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ABSTRACT

Patients, clinicians, payers, and policymakers face an en-
vironment of significant evidentiary uncertainty as they
attempt to achieve maximum value, or the greatest level of
benefit possible at a given level of cost in their respective
health care decisions. This is particularly true in the area
of oncology, for which published evidence from clinical tri-
als is often incongruent with real-world patient care, and a
substantial portion of clinical use is for off-label indica-
tions that have not been systematically evaluated. It is this
uncertainty in the knowledge of the clinical harms and
benefits associated with oncology treatments that prevents
postregulatory decision makers from making accurate as-
sessments of the value of these treatments. Because of the
incentives inherent in the clinical research enterprise, ran-
domized control trials (RCTs) are designed for the specific
purpose of regulatory approval and maximizing market
penetration. The pursuit of these goals results in RCT
study designs that achieve maximal internal validity at
the expense of generalizability to diverse real-world pa-

tient populations that may have significant comorbidi-
ties and other clinically mitigating factors. As such,
systematic reviews for the purposes of coverage and
treatment decisions often find relevant and high-quality
evidence to be limited or nonexistent. For a number of
reasons, including frequent off-label use of medications
and the expedited approval process for cancer drugs by
the U.S. Food and Drug Administration, this situation is
exacerbated in the area of oncology. This paper investi-
gates the convergence of incentives and circumstances that
lead to widespread uncertainty in oncology and proposes
new paradigms for clinical research, including pragmatic
clinical trials, methodological guidance, and coverage with
evidence development. Each of these initiatives would sup-
port the design of clinical research that is more informa-
tive for postregulatory decision makers, and would
therefore reduce uncertainty and provide greater confi-
dence in conclusions about the value of these treatments.
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INTRODUCTION
As the costs of cancer treatments continue to increase
rapidly, their value is increasingly being questioned by

patients, clinicians, payers, and policy makers [1]. As-
sessing the value of a medical treatment requires having
relevant and reliable evidence on the real-world costs
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and benefits of the treatment for the typical patient pop-
ulation. This type of real-world evidence is critical for
coverage decisions by payers and treatment decisions by
physicians and patients. However, in many cases, the
dominant paradigms in clinical research are not congru-
ent with the generation of this type of evidence [2]. As
a result, there is considerable uncertainty surrounding
the clinical benefits and harms associated with oncol-
ogy treatments, which prevents postregulatory decision
makers from reliably assessing the value of these treat-
ments.

The clinical research enterprise is oriented toward
designing studies—typically randomized control trials
(RCTs)—to produce evidence for regulatory approval by
the U.S. Food and Drug Administration (FDA). Although
this regulatory process is critical to ensuring the safety and
efficacy of treatments, the type of evidence generated is
much less relevant to subsequent real-world decisions on
coverage and treatment. As a result, these decisions are
made in an environment of great uncertainty regarding the
true value of the treatment. Particularly in the area of on-
cology, this circumstance may lead to poor clinical deci-
sions, suboptimal outcomes, and inefficient allocation of
medical resources.

Depending on the context, value has been defined in
many ways. In terms of health care goods and services, the
concept of value typically incorporates measures of both
health-related quality of life and costs. It generally reflects
clinical improvements in health outcomes and emotional,
psychological, and monetary benefits, as well as productiv-
ity improvements and technological innovation. The multi-
dimensional aspects of value in health care underscore the
need for valid and reliable evidence of the impact of new
technologies across a variety of domains. Unfortunately, al-
most every metric of value is associated with significant un-
certainty because the evidence of clinical harms and
benefits has not been adequately studied through properly
designed clinical research. Determining the value of new
oncology products is particularly challenging despite, or
perhaps because of, the fact that new literature describing
potential clinical benefits and outcomes of oncology agents
reveals significant uncertainty surrounding the response
rate across cancer patients.

