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Introduction

Each year, Friends of Cancer Research (Friends) convenes working groups, hosts scientific
conferences, and conducts research on a range of topics in regulatory policy. Through
collaborative and meaningful initiatives, Friends seeks to drive innovations in cancer research and
patient care. Friends’ programs foster solutions to issues that researchers and regulators encounter
as they strive to translate discoveries into safe and effective new treatments.

Throughout the year, Friends publishes white papers and studies stemming from expert
discussions at conferences, as well as policy research conducted by the organization. These
publications are then used to provide ideas and inform federal officials, researchers, and policy
makers as they create innovative strategies for the development of new treatments. In 2016,
Friends initiated a period of rapid organizational growth and expansion into new areas of science
and policy. Below are the areas of focus for Friends’ work during the past year.

In early 2016, Friends published a piece on drug manufacturing, building off a 2015 conference
on the same topic. In “Manufacturing and Breakthrough Drug Development,” authors identify a
consensus set of innovative best practices to introduce efficiencies into the manufacturing
development for urgently needed products, including breakthrough therapies.

In March, Friends published two reports on FDA expedited approval programs. The first, entitled
‘A Century of Medical Product Regulation: The Historic Framework for Personalized Medicine in
Oncology,” covered more than a hundred years of FDA history, viewed in the context of recent
advances in personalized medicine. Then, in “Regulatory Watch: Impact of Breakthrough Therapy
Designation on Cancer Drug Development,” Friends examined the effect of the FDA's
breakthrough therapy designation on pre-market clinical development times.

At the fifth annual summit co-hosted by Friends and Alexandria Real Estate Equities in June, and
again at the Friends Annual Meeting in November, a working group was convened to explore the
use of real-world evidence to support regulatory decision making. In two white papers, “Case
Studies — Data Collection and Application of Real World Evidence” and “Examining the Feasibility
of Real World Evidence Through Pilot Studies,” authors explore potential uses for real-world
evidence to support and expand on safety and efficacy data collected in traditional pre-market
clinical trials.

In September, Friends published a report on the regulation of molecular diagnostics in
collaboration with the Deerfield Institute, a market research firm specializing in biotechnology. In
“Use of FDA-Approved and Laboratory-Developed Tests in Advanced Non-Small Cell Lung Cancer:
Results of a Retrospective Market Analysis,” Friends evaluates utilization patterns of laboratory-
developed tests in the treatment of non-small cell lung cancer, finding that most tests used to
identify common mutations are laboratory developed and thus not approved by the FDA.

In October, Friends, in partnership with the Duke-Margolis Center for Health Policy, convened
two working groups to assess the current landscape and future of the US biosimilars market. The
resulting white papers outline current challenges in the development and regulatory review of
biosimilars and propose methods of ensuring appropriate utilization through education and
guidance. The first white paper, “The Current Landscape of Biosimilars Development, Regulatory
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Review, and Stakeholder Education,” provides a series of case studies illustrating the biosimilar
development process and summarizes methods of demonstrating biosimilarity between
biosimilars and their reference products. The second white paper, “Biosimilar Uptake:
Considerations for Clinical Decision-making, Coverage and Reimbursement Decisions, and Post-
Market Evidence Development,” proposes payer strategies to drive biosimilar utilization and
demonstrate value.

At the Friends Annual Meeting in November, expert panel discussions were organized on
randomizing early-phase clinical studies and modernizing eligibility criteria, two critical aspects of
clinical trial design. In “Optimization of Exploratory Randomized Trials,” the authors propose
statistical approaches that can be used to help interpret the results of early-phase trials that show
unexpected gains in overall survival, but were not prospectively designed to measure that
outcome as a primary endpoint. As part of an ongoing collaboration with the American Society
of Clinical Oncology, the authors of “Modernization of Eligibility Criteria,” provide
recommendations for how sponsors, investigators, and regulators can work together to
implement expanded clinical trial eligibility where appropriate, given that overly restrictive eligibility
criteria can inhibit trial generalizability and slow trial accrual.

This booklet contains the full text of the Friends 2016 publications and white papers. Itis the hope
that this collection will be a resource for those in the drug development and regulatory space.
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INTRODUCTION

Therapeutic biologic products are large, complex molecules made in living systems and are used in a variety of
diseases, such as cancer, rheumatology, and inflammatory bowel disease. In 2010, the Biologics Price Competition
and Innovation Act (BPCIA) provided FDA the authority to establish an abbreviated approval pathway for
biosimilar products, which are defined in this Act as those products which are highly similar to and have no
clinically meaningful differences from a reference therapeutic biologic. Under the BPCIA, reference, or originator,
biologics are provided 12 years of exclusivity from first licensure before a biosimilar can be approved and enter
the market. Several reference biologics on the market are nearing or have already reached the end of this
exclusivity period prompting companies to develop biosimilars. Although an abbreviated pathway (ANDA) for the
approval of generic small-molecule drugs has existed since the passage of the 1984 Hatch-Waxman Act, the
regulatory requirements for these do not reflect the greater complexity and testing needed for biologics.

In contrast to small molecule drugs, which are chemically-derived and can be readily characterized and purified,
biologics are larger and more complex. Because of this, chemical synthesis is not sufficient, and biologics need to
be produced and manufactured in living organisms. This manufacturing process results in differences between
batches, and thus it is not possible to produce a 100% identical biologic. This is not specific to biosimilars, as it
occurs with all biologics, and this variability is natural. In addition, manufacturing process changes during the life
cycle of a biologic that occur also create differences between the pre- and post-change biologics. Manufacturing
changes are a normal process of biologic drug development and occur for several reasons, such as site changes,
scaling up capacity, improving Good Manufacturing Practice, and increasing purity and yield.? As such, the
regulatory process for biosimilars is primarily focused on comparative analytical testing for structural and
functional biosimilarity and the “totality of evidence” concept (as described below) that builds off of the
comparability exercise outlined in FDA’s guidance document “Comparability of biotechnological/biological

products subject to changes in their manufacturing process”.?

