% Cl: 99.7 0 99.9

Figure 2 Diagnosis definitions with high* accuracy. *All accuracy values included for a definition are approximately 70% or
more. NPV, negative predictive value; PPV, positive predictive value.

Accuracy was high for all statistical parameters for SCLC
(figure 2). Data on death could be extracted with high
accuracy using EMR definitions (E1; figure 3).

Breast cancer

The kappa value in the chart review for diagnosis defi-
nitions was 1.000 and 0.961 (95% CI 0.917 to 1.005) for
death. The sensitivity was 100% for 0.2 using EMR diag-
nosis (figure 2). Sensitivity was as low as 62.8% and there
were b5 false negatives in ol using DPC diagnosis (online
supplemental table S4). The accuracy of death definitions
for breast cancer was challenging to calculate because
outcome events were very few owing to good disease prog-
nosis (online supplemental table S5).

Colorectal cancer

The kappa value in the chart review for both diagnosis
definitions and death was 0.953 (95% CI 0.900 to 1.006).
There were 39 false positives in B2 (figure 2); 15 were
diagnosed with colorectal cancer before 2014, 2 had
malignancies that were excluded and the remaining
patients were diagnosed with another cancer on subse-
quent EMR examination. Death occurred in 4/57 target
patients, and sensitivity and specificity of E1 were 100%
each (figure 3).

Ovarian cancer
The kappa value in the chart review for diagnosis defini-
tions was 0.920 (95% CI 0.843 to 0.997) and 0.940 (95%

Fujiwara T, et al. BMJ Open 2022;12:6055459. doi:10.1136/bmjopen-2021-055459


https://dx.doi.org/10.1136/bmjopen-2021-055459
https://dx.doi.org/10.1136/bmjopen-2021-055459
https://dx.doi.org/10.1136/bmjopen-2021-055459

A. Lung cancer (kappa value [95% CI]: 0.982[0.947 to 1.017])

Reference standard Reference standard
Positive (n) Negative (n) Positive (n) Negative (n)

P PPV (%) = 100.0 o PPV (%) = 100.0
50 Positive (n) 32 0 95% Cl: 84.210 100.0| | ¥ & Positive (n) 32 0 95% Cl: 84.2 to 100.0
T o T -
£72 " NPV (%)=976 ||£2 " NPV (%) =97.6

2|Negative (n) 1 40 5% CI 87.1 10 99.9 2|Negative (n) 1 40 95% CI: 871 10 99.9

Sensitivity (%) = 97.0 |Specificity (%) = 100.0 Sensitivity (%) = 97.0 |Specificity (%) = 100.0
95% Cl: 84.2t0 99.9 [95% CI: 87.1 to 100.0 95% Cl: 84.2t0 99.9 |95% ClI: 87.1 to 100.0
B. Breast cancer (kappa value [95% CI]: 0.961 [0.917 to 0.005])
Reference standard Reference standard
Positive (n) Negative (n) Positive (n) Negative (n)

| e PPV (%) = 100.0 = - PPV (%) = 100.0
§ ] Positive (n) 1 0 95% Cl: 1.3 to 100.0 E b Positive (n) 1 0 95% Cl: 1.3 to 100.0
£37 . NPV (%)=100.0 ||£%& ' NPV (%) = 100.0

£|Negative (n) 0 104 95% Cl: 94.8 o 1000] || Negative (n) 0 i 95% Cl: 94.8 to 100.0

Sensitivity (%) = 100.0 |Specificity (%) = 100.0 Sensitivity (%) = 100.0 |Specificity (%) = 100.0
95% CI: 1.3 to 100.0 [95% CI: 94.8 to 100.0 95% ClI: 1.3 to 100.0 |95% ClI: 94.8 to 100.0
C. Colorectal cancer (kappa value [95% CI]: 0.953 [0.900 to 1.000])
Reference standard Reference standard
Positive (n) Negative (n) Positive (n) Negative (n)

o PPV (%) = 100.0 P - PPV (%) = 100.0
§ o Positive (n) 4 0 95% Cl: 28.4 to 100.0 _?g‘ b Positive (n) 4 0 95% Cl: 28.4 to 100.0
£3 ’ NPV (%)=1000 ||£ % ! NPV (%) = 100.0

