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Observational Research 
Designs

7.1	 �An Overview of Observational Study 
Designs

Observational studies do not dictate the cancer screening regi-
mens that their study subjects utilize. Instead, these studies col-
lect data on individuals’ cancer screening practices, cancer 
outcomes, and other factors if needed. Because no regimens are 
dictated, an observational study can capture information about 
and evaluate a variety of cancer screening practices, including 
use of different tests or cancer screening regimens. Observational 
studies can be retrospective or prospective in nature, with the 
distinction dependent on how and when individuals are chosen 
for study inclusion. Prospective observational studies of cancer 
screening track individuals as they move forward in time until 
the event of interest happens or the study is complete. 
Retrospective observational studies of cancer screening look at 
past experiences of individuals who have had the event of inter-
est and others who have not. Prospective observational studies 
are said to sample based on exposure (cancer screening experi-
ence), while retrospective observational studies are said to sam-
ple based on outcome (death).

Observational studies provide weaker evidence than experi-
mental studies because observational studies are subject to con-
founding. Confounding occurs when a third factor is associated 
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with both the cancer screening practice and cause-specific mortal-
ity, meaning that the third factor is not equally present among 
groups of individuals with different cancer screening practices 
and is not equally present among groups of individuals with dif-
ferent cancer outcomes. An example comes from observational 
studies of colorectal cancer screening and colorectal cancer 
mortality. Individuals who exercise are more likely to have 
colorectal cancer screening and also are less likely to die of 
colorectal cancer. If an observational study observes a reduction 
in colorectal cancer mortality with cancer screening, we cannot be 
sure what is responsible. Is it cancer screening, exercise, a combi-
nation of both, or some unknown protective factor that is more 
likely among individuals who receive cancer screening and who 
exercise?

Confounding is a type of bias and leads to an incorrect estimate 
of the true relationship of cancer screening and cause-specific 
mortality. It is present in varying degrees in all observational stud-
ies and while it can be dampened using statistical methods, these 
methods cannot eliminate all confounding because it is not pos-
sible to measure all confounders or measure them accurately.

Observational studies usually are less expensive and easier 
to perform than experimental studies. There are many reasons 
for that: the study usually does not administer or pay for the 
cancer screening test; existing databases often are used; and 
retrospective studies do not need to wait for time to pass since 
the data already have been collected. Some prospective studies 
can take as long or longer than a randomized controlled trial 
(RCT), however. Retrospective studies are often used as a first 
pass to examine a hypothesis about a cancer screening test, 
especially if use of that test is prematurely disseminating into 
community practice.

Observational study designs that are frequently used in cancer 
screening assessment will be discussed: cohort, case-control, and 
ecologic. Single-arm studies, sometimes known as case series, 
will be presented as well. Readers who wish to learn more about 
observational research can consult Modern Epidemiology (3rd 
edition) by Rothman, Greenland, and Lash [1].
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7.2	 �Cohort Studies

7.2.1	 �Design Features

A cohort is a group of people with something in common, either 
by nature or design, who are followed through time for an event 
of interest. Research cohorts can be created in one of two ways. 
Prospective cohorts are created in real-time; data is collected as 
time passes. Retrospective cohorts, also known as historic cohorts, 
are created after data have been collected. These cohorts comprise 
extracted data from pre-existing data sources, such as Medicare or 
the medical records of health maintenance organization members. 
Retrospective cohorts usually are analyzed as if their data had 
been collected prospectively and generally are constructed for the 
purpose of addressing pre-determined research questions. In pro-
spective cohort studies, individuals usually are recruited to 
actively participate in the study, but with retrospective cohort 
studies, individuals usually do not know that their data are being 
used to answer a specific research question.

Information on cohort experience can come from a variety of 
data sources. Prospective cohorts usually rely heavily on partici-
pant interviews and participant-completed questionnaires, and 
may use medical records to validate procedures and diagnoses. 
Retrospective cohorts typically have little-to-no additional infor-
mation collected on them. In both instances, deaths can be con-
firmed with collection of death certificates, while death certificate 
cause of death can be verified with review of medical records that 
document clinical experiences prior to death. It is recommended 
that records for at least the 3–6 months prior to the date of death 
be considered [2].