The European Union first developed a regulatory pathway for biosimilars in 2004 and has since licensed over 20
biosimilars.® The uptake of biosimilars in Europe has varied among the different countries for various reasons that
extend beyond potential concerns related to safety and efficacy, and these experiences may offer insights to
improve the U.S. practice. The biosimilar paradigm and approval pathway is new, and as the field continues to
evolve, education will remain important for all stakeholders. As such, building an educational campaign and
identifying policy approaches to disseminate educational information and engage stakeholders is necessary.
Stakeholder understanding of the regulatory pathway may not be well understood, as documented in recent FDA
advisory committee meetings. An assessment of the educational needs of stakeholders (see Appendix) is
necessary to identify where to direct educational efforts and optimize utilization of biosimilars to ensure patient
access to these medicines. The FDA has released several guidance documents for biosimilar development to
address these issues, and although there are no deadlines for issuing guidance, FDA has said it will also release
guidance on the requirements to demonstrate interchangeability and the proper statistical analyses needed for
analytical data by the end of 2017. To date, four biosimilars have been approved in the United States, and several
other biosimilars are currently under review. Stakeholder involvement in identifying key issues is necessary to
ensure current regulatory practices and guidance address stakeholder questions. Downstream issues related to
utilization, coverage, and reimbursement are covered in the companion document to this white paper.” The

* For an overview of these outstanding issues, see “Biosimilar Uptake: Considerations for Clinical Decision-Making, Coverage
and Reimbursement Decisions, and Postmarket Evidence Development” which was developed as the companion document
to this white paper.

The Future of the U.S. Biosimilars Market: Development, Education, and Utilization 6
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Center for Health Policy at Duke University and Friends of Cancer Research have therefore convened a multi-
stakeholder working group for this purpose.

FDA REGULATORY PATHWAY FOR BIOSIMILARS

The BPCIA stipulates that a product may be designated as biosimilar to a reference product based on analytical
studies, animal studies, and clinical studies, as needed. This abbreviated licensure pathway allows reliance on
certain existing scientific knowledge about the biologic characteristics, safety, and effectiveness of the reference
product and enables a biosimilar to be approved based on results from analytical tests and appropriate non-clinical
studies, and supplemented by clinical studies as necessary. Analytical tests are routinely performed to measure
quality attributes to ensure safety and efficacy throughout the life cycle of biologics, but are often unknown to
physicians and patients. Building on this routine practice, FDA Guidances, “Quality Considerations in
Demonstrating Biosimilarity of a Therapeutic Protein Product to a Reference Product” and “Scientific
Considerations in Demonstrating Biosimilarity to a Reference Product,” were developed to outline the agency’s
expectations for these studies.** Analytical studies should determine structural and functional characteristics,
critical quality attributes, identify clinically active and inactive components, and biochemical characterization to
demonstrate that the biosimilar is “highly similar” to the reference product. Biosimilarity requires that there be
“no clinically meaningful differences” in terms of safety, purity, and potency. The FDA guidance suggests biosimilar
sponsors follow a stepwise approach:

e Analytical studies of the proposed biosimilar and reference product to assess physical, chemical and
functional similarity;

¢ Nonclinical (animal) studies to assess toxicities;

e Comparative clinical studies to evaluate pharmacokinetic (PK) and pharmacodynamic (PD) profile of the
proposed biosimilar and reference product, and to compare clinical immunogenicity; and

e Potentially, additional clinical studies if residual uncertainty remains.

The FDA utilizes the totality of evidence to determine biosimilarity (Figure 1). Evidence generally includes
structural and functional data characterization, animal study data, human PK and PD data, clinical immunogenicity
data, and other clinical safety and effectiveness data. The FDA has the discretion to decide whether one or more
of these elements is not necessary. This approach allows for a biosimilar to build off of the foundation of
knowledge of the reference product. The comparative analytical, nonclinical and clinical demonstrations decrease
residual uncertainty regarding demonstration of biosimilarity and reduce the need for extensive clinical studies.
Due to the nature of biologics, differences between the biosimilar and reference biologic will almost always be
found (just as differences can be expected between batches of the reference product, particularly after
manufacturing changes), but the key is determining the clinical relevance of those variations. The amount of
clinical data requested is dependent upon the level of uncertainty that remains following analytical and nonclinical
studies. Notwithstanding, if high similarity between the reference product and the biosimilar is not demonstrated
at the structural and functional level, the proposed biosimilar cannot be approved, irrespective of any results
obtained in clinical studies.

The Future of the U.S. Biosimilars Market: Development, Education, and Utilization 7
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Monclinical Studies

Figure 1. The Totality of Evidence Used to Demonstrate Biosimilarity to a Reference Product.

The FDA guidance discussed above also allows for and describes requirements for extrapolation. That is, if the
totality of evidence, including data derived from a clinical study performed in one or more conditions of use of
the reference product demonstrates biosimilarity, then the sponsor of the proposed biosimilar may seek approval
for one or more additional conditions of use for which the reference product is approved. In these situations,
clinical data would not be required for the additional indications if there is sufficient scientific justification for
extrapolation, which should address the following issues for the tested and extrapolated conditions of use:

e Degree of structural and functional similarity;

Mechanism of action;

PK (and PD if there is a relevant PD measure) of the product;
Immunogenicity of the product;

Differences in expected toxicities in each condition of use; and

Any other factor that may affect the safety and efficacy of the product.

Differences between indications in these factors do not necessarily preclude extrapolation. A scientific justification
should address these differences in the context of the totality of the evidence supporting a demonstration of
biosimilarity. The FDA recommends that clinical studies, if needed, be conducted in a patient population that is
expected to be adequately sensitive to detect any clinically meaningful differences between the two products, if
any were to exist.

BIOSIMILAR CASE STUDIES

In the United States, four biosimilars are currently approved for marketing in the US: Zarxio (filgrastim-sndz),
Inflectra (infliximab-dyyb), Erelzi (etanercept-szzs) and Amjevita (adalimumab-atto). Though all are biosimilars,
they vary in size and complexity.

The Future of the U.S. Biosimilars Market: Development, Education, and Utilization 8
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BIOSIMILAR FILGRASTIM-SNDZ (ZARXIO)

Filgrastim is a hematopoietic agent that works by stimulating the production of neutrophils to reduce time and
degree of neutropenia in patients receiving chemotherapy. Zarxio, a biosimilar to Neupogen (filgrastim), has a
well characterized structure and established mechanism of action, and is a relatively simple biologic both because
of its smaller relative size and lack of glycosylation (sugar side chains). Because Sandoz performed an adequate
scientific bridge between EU-approved Neupogen, US-licensed Neupogen, and Zarxio, Sandoz was able to use data
generated with the EU-approved product as part of the FDA biosimilar application. Sandoz submitted a variety of
data to support biosimilarity between Zarxio and Neupogen:

e Analytical studies;

e PKand PD studies;

e Immunogenicity results from five clinical studies;

o Two efficacy and safety studies (one of which was pivotal and the other supportive); and
e Rationale for extrapolation to other indications.

Quality attributes were measured using multiple methods to evaluate analytical similarity of the biosimilar to the
reference product. Quality attributes measured included primary structure, bioactivity, receptor binding, protein
content, higher order structure, clarity, sequence variants, and posttranslational modifications. Zarxio
demonstrated a high level of similarity in these attributes.

