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1 | INTRODUCTION

Despite enormous investments in research and treatment, cancer con-
tinues to be the second leading cause of death in the United States and
a significant source of morbidity and economic burden. Population-
based screening programs aim to improve patient outcomes by
detecting precancerous or early stage cancer in asymptomatic individ-
uals, but these programs must balance the potential risks and benefits
of screening. Screening tests must have sufficient sensitivity and speci-
ficity to avoid the burden and risks of unnecessary biopsies or other
follow-up procedures. Other potential harms of screening include over-
diagnosis, procedural complications, and long-term adverse effects
(e.g., repeated radiation exposure from mammography).

Currently, routine screening is only performed for a subset of can-
cers, such as breast cancer, colorectal cancer, and cervical cancer.
Even when screening is recommended by professional associations
and other organizations, such as the United States Preventive Services
Task Force (USPSTF), adherence to guidelines is well below targets,
and substantial disparities in access to screening exist. Lack of uptake
is due to systemic factors, such as access to care? and workflow chal-
lenges in identifying which patients are eligible for screening and
would most benefit,>* as well as patient preferences, such as avoid-
ance, fear, and potential discomfort.”

To address these challenges, substantial resources are devoted to
developing new tests for early detection of cancer. Some studies are
exploring the potential of liquid biopsies that may allow for early iden-
tification of various types of cancer with minimal patient risk and dis-
comfort.® In colorectal cancer, the U.S. Food and Drug Administration
(FDA) has approved several new products for screening, including
fecal occult blood tests and a stool DNA test, that avoid some of the
risks and burden of screening with colonoscopy. As the cancer screen-

ing paradigm shifts to include more screening options, the need for

evidence to support regulatory decision-making and to inform guide-

lines and clinical and patient decision-making will increase.

2 | SCREENING STUDY DESIGNS
AND THE POTENTIAL ROLE OF
REAL-WORLD EVIDENCE

Randomized controlled trials (RCTs) are the current gold standard for
cancer screening studies, yet these trials are necessarily complex,
time-consuming, and costly. While cancer represents an enormous
public health burden, the actual prevalence of a specific cancer in a
population-based sample is relatively low, making it necessary to
include very large numbers of individuals to identify enough cases to
achieve narrow confidence intervals around estimates of sensitivity.
Patients must be followed for sufficiently long periods to determine
that cancers are not missed, and even large trials are often unable to
determine the impact of screening on mortality because of the cost
and logistical barriers of following patients for many years or even
decades. In breast cancer, for example, the National Cancer Institute
recently launched the Tomosynthesis Mammographic Imaging Screen-
ing Trial (TMIST) to address questions about whether use of three-
dimensional mammography, or tomosynthesis, is more effective than
convention, two-dimensional mammography at reducing the propor-
tion of women diagnosed with an advanced breast cancer. The trial
will follow 165 000 women for 5 years, ending in 2030.”

Even large trials with clear findings may fail to change clinical
practice. The National Institutes of Health funded the National Lung
Screening Trial (NLST), a multicenter RCT of screening with low-dose
computed tomography (CT). The trial enrolled 53 454 participants,
captured data from 2002 to 2007, and found that annual screening
with low-dose CT in a high-risk population was associated with a 20%
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reduction in the primary outcome of lung cancer-specific mortality.?
Many professional organizations used the trial as the basis for lung
cancer screening guidelines that include low-dose CT, but actual rates
of screening remain low as questions persist about how to replicate
the trial findings in community settings.”"*°

The challenges of relying on RCTs for cancer screening studies
are compounded by rapid changes in cancer screening approaches
and policies. Clinical decision-making and reimbursement policies
around cancer screening are driven largely by guidelines from profes-
sional associations and organizations such as the USPSTF. Several
factors, such as introduction of new treatments, changes in cancer
incidence, identification of new risk factors, or development of new
screening products, may result in changes in screening guidelines and
in clinical practice. For example, the USPSTF cervical cancer screen-
ing recommendation was updated in 2012 and again in 2018 to
include a newly approved test and to revise screening interval
recommendations.

These challenges point to the need for innovative study designs
that can help address questions about screening approaches in a real-
world setting in a timely and cost-effective manner. Study designs
that use real-world data (RWD) offer a potential tool for the efficient
generation of real-world evidence (RWE) to inform regulatory
decision-making around cancer screening products. The FDA defines
RWD as “data relating to patient health status and/or the delivery of
health care routinely collected from a variety of sources. Examples of
RWD include data derived from electronic health records (EHRs);
medical claims and billing data; data from product and disease regis-
tries; patient-generated data, including from in-home-use settings;
and data gathered from other sources that can inform on health sta-
tus, such as mobile devices. RWE is defined as the clinical evidence
about the usage and potential benefits or risks of a medical product
derived from analysis of RWD."*?