#|Negative (n) 0 53 95% Cl: 90.1 to 100.0 £|Negative (n) 0 53 95% ClI: 90.1 to 100.0

Sensitivity (%) = 100.0 |Specificity (%) = 100.0 Sensitivity (%) = 100.0 |Specificity (%) = 100.0
95% Cl: 28.4 to 100.0 [95% CI: 90.1 to 100.0 95% Cl: 28.4 to 100.0 |95% CI: 90.1 to 100.0
D. Ovarian cancer (kappa value [95% Cl]: 0.940 [0.940 to 1.007])
Reference standard Reference standard
Positive (n) Negative (n) Positive (n) Negative (n)
. =|Positive (n) 5 0 PPV (%) =100.0 || <Ipositive (n) 5 0 PPV (%) = 100.0
K] w 95% CI: 35.9 to 100.0 K} u 95% CI: 35.9 to 100.0
= &|Negative (n) 0 16 NPV (%) =1000 ||= 8|\egative (n) 0 16 NPV (%) = 100.0
95% Cl: 71.3 to 100.0 95% Cl: 71.3 to 100.0
Sensitivity (%) = 100.0 |Specificity (%) = 100.0 Sensitivity (%) = 100.0 |Specificity (%) = 100.0
95% Cl: 35.9 to 100.0 |95% CI: 71.3 to 100.0 95% ClI: 35.9 to 100.0 {95% CI: 71.3 to 100.0
E. Bladder cancer (kappa value [95% Cl]: 0.878 [0.784 to 0.973])
Reference standard Reference standard
Positive (n) Negative (n) Positive (n) Negative (n)

P [ PPV (%) = 100.0 o PPV (%) = 100.0
5E Positive (n) 2 0 95% C1 9.4 t0 100.0 § g Positive (n) 2 0 0% Ol 04 10 1000
T - -

EB " NPV (%)=1000 |[£ @ " NPV (%) = 100.0

2|Negative (n), 0 8 95% CI: 51.8 to 100.0 2|Negative (n) 0 8 95% Cl: 51.8 to 100.0

Sensitivity (%) = 100.0 |Specificity (%) = 100.0 Sensitivity (%) = 100.0 |Specificity (%) = 100.0
95% Cl: 9.4 to 100.0 |95% Cl: 51.8 to 100.0 95% Cl: 9.4 to 100.0 [95% CI: 51.8 to 100.0
F. Prostate cancer (kappa value [95% CI]: 0.905 [0.798 to 1.011])
Reference standard Reference standard
Positive (n) Negative (n) Positive (n) Negative (n)

R - PPV (%) = 100.0 o PPV (%) = 100.0
x &|Positive Q) 3 0 95% CI: 19.4 10 100.0| | 5 m| " 0sitive (n) 3 0 95% CI: 19.4 to 100.0
T o T =
£% . NPV (%)=970 ||£%8 ! NPV (%) = 97.0

£|Negative (n) 1 32 05% Cl: 84210900 | |+ |Negative (n) 1 32 95% CI: 84.2 10 99.9

Sensitivity (%) =75 [Specificity (%) = 100.0 Sensitivity (%) =75 |Specificity (%) = 100.0
95% Cl: 19.4 t0 99.4 |95% Cl: 94.2 to 100.0 95% CI: 19.4 t0 99.4 |95% Cl: 94.2 to 100.0

Figure 3 Death definitions with high* accuracy. *All accuracy values included for a definition are >70%. NPV, negative

predictive value; PPV, positive predictive value

CI 0.873 to 1.007) for death. PPV was higher with y1 than
with ¥2 (75.9% vs 49.5%; online supplemental table S4).
Sensitivity was higher with y2 than with y1 (100.0% vs
89.8%; online supplemental table S4). Death occurred in
5/21 target patients, and the sensitivity and specificity of
E1 were 100% each (figure 3).