No prospective cohorts have been established for the primary 
purpose of examining cancer screening effectiveness, though 
some have been established to collect other information about the 
cancer screening process in community settings. Some pre-
existing prospective cohorts have been used to address effective-
ness if cancer screening and death information are available. 
Many retrospective cohorts have been created to address a range 
of questions regarding cancer screening. Cohorts without 
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information on cancer screening can be repurposed by collecting 
the needed information if it is available.

7.2.2	 �Analysis Features

Cohort members choose their cancer screening regimens, which 
means that confounding is all but guaranteed. Therefore, outcome 
measures need to be calculated using statistical models that allow 
for adjustment for confounding variables. If timing of death (date 
of death or person-years of experience) is available, Cox propor-
tional hazards regression or Poisson regression can be used, with 
the choice determined by assumptions regarding whether the haz-
ard of death changes over time [3]. Logistic regression can be 
used if information on timing of death is unavailable.

Poisson regression produces a cause-specific mortality rate 
ratio, Cox proportional hazards regression produces a cause-
specific hazard rate ratio, and logistic regression produces an odds 
ratio, which estimates a risk ratio (also known as a relative risk) in 
the case of a rare outcome like cancer. Each ratio represents a 
measure of disease burden in the individuals who received the 
cancer screening regimen of interest divided by those who did 
not. When assessing cancer screening data, the exact measure 
used (mortality rate, hazard rate, or odds) is of less importance 
than the ratio that they will produce. The three methods, when 
applied to a cancer screening cohort with typical experience, usu-
ally will produce ratios that lead to the same conclusion about the 
benefit of cancer screening.

Risk difference measures are sometimes used to describe how 
the absolute rather than relative magnitude of disease burden 
changes with cancer screening. To calculate a risk difference, the 
measure of interest (incidence rate, mortality rate, or hazard rate) 
in the presence of cancer screening is subtracted from the measure 
of interest in the absence of cancer screening. For example, a 
cause-specific mortality rate of 4 per 1000 person-years in the 
absence of cancer screening and a cause-specific mortality rate of 
3 per 1000 person-years in the presence of cancer screening result 
in a risk difference of 1 per 1000 person-years. Difference mea-
sures are more useful than relative measures when considering 
health care resource allocation.
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7.2.3	 �Strengths and Weaknesses

Cohort studies allow for evaluation of effectiveness, something of 
the utmost importance because the manner in which cancer 
screening is utilized in community settings is often quite different 
from the idealized regimens in RCTs. For example, an RCT might 
test an annual regimen, but the regimen that evolves in the com-
munity could have longer or varied cancer screening intervals, 
especially when the cancer screening test is not fully acceptable to 
community members. Cohort studies also can be used to examine 
uptake of a new cancer screening test or test performance 
measures.

The value of a cohort often depends on the extent of confound-
ing and timing of data collection. The chance and possible impact 
of confounding must be discussed whenever cohort data are pre-
sented. Regarding timing, cohort data are analyzed as if data were 
collected with the passing of time, meaning that collection of 
information on exposure (cancer screening and confounding) 
occurs before the outcome (cause-specific mortality) has occurred 
or is known. The data for some cohorts are collected that way, but 
for cohorts that are repurposed, researchers often need to collect 
information on past events. These data may be affected by recall 
bias, which happens when the passage of time results in data 
errors that then lead to incorrect estimates of the true relationship 
between cancer screening and cause-specific mortality. For exam-
ple, let’s say a cohort is used to examine the ability of colonos-
copy to reduce colorectal cancer mortality. When participants are 
asked about cancer screening use in the past 10 years, some may 
erroneously report a past colonoscopy when in fact their exam 
was a flexible sigmoidoscopy, which also reduces colorectal can-
cer mortality but to a lesser degree. Non-trivial error in reporting 
would lead to an observed association between colonoscopy and 
colorectal cancer that is weaker than the real association. The 
recall error led to measurement of the impact of receiving flexible 
sigmoidoscopy or colonoscopy, rather than only colonoscopy.

Needless to say, it’s best to collect information as soon as pos-
sible after an exposure occurs. It is probably best to collect 
information on past cancer screening activities from medical 
records or health insurance claims rather than participant 
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interviews, although medical records can be lost, and laws may be 
enacted that make use of both sources more difficult. Also, medi-
cal records do not always provide complete or correct informa-
tion. They are subject to human error and in some instances 
creative procedure coding to maximize insurance reimbursement.

