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Adaptive Platform Trials: The Clinical Trial of the
Future?

In July 2017, Dr. Brian M. Alexander, disease center leader for radiation oncology at Boston-based
Dana-Farber Cancer Institute’s Center for Neuro-Oncology, was preparing to launch a new type of
clinical trial—an adaptive platform trial—to study potential therapies for glioblastoma (GBM), an
aggressive form of brain cancer. GBM, which had recently made headlines when U.S. Senator John
McCain was diagnosed,! was among the deadliest of cancers and had no known cure. Most people
with GBM died within 15 months of diagnosis,? and just 15% survived past five years.3

Alexander had grown frustrated with the limited treatment options for his GBM patients. He
believed that the standard way in which researchers tested the effectiveness of new treatments—
traditional randomized controlled trials (RCTs) —was limited in many ways. RCTs randomly assigned
patients to either a “treatment” or “control” arm: patients in the treatment arm received the new
therapy while those in the control arm received either the standard existing treatment or a placebo.
Researchers then compared health outcomes between the two arms over time to determine whether
the new therapy was effective and to identify side effects. While statistically rigorous and still
considered the “gold standard” in clinical research, traditional RCTs were time-consuming, costly, and
limited to testing just one drug at a time.

An overwhelming minority of patients with GBM were enrolled in clinical trials, creating a
frustrating dilemma for both patients and their oncologists. As Alexander lamented, “I am
disheartened each time a patient is unable to enroll in a trial. Outside of a clinical trial, we have no
systematic way to learn from a patient’s journey and, even worse, they have no opportunity to try
different, potentially better, therapies than the meager standard of care we have to offer. There must
be a better way.”

To that end, for the past three years, Alexander had been working closely with a group of like-
minded oncologists and statisticians to design an adaptive platform trial called Adaptive Global
Innovative Learning Environment for Glioblastoma (GBM AGILE) in the hopes of identifying effective
therapies more quickly. Unlike traditional RCTs, adaptive platform trials maintained several
“treatment arms” to simultaneously and dynamically study the effects of multiple unique drugs for a
given disease. As such, they had the potential to fundamentally change the clinical research process,
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making clinical trials for new cancer drugs more efficient, more available, and more ambitious in scope.
They also used statistical techniques to assign a higher proportion of patients to the treatment groups
from which they were more likely to benefit. In one study comparing clinical trial types, for example,
researchers estimated that an adaptive platform trial would have assigned 34% more GBM patients to
the effective arm of a trial relative to an RCT design.* Alexander believed that adaptive platform trials
had potential to usher in a new generation of effective treatments for GBM.

By mid-2017, Alexander and his colleagues had completed a master protocol for GBM AGILE;
however, the research team faced several design and operational challenges as they prepared for the
trial launch. For example, all trials needed a sponsor (i.e., the company or academic group leading the
research effort); who would function as the sponsor of this trial? The ad hoc group that had come
together to design the trial was not an operational entity, and no formal planning had yet occurred for
how to build and sustain a structure to run the trial.

In addition, whereas traditional RCTs had clear beginning and end dates, adaptive platform trials
were, in theory, indefinite in length. As new potential therapies emerged, adaptive platform trials could
add treatment arms to study them in real-time using existing trial infrastructure. As an adaptive
platform trial proceeded, arms with ineffective therapies were dropped, and promising therapies were
“graduated” out of the trial for advancement through the formal regulatory approval processes. The
vast majority of RCTs were funded by pharmaceutical companies, but Alexander knew that it was
unrealistic to expect external funding from one sponsor to run an “evergreen” adaptive platform trial.
How could he sustainably finance the launch and ongoing operations of GBM AGILE?

Glioblastoma

GBM was a rare, malignant, fast-growing cancer that originated in the supportive tissue of the
brain.’ The National Cancer Institute estimated that in 2017, 23,800 cases of brain and central nervous
system cancer would be diagnosed in the United States that year,® of which about half would be GBM,”
and the cause of which was unknown.® Men were diagnosed with GBM at a slightly higher rate than
women, and most people were between the ages of 55 and 64 at the time of diagnosis.” Clinically, GBM
patients were categorized as either newly diagnosed (i.e., a first-time GBM diagnosis) or recurrent (i.e.,
a tumor had reappeared following an initial diagnosis and treatment). The standard of care and
prognosis were different for each of these sub-types.

After diagnosis, physicians performed surgery to partially remove the tumor when possible. The
tumor’s precarious location in the brain and its extensive, infiltrative nature usually prevented
physicians from removing it entirely, but partial removal could alleviate some pressure on the patient’s
brain. Physicians balanced the need to remove the tumor with the risk of affecting critical brain
functions, such as speech and movement.!? After surgery, patients typically endured radiation and
chemotherapy.!! Despite these treatments, GBM recurred frequently, and prognosis was poor. Five-
year survival rates (i.e., the likelihood that a patient would survive five years past diagnosis) were in
the single-digits for some sub-types. As of 2013, only 10% of GBM patients were participating in clinical
trials.1?

Randomized Controlled Trials

In the 1940s, the scientific community began to rely on RCTs to assess the efficacy, safety, and
appropriate dosage of drugs for diseases.'® RCTs, with their requisite two study arms, remained largely
unchanged for the next 70 years.!4
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Researchers conducted RCTs to understand drug treatment effects for a wide range of conditions
and diseases. For example, to test the efficacy of a new drug to lower LDL cholesterol levels against a
standard treatment, an RCT enrolled a large number of eligible participants with high cholesterol.
Researchers used a computer program to randomly assign these people to the treatment or the control
group. Randomization, when properly conducted, resulted in a scenario in which patients” baseline
characteristics such as age, gender, and starting LDL levels, along with unknown or unmeasured
characteristics that may impact the outcome, were spread evenly, on average, across the two groups.
At the end of the trial, researchers measured participants’ LDL levels and assessed whether the
treatment arm (patients receiving the new drug) had meaningfully different outcomes than the control
arm (typically patients receiving the current standard treatment).!®> (Appendix A shows some simple
power calculations of the type used to determine the patient sample size required in a traditional RCT).

Before conducting an RCT, researchers developed a study protocol which specified the research
question, the study design and methodology, inclusion criteria (i.e., a list of factors that determined
whether someone was eligible to participate in the trial), and the study’s primary endpoint(s), or the
key outcome(s) of interest.1® It typically took several years to design and conduct an RCT.1”

Frequentist vs. Bayesian Statistics

Traditional RCTs, which were based on the principles of “frequentist statistics,” established study
parameters at the beginning of the trial and held them constant throughout (e.g., fixed randomization
to the two groups; analyzing data only once the trial ended). Because interpretation of the trial results
was inextricably linked to the trial design, there was less flexibility in leveraging data that came in
during the course of the trial.

By contrast, trials based on “Bayesian statistics” estimated the probability of treatment effects based
on data as it accumulated, and researchers could use pre-specified algorithms to update probability
estimates and alter the conduct of the trial in real-time.’® For instance, in a Bayesian trial, if
accumulating data indicated that one drug outperformed another, researchers could use a pre-specified
algorithm to incorporate this information into patient assignment. They could then move a higher
proportion of new trial enrollees to the more promising therapy, a technique called “adaptive
randomization.” This type of dynamic adjustment of trial design would be considered taboo in
frequentist trials.