PK and PD were evaluated in four studies. The studies supported the demonstration of PK and PD similarity
between Zarxio and the reference product Neupogen. Comparative safety and efficacy were evaluated in 214
patients with breast cancer. The study in breast cancer patients incorporated three switches between the two
products and compared the results to that obtained with patients who were not switched. The switching had no
impact on clinical response or safety. The primary endpoint was duration of severe neutropenia, and key
secondary endpoints included febrile neutropenia, days of fever, absolute neutrophil count (ANC) nadir, and time
to ANCrecovery in Cycle 1. The safety and efficacy profile of Zarxio was similar to that of Neupogen in all measured
parameters. Although, the pivotal study was performed in a patient population that addressed only one of the
five indications approved for US-licensed Neupogen, Sandoz provided scientific justification for extrapolation in
the following indications as US-licensed Neupogen:

e Patients with cancer receiving myelosuppressive chemotherapy;

e Patients with acute myeloid leukemia receiving induction or consolidation chemotherapy;

e Patients with cancer undergoing bone marrow transplantation;

e Patients undergoing autologous peripheral blood progenitor cell collection and therapy; and
e Patients with severe chronic neutropenia.

Ultimately, the totality of evidence led to a favorable Oncologic Drugs Advisory Committee vote and FDA approval
in all US-licensed Neupogen indications. Finally, although not part of the decision making process of the FDA, the
extensive post-licensure safety database generated since the product’s approval in Europe in 2009 was reassuring
to the Advisory Committee panel.®

The Future of the U.S. Biosimilars Market: Development, Education, and Utilization 9
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BIOSIMILAR INFLIXIMAB-DYYB (INFLECTRA)

Inflectra, a biosimilar to Remicade®, was the first biosimilar monoclonal antibody approved in the US. The primary
mechanism by which TNF-antagonists, including infliximab, act is by directly neutralizing the activity of soluble
TNFa by preventing its binding to the two TNFa receptors. Celltrion submitted a variety of data to the FDA to
support biosimilarity on the basis of the following:

e analytical data;

e PK studies;

e acomparative clinical study to demonstrate similarity in efficacy and safety;

e anassessment of safety and immunogenicity in patients undergoing a single transition from EU-approved
Remicade to Inflectra; and

e rationale for extrapolation to other indications.

Similar to Sandoz’s Zarxio, Celltrion performed a scientific bridge between EU-approved Remicade, US-licensed
Remicade, and Inflectra to utilize data from the EU-approved product in the FDA application. Two comparative
safety and efficacy studies were performed in patients with ankylosing spondylitis (AS) and rheumatoid arthritis
(RA). The studies demonstrated similar safety and efficacy profiles between Inflectra and Remicade. Taking into
account the totality of evidence, Celltrion sought approval in the six indications US-licensed Remicade is currently
licensed for in the US:

o RA;

o AS;

e Psoriatic arthritis (PsA);

e Plaque psoriasis (PsO);

e Crohn’s disease (CD; adult and pediatric); and
o Ulcerative colitis (UC; adult and pediatric).

During the advisory committee meeting, concerns were raised regarding whether comparative clinical studies in
RA and AS were sufficient to warrant extrapolation to all Remicade approved indications, specifically IBD.
However, because the primary mechanism of action is deemed the same as that for RA and AS, there is an
expectation for similar responses across all indications. FDA included an independent FDA review of the pertinent
scientific literature and deemed that reverse signaling together with TNF sequestration were likely the
predominate mechanism of action for all indications, although other mechanisms may also be relevant for IBD.
Ultimately, the totality of evidence led to a favorable Arthritis Advisory Committee vote and FDA approval in all
US-licensed Remicade indications except for pediatric ulcerative colitis and Crohn’s disease due to exclusivity
limitations and not data-related issues.

BIOSIMILAR ETANERCEPT-SZZS (ERELZI)
In July 2016, the FDA approved Erelzi, a biosimilar to Enbrel®. The therapy works by reducing the effects of TNF
by acting a decoy receptor for soluble TNFa. The application submitted by Sandoz for Erelzi consisted of the

following components:

e Analytical data;

The Future of the U.S. Biosimilars Market: Development, Education, and Utilization 10
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o Three single-dose PK studies in healthy volunteers;

e A comparative clinical trial between EU-approved Enbrel and Erelzi in patients with plaque psoriasis,
including assessment of safety and immunogenicity in patients undergoing predefined switching between
EU-approved Enbrel and Erelzi; and

e Scientific justification for extrapolation of data to unstudied indications.

Because Sandoz used a non-US-licensed comparator (EU-approved Enbrel) in some studies, a scientific bridge was
established between EU-approved Enbrel, US-licensed Enbrel, and Erelzi. This allowed Sandoz to utilize data
previously submitted for EU approval. Sandoz’s application sought licensure in the following indications US-
licensed Enbrel is licensed:

o RA;

e Polyarticular Juvenile Idiopathic Arthritis (JIA);
o PsA;

e AS;and

e PsO.

The review of submitted data resulted in the determination that there are no clinically meaningful differences
between Erelzi and US-licensed Enbrel. In considering the totality of evidence, Erelzi was determined to be highly
similar to US-licensed Enbrel with no clinically meaningful differences observed with safety and efficacy, and purity
in clinical study of patients with PsO. The data package adequately addressed the scientific considerations for
extrapolation, and the Arthritis Advisory Committee voted in favor and FDA approved Erelzi for US licensure.

BIOSIMILAR ADALIMUMAB-ATTO (AMIJEVITA)

Adalimumab is a TNF inhibiting anti-inflammatory biologic medication. Amjevita, a biosimilar to Humira®, is the
latest biosimilar approved by the FDA. The FDA’s approval of Amjevita is based on review of evidence that included
structural and functional characterization, animal study data, human pharmacokinetic and pharmacodynamics
data, clinical immunogenicity data, and other clinical safety and effectiveness data that demonstrates
biosimilarity. The following data elements were included in the application:

e Analytical data to demonstrate similarity and justify relevance of comparative data using the EU-approved
Humira;

e Single-dose PK study;

e Comparative clinical study in patients with RA to demonstrate no clinical meaningful differences;

e A second comparative clinical study in PsO to assess efficacy, safety, and immunogenicity in patients
undergoing a single transition; and

e Scientific justification for extrapolation of data to support biosimilarity in additional indications.

The totality of evidence in combination with the data submitted by Amgen supported the demonstration that
Amjevita was biosimilar to US-licensed Humira. The scientific considerations for extrapolation of data to support
biosimilarity to other conditions of use for US-licensed Humira led to Amjevita approval for the following
conditions:

o RA;

The Future of the U.S. Biosimilars Market: Development, Education, and Utilization 11
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o PsA;
o AS;
o C(CD;
e UG
e PsO; and
o JIA.