To have adequate statistical power, cohort studies evaluating 
cancer screening usually need to be large and have a number of 
years of follow-up. Establishment of a new cohort and the infra-
structure to track the experience of the participants will be expen-
sive, although typically less than that of an RCT, as cancer 
screening activity and follow-up occurs as part of community 
care. Repurposing of an existing cohort can save money and time, 
but the need for additional data will lead to a reduction in resources 
saved.

7.2.4	 �Variations

A nested case-control study of cancer screening uses all cause-
specific deaths in a cohort as cases, but only a subset of the rest of 
cohort members as controls. This design is used when additional 
data collection is needed and is expensive or time-consuming, as 
in the situation of needing to determine the indication for a medi-
cal test. Nested case-control studies of cancer screening are con-
structed and analyzed in the same manner as case-control studies 
of cancer screening; the only difference is that cases and controls 
are drawn from an established cohort rather than another source. 
Details of case-control studies of cancer screening, nested and 
otherwise, are presented later on in this chapter.

7.2.5	 �Examples of Cancer Screening Cohort 
Studies

The BCSC is a prospective cohort study of breast cancer screen-
ing. It is a cancer screening test registry: information on screening 
mammograms and other breast cancer screening imaging tests is 
collected, as well as information on the women who receive them. 
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The unit of analysis is often a test rather than a woman. The BCSC 
is not intended to evaluate cancer screening effectiveness; instead, 
it strives to “assess and improve the delivery and quality of breast 
cancer screening and related patient outcomes”. The cohort has 
been used to evaluate important issues in breast cancer screening, 
including screening adherence, test performance, and supplemen-
tal screening [4].

The Nurses’ Health Study (NHS) and Health Professionals 
Follow Up Study (HPFS) are on-going prospective cohort studies, 
each designed to explore causes of major health conditions in the 
US. The NHS began in 1976 and the HPFS in 1985. Both studies 
added questions to their self-administered questionnaires in 1990 
regarding receipt of lower endoscopy (colonoscopy or sigmoidos-
copy). The researchers published findings on the impact of lower 
endoscopy on colorectal cancer mortality in 2013 [5].

Kaiser Permanente of North California (KPNC) is an inte-
grated health care delivery system with more than 4 million mem-
bers. Their extensive electronic health databases have been used 
to address many questions in cancer etiology and prevention, 
including cancer screening. An example of how a health care 
organization’s databases can be used to conduct a retrospective 
cohort study of cancer screening can be found in KPNC’s report 
on the long-term risk of colorectal cancer death after a negative 
colonoscopy [6].

7.3	 �Case-Control Studies

7.3.1	 �Design Features

A case-control study is retrospective in nature, meaning that all 
exposures and events have occurred before the study begins. A 
case-control study includes cases, who are individuals who had 
the outcome of interest, and controls, who are individuals who did 
not have that outcome at a point in time that is determined by the 
case’s experience. The design has been used extensively in cancer 
etiology studies. A case-control study often aims to include the 
universe of cases: all individuals who experience the outcome of 
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interest during a specific time period. Controls are randomly sam-
pled (usually within age strata) from the population that gave rise 
to the cases. In case-control studies of cancer etiology a 
population-based roster, such as a list of drivers’ license holders, 
is used to sample controls.

In principle, case-control studies of cancer screening are the 
same as case-control studies of etiology. Cases are individuals 
who have died due to the cancer of interest. Controls are selected 
for a specific case, with random selection usually stratified on age 
and sex of the case. In addition, controls must not have been diag-
nosed with the cancer of interest prior to the case’s diagnosis date; 
the reason is to ensure an equal and cotemporaneous opportunity 
for cancer screening. Some case-control studies of cancer screen-
ing have required that controls be alive on the date of the case’s 
death. Cancer screening experience during a specific period (as 
discussed below) is compared in cases and controls.

Case-control studies of cancer screening usually select their 
cases and controls from health system patient rosters because 
access to medical records is a necessity. Medical records are used 
to determine whether a test was done for cancer screening as 
opposed to diagnostic evaluation, and obtain details of cancer 
diagnoses. As was noted earlier in this chapter, case-control stud-
ies of cancer screening also can be constructed by selecting cases 
and controls from an established cohort.