As one scholar explained, “In the Bayesian approach, experiments can be altered in midcourse,
disparate sources of information can be combined, and expert opinion can play a role in inferences.”1°
Trials rooted in Bayesian statistics often allowed researchers to more quickly identify potentially
effective therapies.

Drug Approval Process in the United States

In the United States, pharmaceutical companies, biotechnology companies, medical technology
companies, and academic research groups sponsored clinical trials to investigate potential new drugs.
From 2006 to 2014, the proportion of trials financed by commercial companies increased by 43%, while
the proportion funded by the U.S. National Institutes of Health (NIH), a government agency, declined
by 24%.20 As of 2013, the majority (85%) of clinical trials were funded by the pharmaceutical industry.?!
Just over one million people participated in a clinical trial in the United States in 2013, of which 215,000
were cancer patients.?? Trial sponsors often struggled to recruit enough participants. One study found
that up to 40% of cancer trials failed to enroll the necessary sample size.?
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To initiate a drug trial, the sponsor was required to file an Investigational New Drug (IND)
application with the U.S. Food and Drug Administration (FDA), the agency responsible for regulatory
approval of all medical products in the United States. Once this application was approved, drug trials
typically occurred in three sequential phases (see Exhibit 1 for detail on these phases).?* Phase I trials
were small, took place over the course of several months, and explored the safety and the appropriate
dosage of new therapies. Phase II trials enrolled several hundred people, aimed to determine drug
efficacy and side effects, and typically took up to two years. Lastly, phase IlI trials sought to confirm a
therapy’s efficacy, safety, and adverse reactions.? Significant time lags were common between phases
of clinical research and some time was also needed for FDA review before and after each phase. All
told, the process of moving a drug from the laboratory to the end user took approximately 12 years.?

Trial sponsors typically outsourced the coordination of operational activities to contract research
organizations (CROs), third-party companies that supported infrastructure of clinical trials. CROs
collected fees from trial sponsors and then paid per-patient fees to one or more clinical trial sites where
patients were given experimental drugs. Per-patient costs (used to manage the trial, pay employees,
and conduct diagnostic testing) associated with new cancer drug trials in the United States were
estimated to be $59,500 or higher.?”

Once the trial sponsor believed it had garnered sufficient clinical evidence to demonstrate a new
product’s safety and efficacy, it filed a New Drug Application (NDA) with the FDA. Fulfilling its
regulatory role, the FDA then reviewed the trial sponsor’s evidence to decide whether to approve the
new drug for use in humans.?® Throughout its history, the FDA had approved nearly 1,500 drugs for
prescription use.?

Estimates of the cost of drug development ranged from $868 million® to $2.6 billion.3! Failure rates
were high; just 10.4% of investigational drugs were eventually approved for use by the FDA.%2 In
addition, drugs found to be promising in phase II trials often performed poorly once they advanced to
phase III; this was particularly true for cancer drugs.3? One review of all phase III chemotherapy drug
trials from 1998 to 2003 found that 81% of these trials showed lower response rates than their phase II
counterparts.>* Experts theorized that this was due to changing survival trends, newer imaging
techniques, and differing clinical endpoints between trial phases.3>3¢ For GBM, particular problems
included lack of randomization in phase II trials.?”

The Growing Importance of Biomarkers

The FDA was also paying increasing attention to evidence showing that specific sub-populations
with certain observable characteristics, or “biomarkers,” @ were particularly responsive to certain drugs.
In May 2017, Keytruda (pembrolizumab), Merck’s FDA-designated “breakthrough” cancer
immunotherapy drug, received FDA approval for use in all cancer patients with a specific biomarker.

@ A biomarker was a naturally occurring molecule or biological characteristic found in certain people that could influence drug
treatment responses. As an example, a July 2017 study found that breast cancer patients with two biomarkers (cytoplasmic cyclin
E and retinoblastoma protein) responded differently to first-line treatment than patients without these biomarkers. Source:
University of Texas M.D. Anderson Cancer Center, “Study Shows Biomarkers Can Predict which ER-Positive Breast Cancer
Patients Respond Best to First-Line Therapy,” https:/ /www.mdanderson.org/newsroom/2017/06/study-shows-biomarkers-
can-predict-which-er-positive-breast-cancer-patients-respond-best-first-line-therapy.html, accessed September 2017.

In December of 2016, the FDA-NIH Biomarker Working Group published a detailed document, “BEST” (Biomarkers EndpointS,
and other Tools Resource) to address the need to standardize language around the use of biomarkers in translational science and
medical product development. Source: FDA-NIH Biomarker Working Group, “BEST (Biomarkers EndpointS, and other Tools)
Resource,” https:/ /www.ncbi.nlm.nih.gov/books/NBK326791, accessed August 2017.
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This was the first time the FDA had approved a drug to respond to a biomarker signature, rather than
a specific cancer type (e.g., lung, colon, etc.).%

Recent Developments in Clinical Trials

In the early 2000s, academics, medical practitioners, and statisticians began to question the
dominant use of traditional RCTs and frequentist statistics in clinical research. While traditional RCTs
maintained a high degree of rigor, critics contended that their rigidity deterred innovation and stalled
improvements in treatment.*? A small but growing community advocated for trials based on Bayesian
statistics, which could expedite identification of effective therapies and reduce the cost of drug
development without compromising the quality of trial results.*! The proliferation of computers with
high-speed computational power (necessary for Bayesian analyses) enabled interested researchers to
explore and experiment with Bayesian statistical methods.*?

Proponents of the Bayesian approach also pointed out that there was a mismatch between the
evolving state of medicine and the inflexible parameters of traditional RCTs.*® For example, in recent
years, the scientific community had discovered that cancers were not nearly as similar as had
historically been thought. Two patients who presented with lung cancer could have tumors with
different characteristics and mutations. As the medical field advanced in its understanding of patient
sub-populations with variants of the same disease, the number of possible drug uses multiplied. This
was perhaps best appreciated in the context of personalized and precision medicine, where therapies
could be targeted to the sub-population of patients most likely to benefit.44?

Yet the methodology for evaluating new therapies — traditional RCTs—remained the same. One
scholar argued that traditional RCTs had become “straightjackets for clinical practice by providing
answers to outdated questions.”*® Further, the growth of personalized and precision medicine had led
to a vast increase in the number of clinical questions to be answered, making the traditional RCT
model —where each trial asked and answered only one question—seem inadequate.*®

Growing Use and Acceptance of Bayesian Trial Design

Throughout the 2000s, clinical trials and analyses based on Bayesian statistics had gained
popularity. For example, of the 964 trials conducted at MD Anderson Cancer Center from 2000 to 2005,
approximately 20% (195) included Bayesian analysis or design elements.*” Regulatory bodies were also
warming to the Bayesian approach. In June 2003, the cholesterol drug Pravigard Pac became the first
drug approved by the FDA on the basis of a Bayesian efficacy analysis.*® From 2000 to 2010, the share
of medical devices approved by the FDA based on evidence from Bayesian analyses increased from
none to about 5% to 10%.4°

The publication of guidance documents and other regulatory materials soon followed. In 2007, the
European Medicines Agency (EMA), the body responsible for regulating drugs and medical devices in
the European Union, published a reflection paper exploring methodological considerations for trials
with an adaptive, Bayesian design. In 2010, the FDA released draft guidance for using adaptive trials
(based on Bayesian statistics) to evaluate drugs and biologics® and in 2016, the FDA released official
guidance for applying adaptive trial designs to medical device trials.>? These documents emphasized

b Precision medicine was defined as “an emerging approach for disease treatment and prevention that takes into account
individual variability in gene, environment, and lifestyle for each person.” Source: U.S. National Library of Medicine, “What Is
Precision Medicine?” June 27, 2017, https:/ / ghr.nlm.nih.gov/ primer/ precisionmedicine/ definition, accessed June 2017.
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that adaptive trials should establish strict control of type I error® and plan for any potential trial
modifications before, rather than during, the trial launch.