After detailing the causes and consequences of uncer-
tainty in oncology, we highlight emerging techniques and
mechanisms that place an emphasis on addressing the un-
certainty that is problematic for postregulatory decision
makers—patients, clinicians, payers, and policy makers—
while noting the requirement to adequately balance the
needs of regulators at the FDA.
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LIMITATIONS OF RCTS

What constitutes good evidence of the value of medicines in
general, and cancer therapies in particular, is a current topic
of debate and concern among the medical, research, and
policy communities [3]. The traditional evidentiary hierar-
chies proposed by organizations such as the U.S. Preventive
Services Task Force, the American College of Cardiology,
and others typically consider (meta-analysis of) RCTs as
the “best” level of evidence [4, 5]. However, this hierarchy
is designed to reflect relative internal validity, which is well
suited to regulatory decisions and clinical guideline devel-
opment. The approach is not as well suited to the broader
evidence needs of a wide range of postregulatory decision
makers.

When making value-based decisions regarding cover-
age and reimbursement for a new treatment option, decision
makers are interested in how the new treatment compares
with the prevailing treatment in terms of comparative effec-
tiveness and perhaps cost-effectiveness. The comparative
effectiveness evaluation requires data on the relative bene-
fits of two alternative treatment options. However, RCTs
generally do not compare treatments against each other, re-
sulting in limited applicability to policy decision making
[6]. There are other aspects of the very controlled environ-
ment of RCT study design for regulatory purposes that re-
duce their usefulness for postregulatory decision making.
For instance, the inclusion and exclusion criteria of an RCT
may impact reported health outcomes and limit the applica-
bility of results to the clinical practice setting. In an effort to
produce results that have low potential for confounding, re-
searchers use study populations that have minimal comor-
bidities and other clinically mitigating factors. Although
this may lead to results that are more statistically robust and
easier to interpret, a level of pragmatism and generalizabil-
ity is lost, because in real-world decisions about coverage,
decision makers focus on broad patient populations with a
high prevalence of comorbidities and frequency of compli-
cations [7].

Ideally, groups representing patients, clinicians, payers,
and policy makers would meet in a neutral setting to pro-
vide guidance for designing more informative clinical tri-
als. In parallel, these decision makers could deliver their
views with an eye toward reaching consensus on areas of
research priorities to address the most significant areas of
uncertainty regarding the relative value of treatments and
the need for comparative effectiveness research (CER). Al-
though evidence from traditional RCTs has led to signifi-
cant progress toward improving the quantity and quality of
life for people living with cancer, addressing the major ar-
eas of uncertainty that remain will promote a more rational
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approach to clinical trial design to improve cancer care and
inform health care spending decisions.

UNIQUE ASPECTS OF ONCOLOGY THAT
CoMPOUND UNCERTAINTY

Off-Label Use

The ubiquitous use of oncology drugs outside their labeled
indications with questionable evidence of clinically mean-
ingful benefits further underscores the difficulty with as-
sessing value in oncology. In many cases, there is
insufficient evidence from clinical trials to determine
whether off-label use of oncology treatments is likely to
have any benefit at all to patients and even less evidence to
determine if there is sufficient value to warrant reimburse-
ment. Value-based decision making for oncology treat-
ments requires having the right information at the right time
so that coverage decisions and treatment plans are based
upon sound research evidence and clinical judgment with
appropriate consideration for patient preferences.

Attributable Costs

The uncertainty is heightened when cost considerations are
added. In cancer care, clinical uncertainty leads to eco-
nomic uncertainty because, for many cancers, there is no
dominant treatment alternative and thus each attempt to
treat incurs a separate cost [8]. Because cancer care is for-
ever changing as new treatments and technology evolve,
the attributable costs are numerous. Attributable costs for
health care are defined as “the cumulative value of re-
sources used to treat full episodes of a health condition from
the time of initial diagnosis to death” [9]. As treatments be-
come more aggressive and additional lines of therapy are
used, treatment costs rise. At this point, one’s willingness to
initiate cancer therapy and spend additional health care re-
sources is ultimately tied to an uncertain outcome [9].