7.3.2	 �Analysis Features

Case-control studies of cancer screening are designed and ana-
lyzed as matched case-control studies because exposure assign-
ment for controls is defined by the experience of a case. 
Conditional logistic regression models are used to account for the 
matching and to adjust for other possible confounders. Logistic 
regression produces an odds ratio; in the instance of a case-control 
study of cancer screening, it is the ratio of the odds of receiving 
cancer screening among those who died of the cancer of interest 
divided by the odds of receiving cancer screening among those 
who did not die of the cancer of interest.
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The primary challenge in analysis of case-control studies of 
cancer screening is assessing cancer screening exposure. An 
exposure window, one that reflects the period when cancer screen-
ing could have been beneficial to cases (Phase B as defined in 
Chap. 2), must be defined. The exposure window for cases ends 
no later than the date of diagnosis, and usually ends prior to the 
date of diagnosis to exclude the period when cases were undergo-
ing diagnostic evaluation. Controls are given a reference date, 
which corresponds to the final date of their matched case’s expo-
sure window. Only cancer screening experience prior to that date 
is considered to be in the exposure window. Cancer screening 
tests that occurred in the distant past should be excluded if there is 
reason to believe that they were done prior to the time the case’s 
cancer was in Phase B.

7.3.3	 �Strengths and Weaknesses

Case-control studies of cancer screening are retrospective research 
and can be done more quickly and inexpensively than cohort stud-
ies or RCTs. The number of cases is known at the start of the 
study, and controls are selected only if they match to a known 
case. Detailed information, such as that found in medical records, 
usually is needed to determine whether a test was for cancer 
screening and whether it occurred within the exposure window.

Confounding is a concern in case-control studies of cancer 
screening. Recall bias may be of concern if medical record 
abstractors are aware of the study hypothesis, or if medical records 
are systematically missing information, or are systematically 
unavailable. Because the exposure window must be inferred, it 
never will correctly capture the exact period in which cancer 
screening could have been of benefit to the cases. The exposure 
window must be thoughtfully chosen, and sensitivity analyses can 
be used to explore the impact of varying its definition.

The many methodologic challenges in design and analysis of 
case-control studies of cancer screening are discussed in Cronin 
et al. [7] and Weiss [8].
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7.3.4	 �Example of Case-Control Studies of Cancer 
Screening

Using data on women residing in Saskatchewan, Pocobelli and 
Weiss conducted a case-control study of breast cancer mortality in 
relation to receipt of screening mammography [9]. Saskatchewan 
has a universal health care system funded by the government, with 
nearly all residents eligible for coverage. About 90% of residents 
also are eligible for province-funded outpatient prescription drug 
benefits. The cases and controls for the cancer screening study 
were sampled from a larger study that utilized the roster of women 
with drug benefits. Cases were women who died due to breast 
cancer at 50–79 years of age during the years 1990–2008. Controls 
were selected for each case and were women who had the same 
birth year as the case and were not diagnosed with breast cancer 
prior to the case’s date of diagnosis. Additional methodologic 
considerations, including definition of the exposure window, are 
discussed in the paper.

7.4	 �Ecologic Studies

7.4.1	 �Design Features

An ecologic study is the observational equivalent of a cluster-
level RCT: the experience of groups, usually geopolitical entities, 
rather than individuals, is examined. The outcome of interest is 
cause-specific mortality rates, and the exposure is a measure of 
cancer screening utilization in the entity. Ecologic studies of can-
cer screening often compare cause-specific mortality rates for 
countries with different degrees of cancer screening utilization.

7.4.2	 �Analysis Features

Data from ecologic studies of cancer screening often are pre-
sented using simple two-axis plots. Cause-specific mortality rates 
are plotted on one axis and their associated cancer screening use 
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metric is plotted on the other. Percentage of eligible individuals 
screened is an example of a metric that has been used in ecologic 
studies. If cancer screening reduces cause-specific mortality, a 
graph of cause-specific mortality rates on the y-axis and the can-
cer screening metric that measures use on the x-axis should pro-
duce a pattern of negative correlation. Figure  7.1 presents a 
fictional ecologic study in which utilization of cancer screening 
and cause-specific mortality are negatively correlated, as sug-
gested by a fitted line that slopes downward. We cannot assume 
that cancer screening is the reason for the decrease in cause-
specific mortality as other factors may be at play. In the instance 
of an ecologic study that suggests a reduction in cause-specific 
mortality, changes or regional differences in cancer treatment 
need to be carefully considered as confounders. Accuracy of the 
summary measures must be considered as well.