Scott Gottlieb, who became FDA commissioner in May 2017, was an enthusiastic supporter of the
potential efficiency improvements in drug approval enabled by Bayesian statistics.> In his April 2017
confirmation hearing, Gottlieb said: “I think anything we can do to try to make [the drug approval]
process more predictable, to create bright lines, to use better tools to evaluate safety and effectiveness
that could bring down the cost while not doing anything to sacrifice . . . our ability to ferret out the
safety of a product are things we should be looking at.”>*

Platform Trials, Adaptive Trials, and Adaptive Platform Trials
Platform Trials and Adaptive Trials

Both platform trials and adaptive trials were emerging clinical trial designs. They could be
combined (as in GBM AGILE), but did not necessarily need to be used together.

Platform trials As compared with traditional RCTs —which tested one therapy in one treatment
arm — platform trials simultaneously tested several therapies in multiple treatment arms.>® Most often,
these arms were compared to one common control arm. (See Exhibit 2 for additional differences
between a platform trial and a traditional RCT.)

Adaptive trials Adaptive trials were those that used a range of planned modifications to
increase trial efficiency. While the definition of an adaptive trial differed among scholars and
regulatory bodies (see Exhibit 3), some of the most commonly used adaptive elements included
adaptive randomization, arm dropping, and seamless phase II/1II transition, further explained below.

Adaptive Platform Trials

Adaptive platform trials combined multiple treatment arms — the hallmark of a platform trial —with
elements of adaptive trial design. They also could incorporate other design features to highlight
differences in treatment effects among individuals. For instance, these trials often assigned patients to
treatment arms based on the presence of a specific characteristic or biomarker. This allowed researchers
to evaluate, for example, whether a particular cancer therapy was more effective in individuals with a
specific tumor expression.56 Proponents of these trials argued that the ability to understand how
therapies affected sub-groups was invaluable, especially in the context of precision medicine.57
Adaptive platform trials could take on many different design features that led to efficiencies in the
clinical research process. These included:

Adaptive randomization Adaptive randomization was a process that used information about
the effectiveness of the therapies already under investigation to inform patient randomization.>® For
example, if one drug was found to be superior to the others among early enrollees in a trial, researchers
could increase the proportion of new enrollees randomized into the more effective treatment arm.
Participants would still be randomized, but the allocations would change to favor the superior
treatment. As a result, a higher share of patients benefitted because they were exposed to a treatment

€ In statistical terms, a type 1 error occurred when a clinical trial made the mistake of concluding that the new therapy was
superior to the placebo or standard of care when in reality, it was not. This was also sometimes called a “false positive.”
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likely to result in better outcomes. Furthermore, researchers could more quickly confirm the estimated
treatment effect because of the increased sample size in that particular study arm.

Arm dropping and “graduation” Another common adaptive trial feature was the ability to
continuously add, drop, or “graduate” (progress) treatment arms throughout the life of the trial.>® If
new drug candidates emerged, researchers could add a treatment arm to an existing platform in order
to study the effects of that particular drug. This had the appealing feature of allowing new candidate
therapies to begin clinical trials quickly and efficiently by using existing research infrastructure.
Concurrently, if a drug under investigation was found to be ineffective (either overall or in a specific
sub-group of patients), researchers could drop that treatment arm (participants in that arm could then
potentially be reassigned to other arms). Finally, if a drug in a given treatment arm was found to be
effective, researchers “graduated” that therapy into the next phase of clinical trials.9 ¢

Seamless phase II/III transition Seamless phase II/III transitions aimed to accomplish the
goals of both a phase II clinical trial (i.e., further evaluate a drug candidate’s safety and efficacy) and a
phase III trial (i.e., confirm efficacy) within the framework of a single adaptive trial.®* These were
designed to allow promising therapies to move straight from a registered phase II trial into a phase III
trial following an interim analysis or based on accumulating data, thereby reducing the lengthy delays
that often elapsed between the phases.®!

Other novel trial designs for precision medicine Researchers had also developed other trial
designs for studying targeted therapies and precision medicines, such as umbrella trials and basket trials.
These trials were unique because of how researchers selected participants. Put simply, umbrella trials
enrolled patients based on the presence of a shared disease type (e.g., colon cancer), regardless of
individual patients’ particular mutations. Basket trials, by contrast, enrolled patients based on a shared
mutation, regardless of their disease type. For example, two patients with the same mutation in a
particular gene whose cancers presented differently (i.e., one had lung cancer and the other had colon
cancer) would be grouped together in the same study (see Exhibit 4).62

Standard RCTs were designed to answer one question. With biomarkers, however, each therapy
now had multiple potential questions (patient biomarker types) to address. As Alexander explained,
“When you think about a disease rather than a drug, there are obviously many questions —related to
drugs, biomarkers, combinations, etc. —to be answered. Part of the move to platform trials is to ask and
answer many questions about a disease or patient population and the Bayesian design supports that.”

Efficiency Gains from Adaptive Platform Trials

Each time a new trial began, regardless of its design, investigators invested time and money into
developing a study protocol, hiring a CRO, recruiting a team of clinicians and statisticians, securing
funding, obtaining ethical approval, identifying clinical trial sites, working with regulatory agencies,
instituting standard operating procedures, establishing contracts, and enrolling participants. Because
adaptive platform trials were ongoing, many of these “fixed costs” could potentially be shared across
multiple treatment arms in a way that was not possible in traditional RCTs. Some investments, such as

d A notable example was the I-SPY 2 trial of neoadjuvant experimental therapies in breast cancer, which identified two breast
cancer therapies with biomarkers that had a high probability of success in phase III studies. Source: Alexander M. Castellino,
“Two  Drugs ‘Graduate’ From Novel I-SPY 2 Breast Cancer Trial,” Medscape, July 6, 2016,
http:/ /www.medscape.com/ viewarticle/ 865785, accessed June 2017.

€ A design element closely related to graduation was adaptive sample size. In a traditional RCT, sample size estimates were
made based on expected effect size (see Appendix A), but in adaptive trials, the sample size could be adjusted if the effect size
turned out to be larger (or smaller) than anticipated.
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CRO selection, ethical approval, and statistical design needed to occur only once, at the time the
platform was launched. Thereafter, new drugs could be added to the trial continuously with lower
start-up costs relative to what would be required to launch a new traditional RCT.