While the concept of RWE for cancer screening is new, the FDA
has used RWE in regulatory decision-making around cancer therapies.
For example, blinatumomab was initially approved for the treatment
of Philadelphia chromosome-negative relapsed or refractory B-cell
precursor acute lymphoblastic leukemia based on evidence from a
single-arm trial combined with historical data extracted from existing
patient records.!! The FDA is also collaborating with several organiza-
tions to assess the utility of RWE for different purposes. These pro-
jects leverage the many existing high-quality sources of RWD on
cancer screening, treatment, and outcomes, including patient regis-
tries designed for surveillance, product safety and/or effectiveness,
and quality improvement, other non-interventional studies, claims
databases, and electronic medical records. 214

Together, these sources of RWD offer the potential to assemble
the very large cohorts necessary to assess the sensitivity and specific-
ity of screening tests, calculate the positive predictive value (PPV) and
negative predictive value (NPV), and follow patients for many years to
examine cancer-specific and all-cause mortality. RWD offer particular
promise in the area of assembling sufficiently large and diverse
cohorts with potentially variable prevalence of the disease to calculate
the PPV and NPV of screening tests in key subpopulations. This

KEY POINTS

o Cancer screening tests are an excellent use case for real-
world evidence (RWE) because of the urgent need for
new tests and the practical challenges of conducting clini-
cal trials.

e High-quality sources of real-world data (RWD) on cancer
screening, treatment, and outcomes already exist and
could be used to generate RWE.

o RWD sources are particularly useful for assembling the
large and diverse cohorts necessary to assess the sensi-
tivity and specificity of screening tests and to calculate
the positive predictive value and negative predictive
value.

e The potential for bias, such as verification bias and infor-
mation bias, must be considered when evaluating RWD

sources.

information is critical for informing clinical decision-making around

who should be screened and how often.

3 | CONSIDERATIONS FOR USING
REAL-WORLD EVIDENCE

Real-world studies of cancer screening tests must consider the
potential for bias and select study designs and analytic approaches
accordingly. In addition, careful evaluations of RWD quality and rele-
vance are necessary before determining that a data source is useful
for generating RWE on cancer screening tests. Multiple publications
have discussed criteria to assess RWD quality and relevance and
methods to evaluate and improve the quality of studies designed to

generate RWE.1>1¢

3.1 | Selection bias

The potential for selection bias should be considered when designing
real-world cancer screening studies, as the population under study
may influence the estimated characteristics of the screening test and
the generalizability of the results. For example, a study cohort com-
prising patients referred to a specialist before screening would likely
include more patients with symptoms or risk factors related to a
potential cancer diagnosis and may result in verification bias, as the
reason for the referral may be associated with the results of the
screening test.)” To address the potential for selection bias, studies
should seek to include patients who are representative of the
intended population for the screening test. Multi-site studies are use-
ful to include a diverse patient population and to capture variations in

screening and follow-up protocols in the real-world setting.
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Depending on the type of screening test, multi-site studies may need
to account for variability in reading the test result (e.g., interpretation
by different radiologists vs reading by a centralized lab). Capture of
adequate data on baseline characteristics, such as prior screenings,
prior cancer diagnoses, referral to specialists, and risk factors, is also
critical to understand the patient population and to identify higher-
risk patients. Secondary analyses may be necessary to examine the
performance of a screening test generally and within higher-risk

patients.

3.2 | Information bias

The potential for information bias also must be considered. In real-
world settings, patients may be lost to follow-up in some data sources.
Patients with a negative screening test may go on to be diagnosed
with cancer at a later date, potentially indicating a false negative
screening test, and these will not be captured in the study if patients,
for example, change health plans and/or care providers and are lost to
follow-up. Patients enrolled in commercial health plans in the United
States may switch plans frequently due to changes in employment or
other circumstances, making it challenging to track outcomes that
occur over long periods.!* While RCTs may be able to follow up with
patients directly or link to other sources, such as death indices, these
approaches may not be feasible in some RWD sources. The potential
impact of loss to follow-up must be considered in evaluating the
appropriateness of RWD sources and when developing the study pro-
tocol. Integrated delivery networks, for example, are more likely to
retain patients over time, reducing the potential for losses to follow-
up. Study protocols should describe clearly how patients who change
care providers and/or health plans will be tracked (where feasible) and
whether linkages to other sources, such as death indices, are planned
to obtain mortality data for patients.