Amgen provided justification for the proposed extrapolation of clinical data from studies in RA and PsO to each of
the other indications approved for US-licensed Humira. After analysis of known and potential mechanisms of
action of US-licensed Humira in the conditions of use sought for licensure, it was determined reasonable to
extrapolate to indications not directly tested in clinical studies. After reviewing and discussing the data, the FDA
Arthritis Advisory Committee voted in favor of the biosimilar, and FDA approved Amjevita in September 2016.

ANTI-CANCER THERAPEUTIC BIOSIMILAR PRODUCTS

Currently, there are no approved anti-cancer therapeutic biosimilars in the US. However, data were recently
presented at the annual meeting of American Society of Clinical Oncology in Chicago, IL, June 3-7 for a biosimilar
to trastuzumab (Herceptin), a monoclonal antibody which recognizes the HER2 receptor. According to the Phase
3 clinical trial data, the biosimilar showed similar safety, efficacy, and immunogenicity results as the reference
biologic and could represent the first FDA approved biosimilar for cancer.” In the Heritage trial, 500 patients with
metastatic HER2-positive breast cancer were randomized into two arms to receive taxane chemotherapy plus the
biosimilar or reference biologic every 3 weeks for 24 weeks, followed by trastuzumab alone until disease
progression. Women treated with the trastuzumab biosimilar had a 69.9% objective response rate compared with
64% among women receiving the reference biologic. Serious adverse events were comparable, with neutropenia
being the most common in both arms. Other anti-cancer biosimilar products currently being developed include
rituximab, bevacizumab, and cetuximab.

The ongoing development of anti-cancer therapeutic biosimilars, many of which are monoclonal antibodies, has
raised a number of questions among stakeholders:

e |s it important to have a distinction between a therapeutic biosimilar agent versus a supportive care
biosimilar agent?

e What is the appropriate endpoint? Is response rate sufficient as a measure of biologic activity given the
extent of analytical and functional data available?

e A single monoclonal antibody may act through different mechanisms to treat different diseases. Should
clinical trials be required for every indication?

e Many therapeutic monoclonal antibodies are given as infusions in hospital settings. How does this impact
concerns about pharmacy-based substitutions?

e How likely is it that a patient would be switched multiple times between the originator product and the
biosimilar version during the course of cancer care?

The Future of the U.S. Biosimilars Market: Development, Education, and Utilization 12
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DETERMINING THE LEVEL OF EVIDENCE REQUIRED TO DEMONSTRATE INTERCHANGEABILITY

Although four biosimilars have been approved by the FDA, there are currently no biosimilars approved as
interchangeable biologics. The BPCIA allows a product to be designated as interchangeable with the reference if
it is biosimilar and it is expected to produce the same clinical result in any given patient. In addition, for those
products that are given for more than one dose, the risk, in terms of safety or diminished efficacy, of alternating
or switching between the proposed interchangeable and the reference product is no greater than solely using the
reference product. A product deemed interchangeable may be substituted by a pharmacist without prior consent
of the prescribing physician. Post-dispensing communication and record keeping requirements are regulated by
states, and about half of the U.S. states have passed legislation and more are considering such legislation. FDA is
currently developing guidance on demonstrating interchangeability. Several topics may be addressed by this
guidance:

e The nature and extent of similarity required;

e The clinical evidence that is required, including what clinical trial designs (e.g., crossover, parallel) may be
needed to support interchangeability (see Figure 2 for an example of a potential trial design to support
the designation of interchangeable biologic);

o Naming and labeling of interchangeable biologics; and

e Therole, if any, postmarket data could play in supporting a determination of interchangeability.

FDA guidance states that applicants may need to submit data from a single transition (i.e., data from a small group
of patients who change from the originator to the biosimilar) in order to rule out a major risk in terms of
hypersensitivity, immunogenicity, or other reactions. FDA recently clarified that these type of data are used to
support the safety of a biosimilar product because the biosimilars will not be limited to use in treatment-naive
populations. It is noted that these data may also show that patients that undergo a single transition from the
reference product to the biosimilar do not suffer major immune-mediated adverse events. These data for a single
transition may not sufficiently support a demonstration of interchangeability.
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Figure 2. Schemata of a Clinical Trial Evaluating Multiple Switches Between Enbrel and Erelzi (GP2015).
Source: Figure is an excerpt from Sandoz 351(k) BLA submission FDA review documents.
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Figure 2 provides an example of a completed biosimilar trial that incorporated multiple switches. The multi-switch
clinical data may provide support for an interchangeability application in the future; however, an
interchangeability designation was not sought at the time of the original approval. Until FDA releases guidance on
demonstrating interchangeability, the clinical trial requirements to support regulatory approval will remain
unclear.

There are theoretical concerns on whether substitution from a reference product to the corresponding biosimilar
will lead to immunogenicity or diminished efficacy. To date, there is little evidence to suggest this will be the case,
based on post-approval pharmacovigilance and other data derived from Europe, where biosimilars have been in
the market since 2006, and where some patients on reference biologics have been switched to biosimilars due to
various reasons, including tender decisions and payer coverage. There is also a growing body of evidence,
including published data that suggest that switching between a reference product and a biosimilar does not result
in safety issues or concerns.® More recently, additional studies submitted to the FDA, including two single switch
studies from infliximab and adalimumab reference product to the corresponding biosimilar, and two studies
evaluating multiple switches between filgrastim and etanercept reference product and the corresponding
biosimilar, did not reveal significant safety or efficacy concerns.® Although it has been noted that some patients
discontinue treatment after switching to a biosimilar, but presently, most existing data suggest that the process
of switching or interchangeability is not inherently a reason for concern. However, it is important to continue to
study the issue and to be open to the results that will be reported.'®!! The role of postmarket data collection for
additional evidence development and demonstrating value is discussed in the companion document.”

Other considerations for a determination of interchangeability include how FDA will communicate data
differences between a biosimilar and an interchangeable biosimilar, how will payers interpret biosimilarity versus
interchangeability, and what impact will that interpretation have on patients that switch therapy to a biosimilar
due to higher cost of the existing product (via mechanisms other than automatic substitution).

ADVANCING BIOSIMILARS THROUGH EDUCATION AND GUIDANCE

The novelty of the biosimilar pathway and its reduced emphasis on clinical testing has resulted in the need for
education amongst stakeholders. An overarching concern for all stakeholders is whether a biosimilar product is as
safe and effective as its reference biologic. Healthcare professionals have been trained to rely on clinical data in
each indication as the primary determinant of the suitability of a given therapeutic agent for a given patient.
Biosimilar development and review employs a different paradigm based on the totality of data, with an emphasis
on structural and functional analytical data, and a tailored, more limited role of clinical studies as compared to
the development and approval of originator drugs. Extensive education will be required to explain and gain
acceptance of this concept by all stakeholders, including patients, physicians, nurses, pharmacists, and payers.
This education will assist stakeholders in understanding how FDA ensures the safety of biosimilars, how biosimilar
products work, and when they can be substituted for a reference product. Historically, physicians were initially
concerned about the use of generic drugs and even the first monoclonal antibody therapies. A positive shift in
views is credited to education efforts led by various stakeholders, which included industry, patients, advocacy
groups, trade associations, and FDA.