Adaptive platform trials also made it easier to test drugs for new indications by lowering the
barriers to trial initiation and entry. For example, if an existing drug was known to be effective for one
cancer with potential benefit in other cancers, its manufacturer could add the drug to an existing
adaptive platform trial for a different indication (or a different patient sub-group than the existing
indication(s)). As a result, more treatments might be identified for indications that otherwise would
not have been pursued. Increasing the number of disease-drug pairs being studied in clinical trials
would address an ongoing challenge in cancer research. As articulated by one scholar: “We speak of
false negatives and false positives, but both are dwarfed by false neutrals — therapies that have not been
and may never be evaluated in clinical trials.” 3

The most well-known trial of this type to date, I-SPY 2, compared the effects of treating breast cancer
with chemotherapy alone (the standard of care) versus chemotherapy plus biomarker-specific drugs
prior to surgery.® Launched in 2011, I-SPY 2 evaluated whether the treatment eradicated the patient’s
tumor, known as a pathologic complete response (the trial’s endpoint).®® As of June 2017, I-SPY 2 had
tested drugs from Abbott, Abbvie, Amgen, Genentech, Medivation, Merck, Plexxicon, and
Pfizer/Puma.®® The trial had evaluated 12 therapies, five of which had advanced for additional
evaluation.®”

I-SPY2 had also shown that adaptive platform trials could save a significant amount of time in set-
up. It took I-SPY 2 researchers roughly five months to move from negotiations with drug companies to
patient enrollment into the trial, whereas an RCT typically took 18 to 36 months to do so.%® I-SPY2 relied
on multiple sources of funding including research grants from the FDA, NIH, academic research
centers, and patient advocates, in addition to support from biopharmaceutical manufacturers.
Researchers had also designed adaptive platform trials to study a range of other conditions and
diseases, including antibiotic resistance, dementia, influenza, pancreatic cancer, and pneumonia.f (See
Exhibit 5 for a list of related trials and their associated characteristics and design features.)

An Adaptive Platform Trial for GBM?

Alexander, who was an Associate Professor at Harvard Medical School in addition to his work at
Dana-Farber, first became enthusiastic about the efficiency gains associated with adaptive platform
trials in the early 2010s. “If you look at the landscape of GBM development over the last 10 to 15 years,”
Alexander said, “it's amazing how many single-arm, phase Il trials appeared positive but were found
to be negative in phase III. If we can design an adaptive platform trial that can seamlessly transition
effective GBM therapies from a more rigorous phase II to phase IlI, that would go a long way toward
identifying or disproving new therapies more quickly.”

GBM, Alexander thought, was particularly well-suited to be studied in this setting. As he explained,
“An adaptive platform trial gains efficiencies through the ability to quickly gather and use meaningful
information. With GBM, because the prognosis is so poor, we can collect and use information about

£ Notably, in 2014, researchers designed an adaptive platform trial to study treatments for the Ebola virus in West Africa. Because
the epidemic slowed in early 2015, the trial was never launched; however, this demonstrated that the applications of adaptive
platform trials could extend to both communicable diseases and a developing country context. Source: Scott M. Berry et al., “A
Response Adaptive Randomization Platform Trial for Efficient Evaluation of Ebola Virus Treatments: A Model for Pandemic
Response,” Clinical Trials 2016, Vol. 13(1):22-30.
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how treatments affect patient survival in real-time to inform the trial.” In addition, given the relatively
low prevalence of GBM, pharmaceutical companies had weaker economic incentives to develop drugs
specifically targeted at that cancer. Indeed, research had shown repeatedly that smaller drug markets
attracted fewer pharmaceutical entrants.®>70 As Alexander noted, “A platform trial provides a turn-
key way for companies to look at another indication for an existing drug. For diseases that don’t receive
a lot of individual attention from pharmaceutical companies like GBM, this kind of trial can really open
the door for testing a range of new therapies.”

In 2012, Alexander co-authored an article with statistician Lorenzo Trippa on the potential to use
adaptive trial designs for GBM. The following year, he gave a presentation on the same topic at the
American Society of Clinical Oncology conference. “1 was really nervous about that presentation,” he
recalled, “because Don Berry, who is basically the Godfather of Bayesian trial designs, was the
discussant.” Alexander was pleased to discover that Berry was approachable and eager to discuss his
ideas around more efficient trial design for GBM. They talked at length after the presentation and
stayed in contact about the topic. In 2013, Alexander and Berry jointly published an article exploring
how adaptive platform trial methodology could be applied to GBM.”!

Additionally, with funding from a Burroughs Wellcome Innovations in Regulatory Science Award,
Alexander and his colleagues at Dana-Farber, including Trippa, neuro-oncologist Patrick Wen, and
pathologist Keith Ligon, had designed the INdividualized Screening Trial of Innovative Glioblastoma
Therapy trial (INSIGhT; NCT02977780).72 INSIGhT was designed to be an efficient phase II screening
adaptive platform trial to identify promising therapies in association with genomic biomarker analysis
for patients with a particular indication —namely those with newly diagnosed GBM that tested as
“unmethylated” for the MGMT biomarker. INSIGhT eventually launched in January 2017 with the
support of the Accelerate Brain Cancer Cure (ABC?) foundation along with the pharmaceutical
companies Puma, Eli Lilly, and Celegene, whose drugs were being tested in the trial.

In parallel, Berry had invited Alexander in 2014 to join a group called GBM AGILE that was
expressly created to imagine, design, and write a protocol for a novel global clinical trial for GBM. The
group was led by Dr. Anna Barker, the director of transformative healthcare knowledge networks at
Arizona State University’s National Biomarker Development Alliance, and the trial would be led by
Principal Investigator Timothy Cloughesy, the head of neuro-oncology at the University of California,
Los Angeles. Barker was an expert in understanding the needs of targeted cancer research, having been
the Deputy Director of the National Cancer Institute (NCI) and Deputy Director for Strategic Scientific
Initiatives, at the time that it launched the Cancer Genome Atlas Project.”> The GBM AGILE group also
included a collaborative group of oncologists, pathologists, radiologists, and statisticians hoping to
design an adaptive platform trial for GBM.

Over the next year, this group met routinely to discuss the particulars of the trial, including
biomarkers to explore, promising drugs for GBM, and possible endpoint selections. As Barker
remarked, “The concept of combining our knowledge and expertise to create the first global adaptive
trial for GBM quickly became something of a ‘movement.” . . . United by a simple goal of bringing better
treatments to GBM patients, everyone stepped out of their silos, left their egos, and paid their own way
[to work on GBM AGILE].”7* Meredith Buxton, director of clinical trial strategy at Berry Consultants,
a well-known consulting firm founded by Don Berry that specialized in statistical support for adaptive
trials, reflected on the uniquely collaborative nature of the broader community around adaptive
platform trials:

These trials are often spurred on by a small but committed group of clinicians,
researchers, and advocates who want and expect better for patients and for the
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advancement of research. However, for these efforts to really take hold, a larger
consortium of academic investigators, industry partners, advocates, funders, and
regulators is needed. Success lies in moving from an idea generating phase at a 50,000-
foot level to the on-the-ground implementation phase; it is crucial to strike a balance
between what is scientifically valuable and operationally feasible. This is best
accomplished through strategic partner alliances and a consortium of committed and
active collaborators to guide important components of the trial.