Patient Perception of Risk

Clinicians, insurers, and policy makers are not the only ones
affected by the high level of uncertainty surrounding the
value of new oncology agents. Patients are impacted as
well. Patients’ decisions to initiate treatment and to remain
involved in their health care when faced with treatment un-
certainty can be influenced by how well their physicians en-
gage them in shared decision making and how patients
interpret the risk and uncertainty surrounding the survival
rates and harmful effects of treatment. For example, Han et
al. [10] noted that shared decision making offers to the pa-
tient information on both the benefits and harms associated
with cancer preventive screening or watchful waiting.
When information is uncertain or appears to be ambiguous,
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patients question the reliability of the cancer information.
Han et al. [10] found that a person’s uncertainty or ambigu-
ity about obtaining cancer preventive screenings can be in-
fluenced by their perception of higher risk, which can be
moderated by their tolerance levels for worrying about ul-
timately getting cancer [11]. Patients’ abilities to under-
stand probabilities of survival and adverse events are
influenced by their health numeracy skills, which reflect
patients’ abilities to understand medical information pre-
sented with numerical or statistical data and incorporate
that information into their decision-making process [11].
Health numeracy also influences risk perception among on-
cology patients [12]. In addition, patients update their percep-
tions of the benefits and harms as well as the level of
uncertainty based on their individual clinical experiences and
subjective assessment of treatments and treatment outcomes.

REDUCING UNCERTAINTY AND THE EVIDENCE GAP
How do we create a better link between the evidence-gen-
erating enterprise and the policy makers who use that evi-
dence to make the information delivered more responsive to
existing needs or gaps? The Center for Medicare and Med-
icaid Services (CMS) has a lengthy history of involvement
in generating better evidence for policy decision making,
from the investigational device exemption for coverage of
certain devices in clinical trials (1996) to coverage for rou-
tine costs for patient care in clinical trials (2000) to ad hoc
efforts to work with the National Institutes of Health. These
efforts and many others reflect Medicare’s transition from
an agency that simply paid bills in the past to one with a
much more important role of informing decision makers
with evidence. However, more efforts are needed to expand
the information on comparative effectiveness in order to re-
duce uncertainty surrounding the value of oncology treat-
ments.

The desire to synthesize evidence on the relative bene-
fits of alternative treatments prompted the commitment of
$1.1 billion for CER by the Obama administration as part of
the American Recovery and Reinvestment Act of 2009.
CER is defined by the Institute of Medicine as *“. . .the gen-
eration and synthesis of evidence that compares the benefits
and harms of alternative methods to prevent, diagnose,
treat, and monitor a clinical condition or to improve the de-
livery of care. The purpose of CER is to assist consumers,
clinicians, purchasers and policy makers to make informed
decisions that will improve health care at both the individ-
ual and population levels” [13]. CER seeks to address this
issue as well as the “evidence gap” surrounding “which
treatment strategies work best” and the related issues sur-
rounding the uncertainty of relative value of treatment op-
tions [14]. The ability to assimilate this knowledge so that
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the appropriate alternatives are established early is critical
to this process.

In the postmarketing phase, there is little incentive for
practical studies to be conducted after FDA approval, a time
that often coincides with when decision makers are in great-
est need of evidence. The following methods and models
illustrate innovative ways of reducing uncertainty in clini-
cal practice: pragmatic clinical trials, methodological guid-
ance documents, and coverage with evidence development.

