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Abstract

Objectives: In the evaluation of cancer screening tests, cancer-free controls are often matched to cancer cases on factors such as sex and
age. We assessed the potential merits and pitfalls of such matching using an example from colorectal cancer (CRC) screening.

Study Design and Setting: We compared sex and age distribution of CRC cases and cancer-free people undergoing screening colono-
scopy in Germany in 2006 and 2007. We assessed specificity by sex and age of two immunochemical fecal occult blood tests (iFOBTs) in
a study among screening colonoscopy participants conducted in the same years, and we assessed the expected impact of matching by sex
and age on the validity of specificity estimates at various cut points.

Results: In the screening colonoscopy program, the proportion of men and mean age were 59.6% and 68.6 years among 10,324 CRC
patients compared with 45.6% and 64.7 years, respectively, among 997,490 cancer-free participants. The specificity of the iFOBTs was
higher among women than among men and decreased with age. Matching of cancer-free controls by age and sex would have led to the
underestimation of specificity at all cut points assessed.

Conclusion: In the evaluation of cancer screening tests, matching of controls may lead to biased estimates of specificity. � 2013
Elsevier Inc. All rights reserved.
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1. Introduction

In the ‘‘omics’’ era, research on novel early detection
markers for cancer is blooming [1,2]. In the evaluation of
cancer early detection markers, cancer patients are re-
cruited for determining sensitivity. For the evaluation of
specificity, noncancer controls are needed. Ideally, cancer-
free controls should be recruited from the screening popu-
lation, but, given the difficulty of verification of the absence
of cancer by a (often rather invasive) gold standard method

in screening populations, cancer-free convenience samples
recruited in clinical settings are often used in practice.
The suitability of controls is often judged by their compa-
rability with cases with respect to the distribution of key
sociodemographic factors, such as sex and age. In some
studies, matching by these factors is used to ensure full
comparability. For example, in a recent systematic review
on the performance of blood-based tests for early detection
of colorectal cancer (CRC) [3], information on sex and age
of cases and controls was given in approximately half of the
studies. While many studies used convenience samples of
controls (such as patients with benign diseases or blood do-
nors) that were on average considerably younger than
cases, matching of controls by age or sex and age was ex-
plicitly reported in four studies [4e7].

However, for valid judgment of the specificity of cancer
early detection markers, the controls should be representa-
tive of cancer-free people from the screening population,
who might differ from the cases with respect to sex and
age. For example, because of the strong rise of both cancer
incidence and prevalence with age [8,9], cases would
almost always be expected to be on average older than non-
cases among screening participants. Likewise, the strong
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What is new?

� Matching of controls to the sex and age distribu-
tion of cancer cases is commonly used, and the de-
gree of matching is often perceived to be a quality
criterion in studies evaluating cancer early detec-
tion tests.

� The authors show that, in contrast to widespread
belief, ‘‘perfect matching’’ may in fact lead to bi-
ased estimates of specificity, and they illustrate
the potential merits and pitfalls of matching using
the example of colorectal cancer screening studies.

sex differences in incidence and prevalence seen for many
forms of cancer, such as lung, stomach, and CRC or skin
melanoma, would be expected to result in major differences
in the sex distribution of cases and cancer-free controls
[8,9]. Unsurprisingly, age and sex were found to be strongly
associated with findings of cancer and precancerous lesions
in many cancer screening studies [10e12].

Implications, pros, and cons of matching as a tool to pre-
vent confounding or enhance precision and power have
been widely addressed in the context of assessing risk fac-
tor effects in cohort and caseecontrol studies, respectively
[13e15]. To our knowledge, no previous article has
addressed the implications of matching in studies aiming
to assess the performance characteristics of screening tests.
In this article, we aim to assess potential implications of
such matching. We illustrate by an empirical example from
the setting of CRC screening that matching of controls to
the sex and age distribution of cases might lead to biased
estimates of specificity if the sex and age distribution of
people in the screening population vary between those with
and without the disease and specificity likewise varies
according to sex and age. Our illustration is based on data
from the German national screening colonoscopy program
[16,17] and from a study evaluating two immunochemical
fecal occult blood tests (iFOBTs) among participants of this
program [18,19].

2. Methods

2.1. Databases

Data from the German national screening colonoscopy
registry were used to assess the sex and age distribution of
CRC cases and cancer-free participants of screening
colonoscopy. Colonoscopy is the current gold standard for
diagnosis of CRC. In Germany, screening colonoscopy is
offered as a primary screening examination for early
detection and prevention of CRC since October 2002.
Women and men are eligible for a first screening colono-
scopy from the age of 55 years. If this first screening

colonoscopy is conducted before 65 years of age, a second
screening examination will be offered 10 years later. Certifi-
cation to conduct screening colonoscopy is tightly regulated
on the basis of extensive previous training and experience,
and maintenance of certification is contingent on conducting
at least 200 colonoscopies and 10 polypectomies per year
that are subject to rigorous quality control. Histopathologic
examination is performed decentrally by certified pathology
laboratories.

Details on the national German screening colonoscopy
registry have previously been reported [16,17]. Briefly, the
results of all screening colonoscopies are reported on a stan-
dardized form by the physicians. Reporting is considered
virtually complete as it is a prerequisite for reimbursement
for colonoscopies by the health insurance funds. The re-
gistry includes only colonoscopies conducted as primary
screening examinations (i.e., colonoscopies conducted for
work-up of results from other tests, such as positive results
of fecal occult blood tests (FOBTs), because of symptoms
or for surveillance of previous findings, which are sepa-
rately reimbursed as ‘‘therapeutic colonoscopies’’ are not
included). Items reported include basic sociodemographic
variables and information on findings at colonoscopy. The
reporting forms are scanned, processed, and checked for
completeness and plausibility using standardized algorithms
at regional data centers before anonymized transfer to the
national data center is performed. Approximately 3% of el-
igible people participate in screening colonoscopy each
year, which translates to an expected participation rate of
25e30% during the 10-year time window foreseen for this
screening option. For this analysis, we used data from
1,007,814 first-time screening colonoscopies in 2006 and
2007. This time window was chosen as it corresponds to
the time window of data collection for the early detection
marker evaluation study described in the following.

iFOBTs are increasingly recommended and used for CRC
screening because of advantages in test performance and
acceptance over traditional guaiac-based FOBTs [20e24].
Estimates of the specificity of two iFOBTs were derived
from the BLITZ study, a study among participants of screen-
ing colonoscopy in Southern Germany which has been de-
scribed in detail elsewhere [18,19,25e27]. Briefly, 1,785
participants were recruited in 20 gastroenterology practices
between January 2006 and December 2007 according to
a protocol approved by the ethics committees of the Medical
Faculty Heidelberg of the University of Heidelberg and phy-
sicians’ chambers of Baden-W€urttemberg, Rheinland-Pfalz,
and Hessen. Patients were informed about the study at a
preparatory visit in the practice, typically about 1 week
before colonoscopy. They were asked to provide a stool sam-
ple before bowel preparation for colonoscopy, which was
used for the evaluation of multiple stool-based early detec-
tion markers, including multiple qualitative [18,25] and
quantitative iFOBTs [19,26,27] in a central laboratory.
Results for two quantitative tests (RIDASCREEN Haemo-
globin and RIDASCREEN Haemo-/Haptoglobin Complex;
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