Designing the GBM AGILE Trial

By 2015, following discussions with the FDA, the GBM AGILE group had developed a master
protocol (i.e., a document that contained all of the governing rules for conduct and analysis) for the
phase II trial. Alexander and his colleagues wrote that the protocol represented “the efforts of over 130
oncologists, statisticians, pathologists, neurosurgeons, imagers, and translational and basic scientists”
from around the world.” The research group planned to use overall survival as the trial’s endpoint.
Because GBM survival rates were poor, the trial would relatively quickly detect any survival benefits
from new drugs.

To strike a balance between trial efficiency and scientific rigor, Alexander explained, “Our trial
design team, led by Berry, worked with the FDA to figure out how we can best use the science at our
disposal to avoid type 1 error but also get superior treatments to patients.” GBM AGILE was originally
designed to use Bayesian adaptive randomization, increasing the probability that patients would be
assigned to a trial arm (therapy) from which they were more likely to benefit.8 But Alexander was
reminded of hesitations he had felt after an earlier conversation with Richard Pazdur, the director of
the FDA’s Oncology Center of Excellence, about the challenges of using different endpoints for various
approval pathways. “What if we showed an increase in overall survival—a meaningful trial
endpoint—but with this new kind of design?” Alexander wondered. “Would we be stuck doing
another separate phase III trial to confirm the results? That didn’t seem to be in the best interest of
patients.”

The GBM AGILE team and the FDA ultimately resolved this issue by employing an innovation from
Berry based on a two-stage randomization design. The first stage would consist of the already-planned
adaptive randomization. Therapies that showed compelling improvements in survival in this stage
would then seamlessly transition to a second stage of tests using standard, fixed randomization to
confirm the findings. This would support trial registration, an important component for regulators like
the FDA and EMA. Stage 1 would “learn” —both about the efficacy of new therapies and the right
biomarker-defined population to use them. Stage 2 would then “confirm.” In characteristic platform
trial fashion, new therapeutic arms could be added to the trial over time while other arms completed
testing (see Exhibit 6 for additional detail on trial structure).

The design of GBM AGILE was a significant step forward. By including newly diagnosed and
recurrent patients in the same trial, there was potential to make clinical research and clinical practice
more seamless while providing efficiencies. As Alexander explained, the two-stage design created to
support ultimate drug approval was a complete solution to optimal development from the beginning
of the traditional phase II through the end of phase III.

& The earliest patients in the first stage of the trial would be randomly assigned (in pre-specified proportions) to treatment arms.
Once data began to accumulate, information from interim analyses could be used to adaptively assign subsequent incoming
patients to treatment arms.
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Operationalizing the Trial

To turn the design and protocol into reality, Alexander and his colleagues needed to identify a
sponsor with an appropriate governance and operational structure to oversee the trial. An evergreen
adaptive platform trial for GBM created an opportunity to establish an entity that was explicitly
focused on developing therapies for patients with GBM, a mission and focus that no other player in the
therapeutic development space had. “This was a really exciting feature of an ongoing organization to
me,” Alexander said, “given the potential to change the therapeutic and biomarker development
process to be more patient-centric.”

There were practical considerations as well. “At the beginning, we had no mechanism to engage
with pharmaceutical companies,” Alexander recalled. “We started to talk to them, but when we
reached the point of negotiating budgets and contracts, it became clear that we needed to transition
from the design phase to the operational phase.” Thus in April 2017, Alexander and his colleagues
decided to found a non-profit organization that would sponsor the GBM AGILE trial called the Global
Coalition for Adaptive Research (GCAR). Alexander would ultimately agree to serve as CEO and
president of the GCAR as the group moved to identifying, vetting, and securing contractual
relationships with vendors, legal counsel, and identifying a CRO to partner with in creating and
running GBM AGILE.

By the summer of 2017, the GCAR had also finalized a contract with Berry Consultants (see Exhibit
7 for a list of the services that this group specialized in providing). Berry Consultants would coordinate
the statistical strategy of the trial. The trial would take place across multiple clinical sites (e.g.,
university research centers, hospitals, and cancer institutes) throughout Australia, China, and the
United States. GBM AGILE would enroll both newly diagnosed and recurrent GBM patients and
evaluate which therapies worked best for each type. Alexander remarked:

This is a really unique approach. Usually, pharmaceutical companies test therapies on
recurrent GBM patients first—almost like the equivalent of metastatic (or later-stage)
disease for other types of cancers. If the drug shows promise among this population, the
company might then test it on newly diagnosed patients. GBM AGILE enrolls both newly
diagnosed and recurrent patients. This gives us more statistical power because our sample
size is larger. The approach also starts to dissolve the machinery of clinical trials. You
could imagine that a patient comes into an oncology clinic and is enrolled on GBM AGILE
simply as part of his or her GBM care because all patients are eligible. As a result, we're
generating information from as many patients as we can. We would truly be transforming
clinical care into an optimized learning environment where patients had access to the
latest, more personalized therapies.

Alexander knew that an early priority would be to create a sustainable financing model for the GBM
AGILE trial. It was clear that the GCAR could not request external grant funding for a GBM trial of
indefinite size and duration from any of the typical clinical research funders in the pharmaceutical
industry. The GCAR would coordinate the trial, but there would be substantial upfront financial and
coordination costs. Alexander and his colleagues needed to resolve several potential financing
questions —both in the short-run as well as in the longer run, once the trial was underway.

In the short term, the GCAR needed a plan for launching the trial without an upfront source of
money. Who would provide the necessary funds and when? To what extent could GBM AGILE expect
to later receive government grants and academic support? What role would patient advocacy and
philanthropic organizations play in supporting the trial? How would contracts with pharmaceutical
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companies look? And might these contracts change as the trial evolved and became established in the
clinical research world? They considered their options.

A clear option would be to have pharmaceutical companies fund individual arms of the trial. If a
manufacturer wanted to include one of its drugs in the GBM AGILE trial, it would pay the GCAR to
run a trial arm. In such a case, it was envisioned (but not necessary) that the manufacturer would retain
the rights to any successful NDA eventually granted by the FDA. The GCAR would need to charge
these companies a high enough amount to both cover overhead costs as well as per-patient fees at its
trial sites and support the GCAR'’s operations. “Trials run by cooperative groups typically pay much
less per patient than pharmaceutical companies,” said Alexander. “And trial sites have to recover
enough funds to support their own research infrastructure.” The GCAR needed to pay sites an
attractive enough fee per patient to allow GBM AGILE to be financially sustainable at the site level.
Furthermore, in order for the trial to be a success, pharmaceutical partners would have to be willing to
include their most promising new drugs in GBM AGILE.

Alexander and his colleagues faced another unique challenge as they initiated the trial. Once the
trial was operational, costs would be shared across all the treatment arms. But at the trial’s outset, no
arms yet existed to bear costs. As Alexander said, “With a traditional RCT, you could create an all-
encompassing budget for the National Cancer Institute or a pharmaceutical company. GBM AGILE is
a totally different animal. We won’t have a complete budget to draw from when we initiate the trial.
As such, it requires a completely new partnership model.”

