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In the accompanying commentary, Lauer supports the role of large-scale randomized
clinical trials (RCTSs) in comparative effectiveness research (CER) and argues that the
current debate on CER will reinvigorate the clinical trial enterprise. [1] Although | agree
with Lauer that randomization will continue to play a big role in comparative effectiveness
research going forward, | believe that the current clinical trial enterprise needs re-invention
rather than reinvigoration as it falls short of the data production infrastructure required to
achieve the goals set out by the recent legislation on CER. [2] | discuss some of the issues
surrounding the concerns about current RCT infrastructure and how we might think of
rebuilding it to meet the needs of health care.

Comparative effectiveness research (CER) is meant “to assist consumers, clinicians,
purchasers and policymakers to make informed decisions”. [3] However, the informational
requirements for each of these decision makers are starkly different. Moreover, decision
making at all levels are strongly interrelated. Individual patients and their physicians usually
require nuanced information to make the right treatment decision for them. Manufacturers
and purchasers require information on the potential uptake of treatments in the population,
and potential value generated among the patients taking a treatment to make correct pricing
and quantity decisions. Policy makers in charge of insurance coverage decisions consider all
of this information plus the budget impact of their decisions. Tunis et al [4] recognize this
complexity in decision making and recommend practical clinical trials for which the
hypothesis and study design are developed specifically to answer the questions faced by
decision makers. However, they also recognize that we do not have the luxury of time and
budget to conduct a CER study separately for each level of decision within a clinical
context. Therefore, how results emanating from a single or a few CER study(ies) can inform
all levels of decision making remain to be the biggest challenge in the designs of CER
studies going forward. RCTs are often touted on the powers of randomization as random
allocations of treatment would equate the distribution of all possible factors that affect
outcomes among the treatment groups. Therefore, any difference in average outcomes
between the treatment groups can be attributed to differences in treatment allocation. While
this simple and powerful idea help establish a causal effect of treatment allocation among a
group of patients, it is far from clear how such an effect should inform decision making for
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various stakeholders, even though, historically, such results have influenced decision
making at all levels.

First, it is often a stretch to interpolate the average casual effect from a study to an effect
that accrues to an individual within that study. For example, a physician trying to decide the
best smoking cessation intervention for a motivated and committed individual would find it
hard to inform her decision based on the casual effect established in an RCT using intention-
to-treat principles where a large fraction of the enrollees were not as motivated or
committed. Second, extrapolation of the RCT results to those individuals who would
typically not enroll in such studies remains contentious. Finally, CER on alternative access
to treatments does not often equate to CER on alternative treatment assignments. Yet, in the
absence of any other information, it is quite plausible that individuals and policy makers are
drawn to behave (either directly or through nudges by a third party, e.g. marketing) as if the
RCT results apply to them. How else one could explain that when Nexium (esomeprazole)
was found to heal slightly more patients with GERD compared to Prilosec (omeprazole)
(93.7% vs. 84.2%, p-value < 0.05), [5] almost the entire patient population switched to using
the branded Nexium within a year and shun the generic Prilosec which was proven to work
for at least 80% of the patients. [6] Similarly, after CATIE results on comparative
effectiveness of antipsychotics came out, [7] many State Medicaid agencies went on to
institute prior authorization requirements on some of the second generation antipsychotic
drugs, [8] only to realize increased costs and decreased health. [9]

The influence of such average results on demand for a treatment has tremendous
consequence for the entire health care economy. [10] This is illustrated in a recent example
of Medicare coverage. The Center for Medicare and Medicaid Services (CMS) recently
conducted a year-long review of a new drug sipuleucel-T (Provenge) that was found to
extend median survival by 4.1 months in patients with castration-resistant prostate cancer
when compared to placebo. [11] CMS decided to continue pay for this drug at a price tag of
$93,000 per patient. Over the next five years, about 120,000 patients will use Provenge [12]
and are expected to gain a total of about 40,000 life years at price tag of $11.1B to Medicare,
which will be paid by US tax payers. In countries like the UK, where policy makers are
allowed to consider costs in their decisions to cover new medical breakthroughs, drugs like
Provenge would most likely not make the cut. But, in the US, Medicare has resisted the urge
to institute a formal rationing mechanism and have upheld patient or physician autonomy
with regard to treatment choices. [13] Consequently, in the US setting it becomes even more
important that resources are devoted to identify the portion of patient population who would
all benefit from treatment and not just establish that the treatment is beneficial on average.
[14] If such targeting be accomplished, Medicare would end up paying for Provenge for
only a fraction of the patients, each of whom would benefit substantially from taking it. In
fact, Medicare may be open to paying double or triple the current price for Provenge if it is
targeted optimally, thereby still preserving the manufacturer incentives for innovation.
Patient health will improve inevitably. Future incentives for research would line up with the
needs of the patients who do not benefit from current technology. However, none of these
welfare enhancing behaviors can be realized if we continue to rely on RCTs, practical or not,
that gives us average results, unless those average results are established for nuanced
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subpopulations. Instead, population level average results would continue to promote winner-
takes-all type of environments that will increase risk faced by innovators and inevitably
propel demand that fuels the unsustainable health care costs growth without generating
commensurate value. [10,14,15]

Therefore, arguments that RCTs give an unbiased estimate of an effect seem to be of less
importance than realizing that the target parameters for the RCTs are often misplaced. The
recent shift towards the term patient-centered outcomes research (PCOR) carries important
implications for the future of CER. The 2010 PPACA legislation specifically mentions
“Research shall be designed, as appropriate, to take into account the potential for differences
in the effectiveness of healthcare treatments, services and items as used with various
subpopulations, such as racial and ethnic minorities, women, age and groups of individuals
with different comorbidities, genetic and molecular subtypes, or quality of life preferences
and include members of such subpopulations as subject in the research as feasible and
appropriate.” RCTs are not geared to answer such questions about effect heterogeneity that
is demanded by the legislation mainly because they rely on hypothesis testing approaches
and cannot possible accommodate multitude of hypotheses across subgroups with limits to
time, money and recruitment.

Effect heterogeneity, however, is the fundamental building block for any level of decision
making. [16] One approach to solving such a problem is to be able to develop prediction
algorithms for individual-level treatment effect heterogeneity. Any attempt to individualize
care based on prediction algorithms must begin with a hypothesis generation exercise and
therefore these results can provide valuable resources to clinicians and policymakers, who in
their absence must rely on traditional comparative effectiveness results on averages. Such
algorithms can be constructed not only by identifying low-dimensional individualized
characteristics such as genomic information, but also by collapsing multi (high)-dimensional
outcomes and behavior into individual-level characteristics, which can be used to establish
individualized treatment effects. [17] The necessity of an algorithmic approach also lies in
the feasibility of translating enormous amounts of information to the bedside, without
overwhelming physicians. Observational data coupled with appropriate methodologies are
far well suited for these purposes than explanatory trials when compared across dimensions
of costs, time and population coverage. The role of confirmatory RCTs then becomes even
more relevant as they would be designed to randomly assign algorithms to allocate treatment
rather than assign treatment themselves. Efforts in this line are already underway in diabetes,
[17] mental health, [18] cardiovascular health. [19] However, more investment is methods
are required to develop prediction algorithms for effects rather than risks.

Once information is generated to promote welfare enhancing decisions at the individual
patient level, economic evaluations, budget-impact analysis and other forms of evaluations
directed to decision making at the population level will naturally become much more
informative. To what extent recent investments in comparative effectiveness research and
the newly created Patient-Centered Outcomes Research Institute will help transform our
current clinical research system towards achieving these goals remains to be seen.
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