Ecologic studies can provide compelling evidence that cancer 
screening implementation has not led to reductions in 
cause-specific mortality for some cancer sites. In Fig.  7.2, the 
cause-specific mortality rate hovers between 3.5 and 4.0 per 
10,000 person-years regardless of cancer screening uptake, and 
the fitted line suggests no negative correlation. It is unlikely that 
such a pattern would mask a benefit of cancer screening due to 
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Fig. 7.1  Plot of data from an ecologic study that suggests a benefit of cancer 
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confounding, as the confounding factor would need to increase 
cause-specific mortality and increase cancer screening use. 
Though very high-risk individuals do tend to receive cancer 
screening more frequently, they are a small percentage of the indi-
viduals in a population, and cannot drive entity-level rates unless 
most deaths from cancer occur in the high risk group.

7.4.3	 �Strengths and Weaknesses

Ecologic studies of cancer screening are usually easier to under-
take and less expensive than individual-level observational stud-
ies. Cause-specific mortality rates are publicly available for 
geographic entities in the US and elsewhere. Obtaining data on 
cancer screening use within a group is more challenging, but data 
sources already exist in the US for some cancer screening prac-
tices. Electronic medical records or administrative claims from a 
universal provider such as Medicare could be used as well. It can, 
however, be challenging to identify a set of entities to compare. To 
determine appropriateness, it is useful to return to the counterfac-
tual principle and choose entities that are as comparable as pos-
sible except for cancer screening practices.
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Ecologic studies have a number of shortcomings. There can 
be confounding at the entity level, although linear regression 
can be used to adjust for some degree of the influence of con-
founding factors if that information is available. The results may 
not be applicable to the individuals within the entities, as was 
discussed in the context of cluster-level RCTs. Measures of can-
cer screening utilization that are not calculated in conjunction 
with individual-level medical records often are overestimates, as 
they can reflect use of cancer screening modalities that can be 
used for diagnostic purposes. For example, a measure of colo-
noscopy utilization derived by counting all colonoscopies per-
formed will include both screening colonoscopies and diagnostic 
colonoscopies.

7.4.4	 �Variations

A time trend study is a type of ecologic study that examines 
changes in cancer mortality rates as time passes, with time as a 
marker for changes in cancer screening practice. Time trend stud-
ies are useful for examining changes in cause-specific mortality 
rates after cancer screening is introduced or after cancer screening 
regimens change. A two-axis graph can be used, with cause-
specific mortality rates on the y-axis and year on the x-axis. A 
metric of cancer screening utilization, if available, can be included 
by using a second (right-sided) y-axis. Otherwise, milestones in 
cancer screening practices, such as the year that cancer screening 
was recommended for the first time, can be annotated. Figure 7.3 
is an example, again fictional, of such a graph. Rates of cause-
specific mortality decrease soon after widespread recommenda-
tion of cancer screening (1993). We cannot, however, assume that 
the decrease in mortality is due to cancer screening; other 
concurrent changes, such as treatment improvements, that might 
explain the observed pattern need to be considered before draw-
ing any conclusions.

In this fictional example, cause-specific mortality is stable 
prior to wide-spread recommendation of cancer screening in 
1993. Cause-specific mortality begins to drop in 1994. It stabilizes 
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around 2000, perhaps due to a leveling off of cancer screening 
utilization.

7.4.5	 �Examples of Ecologic Studies of Cancer 
Screening

A current controversy in breast cancer screening is whether reduc-
tions in breast cancer mortality are due primarily to screening or 
to improvements in treatment. To examine that question, Autier 
et  al. examined breast cancer mortality rates in neighboring 
European countries with different histories of screening use but 
access to similar treatments [10]. Their ecologic analysis suggests 
that cancer screening has played only a minor role in improve-
ments in breast cancer mortality.

The use of thyroid cancer screening in South Korea began to 
increase in 1999 when it was offered as a paid add-on test to the set 
of cancer screening tests offered for free through a national cancer 
screening program. No changes in thyroid cancer mortality were 
observed as utilization increased, and in 2013, use began to wane 
due to the evidence of no benefit and compelling evidence of overdi-
agnosis [11].
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7.5	 �Single-Arm Studies

7.5.1	 �Design Features

In the context of cancer screening, a single-arm study refers to the 
experience, within a period of time, of a set of individuals who 
receive a screen in the context of a medical study. The screen is 
usually not standard of care. The test is considered to be experi-
mental for cancer screening purposes, but a single-arm study is 
considered an observational study because it involves no random-
ization. Single-arm studies are a type of cohort study in which no 
participants are unscreened.