To solve this challenge, a strategy was devised to ask trial partners to defer payment from the GCAR
until trial arms began to be funded. Alexander elaborated, “The trial design presents an interesting
opportunity for our partners to stake their claim as the ‘go-to’ resources for overseeing adaptive
platform trials. If the broader research field moves in this direction, our partners will be well-positioned
to pick up contracts. I want all of us to have a stake in the trial’s success.” Melissa Paoloni, director of
clinical science strategy at Berry Consultants, reflected:

The goal is to create a model with a clear value proposition for all stakeholders. It
would be a challenge for an individual pharma partner to replicate the innovative
infrastructure and shared efficiencies, which create both equity and efficiency for all
partners. This approach—which is applicable to the adaptive platform trial space in
general —lowers the bar for bringing new products into a trial and therefore broadens the
pipeline of drugs that can be explored. Coupled with a stronger scientific basis and
valuable data, this design creates value for all involved —the research community,
industry partners and, most importantly, the patients.

Other Financing Opportunities

The novel setup of GBM AGILE also created a number of other business opportunities. One option
was to pursue a licensing or royalty-sharing arrangement with smaller biotechnology companies.
Many of these companies, Alexander explained, did not have the resources to conduct their own phase
II or phase IlI trials in GBM. Often, their only pathway to market was to license their drugs to a larger
pharmaceutical company that would then fund clinical trials. Alexander explained, “We could imagine
an arrangement where some of these companies license their drugs to GBM AGILE instead, and we
run a trial arm to test the company’s drug [in GBM]. Or, they could enter into a royalty-sharing
arrangement with us where we test the drug through our trial platform. If it is found to be effective
and eventually makes it to market, the company shares some of its revenues with the GCAR.” The
GCAR could then use cash flows from licensing or royalty-sharing to support its ongoing operations
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and/or to fund additional trial arms. Such an arrangement, Alexander explained, was not limited to
smaller biotechnology companies. Major pharmaceutical companies might also have interest.

Another option was to monetize the data generated by GBM AGILE. “Both pharmaceutical
companies and academic institutions will find the data valuable,” explained Alexander. He wanted
academic researchers to have lower-cost access to the data than for-profit companies, given how
important biomarker data would likely be in advancing precision medicine and cancer research. As he
expressed, “We could possibly have two subscription models for accessing the data: one at a premium
price for biopharmaceutical companies and the other free or at a discounted price for academic
researchers.”

The GCAR could also consider developing biomarkers for predicting treatment efficacy or dosing
recommendations for payers. Health insurance companies were increasingly interested in the potential
to use biomarkers in coverage decisions. For example, knowing which patients were likely to have a
very positive or very negative reaction to a therapy or which doses were most likely to be effective for
a given patient would allow an insurer to make a value-driven decision about reimbursement for a
given treatment and patient.”® Payers were already discussing the potential for biomarkers to help
drive coverage decisions.”” Alexander expected other parties in the health care system to have an
increased interest in developing biomarkers over the coming years, and in theory, the GCAR would be
well positioned to be a service provider in this space.

A final idea was to have the GCAR act as a coordinator for all of a patient’'s GBM care, somewhat
like a managed care organization—a group of health providers that coordinate patient care — for GBM.
Alexander pointed out, “We are already paying for all of these experimental therapies and specifically
outlining a care management plan anyhow; why not pay for and manage the standard treatments
patients will be receiving from the same oncologists?” None of the funding options were mutually
exclusive, but the GCAR would need a plan for moving forward.

More broadly, decisions the GCAR made would help advise other organizations focused on finding
better treatments for cancer and other diseases. For instance, the Multiple Myeloma Research
Foundation (MMRF) would be closely monitoring the ways in which Alexander and the GCAR co-
founders financed the GBM AGILE trial. As Kathy Giusti, founder of the MMRF and co-chair of the
Kraft Precision Medicine Accelerator at Harvard Business School, remarked, “Innovating in the clinical
trial design space is of crucial importance to improving outcomes for cancer patients. Everyone benefits
when leaders work across cancers to design and support innovative trials conducted by trusted third
parties.”
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Exhibit1 Phases of the U.S. FDA Screening Process for New Drugs

Drug sponsor files an Investigational New Drug (IND) application with the FDA.
Once approved, the sponsor can initiate the trial.

*Study Participants: 20 to 100 healthy volunteers or people with the disease/condition
*Length of Study: Several months

*Purpose: Safety and dosage

*Approximately 70% of drugs move to the next phase

*Average Cost: 51.4 million to $6.6 million

*Study Participants: Up to several hundred people with the disease/condition
*Length of Study: Several months to 2 years

*Purpose: Efficacy and side effects

*Approximately 33% of drugs move to the next phase

*Average Cost: 57 million to $19.6 million

*Study Participants: 300 to 3,000 volunteers who have the disease/condition
*Length of Study: 1 to 4 years

*Purpese: Efficacy and monitoring of adverse reactions

*Average Cost: 511.5 million to $52.9 million

Drug sponsor files an New Drug Application (NDA) application with the FDA. Once
approved, the sponsor can market and sale the new drug or medical device in the
United States

QK |

Source: Casewriter, based on information from: U.S. Food and Drug Administration, “Step 3: Clinical Research,” May 25, 2017,
https:/ /www.fda.gov/forpatients/approvals/drugs/ucm405622.htm, accessed June 2017.; Cost Data from: Aylin
Sertkaya, Hui-Hsing Wong, Amber Jessup, and Trinidad Beleche, “Key Cost Drivers of Pharmaceutical Clinical Trials
in the United States,” Clinical Trials 2016, 13(2): 117-26.

Exhibit 2 Differences between a Traditional RCT and a Platform Trial

Characteristic Traditional Trial Platform Trial
Scope Efficacy of a single agent in a homogeneous population  Evaluating efficacy of multiple agents in a heterogeneous population;
explicitly assumes treatment effects may be heterogeneous
Duration Finite, based on time required to answer the single Potentially long-term, as long as there are suitable treatments
primary question requiring evaluation
No. of treatment groups Prespecified and generally limited Multiple treatment groups; the number of treatment groups and the
specific treatments may change over time
Stopping rules The entire trial may be stopped early for success or Individual treatment groups may be removed from the trial, based on
futility or harm, based on the apparent efficacy of the demonstrated efficacy or futility or harm, but the trial continues,
single experimental treatment perhaps with the addition of new experimental treatment(s)
Allocation strategy Fixed randomization Response-adaptive randomization
Sponsor support Supported by a single federal or industrial sponsor The trial infrastructure may be supported by multiple federal

or industrial sponsors or a combination

Source:  Scott M. Berry, Jason T. Connor, and Roger ]. Lewis, “The Platform Trial: An Efficient Strategy for Evaluating Multiple
Treatments,” JAMA 2015 313(16): 1619-20.
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Exhibit3 Varying Definitions of Adaptive Trials

Adaptive Trials

FDA: “An adaptive design clinical study is defined as a study that includes a prospectively planned opportunity for
modification of one or more specified aspects of the study design and hypotheses based on analysis of data
(usually interim data) from subjects in the study.”

