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ABSTRACT
Introduction: Breast, lung and colorectal cancers
constitute the most common cancers worldwide and
their epidemiology, related health outcomes and quality
indicators can be studied using administrative healthcare
databases. To constitute a reliable source for research,
administrative healthcare databases need to be validated.
The aim of this protocol is to perform the first systematic
review of studies reporting the validation of International
Classification of Diseases 9th and 10th revision codes to
identify breast, lung and colorectal cancer diagnoses in
administrative healthcare databases.
Methods and analysis: This review protocol has been
developed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Protocol
(PRISMA-P) 2015 statement. We will search the following
databases: MEDLINE, EMBASE, Web of Science and the
Cochrane Library, using appropriate search strategies. We
will include validation studies that used administrative
data to identify breast, lung and colorectal cancer
diagnoses or studies that evaluated the validity of breast,
lung and colorectal cancer codes in administrative data.
The following inclusion criteria will be used: (1) the
presence of a reference standard case definition for the
disease of interest; (2) the presence of at least one test
measure (eg, sensitivity, positive predictive values, etc)
and (3) the use of data source from an administrative
database. Pairs of reviewers will independently abstract
data using standardised forms and will assess quality
using a checklist based on the Standards for Reporting of
Diagnostic accuracy (STARD) criteria.
Ethics and dissemination: Ethics approval is not
required. We will submit results of this study to a peer-
reviewed journal for publication. The results will serve as a
guide to identify appropriate case definitions and
algorithms of breast, lung and colorectal cancers for
researchers involved in validating administrative healthcare
databases as well as for outcome research on these
conditions that used administrative healthcare databases.
Trial registration number: CRD42015026881.

INTRODUCTION
The burden of cancer is increasingly growing
among populations and is associated with
major economic expenditure, especially in

developed countries.1 While breast cancer is
the most common cancer and the leading
cause of cancer death in women, lung cancer
is the leading cause of cancer deaths in men
and the second leading cause of cancer deaths
in women.2 On the contrary, colorectal cancer
is the third most common cancer in men and
the second in women, worldwide. Overall,
breast, lung and colorectal cancers account for
34% of all neoplasms around the globe.3

Administrative healthcare databases are
increasingly being used for epidemiological
evaluation in oncology,4 population outcome
research,5 drug utilisation reviews,6–8 evalu-
ation of health service delivery and quality,9 10

as well as for health policy development.11–13

Generally, these databases gather longitudinal
information concerning health resource util-
isation regarding hospitalisations, outpatient
care and often, drug prescriptions and vital
statistics.14 The use of these databases allows
for more efficient analyses and unlike rando-
mised trials, their representativeness of routine
clinical practice in large populations can
provide more generalisable findings.15 By def-
inition, administrative healthcare databases
are those in which data are routinely and

Strengths and limitations of this study

▪ Validation of International Classification of
Diseases 9th and 10th revision (ICD-9 and ICD-10)
diagnosis codes for breast, lung and colorectal
cancers, using administrative healthcare databases,
can contribute to health outcome research.

▪ This review will be the first to systematically
identify and evaluate primary studies that vali-
dated the accuracy of administrative healthcare
databases with ICD-9 and ICD-10 codes related
to breast, lung and colorectal cancers.

▪ The results will serve as a guide to identify
appropriate case definitions and algorithms of
breast, lung and colorectal cancers for research-
ers involved in validating administrative health-
care databases.
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passively collected without an a priori research question,
as they are usually established for billing or in general,
administrative purposes and not for research uses. Hence
the diagnostic codes used to identify, for example,
cancers, must be validated according to an accepted ‘ref-
erence standard’ reference diagnosis.16