7.5.2	 �Analysis Features

Cancer screening single-arm studies are used to assess perfor-
mance of proposed tests, most notably, the ability of a test to lead 
to cancer detection at an early stage. These studies tend to enroll 
a small number of participants. Because there is no study com-
parison group, results either are presented on their own or com-
pared with those from published literature or a population-level 
database such as SEER.

7.5.3	 �Strengths and Weaknesses

Cancer screening single-arm studies are very limited in the infor-
mation they can provide. The participants usually are a highly 
select group, suggesting that their experience is unlikely to be rep-
resentative of what would occur in the general population. 
Participants typically are not chosen in a random fashion. They 
may be paid for their participation, or they may be required to pay 
to participate. Data collection usually does not include cause-
specific mortality experience. Nevertheless, single-arm studies 
are a useful way to assess whether a proposed cancer screening 
test should receive further study.
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7.5.4	 �Variations

A case series (or clinical series) is similar to a single-arm study. 
The difference is that case series include the clinical experiences 
of individuals not enrolled in a study. They are a culling of patients 
who have had the same exposure, in this case, cancer screening. 
Analyses examine their post-screening experience. The terms 
single-arm study and case/clinical series have been used inter-
changeably.

7.5.5	 �Examples of Cancer Screening Single-Arm 
Studies

The Mayo Clinic initiated a single-arm study in 1999 to evaluate 
the performance of lung cancer screening with low dose com-
puted tomography (LDCT) [12]. At that time, there was evidence, 
though not definitive, that LDCT screening might reduce lung 
cancer mortality. The purpose of this study was to address some 
of the outstanding questions in LDCT screening, including the 
magnitude of false positive tests and the prevalence of adverse 
downstream effects. Participants were offered four annual LDCT 
screens. They were current or former cigarette smokers, with for-
mer smokers having quit less than 10 years ago. They also had at 
least a 20 pack-year history of smoking.

7.6	 �Two-in-One Single-Arm Studies

7.6.1	 �Design Features

In a two-in-one single-arm study, individuals are offered the 
chance to receive cancer screening with an experimental test in 
addition to and at the same time as the standard of care cancer 
screening test. Each participant receives both tests, and each test 
is evaluated without knowledge of the results of the other. Action 
is taken if either test result is positive.
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Two-in-one single-arm studies have been used to determine if 
an experimental test has improved performance measures relative 
to the standard of care. They also have been used to examine 
whether an experimental screening test with a favorable feature 
(for example, lower cost, less invasiveness, or greater patient 
acceptability) has similar performance measures as the standard 
of care test. Two-in-one single-arm studies have been used to 
compare two tests already available in clinical settings. They also 
have been used to compare an experimental test with a diagnostic 
test, as diagnostic tests provide a definitive answer as to the pres-
ence of cancer.

A two-in-one single-arm study usually cannot be used to eval-
uate tests beyond diagnosis, although excessively optimistic spec-
ulation about the benefits of the experimental test is not 
uncommon.

7.6.2	 �Analysis Features

The analytic focus of a two-in-one cancer screening single-arm 
study is a comparison of the performance of the tests. Of most 
interest is how and when the two tests disagree. Tables 7.1 and 7.2 
present data from a fictional two-in-one single-arm study with 
1000 participants. Table  7.1 compares positivity rates and 
Table 7.2 compares cancer diagnoses.

In Table 7.1, we see that both tests returned positive results for 
80 individuals. Twenty individuals, however, received a positive 
experimental test result and a negative standard of care test result. 

Table 7.1  Comparison of results from the standard of care and experimental 
screening tests

Standard of care test

TotalPositive result Negative result

Experimental test Positive result 80 20 100
Negative result 0 900 900
Total 80 920 1000

Data are fictional
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The experimental test had a higher positivity rate, which may or 
may not indicate improvement over the standard of care test. A 
higher positivity rate could lead to a higher false positive rate or to 
additional cancer diagnoses. The meaning of additional cancer 
diagnoses is uncertain as well. They may represent cancers that 
are curable due to early detection, not curable regardless of early 
detection, or overdiagnosed.

In Table 7.2, we see that 35 cancers were diagnosed after both 
a positive standard of care and experimental cancer screening test. 
An additional 10 cancers were diagnosed as a result of a positive 
experimental test, even though the standard of care test was nega-
tive. We assume that these cancers were false negatives for the 
standard of care test, though we will never know what would have 
happened in the absence of the experimental test.