Bladder cancer

The kappa value in the chart review for diagnosis defini-
tions was 0.898 (95% CI 0.812 to 0.985) and 0.878 (95%
CI 0.784 to 0.973) for death. Sensitivity was 100% in €2,
but PPV was as low as 42.0% (online supplemental table
S4). PPV was higher with €1 than with €2 (67.3% vs 42.0%;

online supplemental table S4). Death occurred in 2/10
target patients, and the sensitivity and specificity of E1
were 100% each (figure 3).

Prostate cancer

The kappa value in the chart review for diagnosis defini-
tions was 0.875 (95% CI 0.755 to 0.995) and 0.9045 (95%
CI 0.798 to 1.011) for death. PPV was 100% in 81 (online
supplemental table S4), and sensitivity was 100% in &2
(figure 2). Death occurred in 4/36 target patients, and
the sensitivity and specificity of E1 were 75% and 100%,
respectively (figure 3).
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Adverse events
The overall PPV for all cancer types was <50%: 47.1% for
interstitial pneumonia, 34.6% for liver disorders, 25.5%
for colitis/diarrhoea and 18.3% for nerve disorders
(excluding paresthesia) by related ICD-10 definitive diag-
nosis. Although PPV was 100% for encephalitis/menin-
gitis and gastrointestinal perforation by related ICD-10
definitive diagnosis, only one case each was identified
as these are rare AEs. For skin disorders, PPV was 76.4%
by related ICD-10 definitive diagnosis and 70.4% when
treatments were combined in the definition. A combina-
tion of related ICD-10 definitive diagnosis and treatments
resulted in a PPV of 87.5% for liver disorders. By ICD-
10-related definitive diagnosis and intravenous antibiotics
use, PPV was 76.9%-100% for febrile neutropenia. PPV
was 0% for TIDM.

No events of myasthenia gravis, Guillain-Barré
syndrome, rhabdomyolysis, adrenal hypofunction and
myocarditis were identified in this analysis.

Other outcomes

Only one true positive case was extracted for PS>2for
lung cancer using the definition of rehabilitation status.
Of 51 patients who had received chemotherapy, the PS
was 0-1 for 33 patients, 2—4 for 16 patients and unclear

for 2 patients. Thus, only 1 (6.3%) true positive case with
PS>2was extracted using the definition of chemotherapy.
Therefore, despite a PPV of 100.0%, it could be chal-
lenging to use the current definition of PS>2in an admin-
istrative database study. Similarly, the accuracy of the
definition of first recurrence/exacerbation was extremely
low for all cancer types owing to very few true positives.
Since the accuracy of the second and third recurrence/
exacerbation was calculated based on the number of true
positives during the first recurrence/exacerbation, it
could not be evaluated.

Extrapolability of EMR data
Sex and age of all possible cases at the Kurashiki Central
Hospital and all hospitals were similar (table 2).

DISCUSSION

To our knowledge, this is the first study in oncology in Japan
that validates disease names and AE definitions in an RWD
by using chart review based on EMR as the gold standard.
The diagnostic accuracy of primary diagnosis definitions by
ICD-10 code in EMRs and DPC was evaluated. The PPV of
diagnosis definition by DPC was relatively high, but sensitivity
tended to be low. Although the diagnosis definition using

Table 2 Demographic and observation period of study population

Age (years) at

Age (years)