European Medicines Agency: “Adaptive pathways is a scientific concept for medicine development and data
generation which allows for early and progressive patient access to a medicine. [. . .] Adaptive pathways is based
on three principles: iterative development, [. . .] gathering evidence through real-life use to supplement clinical trial
data; [and] early involvement of patients and health-technology assessment bodies in discussions on a medicine's
development.”

2005 Article: “We will refer to an adaptive design as a design that allows modifications to some aspects (e.g., trial
procedures and/or statistical procedures) of an on-going clinical trial after its initiation, without undermining the
validity and integrity of the trial.”

2006 Article: “By adaptive design we refer to a clinical study design that uses accumulating data to decide how to
modify aspects of the study as it continues, without undermining the validity and integrity of the trial.”

2015 Article: “[Adaptive trials are those] in which unblinded data are monitored and used to determine the future
course of the trial based on prospectively defined decision rules.”

2017 Article: “Adaptive Designs (ADs) use data accumulated at interim time-points in the study to allow to modify
elements of the trial without increasing bias, or undermine the validity of the trial results or the integrity of the trial
itself.”

Source: U.S. Food and Drug Administration, “Adaptive Design Clinical Trials for Drugs and Biologics,” February 2010,
https:/ /www.fda.gov/downloads/drugs/guidances/ucm201790.pdf, accessed June 2017.; European Medicines
Agency, “Adaptive Pathways,”
http:/ /www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/ general/ general_content_000601.jsp, accessed
June 2017.; Stein-Chung Chow, Mark Chang, and Annpey Pong, “Statistical Consideration of Adaptive Methods in
Clinical Development,” Journal of Biopharmaceutical Statistics, (2005) 15(4): 575-91.; Paul Gallo et al., “Adaptive Designs
in Clinical Drug Development— An Executive Summary of the PhARMA Working Group,” Journal of Biopharmaceutical
Statistics, (2006) 16(3): 275-83.; Donald A. Berry, “The Brave New World of Clinical Cancer Research: Adaptive
Biomarker-Driven Trials Integrating Clinical Practice with Clinical Research.” Molecular Oncology 9(2015): 951-9.
Jianchang Lin and Veronica Bunn, “Comparison of Multi-Arm Multi-Stage Design and Adaptive Randomization in
Platform Clinical Trial,” Contemporary Clinical Trials (2017) 54: 48-59.

15


https://www.fda.gov/downloads/drugs/guidances/ucm201790.pdf
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_000601.jsp

618-025 Adaptive Platform Trials: The Clinical Trial of the Future?

Exhibit 4 Sub-Types of Platform Trials: Umbrella and Basket Trials

Sub-Types of Platform Trials

Umbrella trial: "enrolls patients who share the same basic cancer type, performs molecular marker testing for a
wide array of potential targets, then assigns patients to an arm of the study based on the presence of a mutation
matched to a potentially effective treatment for that marker."

Basket trial: "enrolls patients who have the same genetic mutation, whether their cancer originated in the lung,
breast, colon, liver, or any other organ, then has patients all receive the same novel treatment that targets that
specific marker."

Umbrella trial Basket trial
1 type of cancer Multiple types of cancer
Different genetic mutations (e ® @) 1 common genetic mutation (e)
® '
L] bt ~ Py e
Test drug 1 Test drug 3
Test drug 2 Test drug

Source: Jack West Howard, “Novel Precision Medicine Trial Designs: Umbrellas and Baskets,” JAMA Oncology March 2017
3(3): 423.
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Exhibit 5 Adaptive Characteristics of Selected Trials
Patie:.nt Study Arms Within-trial Adaptations Integration
Trial Selection
Sub-type | Multiple | Multiple | Common RAR Interim |Staggered| Bayesian
Stratification | Arms | Domains | Control Frequency| Arms Model
SPY2 Yes Yes No Yes Yes 2 weeks Yes Yes
(Breast Cancer)
EPAD (Alzheimer's ~ _
Disease) Yes Yes No Yes No Quarterly Yes Yes
DIAN (Alzheimer'
(. emers No Yes No Yes No |Biannually| Yes Yes
Disease)
Precision Promi
(P:::::EEC éi;n::) Yes Yes No Yes Yes Monthly Yes Yes
PREPARE FLU
(nfluenza) Yes/No Yes No Yes Yes Weekly Yes Yes
REMAP-CAP
. Yes Yes Yes Yes Yes Monthly Yes Yes
(Pneumonia)
INSIGhT _
(Glioblastoma) Yes Yes No Yes Yes Monthly Yes Yes
GBM AGILE
(Glioblastoma) Yes Yes No Yes Yes Monthly Yes Yes
Source: Casewriter, adapted from: Derek C. Angus and Brian M. Alexander, “Adaptive Platform Trials: Definition, Design,
Conduct and Reporting Considerations,” presentation, The Adaptive Platform Trials Coalition, May 2017.
Note: RAR = Response-adaptive Randomization.

Exhibit 6 GBM AGILE Trial Organizational Structure

GBM AGILE TRIAL
ORGANIZATIONAL STRUCTURE

Advisory

Scientific Advisory

Group

Operations

Assess operational
feasibility and decide on
trial execution

Global Coalition of
Adaptive Research

GBM AGILE Trial Sponsor

Clinical Trial
Strategy Team

Berry Consultants

Stunsiieal Innavalion

CRO Partner

Steering Committee

Provide Sponsor with advice
on all trial aspects

Arm Selection

Determine overall criteria and Identification
of new agents/biomarkers

International

GBM AGILE

Consortium
Provide clinical feasibility input and
feedback on safety and operational trends

Source: Company documents.
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Exhibit 7 Berry Consultants Background and Service Offerings

CLINICAL TRIAL STRATEGY TEAM OVERVIEW

To shorten the clinical development process by designing and implementing innovative,
platform, and adaptive trials across all clinical areas.

GOALS AND OBJECTIVES:

* To provide strategic, scientific, and process design and operational expertise to groups
wishing to establish large-scale clinical trial platforms for drug, device or diagnostics
evaluation.

* To support the implementation and improvement of innovative (such as Bayesian),
platform, oncology, other clinical trials,

* To foster the adoption of large-scale clinical trials by providing expert training to groups
to execute such trials.

= Berry Consultants

CTS SERVICES OFFERINGS

PRIMARY SERVICES:
* Design and Develop Innovative Trials
* Create Clinical Development Strategy
Consortium Building, Partner Alliances, and Regulatory Strategy
* Construct Trial Components and Processes

Recruitment Strategy Data Management Plan, Safety Management Plan, Drug Acquisition and
Management

* Implement and Operationalize Large-Scale and Complex Trials
Oversight to include financial, contractual, IT, CRO, other vendors

ADDITIONAL SERVICES:
* Consulting Services
* Training /Education

= Berry Consultants

“PAIN POINTS” TO FOCUS PLATFORM DEVELOPMENT

«Consortium Building

*Partnership Alliances

*Regulatory Strategy

*Recruitment

*Data Management

*Safety Management

*Drug Acquisition and Management

+Trial Oversight (financial, contractual, IT, CRO, other vendors)
*Training/Education

= Berry Consultants

Source:  Berry Consultants, used with permission.
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Appendix A Simple Power Calculations

Traditional RCTs are designed to detect pre-specified outcome(s) of interest in the study population.
In a traditional frequentist study design, researchers are interested in hypothesis testing, which has the
primary goal of testing and potentially rejecting the null hypothesis, or demonstrating that the novel
treatment has measurably different outcomes, on average, compared to the control arm of the study.