Pragmatic Clinical Trials

An innovative, applied method of reducing uncertainty for
decision makers is through the use of pragmatic clinical tri-
als (PCTs), defined as prospective controlled studies that
are specifically designed to be informative to postregula-
tory decision makers. In general, several major characteris-
tics distinguish PCTs from traditional clinical trials. First,
PCTs involve the deliberate comparison of clinically rele-
vant alternative treatments, chosen based on the most com-
mon decision-making scenarios. Traditional RCTs do not
include highly relevant comparisons, leaving decision mak-
ers to make comparisons across trials, for which the as-
sumptions, research methods, patient populations, and
other crucial characteristics may be different. Second,
PCTs are typically designed to be generalizable to real
patient populations by including patients with common
comorbidities and from a variety of demographic back-
grounds. Third, PCTs select clinically relevant outcomes
that are intended to address the primary issues and concerns
of patients, clinicians, and payers. Many RCTs include out-
comes that are of primary interest to regulators, and pay less
attention to the postregulatory decision makers that will
also use those studies to guide their choices. These clini-
cally relevant outcomes may include more quality-of-life
information and may involve longer follow-up periods than
are typical for traditional clinical trials. Importantly, the se-
lection of the most useful and relevant outcomes requires
direct consultation with decision makers during study pro-
tocol development. In fact, one of the keys to the successful
design of clinical trials that are more useful for decision
making is the greater engagement of decision makers in
trial design to ensure that it provides answers to the critical
questions affecting policy and practice [2, 15].

Methodological Guidance Documents

The most effective approach to catalyzing the increased use
of PCTs is improving the link between the evidence desired
by decision makers and the output of the clinical research
enterprise by developing a shared understanding of the na-
ture of the desired evidence. In accordance, an effectiveness
guidance document (EGD) is analogous to the guidance
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documents issued by the FDA, which provide product de-
velopers and clinical researchers with guidance on the de-
sign of clinical studies intended to support regulatory
approval. In contrast, EGDs provide recommendations for
study designs about specific categories of technologies that
are intended to provide health care decision makers with a
reasonable level of confidence that the technology will im-
prove clinical outcomes [16].

The target audience for EGDs is similar to the audience
for FDA guidance documents—clinical researchers and
product developers. The process for developing these doc-
uments involves integrating the perspectives of the full
range of stakeholders, including consumers, payers, clini-
cians, product developers, regulators, researchers, and oth-
ers. By setting clear prospective standards for evidence,
decision makers can increase the chances that these recom-
mendations will be incorporated into clinical studies, and
that those studies will reduce uncertainty in their areas of
priority.

Although EGDs have no legal or binding effect on any
decision maker or stakeholder, their influence would derive
from the transparency, creditability, neutrality, and techni-
cal accuracy associated with the iterative multistakeholder
development process. Product developers would not be re-
quired to design studies in accordance with the relevant
EGD, and payers would not be bound to those principles in
making coverage decisions. Nonetheless, these documents
should reduce some of the uncertainty about what sort of
evidence decision makers are looking for when considering
the use of new technologies.

Coverage with Evidence Development

Decision makers have long faced the problem of making
coverage decisions for “promising” but unproven medical
technologies. Frequently, they are torn between the de-
mands of patients and their physicians for innovative med-
ical techniques and the desire to have definitive evidence
about the clinical and comparative effectiveness of the new
technology. For most new technologies, substantial uncer-
tainty exists about their optimal use for many years after
they are initially introduced, and the incentive for these
questions to be addressed is substantially reduced once pay-
ment has been secured.

In 2005, the CMS began issuing coverage decisions un-
der a new policy called “coverage with evidence develop-
ment” (CED.) Under CED, Medicare provides conditional
coverage for a promising medical technology while addi-
tional clinical evidence is generated through a clinical
study. Only those beneficiaries included as part of the study
are provided coverage, creating an incentive for participa-
tion. These studies, which include observational patient
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registries and prospective clinical trials, are intended to an-
swer specific, real-world questions about the clinical bene-
fit of the drug or device within the Medicare population.
Once clinical data have been generated and analyzed, the
CMS may issue a new coverage decision. Such decisions
may include expansion or removal of coverage and a
change in reimbursement level, either in the entire Medi-
care population or for specific subgroups [17, 18].