* See “Biosimilar Uptake: Considerations for Clinical Decision-Making, Coverage and Reimbursement Decisions, and
Postmarket Evidence Development” which was developed as the companion document to this white paper
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In order to educate stakeholders, the FDA may need to play a more active role in providing education support
than is typically expected of the agency. Currently, the FDA has developed a free Continuing Medical Education
(CME) directed towards healthcare providers. Additional education efforts targeted to other stakeholder groups
is also needed. To ensure appropriate utilization and adoption of biosimilars, a plan will need to be developed by
the stakeholder community to effectively educate the community and address information gaps. Some questions
to address to promote effective education include:

e What methods of dissemination and education are needed to reach all stakeholders? Is there a role for
FDA in education dissemination?

e Who should be educating stakeholders? How to promote consistent messaging?

e What policy approaches are needed to help biosimilar adoption?

e What evidence will patient and providers require to alleviate concerns? Are there explicit topics which are
not well understood and for which directed education is needed?

e Are there specific groups of stakeholders that need education on certain topics, perhaps, more than other
groups?

1 Ramanan, S. and Grampp G. Drift, Evolution, and Divergence in Biologics and Biosimilars Manufacturing. BioDrugs
2014;28:363-372.

2 http://www.ich.org/fileadmin/Public_ Web_Site/ICH_Products/Guidelines/Quality/Q5E/Step4/Q5E_Guideline.pdf

3 http://www.gabionline.net/Biosimilars/General/Biosimilars-approved-in-Europe as of May 2016

4 http://www.fda.gov/downloads/DrugsGuidanceComplianceRegulatorylnformation/Guidances/UCM291128.pdf

5 http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/UCM291134.pdf

6 Gascon P, Tesch H, Verpoort K, et al. Clinical experience with Zarzio® in Europe: what have we learned? Support Care
Cancer 2013;21:2925-32.

7 Rugo HS, Barve A, Waller CF, et al. Heritage: A phase Il safety and efficacy trial of the proposed trastuzumab biosimilar
Myl-14010 versus Herceptin. J Clin Onco. 2016;34 (suppl; abstr LBA503).

8 Ebber HC, Muenzberg M, and Schellekens H. The safety of switching between therapeutic proteins. Expert Opin. Biol. Ther.
2012;12(11):1473-1485.

9 Braun J and Kudrin A. Switching to biosimilar infliximab (CT-P13): Evidence of clinical safety,

effectiveness and impact on public health. Biologicals 2016;44:257-266.

10 Jahnsen J., Detlie T., Vatn S., Ricanek P. Biosimilar infliximab (CT-P13) in the treatment of inflammatory bowel disease: a
Norwegian observational study. Expert Rev Gastroenterol Hepatol 2015;9: 45-52.

11 Sjeczkowska J., Jarzebicka D., Banaszkiewicz A., Plocek A., Gawronska A., Toporowska-Kowalska E., et al. Switching
between infliximab originator and biosimilar in pediatric patients with inflammatory bowel disease. preliminary
observation. J Crohn’s Colitis 2015;10(2): 127-132.
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APPENDIX - SURVEYS OF PATIENT AND PROVIDER GROUPS

Naming

United States

e 68% of pharmacists believe the FDA should require non-proprietary names!

e 81% of pharmacists believe the label should identify the product as a
biosimilar; 88% believe the label should indicate if the product is
interchangeable?

e 90% believed that the name of the biosimilar should be uniquely different
than the name of the original biologic medicine to allow for adequate tracking
of any adverse reactions?

e Over 75% of rheumatologists surveyed say the FDA should mandate that
biosimilars have a different non-proprietary name than the innovator biologic
medicine?

e 74.6% of pharmacists indicated that they would be confident or very
confident in substituting an interchangeable biosimilar with the reference
product if both shared the same active ingredient or non-proprietary name of
the reference biologic; 25.3% of pharmacists were confident in substituting
when the non-proprietary name is not shared with the biologic; and 37.3% of
pharmacists expressed confidence in substituting when the biologic and
biosimilar product did not share the same non-proprietary name because of a
prefix or suffix*

e The vast majority (99%) of physicians refer to biological medicines by name
for both recording in charts and for reporting adverse events®

e Less than 1% of prescribers use national drug code numbers for records or
reporting®

e 48.1% of participants reported a preference for the naming convention that
used the nonproprietary (active ingredient) name plus suffix®

e Those participants reporting preferences for the nonproprietary name plus
suffix preferred the use of a suffix tied to the manufacturer name (83.4%),
compared with the random assignment of a 4-letter suffix (16.6%)°

Survey data

Europe

e 53% of physicians surveyed felt that an identical non-proprietary name implies
identical structure’

e 61% of surveyed physicians said that identical non-proprietary names imply
that the medicines are approved for the same indications’

e 24% of reporting physicians record only the non-proprietary name of the
biological product in the patient record’

Information on adverse event tracking

Educational
Needs e Should FDA require non-proprietary information?
The Future of the U.S. Biosimilars Market: Development, Education, and Utilization 16
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FDA Guidance e FDA’s non-proprietary naming proposal would permit a biosimilar to use the
same core name as the reference biological product, but then add a unique
four-letter suffix to identify each product

http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinforma
tion/guidances/ucm459987.pdf

Labeling

United States

e 96% of rheumatologists surveyed said the FDA should require labeling to
identify a medication as a biosimilar and distinguish any important differences
between it and the innovator biologic?

e 90% of respondents believe the label should indicate the biologic is a
biosimilar®

e 79% of respondents believe the product label for a biosimilar should define
what biosimilarity means®

e 82% of respondents find it important to include analytical data developed by
the biosimilar sponsor to demonstrate its analytical similarity to the reference
product on the label®

e 83% of respondents find it important to include clinical data from the
biosimilar sponsor to demonstrate that it is highly similar to the reference
product on the label®

e 79% of respondents find it important that a label clearly distinguishes those
data generated by the biosimilar sponsor from those generated by the
originator sponsor®

Survey data

Educational e Should labels include clinical trial data collected for the biosimilar?
Needs e Should the label indicate which tests were done to determine biosimilarity?