at the time of Observation

All possible data extraction, granting ICD-10, Observation period period (days)
cases, n Male, n (%) mean (SD) mean (SD) (days), mean (SD) person-years
Lung cancer
Kurashiki Central 2477 1728 (69.8) 75.0 (9.9) 72.8 (10.2) 801.4 (626.7) 1985024
Hospital
All hospitals 19861 13136 (66.1) 74.8 (10.2) 73.5(10.4) 523.9 (5652.4) 10405993
Breast cancer
Kurashiki Central 1166 10 (0.9) 67.0 (13.3) 64.1 (13.3) 1022.6 (650.8) 1192400
Hospital
All hospitals 18289 131 (0.7) 64.7 (14.1) 62.6 (14.1) 780.5 (618.6) 14274791
Colorectal cancer
Kurashiki Central 1684 989 (58.7) 73.6 (11.3) 71.1(11.6) 930.5 (613.5) 1566924
Hospital
All hospitals 23501 13836 (58.9) 741 (11.3) 72.1 (11.5) 770.6 (596.2) 18110552
Ovarian cancer
Kurashiki Central 265 34 (12.8) 66.4 (15.4) 63.9 (15.5) 896.2 (653.5) 237497
Hospital
All hospitals 2592 145 (5.6) 64.1 (14.9) 62.3 (15.1) 667.3 (581.1) 1729551
Bladder cancer
Kurashiki Central 568 446 (78.5) 77.6 (10.0) 75.0 (10.5) 991.3 (611.8) 563042
Hospital
All hospitals 7408 5810 (78.4) 76.9 (10.4) 74.9 (10.6) 799.9 (595.8) 5925496
Prostate cancer
Kurashiki Central 3131 3057 (97.6) 76.5 (8.4) 71.9 (8.7) 1703.1 (1118.3) 5332446
Hospital
All hospitals 32136 28690 (89.3) 77.7 (8.9 74.2 (9.2) 1341.3 (1041.6) 43105126

ICD-10, International Classification of Diseases, 10th revision.
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DPC showed false negatives, it can be used for identifying
patients with the respective disease. In the definitions using
a definitive diagnosis from claims, PPV tended to decrease,
but sensitivity tended to increase, thereby suggesting the
importance of selecting outcome definition according to the
purpose of the study.

The diagnostic accuracy of lung cancer by histological
classification varied, with a sensitivity of 90.9% and PPV
of 100.0% for SCLC and a sensitivity of 38.3% and PPV of
88.5% for NSCLC. Since the database is used primarily for
insurance purposes, precise histological classification of
lung cancer in EMR was likely not considered an important
documentation item by physicians; therefore, only 38.3% of
patients with NSCLC received ICD-10 code of NSCLC. In
SCLC, further studies to investigate improved methods of
extracting false negatives are warranted.

The sensitivity for the EMR definition of breast cancer was
100% and DPC definition was as low as 62.8%. However, spec-
ificity was high with both EMR and DPC, and PPV ranged
between 74.0% and 83.8%. In a previous study,” high sensi-
tivity, specificity and PPV were observed using definitions
obtained by combining diagnostic and procedure codes in
a Japanese claims database, suggesting that a combination of
codes may result in higher accuracy.

The accuracy of the evaluation for death was high (97.0%
sensitivity and 100.0% PPV) using the EMR definition for
lung cancer. Although the sensitivity was high using the
EMR definition for other cancers as well, further studies
with a larger sample size are needed for confirmation. In
cancer types other than lung cancer, which generally have a
short survival according to the national cancer survival rate
survey,” high sensitivity and PPV were observed with some
definitions. The number of true negatives was high due to a
longer survival at Kurashiki Central Hospital than expected,
resulting in fewer deaths, which made the evaluation chal-
lenging. Thus, further investigation is necessary. In Japan, a
death notification is submitted to the city office in case of
death, but it is not linked to the hospital information system
and EMRs. Therefore, there is a high likelihood of death
data getting missed. However, Kurashiki Central Hospital
follows up patients to check their health status, including
death, and the likelihood of missing death data was there-
fore minimal.

Identification of cases with ‘recurrence/exacerbation’
was extremely difficult in all cancer types by definition
using items such as diagnoses with ‘recurrent’ as a modi-
fier, pathology-related medical practice code or relevant
surgical history. A previous validation study in breast cancer
conducted using cancer registry and health maintenance
organisation data in the USA suggested that the quality of
recurrence data may improve by using multiple recurrence
algorithms, and a second cancer record in a cancer registry
may potentially improve the diagnostic accuracy of recur-
rence.” In another validation study conducted in Canada,
Xu et al assessed the recurrence of breast cancer using data
extracted from discharge abstracts, physician billing claims
and the National Ambulatory Care Reporting System.'”
They achieved a sensitivity of 94.2% and a PPV of 79.2%

using definitions based on second round of chemotherapy,
diagnostic procedures, treatment, visit to oncologists, patient
age and tumour stage."”” True positives may be identified if
specific therapies are used for the first recurrence/exacerba-
tion, but further investigation is required. Similarly, PS>2, an
important variable for cancer, needs further investigation as
it was extremely difficult to identify in this study.