Currently there are about 10 CED policies in place, al-
though CED has resulted in a coverage change only once. In
September 2009, the CMS expanded coverage for fluoro-
deoxyglucose positron emission tomography (FDG-PET)
as a diagnostic tool for various cancers as a result of positive
evidence from the National Oncologic PET Registry [19].
In addition to CED projects initiated by government enti-
ties, models for CED exist in the private sector. Although
CED has its share of challenges to overcome, including a
long time horizon between the initiation of a CED policy
and the actual analysis of data, it has the potential to be an
effective approach to facilitate early coverage decisions
while still generating valuable evidence for future decision
making.

PARADIGM SHIFTS FOR REGULATORS AND PAYERS
Evidentiary uncertainty is more pervasive in oncology than
in other areas of medicine. The clinical characteristics of
cancer create an environment of more uncertainty, as a re-
sult of differences in survival rates and the frequency of
toxic events, the fact that complex treatment regimens often
involve switches and alterations and second- and third-line
therapies, and other unique characteristics. Also unique to
off-label indications in oncology, compendia are used as
sources of evidence on off-label indications, but studies
show them to be unreliable. In addition, the current regula-
tory pathway for oncology drugs does not fit the natural
progression of drug discovery, leading to a perpetual cycle
of poor evidence and off-label use. The following proposals
attempt to address the issues with compendia and the regu-
latory pathway by incentivizing better evidence generation
for off-label indications and allowing for a more adaptive
regulatory process that is more congruent with oncology
drug discovery.

Off-Label Use and Compendia

According to the Government Accountability Office, 33%
of off-label anticancer medications were written in 1991
[20], with an increase to up to 75% according to a 2005 sur-
vey by the National Comprehensive Cancer Network [21].
This increase is not surprising because the Social Security
Act within the Omnibus Budget Reconciliation Act of 1993
approved Medicare reimbursement for the off-label use of
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cancer drugs and biologics [22]. The CMS and other payers
rely on compendia that aggregate published peer-reviewed
original literature on off-label use from scientific, medical,
and pharmaceutical journals [23]. As of this writing, there
are four acceptable compendia approved for use by Medi-
care [24]. However, researchers reviewed the compendia
for strength of up-to-date evidence, consensus on particular
recommendations, and transparency and found quite poor
results [25].

Although compendia are ostensibly a source of quality
evidence for off-label use that should make value-based de-
cisions easier for payers, they are a poor source of cogent
evidence and contribute to poor decisions on coverage and
reimbursement. Because there will continue to be a need for
evaluating off-label use for nonlabeled indications, new in-
centives are needed to promote the use of pragmatic trials
and other approaches to reducing uncertainty for these cov-
erage decisions. When the clinical research enterprise gen-
erates evidence that can be applied to heterogeneous,
diverse populations of real patients, favorable coverage and
reimbursement decisions will serve as a compelling incen-
tive. At the end of the day, the drug industry will not pro-
duce better evidence until it is in their financial interest. The
value-based decision making and improved patient out-
comes stemming from better evidence on off-label use
would quickly cover the cost of higher reimbursement from
the CMS and other payers and generate long-term savings.

Regulatory Process

Turning to the regulatory process for oncology drugs, some
incentives in the regulatory approval process are not con-
ducive to addressing uncertainty in oncology, though some
important steps have been taken. The FDA has balanced its
traditional conservative approach toward the drug approval
process for new medications with an accelerated approval
or “fast track” process that allows a priority review for on-
cology and other products that fill an unmet medical need
[26]. Before a product reaches this stage in development,
there remains a requirement of two animal studies [27] and
time-intensive safety and toxicity studies, but the FDA re-
mains open to new ways for accelerated approval of life-
saving oncology drugs [28]. However, the process still does
not allow for adaptability that would fit the natural progres-
sion of drug discovery. Pragmatic, adaptive trials that meet
both regulatory requirements and the needs of postregula-
tory decision makers do not fit well into this framework.
Moreover, although in a few instances, such as the more re-
cent cardiovascular prevention trials, the FDA has required
active comparators in approval studies, it typically does not
require active comparators; this mandate has generally oc-
curred in situations in which a placebo comparison would