The current International Classification of Diseases,
9th revision (ICD-9) codes are 233.0 and 174.0–174.9 for
breast cancer, 162.0–162.9 for lung cancer, and 153.0–
153.9 and 154.8 for colorectal cancer. The ICD-10 codes
are D05 and C50 for breast cancer, C34 for lung cancer
and C18-C20 for colorectal cancer. Generally, the
present diagnostic criteria for breast, lung and colorectal
cancers rely on histological examinations and radio-
logical analyses can contribute to staging. A number of
different claim-based algorithms have been proposed for
case identification of breast, lung and colorectal cancers,
such as a combination of healthcare claims data,17 the
use of chemotherapy18 and the number of medical
claims on separate dates.11 In addition, since patients
with metastatic cancer have different prognoses and typ-
ically different treatment patterns to those with earlier-
stage malignancies, researchers suggest using algorithms
to identify patients with metastatic cancer.11 19

To the best of our knowledge, data on the validity of
breast, lung and colorectal cancer diagnosis codes have
not been synthesised in the medical literature. With the
present protocol, we express our aim to systematically
evaluate validation studies of administrative data algo-
rithms identifying these cancers in administrative data-
bases. Relevant studies will be those that coded in a
sample population with breast, lung or colorectal cancer,
using a medical chart as a reference standard and evalu-
ated the accuracy of the validated ICD-9 or ICD-10
codes related to the cancer diseases.

Research question
The primary research question is ‘What is the accuracy of
administrative data algorithms related to breast, lung and
colorectal cancers in administrative databases for cor-
rectly identifying the respective diseases?’. The target
populations are patients with primary diagnosis of breast,
lung or colorectal cancer; the index test will be repre-
sented by administrative data algorithms related to breast,
lung and colorectal cancers and the reference standard
will be represented by medical charts, validated elec-
tronic health records (EHRs) or cancer registries. Our
primary outcome is the accuracy (expressed in terms of
sensitivity, specificity and positive and negative predictive
values) of administrative data algorithms in discriminat-
ing cases of breast, lung and colorectal cancer diseases.

METHODS
Literature search
Comprehensive searches of MEDLINE, EMBASE, Web
of Science and the Cochrane Library, from their incep-
tion, will be performed to identify published peer-

reviewed literature. We will employ a search strategy that
we developed based on the combination of: (1) key-
words and MeSH terms to identify records concerning
breast, lung and colorectal cancers; (2) terms to identify
studies likely to contain validity or accuracy measures
and (3) a search strategy designed to capture studies
that use healthcare administrative databases based on
the combination of terms used by Benchimol et al20 and
the Mini-Sentinel’s program.21 22 The developed search
strategy is available as online supplementary appendix
1. To retrieve additional articles, the authors will hand
search relevant reference lists of key articles. We will also
use the ‘Cited-By’ tools in PubMed and Google Scholar
to find relevant articles that cited the article of interest,
identified through the aforementioned search strategy.
Titles and abstracts will be screened for eligibility by two
independent reviewers. Discrepancies will be solved by
discussion.
This review protocol is prepared according to the

Preferred Reporting Items for Systematic reviews and
Meta-Analysis Protocols (PRISMA-P) 2015 statement23 and
the results will be presented following the PRISMA flow
diagram (figure 1).24 This protocol has also been published
in the PROSPERO International Prospective Register of sys-
tematic reviews with registration number CRD42015026881
(http://www.crd.york.ac.uk/PROSPERO).

Inclusion criteria
Full texts of eligible peer-reviewed articles that used
administrative data for the ICD-9 or ICD-10 codes related
to breast, lung and colorectal cancer diagnoses, without
publication date restriction, published in English, will be
obtained. For each study, the following inclusion criteria
will be applied: (1) the presence of a reference standard
case definition for the cancer of interest; (2) the pres-
ence of at least one test measure (eg, sensitivity, positive
predictive values (PPVs), etc); (3) the data source was
from an administrative database (ie, a database in which
data is routinely and passively collected without a priori
research question) and (4) the study database was from a
representative sample of the general population.
We aim to focus on primary diagnosis of cancers,

hence studies that considered algorithms to identify
cancer history, cancer progression or recurrence will not
be evaluated.
Studies that used EHRs to validate the disease of our

interest will also be included. An EHR consists of a
digital file used by healthcare providers for patient care
and generally it includes clinical notes, prescription
records and radiology and laboratory data.25 Similar to
most administrative databases, EHRs are not established
for research purposes.26 However, studies that used vali-
dated EHRs as a reference standard will be considered
in our evaluation.
In addition, studies that employ databases that were