For AEs, PPV tended to be low overall with a definition
based on ICD-10 alone, suggesting that a combination
of definitions based on specific treatment modalities for
AEs could be more appropriate. The definitions of febrile
neutropenia and skin disorders had high PPVs and, there-
fore, can be generalised. The validation of TIDM as an AE
was challenging as it was difficult to differentiate whether it
was an existing comorbidity or developed newly. Moreover,
T1DM as a primary diagnosis is rarely found, as the treatment
usually targets complications of TIDM. For a few AEs, no
true positives were identified, possibly because the outcome
definition was developed for irAEs. However, owing to the
absence of any reference standard for irAEs in clinical prac-
tice, chart review was instead conducted for AEs in general.
For AEs with a low incidence, further large studies with a
more appropriate validation method are required.

Since RWDs contain a large volume of information, it is
not realistic to perform validation of multiple outcomes
using all cases; instead, representative samples should be
used as much as possible. However, such investigations are
possible only in a small number of medical facilities. An effi-
cient and precise validation dataset that comprehensively
represents the database of a medical facility is required to
minimise bias. Furthermore, definition of the disease and
outcomes with low incidence should allow for the collection
of as many true positives as possible.

In our study, all possible cases were extracted using the
related ICD-10 code from medical information available in
the study institution. The Health Insurance Bureau of the
MHIMW requires that a suspected diagnosis is changed to
a definitive diagnosis as soon as a diagnosis is confirmed.**
Since the RWD used in this study is a health insurance data-
base, patients with a definitive diagnosis identified by ICD-10
code were deemed as all possible cases. To confirm the
robustness of this hypothesis, 100 cases for each cancer type
were randomly sampled from cases other than all possible
cases to ensure that no patients with a primary diagnosis were
included. A more efficient method is warranted for valida-
tion before a pharmacoepidemiology study using informa-
tion from an RWD. In randomised controlled trials (RCT5),
the efficacy and safety of treatments are assessed objectively;
therefore, assessments are preset. However, in daily clinical
practice, treatment decisions are subjective and based on
the availability and type of medical resources, capabilities,
treatment cost and patient needs. Therefore, diagnosis and
outcome definitions based on efficacy and safety assessments
used in RCTs may not be suitable in RWD studies and should
be carefully evaluated for use in daily clinical practice.

In this study, validation was performed at a single facility,
potentially limiting generalisability and transportability of
the results. Further, the results are limited by the inherent
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issues related to use of an RWD, which primarily stores
medical information for the purpose of insurance claims.
Moreover, ICD-10 codes for patients diagnosed or treated
in other hospitals could be missing from EMRs at Kurashiki
Central Hospital. Furthermore, chart review of all patients
was not conducted in this study. Therefore, patients with a
primary diagnosis among other than all possible cases could
have been misclassified as true negatives, potentially under-
estimating the number of false negatives. Moreover, the diag-
nosis and AE definitions used in this study may not be the
most suitable, and there is an opportunity to further deepen
the definitions. For instance, the definition of AE in this
study was developed based on treatmentassociated irAEs
and information on therapeutic agents such as steroids and
treatments for allergy; however, definitions based on thera-
pies used for general AE treatment could have been more
appropriate. Furthermore, it was challenging to investigate
outcomes with an extremely low incidence, for example,
certain AEs. Therefore, study methods for consolidation
of true positives for events with low incidence need to be
investigated.

Conclusions

The results from our study suggest that diagnostic accu-
racy was not so high. DPC data could identify only a limited
proportion of patients with cancer, while claims or DPC data
could identify only a limited proportion of deceased patients.
Since the number of cases was limited in this study, further
investigation is required to validate the definitions using
DPC and claims data. In view of the current claims process
in Japan, EMR data are deemed appropriate to comprehen-
sively identify patients with cancer or deceased patients for
postmarketing surveillance using RWD. Although a high
PPV was observed for a few AEs, precision could have been
low owing to the low incidence of AEs, and therefore, valida-
tion of AEs warrants further investigation.
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