7.6.3	 �Strengths and Weaknesses

A two-in-one single-arm study may provide useful information if 
the standard of care test is known to reduce cause-specific mortal-
ity and the experimental test appears to have increased sensitivity 
and positive predictive value (PPV). A demonstrated increase in 
those two performance measures is usually interpreted to mean 
that the new test is superior, but to make that leap, one must 
assume that more asymptomatic diagnoses will lead to a greater 
reduction in cause-specific mortality. The existence of overdiag-
nosis and, for some cancers, equally efficacious treatment at a 
later stage, challenge that assumption.

Table 7.2  Cancer diagnoses by results of standard of care and experimental 
screening tests

Standard of care test

TotalPositive result Negative result

Experimental test Positive result 35 10 45
Negative result 2 3 5
Total 37 13 50

Data are fictional
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A cancer screening two-in-one single-arm study cannot pro-
vide definitive evidence of efficacy or effectiveness. In the 
instance of a test that has not yet disseminated, results are best 
used to make decisions regarding the need for an RCT.

7.6.4	 �Examples of Two-in-One Single-Arm 
Studies

Blood-based biomarker cancer screening tests are of particular 
interest in colorectal cancer screening as the available screening 
tests, lower endoscopy and fecal testing, are not palatable to many 
individuals. Testing for circulating methylated SEP9 DNA has 
been under consideration as a way to screen for colorectal cancer. 
To examine the performance of SEP9 testing, individuals who 
were scheduled for screening colonoscopy were invited to give 
blood plasma samples prior to their colonoscopy preparation reg-
imen [13]. Performance measures for the SEP9 test were calcu-
lated using the results and ultimate outcome of colonoscopy 
screening, the gold standard in both colorectal cancer screening 
and diagnosis.

Screening mammography has evolved from the use of film-
based to computer-based imaging. Film-based mammography 
only provides two-dimensional hard copy images. Digital mam-
mography provides three-dimensional images that are read on a 
computer screen and can be manipulated to allow additional 
interpretation. The Digital Mammographic Imaging Screening 
Trial (DMIST) was designed to measure what were expected to 
be relatively small but potentially clinically important differ-
ences in diagnostic accuracy between digital and film mammog-
raphy [14]. Women enrolled in the trial received both tests on the 
same day, and each test was read by a different radiologist. 
Diagnostic evaluation was performed if either test was positive. 
Performance measures were calculated assuming that neither test 
was definitive.

7.6 � Two-in-One Single-Arm Studies
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7.7	 �All Study Designs: Critical Data Elements

Most studies of cancer screening, regardless of study design, col-
lect a large amount of data. Critical data elements are those that 
are necessary for proper assessment of screening performance, 
effectiveness, or efficacy. Other data elements may be collected 
for ancillary studies, or they may be collected for “what if” situa-
tions, but their collection must not jeopardize the collection of the 
critical data elements. Resources, including participant good will 
and staff time, always are limited.

Not every research endeavor will be able to collect every data 
element, even the critical elements. As a result, not every research 
endeavor will be able to answer every question. Even so, studies 
that do not collect every critical element may provide useful infor-
mation, although the limitations of the research in the absence of 
such data must be clearly stated. The inability to collect most 
critical data elements should lead to questions about the value of 
the research.

Critical data elements for individual-level studies include date 
of birth; receipt, date and results of cancer screening tests; diagno-
sis of the cancer of interest; date of diagnosis; cancer characteris-
tics (including stage, histology and location); age at death; date of 
death; cause of death. Indication for all relevant medical tests or 
procedures that are proximal to either the date of screen or the 
date of diagnosis should be collected to differentiate cancer 
screening from diagnostic evaluation. If that information is not 
available, any information that can be used to derive indication 
should be collected. Other valuable data elements include cancer 
treatment procedures, and adverse events of any medical proce-
dure associated with cancer screening, diagnostic evaluation, or 
cancer treatment. Risk factors for the cancer of interest, as well as 
other potential confounders, should be collected, especially in 
observational studies.

Ecologic studies of cancer screening require entity-level can-
cer mortality rates and a metric of cancer screening use. One 
option for a test administered annually is to use the percent of 
residents who received a cancer screening test in the last 
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12 months. Other useful data elements include measures of cancer 
screening availability and characteristics of the entity that may 
predict cancer screening behavior, such as percent of residents 
with a college degree.
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