FDA Guidance e Biosimilar labeling should be consistent with the label of the reference

product

e Biosimilar labels should heavily rely upon their reference products

e Biosimilar product labeling should not need to describe the specific studies
and data collected by the biosimilar developer to demonstrate that it is
“highly similar” to the reference product

e Biosimilar labels should only include biosimilar-specific information when that
information is “necessary to inform safe and effective use of the product”

e The Agency is requiring “biosimilarity statement” at the top of the
professional package insert

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryinform
ation/Guidances/UCM493439.pdf
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Biosimilarity

United States

e Over 90% of seniors did not know that ACA allowed for approval of biosimilar?

e 86% wanted a requirement that drug companies that are developing
biosimilars conduct human clinical trials to ensure a given biosimilar is safe?

e 93% do not believe all biologics are equally effective’®

e 72% of AGA members report that they would be likely to prescribe biosimilars
if they became available in the U.S.*°

e 80% of respondents say they are very concerned with the level of clinical
similarity in terms of effectiveness and safety to the reference biologic and
the biosimilar efficacy™®

o 78% of respondents are very concerned about biosimilar
safety/immunogenicity?°

e Among respondents who are unlikely to prescribe biosimilars, 69% report that
they would be unlikely to prescribe biosimilars because they do not have
experience with biosimilars®

e 66% of respondents who are unlikely to prescribe biosimilars believe there
will not be enough clinical data on biosimilars?®

e 80% of prescribing specialists say they would want to learn about biosimilars
through expert-led digital content!!

e Only 17% of prescribing specialists report they would be “very likely” to
prescribe biosimilars to eligible patients™!

e Specialty societies were prescribing specialists’ most trusted source of
information about biosimilars (25%), followed by peers (19%), and key
opinion leaders (18%)*!

Survey data

Canada

e 59% of survey participants (rheumatologists) think it is appropriate to offer a
biologic-naive patient a biosimilar?

e 31% of survey participants would feel comfortable prescribing biosimilars to
patients if approved today*?

Educational e Should biosimilars be tested in every indication?
Needs e Concerns include safety/efficacy, drug substitution regulations, and accurate
evaluation of when to prescribe a biosimilar vs. branded therapy

In order to establish biosimilarity, the Biologics Price Competition and
Innovation Act (“BPCIA”) requires that the proposed biosimilar product:

1. be “highly similar” to the reference product (i.e., the FDA-approved
biological product that the biosimilar sponsor is seeking to copy) based
on data derived from analytical studies, animal studies, and one or more
clinical studies;

FDA Guidance
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2. utilize the same mechanism of action as the reference product, to the
extent known;
3. be for one or more conditions of use previously approved for the
reference product;
4. have the same route of administration, dosage form, and strength as the
reference product; and
5. be manufactured in a facility that meets standards designed to assure
the biosimilar is and will continue to be safe, pure, and potent
e FDA evaluates biosimilarity on a product-by-product basis considering the
“totality of the evidence.” In addition to the five statutory biosimilarity
requirements above, FDA has provided informative guidance regarding data
necessary to support a biosimilarity showing. For example, biosimilars may
have a different formulation from the reference product, so long as the
biosimilar remains “highly similar” and any formulation differences are not
clinically meaningful
e FDA's “stepwise approach” to assessing biosimilarity means that more robust
initial analytical and comparative evidence of biosimilarity — e.g., structural
comparisons, functional in vitro and in vivo assays — may reduce any remaining
“residual uncertainty” regarding biosimilarity. Minimized “residual
uncertainty,” in turn, may reduce the nature and scope of clinical studies that
FDA will require in order for the sponsor to demonstrate biosimilarity

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnform
ation/Guidances/UCM291128.pdf

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnform
ation/Guidances/UCM291134.pdf

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnform
ation/Guidances/UCM397017.pdf

Indication Extrapolation

Survey data United States

e 92% of seniors wanted a requirement that drug companies test the safety of
biosimilars for all conditions the drug will be used to treat?

e 67% of AGA members favored a policy whereby FDA would not allow
indication extrapolation in the approval of biosimilars for IBD°

Europe

e 63.7% of respondents said that they would not switch a patient onto a
biosimilar monoclonal antibody as there is no disease-specific evidence about
their interchangeability®?
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Educational e |s it reasonable to assume that efficacy and safety in one indication will be
Needs similar in other indications?
e How do you identify the most sensitive patient population to test?

FDA Guidance e Scientific justification for extrapolation should address:

1. the mechanism of action (MOA) in each condition

2. the PK and bio-distribution of the product in different patient
populations

3. PD may provide important info on MOA

4. Differences in expected toxicities in each condition and patient
population

5. Any other factor that may affect safety and effectiveness in each
condition and patient population

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnform
ation/Guidances/UCM291128.pdf

Interchangeability

Survey data United States

e 91% want physicians to be notified when a biosimilar is substituted for the
original biologic drug they prescribed for their patient?
e 94% believe patients should be notified when a biosimilar is substituted for
the original drug prescribed by their doctor?
e 95% of respondents were concerned their disease would worsen if their
biologic medicine were switched®
e 98% support legislation that would prohibit non-medical switching without
patient/provider notification®
o 86% agreed that only patients should have a say in which biologic medicine
they are prescribed®
e More than 82% of respondents believe that the U.S. Food and Drug
Administration (FDA) approval standards for designating a biosimilar as
"interchangeable" must be very rigorous to ensure patient safety?
e 35% of respondents believe that pharmacy-level substitution should never be
allowed?®
e 85% of responding physicians want the authority to designate a biological
medicine as ‘Dispensed as Written’, just as they have it for chemical
products®
e 86% of physicians want to be notified before a patient is switched to a
biological other than the one prescribed even if there are no known
concerns associated with the product®

Canada
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e Only 7.5% of survey participants (rheumatologists) think it is appropriate to
switch a biologic treatment-stable patient to a biosimilar.2

Educational e Concern about switching when currently stable on a biologic
Needs e Should the label indicate whether a biologic is biosimilar or interchangeable?
o |[f clinical trials are required, how many switches should be required to
demonstrate interchangeability?