O%ecologist"

0T0Z ‘9T AINC Uo AQ W09"1S1B0 [03UOBY L MMM LU0} PIPe0 [UMO(


http://theoncologist.alphamedpress.org

Mullins, Montgomery, Tunis

be unethical. In those cases, the comparator arms were one
old treatment versus the same old treatment plus the new
treatment, making comparisons of the two treatments diffi-
cult to tease apart.

Proposals to revise the regulatory framework specifi-
cally for cancer drug development and to proceed with an
accelerated approval process using an adaptive clinical trial
design, whereby the patient population, treatment algo-
rithms, or statistical analysis design are updated during the
clinical trial, are gaining popularity. Adaptive clinical trials
provide a mechanism for adjusting clinical trials midstream
in response to new knowledge or changes in the standard of
care. Patient accrual into newly designed trials that contain
an adaptive component could be a win—win situation for
both the patient and the drug industry. Research needs
could be met as promising treatments would attract study
patients so that subgroup analyses could be produced as the
trial proceeds [29]. Part of this revision in clinical trial de-
sign would be to use surrogate endpoints, such as progres-
sion-free survival, instead of a focus on patient survival
[29]. Until pharmaceutical companies and the FDA agree
on a format for adaptive clinical trial design, the status quo
of getting the FDA’s approval in order to bring a drug to
market remains a stumbling block for new cancer drug de-
velopment and for better evidence on real-world outcomes
for use in patient, clinician, payer, and policy maker deci-
sion making.

THE FUTURE OF UNCERTAINTY IN ONCOLOGY

PCTs and CED have great potential to provide new and bet-
ter evidence regarding the value of oncology drugs, de-
vices, and other medical technologies. New and better
evidence will result by providing rewards of favorable cov-
erage and reimbursement for oncology product developers
and manufacturers who provide evidence of value with
greater certainty. In addition, as the value is translated and
disseminated to prescribers and their patients, these deci-
sion makers will be more inclined to select those technolo-
gies with less uncertainty surrounding the clinical and
patient-reported benefits and risk.
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This process will be enhanced through advancements in
prognostic test indicators, including the use of biomarkers
to guide treatment selection. For example, for colon cancer
patients, mutations in the KRAS gene and possibly other
genes such as BRAF and NRAS may indicate that certain
treatments may be ineffective [29]. It has been well docu-
mented that, for patients with a mutated KRAS gene, mono-
clonal antibodies are ineffective [30, 31]. Given these
results, KRAS genotyping is a method of reducing uncer-
tainty to make value-based treatment decisions at the indi-
vidual level. A genomic revolution in cancer care may be
closer than some have anticipated. The new paradigm is de-
pendent on affordable biomarkers that examine the impact
of gene mutations on treatment effectiveness that are highly
sensitive and specific. If this paradigm emerges, then the
combination of testing and treatment may significantly re-
duce uncertainty in cancer patients’ outcomes and, thereby,
improve the overall value of cancer care.

Until scientific advancements in treatment occur, sig-
nificant gaps in real-world evidence will be pervasive in the
area of oncology. This situation has negative consequences
for a variety of players in health care, from patients and
physicians to payers and policymakers. Addressing these
gaps would result in better decisions that improve patient
outcomes and reduce unnecessary costs. The scientific ca-
pability to address these gaps in evidence is available
through pragmatic trials and other innovations, but the in-
centives facing actors in the health care arena make adop-
tion unlikely. Reforming the incentive structure by offering
favorable coverage to those who provide evidence of value
with greater certainty will transform drug discovery and in-
vestigation, reduce evidence gaps, and benefit oncology
treatment and health care decision making.
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