not truly administrative (eg, cancer registries, epidemi-
ology surveillance systems, etc) will be excluded.
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Selection process
At the initial stage, titles and abstracts will be screened
for potentially eligible studies. Subsequently, full texts of
articles will be obtained and assessed to determine if they
meet the inclusion and exclusion criteria. We will
conduct data abstraction using standardised data collec-
tion forms that will be first tested on a sample of eligible
articles. Two review authors working independently and
in tandem will be involved in title and abstract screening,
full-text screening and data abstraction. Any discrepan-
cies will be resolved by consensus and where necessary,
with the involvement of a third review author. Calibration
exercises will be performed at each level of the process.

Data extraction
Data extraction will include the following information:
A. The details of the included study (including title,

year and journal of publication, country of origin
and sources of funding; the first author will be used
as the study identification);

B. The disease of interest (breast, lung and colorectal
cancer);

C. The target population from which the administrative
data were collected;

D. The type of administrative database used (eg, hospi-
talisation discharge data), outpatient records (eg,
physician billing claims), etc;

E. The ICD-9 or ICD-10 code used or the administrative
data algorithms tested these may include current pro-
cedural terminology; prescription fills, timing of diag-
nosis, etc);

F. The modality of development of the algorithm (eg,
using classification and regression trees, logistic
regression, expert opinion, etc);

G. External validation;
H. Use of training and testing cohorts;
I. The reference standard used to determine the valid-

ity of the diagnostic code (eg, medical chart review,
patient self-reports, cancer registry, etc);

J. The characteristic of the test used to determine the
validity of the diagnostic code or algorithm (eg, sen-
sitivity, specificity, PPVs and negative predictive values
(NPVs), area under the receiver operating character-
istic curve, likelihood ratios and κ statistics);

K. Any funding source and conflict of interest.

Quality assessment
The design and method of the included primary studies
will be assessed using a checklist developed by
Benchimol et al,20 based on the criteria published by the
Standards for Reporting of Diagnostic accuracy initiative
for the accurate reporting of studies using diagnostic
studies.27 The checklist is provided in online
supplementary appendix 2. The presence of potential

Figure 1 Study screening

process.
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biases within the studies will be reported in a descriptive
way. Neither subgroup analysis nor publication bias
assessment is anticipated.

Analysis
For each algorithm, we will abstract the performance sta-
tistics provided in the included studies. Validation statis-
tics may include sensitivity, specificity, PPV and NPV.
Sensitivity measures the degree to which an ICD-9 or
ICD-10 code (eg, ICD-9 174) correctly identifies
individuals who possess the characteristic of interest
(ie, breast cancer) in the source used as a reference
standard (eg, medical chart).16 We will calculate 95% CI
when they are not reported in the articles. Where pos-
sible, we will calculate PPV and NPV will be calculated if
not reported.
PPV is the number of true positives divided by the

total number of cases receiving the code and expresses
the likelihood that the code corresponds to a true-
positive case. NPV is the number of true negatives
divided by the total number of cases without the code of
interest and expresses the likelihood that the absence of
the code corresponds to a true-negative case.
Where possible, validation statistics will be aggregated

and stratified by administrative data source (outpatient
vs inpatient data), type of ICD code (ICD-9 or ICD-10),
stage of disease and country of origin.

ETHICS AND DISSEMINATION
This review protocol will use publicly available data
without directly involving human participants, hence
approval from an ethics committee is not required. An
outline of the protocol is published in the PROSPERO
International Prospective Register of Systematic Reviews
in 2015, registration number CRD42015026881. The
results will summarise the studies’ validating diagnostic
codes that identify breast, lung and colorectal cancers in
administrative data. The results will serve as a guide to
identify appropriate case definitions and algorithms of
breast, lung and colorectal cancers for researchers
involved in validating administrative healthcare data-
bases as well as for outcome research on these condi-
tions that used administrative healthcare databases.
Findings of the review will be presented at relevant sci-

entific conferences and disseminated through publica-
tion in a peer-reviewed journal.
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