Draft guidance not provided yet

FDA may deem a biological product “interchangeable” with a reference
product if the sponsor can show that the product is biosimilar to the reference
product, that the biosimilar product is expected to produce the same clinical
result as the reference product, and that the risk of switching between the
biosimilar and reference product is not greater than the risk of using the
reference product alone

FDA Guidance

1. The American Autoimmune Related Diseases Association (https://www.aarda.org/wp-
content/uploads/2015/02/BiosimilarsWhitePaperPressRelease.pdf)

2. RetireSafe (http://www.prnewswire.com/news-releases/statement-from-retiresafe-to-congress-274605751.html)

3. The Coalition of State Rheumatology Organizations
(http://csro.info/app/document/8382846;jsessionid=P5zJ006TWPYoXVXzwSYawvyM.undefined)

4. The Academy of Managed Care Pharmacy, the American Pharmacists Association, and the American Society of Health-
System Pharmacists (J Manag Care Spec Pharm. 2015. 3:188-195)

5. Alliance for Safe Biologic Medicines (http://gabionline.net/Biosimilars/General/Naming-and-interchangeability-of-
biosimilars-raised-in-new-survey)

6. The Journal of Managed Care and Specialty Pharmacy, (http://www.jmcp.org/doi/pdf/10.18553/jmcp.2016.22.8.919/
Biosimilar Naming Conventions: Pharmacist Perceptions and Impact on Confidence in Dispensing Biologics

7. Alliance for Safe Biologic Medicines (https://safebiologics.org/2013/11/asbm-presents-new-european-survey-findings-
on-biosimilars-and-the-importance-of-nonproprietary-naming/)

8. Alliance for Safe Biologic Medicines (http://docs.house.gov/meetings/IF/IF14/20160204/104408/HHRG-114-1F14-
20160204-SD010.pdf)

9. Global Healthy Living Foundation (http://www.50statenetwork.org/wp-content/uploads/2015/04/GHLF-survey-4-
222.png)

10. American Gastroenterological Association (http://www.gastro.org/press_releases/2015/7/29/national-survey-reveals-
gastroenterologists-views-on-biosimilar-drugs)

11. Quantia Report (http://www.businesswire.com/news/home/20150818005839/en/Quantia-Report-Reveals-Physician-
Attitudes-Biosimilars)

12. A Survey of Canadian Rheumatologists (Clin Rheumatol. 2015. 34:1427-1433)

13. European Crohn’s and Colitis Organisation (http://gabi-journal.net/ecco-2013-survey-highlights-lack-of-confidence-in-
biosimilars.html)
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INTRODUCTION

The enactment of the Biologics Price Competition and Innovation Act of 2009 (BPCIA) marked the culmination of
a years-long effort to create an abbreviated licensure pathway for biological products that are demonstrated to
be either “biosimilar” to or “interchangeable” with an existing FDA-licensed biological product [For full definitions
of key terms, please see the glossary on page 37].! The legislation was also an important step in the broader effort
to foster competition in the US biologic drug market after a period of patent exclusivity, with the goal of generating
substantial long-term cost savings in the health care system while still providing financial returns to innovation in
biologics. In 2013, the top 10 highest-expenditure drugs covered under Medicare Part B were all biologics, and
spending on those drugs alone represented 48 percent of all Part B drug expenditures. (By contrast, total spending
on the ten most frequently used Part B drugs accounted for less spending than any one of the top ten highest-
expenditure Part B drugs.)?

The review and approval process established under the BPCIA (also known as the 351(k) pathway) was designed
to provide an expedited pathway for the approval of biosimilars, similar to the Abbreviated New Drug Application
pathway established under the Hatch-Waxman Act of 1984 (a key factor in the development of the modern
generic drug market). One study estimates that overall savings in Europe and the US will be between $56-5110
billion through 2020 as a result of biosimilar market entry and use.® However, market competition between
biosimilars and their reference products will not be a perfect analogue of the generic small-molecule market,
owing to fundamental differences between biologic and small-molecule drugs. Biologic drugs are more complex,
more expensive to develop and produce, more sensitive to manufacturing changes, and pose immunogenicity
risks that may make substitution or therapeutic switching challenging.

L. Approval Reference Approved for same
Biosimilar Sponsor e
date product indications?
March Neupogen
Zarxio Sandoz Yes
2015 (Amgen)
April Pfizer/ Remicade No—Remicade holds pediatric
Inflectra . o o
2016 Celltrion (Janssen) exclusivity for one indication
August Enbrel
Erelzi Sandoz Yes
2016 (Amgen)
L September Humira No-Humira holds orphan
Amjevita Amgen . o
2016 (AbbVie) exclusivity for four indications

Table 1: Biosimilars approved by FDA as of October 2016

As a result, overall progress in the development of a robust biosimilars market has been limited. Since the passage
of the BPCIA, FDA has approved four biosimilar products (see Table 1).* Though the approval of these drugs has
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helped to clarify some of the uncertainties surrounding FDA’s requirements for approval, there are a number of
outstanding regulatory, legal, and scientific questions that must be addressed in order to facilitate development
and approval of more biosimilars. © These include clarification on the standards for interchangeability,
extrapolation of biosimilar approval for one disease or condition to additional indications, and the finalization of
guidance on naming and labeling.

Further, there are a number of downstream issues related to utilization, coverage, and reimbursement that also
raise distinct concerns. The majority of biologic drugs are reimbursed under the medical benefit rather than under
the pharmacy benefit (though at least two of the four approved biosimilars are largely reimbursed under the
pharmacy benefit). Consequently it may be necessary to adapt traditional payer strategies aimed at encouraging
generic substitution in order to more effectively drive biosimilar use. Additionally, continued postmarket evidence
development will be important to build trust in biosimilar safety and efficacy, demonstrate value to stakeholders,
and inform approaches to clinical practice and payer decision-making.

Ultimately, the uptake of biosimilars—and the resulting cost savings, access to biologics, and health outcomes—
depends on a range of factors that are not yet resolved. This paper reviews several of the major issues that will
influence biosimilar availability and use beyond regulatory marketing approval, including: 1) existing and emerging
coverage and reimbursement strategies that payers and pharmacy benefit managers (PBMs) could employ to
guide utilization; and 2) the potential role that postmarket evidence generation could play, both in terms of
informing the design and implementation of these payment strategies, as well as in addressing outstanding
guestions related to the relative cost, quality, and effectiveness of biosimilars.

GUIDING BIOSIMILAR UTILIZATION - POTENTIAL PAYER STRATEGIES

As with generic drugs, payers and PBMs will play a critical role in influencing biosimilar utilization and price
discounts from manufacturers. Many of the tools that have been used by these stakeholders to encourage generic
drug use could be adapted and leveraged to promote the adoption of biosimilars and facilitate lower negotiated
prices for the original biologics. However, the design and application of these tools and strategies will depend on
whether a given biosimilar is administered by clinicians in an office setting (generally covered under a medical
benefit plan) or obtained from outpatient pharmacies and self-administered by patients or their caregivers
(usually covered under a pharmacy benefit plan).