A critical element of study design is the power calculation. An accurate power calculation ensures
that researchers enroll a sufficient study population to reject the null hypothesis if the novel treatment
is, in fact, measurably different from the control treatment. Three inputs determine the required sample
size: the expected effect size, the chosen significance level, and power (Table A-1).

Table A-1: Determinants of Sample Size

Input Typical
Values
Effect size of the alternative Context-
treatment specific
Significance level 0.05; 0.10
Power 0.8-0.95

The effect size is the expected difference in outcome(s) between the treatment and the control arm.
For example, do researchers expect the new drug to perform marginally better than the existing
treatment? Or do they anticipate double or triple the effect size? The answer to this question will affect
sample size. Ideally, researchers estimate effect size by looking at previous research, such as a pilot
study or observational study, and/or by taking into account the effect sizes considered clinically
meaningful by experts or regulators, such as the U.S. Food and Drug Administration or the European
Medicines Agency. Overestimating the treatment effect might lead to an underpowered study that
incorrectly fails to reject the null. But underestimating treatment effect might lead to an overpowered
study that enrolls more patients than necessary to answer the question.

The significance level and power, explained below, are both statistical parameters that describe the
degree of certainty that accompanies the study’s conclusion(s).

The significance level (also called alpha or type I error) is the probability of rejecting the null
hypothesis when the null is true (i.e., the novel treatment is not different from the control, but
researchers incorrectly conclude that it is). When studies refer to their results as “statistically significant
at the 0.05 (or 5%) level,” the study has a 5% type I error (false positive) rate, or an alpha of 0.05. If 100
studies are conducted that all have a 0.05 alpha level, in expectation, five studies will erroneously reject
the null.

Power is the probability of correctly rejecting the null (i.e., identifying an effect when there is a true
effect). The probability of type II error (a false negative) and the power of a test sum to 1. Therefore,
the probability of a false positive is 1 minus the test’s power. Figure A-1 below shows the probability
regions as they relate to the null hypothesis compared to a hypothetical alternative sample distribution.
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Figure A-1 Probability Regions as Related to the Null and Alternative Hypotheses

Alpha (Type I Error)

Truth: No Effect e g
(Null Hypothesis) \‘\_/

Power

Truth: Effect
(Alternative

Hypothesis) _________/

With fixed values of the treatment effect, significance level, and power, researchers can calculate
the required sample size of the study population. In a simple t-test (see Equation A-1), which tests the
difference between two sample means, the effect size is calculated as the difference between the two
sample groups’ means divided by the common standard deviation. Notably, in cancer trials, power
calculations are traditionally based on overall response rate (ORR), progression free survival (PFS), or
overall survival (OS), rather than effect size.

Equation A-1 Simple t-test

11 — 1ol

effect size =
ff ~

Suppose that researchers are testing a new therapy for lowering elevated LDL cholesterol levels.
Based on earlier drug trial phases, they have data that suggests the following;:

Table A-2 Sample Values for a Cholesterol Therapy

Estimate
(mg/dL)
Uy: Placebo mean LDL 150
U,: Novel therapy mean LDL 160
o: Overall standard deviation in LDL across both groups 20

With these estimates, the target effect size would be 0.5 (i.e., [u; — py|/0 or |150-160 | /20). As stated
previously, the target effect may be derived from earlier studies or may be the smallest effect that
would demonstrate a meaningful clinical contribution given the context. Table A-3 shows the required
sample size based on common combinations of significance levels and power.
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Table A-3 Required Sample Size based on Power and Significance Estimates
Significance-level
0.1 0.05 0.01
0.8 51 64 96
Power 0.9 70 86 121
0.95 88 105 145

*Note these are sample sizes for each treatment group. The overall study is twice this size. It is also
possible to create control and treatment arms which differ in size by specifying a ratio of treatment to
control patients.

Calculating a sample size for a study is, in many cases, an automated process. Researchers can go
online and find a sample size calculator (for example, there are resources available via statistical
software packages such as STATA and R), and they can always simulate study characteristics and
sample sizes for more complicated study designs. What is more important is understanding the
influence that inputs have on sample size. For instance:

o As the effect size decreases, the space separating the two bell-curves in Figure A-1 decreases,
requiring a larger sample size to estimate the treatment effect.

e Asthe significance level decreases, the vertical line that crosses the two curves moves to the
right, decreasing power (unless the sample size is simultaneously increased).

e As the variance in the outcome measure increases, the two curves in Figure A-1 spread,
increasing overlap. This makes it harder to detect an effect, requiring a larger sample size.

What Can Go Wrong

Although a sample size calculation itself is relatively straightforward, there can be underlying
issues with the study that can undermine the validity of the calculation. For instance, the minimal
detectable effect is often uncertain before the study has been conducted and researchers’ estimates may
be overly optimistic. If the true effect is smaller than the pre-specified effect, this may result in an
“under-powered study.”

Although this type of mistake may seem avoidable, the smallest meaningful effect is often hard to
define in advance, and budgetary constraints or other real-word constraints or logistical issues may
restrict the sample size in ways that lead to an under-powered study. Using ill-suited statistical
methods can also be an issue. If the outcome is not distributed normally, for example, using a statistical
test that assumes normality, such as the effect size calculation in Equation A-1, will generate inaccurate
results.

Note: One of the statistical advantages of an RCT is the simplicity of methods like two-sample t-
tests. But in many clinical cases, researchers are interested in different outcomes, like time-to-event
analyses (i.e., the length of time to a given outcome, such as all-cause mortality or hospitalization).
Time-to-event analyses require a different type of sample size calculation. In general, researchers must
decide what type of outcome measure is meaningful in the context of their study and what statistical
method is best suited to that question.
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Bayesian Sample Size Calculations

Adaptive Bayesian methods can offer several advantages over traditional frequentist study designs.
These include:

e  Shifting more patients to efficacious trial arms (or, conversely, shifting patients away from
ineffective treatment arms)

e Requiring smaller overall study populations without loss of power and/or type I error

e Shortening the duration of the trial

In a simulation study of clinical trials for glioblastoma, researchers found that the use of Bayesian
adaptive randomization resulted in 15% to 18% shorter trial duration, 30 fewer required patients
overall without loss of statistical power, and more patients assigned to efficacious treatment arms (12
more out of a total sample of 140 in one specific scenario).

Source: Casewriters; Jacob Cohen, Statistical Power Analysis for the Behavioral Sciences. Hillsdale N.J.: L. Erlbaum Associates,
1988. Print.; Lorenzo Trippa, Eudocia Q. Lee, Patrick Y. Wen, Tracy T. Batchelor, Timothy Cloughesy, Giovanni
Parmigiani, and Brian M. Alexander, “Bayesian Adaptive Randomized Trial Design for Patients with Recurrent
Glioblastoma,” | Clin Oncol, Sep 2012; 30(26): 3258-63.
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