Even when patients remain in the study, data may be missing for
key outcomes or other variables. Completeness of data should be
reviewed when evaluating the appropriateness of RWD sources, and
study protocols should include clear plans for addressing missing out-
comes data. For example, what will be done if a patient record indicates
that a biopsy was done, but the pathology report is missing? Will any
data be extracted from unstructured notes data, and, if so, how? Study
protocols should discuss if and how other data sources (e.g., diagnosis
codes in place of a pathology report) may be used and whether linkages
to other data sources are planned. Studies should also plan for ongoing
monitoring of data quality throughout the duration of the study, so that
issues can be identified and resolved promptly.

Analysis plans also must consider the potential impact of missing
data. In real-world cancer screening studies, analysis plans typically
focus on observed specificity and sensitivity. Calculation of specificity
can be particularly challenging, as this requires identification of
patients with a “true” negative test. Patients with missing data or
patients who are lost to follow-up may appear to have a ‘true’ nega-
tive test, when in fact their cancer diagnosis is missing from the data

set. To address these issues, analysis plans may require that patients

have at least one visit within the follow-up period to verify that the
patient is still receiving care from the health system. Analysis plans
may also include secondary outcome measures that incorporate addi-
tional patients, such as patients with a missing pathology report but
relevant diagnosis codes, to assess the robustness of the study find-
ings. Lastly, analysis plans must consider the timeframe for calculating
sensitivity and specificity; for example, in a study that follows patients
for 5 years after an initial test, it is possible that patients will develop
cancer in the follow-up period that was not present at the time of the
screening. Descriptive analyses may be useful to describe the average
time from the index screening date to diagnosis.

Lastly, study designs should assess the potential for confounding.
Real-world screening studies that track outcomes following diagnosis,
such as mortality, should aim to capture information on factors that
may be related to both the likelihood of screening and the outcome of

interest (e.g., lifestyle habits).

3.3 | Acase study in cervical cancer

While use of real-world cancer screening studies in the regulatory
context is new, real-world studies have provided evidence to support
development of clinical guidelines and inform clinical practice. Cervical
cancer screening, for example, has evolved in recent years to include
three approaches: the high-risk HPV (hrHPV) test alone, cervical cytol-
ogy alone, or co-testing (hrHPV plus cytology). The availability of mul-
tiple approaches introduced questions about their comparative
effectiveness and appropriate screening intervals. A large cohort study
conducted at Kaiser Permanente Northern California (KPNC) provided
evidence of the real-world clinical effectiveness of co-testing in a
large, diverse population followed for several years.'® KPNC is an
integrated delivery system that began routine screening with co-
testing in 2003. The cohort study captured data on 330 000 women
screened with co-testing over 5 years and demonstrated both that
co-testing is feasible to implement in routine clinical practice and rec-
ommended screening intervals are appropriate.

The KPNC study was designed to mitigate several potential
sources of bias. First, the KPNC patient population was similar demo-
graphically to the general population in the KPNC region. The study
used broad inclusion criteria, and over 90% of eligible women enrolled
in co-testing. Data on past history of an abnormal Pap test or abnor-
mal biopsy were available to identify higher risk patients. To mitigate
the potential for information bias, the study verified reported cervical
cancers with chart review and used a consistent team of pathologists
to review abnormal biopsies throughout the study. A computerized
system identified abnormal laboratory results without a follow-up pro-
cedure and used a series of alerts and alarms to prompt follow-ups
with the patient. The RWE generated in this study has been used in
the development of cervical cancer screening clinical guidelines and
were cited in the USPSTF recommendation statement.2”2° The steps
taken to address the potential for bias in this real-world study could
be applied to studies of other cancer screening approaches intended

to inform regulatory decision-making.
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3.4 | Future directions for real-world studies of
cancer screening

As new screening approaches are developed, real-world studies will
play an important role in understanding the clinical effectiveness and,
in some cases, comparative effectiveness of screening approaches.
Studies may be able to take advantage of the introduction of a new
screening approach to create a retrospective cohort of patients
screened using the older approach and a prospective cohort of
patients screened using the newer approach within, for example, the
same health system. This approach will address potential concerns
about selection bias, where patients at higher risk may be screened
using the newer approach. Collection of high-quality data on baseline
characteristics and outcomes is critical for real-world studies of cancer
screening, and continued efforts to improve the quality of data cap-
tured at the point of care are important. Further work on data linkage,
ascertaining mortality for patients lost-to-follow-up, and extracting

information from unstructured data are also important steps.

4 | CONCLUSIONS

Significant research is devoted to developed and improving cancer
screening approaches, but RCTs for cancer screening are challenging.
Many high-quality sources of RWD related to cancer screening and
outcomes already exist and could be leveraged to generate RWE to
inform regulatory decision-making, as has been demonstrated with

cancer screening guidelines.
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