BIOSIMILAR COVERAGE UNDER THE PHARMACY BENEFIT: FORMULARY DEVELOPMENT AND
IMPLEMENTATION

For drugs covered under the pharmacy benefit (typically dispensed by a retail or specialty pharmacy and self-
administered by the patient), a key approach to utilization management is through the formulary. Pharmacy and
Therapeutics (P&T) Committees—which develop and maintain formularies for organizations—traditionally base
formulary inclusion and tiering decisions on a range of considerations, including the potential cost savings, current

* For an overview of these outstanding issues, see “The Current Landscape of Biosimilars Development, Regulatory
Review, and Stakeholder Education” which was developed as the companion document to this white paper.
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clinical guidelines and practices, logistical implications, and physician and patient preferences.’ Importantly, the
actual price paid for a given drug—as well as its placement on a payer or PBM formulary—depends in part on that
payer’s ability to negotiate volume-based discounts or rebates, which pharmaceutical companies may offer in
exchange for more favorable placement on a formulary.

Formulary tiering

Most US payers—including Medicare Part D—rely on a tiered formulary structure designed to encourage the use
of preferred therapies. Based on the P&T evaluations, drugs are generally assigned to a particular tier according
to their cost and their incremental value (uniqueness). Generic drugs are typically assigned to the tier with the
lowest patient copay, while more costly drugs are grouped into tiers with progressively higher copays or
coinsurance rates. The most expensive therapies—many of which are biologics—are often grouped into a specialty
tier that includes both higher levels of cost-sharing as well as additional layers of utilization control, such as prior
authorization from the payer or limits on the number of units administered or dispensed at a single time.®

It is unclear how tiering and cost-sharing approaches will impact the uptake and utilization of biosimilars. While
an online survey of 102 health plans found that 49 percent intend to place biosimilars at a lower tier than branded
specialty biologics, a number of characteristics unique to the biosimilars market may limit how effective these
approaches are when compared to their success in accelerating uptake for small-molecule generics.” 8 For
example, most biologics are intended for patients with chronic, complex conditions that require ongoing
treatment, which means that if these drugs are on a higher tier, affected patients will incur substantial costs before
reaching the out-of-pocket maximums. For example, the exchange plans established by the ACA set the out-of-
pocket maximum at $7,150 for individual coverage and $14,300 for family coverage in 2017. The continued
proliferation of patient assistance programs (many of which are funded by pharmaceutical manufacturers) will
further limit how cost-sharing arrangements affect patient behavior, patient costs, and total spending on
biologics.

Formulary exclusion and step therapy requirements

Related key strategies for enabling formulary design to influence utilization and costs are formulary exclusion and
step therapy requirements. These approaches are typically applied in cases where there are multiple therapies
that are highly similar in terms of both safety and efficacy.® In such cases, payers and PBMs may choose to exclude
certain products from their formulary or engage in exclusive contracts with a single manufacturer in exchange for
price discounts or rebates, thus incentivizing (or requiring) the selection of preferred options. Plans may also
require a step therapy process that requires patients to try a preferred option first, with the option to switch to
an alternative therapy at a later date. These strategies have been successful in driving down costs in certain
therapeutic classes, and can be applied to biosimilars. Payers may also apply prior authorization (also called pre-
certification), requiring patients and their providers to document that diagnostic criteria and, in some cases, prior
treatment criteria are met before receiving payment for the more expensive options.

The extent to which these strategies are applied will depend on several considerations. One is the therapeutic
context. For certain cancers, for example, a step therapy process that requires a preferred option prior to
switching to an alternative in the same drug class would likely not be appropriate owing to concerns over
emergence of drug resistance following exposure to the initial drug. In addition, state and federal regulations
restrict the design and application of these approaches. For most categories of drugs covered under Medicare
Part D, for example, plans are required to include at least two drugs from each drug category or class unless only
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one is available, or only two are available but one drug is clinically superior to the other. In the six protected
classes — including oncology drugs, drugs for autoimmune conditions, and other conditions where biologics are
common treatment — CMS initially mandated and then Congress legislated that all drugs must be covered (though
potentially on higher tiers or with prior authorization).® CMS indicated in 2015 that it would review off-cycle plan
decisions to remove biologic products from their formulary and replace them with a biosimilar on a case-by-case
basis.™

State laws regarding pharmacy substitution may also have an impact. While small-molecule generic drugs can
typically be automatically substituted without authorization by the prescriber, (provided that the prescriber does
not explicitly request the branded drug), non-interchangeable biosimilars are not considered therapeutically
equivalent, and no biosimilar appears on track for approval as interchangeable at this time. 2 In addition, over the
last four years, 36 states have either considered or enacted laws that would introduce additional administrative
controls on the automatic substitution of interchangeable biosimilars. These provisions vary but share common
features, including requirements that pharmacists notify physicians or patients when a substitution has been
made, or that pharmacists obtain patient consent before substituting the interchangeable biosimilar. Many states
would also require that pharmacies retain a record of this substitution for a certain number of years.?3

In addition to such policy decisions, the extent to which price competition and shifting occurs will depend
importantly on the level of evidence available to demonstrate that the differences between the biosimilar and its
reference product are inconsequential, particularly for scenarios where a payer may seek to induce a patient
already on an originator to switch to the biosimilar, or vice versa. Extensive price competition and shifting from
brand to generics has occurred because patients and physicians generally view the drugs as therapeutically
equivalent. The evidence, and thus the willingness to switch, will differ for biosimilars. While postmarket
surveillance in Europe has not detected immunogenicity concerns related to switching between biosimilar and
reference products, payers and PBMs will need to evaluate the potential impact of any therapeutic interchange
or step therapy requirements on a case-by-case basis, as switching patients from one biologic therapy to another
may have clinical implications and the evidence is still evolving on how individual patients may respond differently
to such substitutions.

Payers and PBMs may instead consider limiting step therapy requirements to treatment-naive patients until
further postmarket safety and substitution evidence becomes available. A given patient’s treatment status or
history may be challenging to determine if they are newly enrolled, and will likely require a prior authorization
process to ensure that patients have not previously been treated with another biologic.

These various factors are likely to promote more intense competition between reference and biosimilar
manufacturers to capture initial administration of a therapy. * Payers will need to implement strategies to ensure
patients receive a prescription in line with their insurer’s formulary. Such strategies could include making patient-
specific formulary information more widely available at the point of prescribing and implementing prior
authorization requirements. It will also be necessary to develop coverage policies to address cases where the
biosimilar might be approved for fewer indications than the reference product, as well as cases where the branded
biologic is routinely prescribed off-label as part of standard of care practices.

BIOSIMILAR COVERAGE UNDER THE MEDICAL BENEFIT: PROVIDER FEE SCHEDULES

The majority of biologics are covered under a patient’s medical benefit and are purchased by providers and
administered in an inpatient setting, physician’s office, or other outpatient setting. Drugs administered in these
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contexts are processed as a medical claim rather than as a pharmacy claim. Hospitals and health systems purchase
these drugs from distributors, often through group purchasing organizations, and like PBMs or other payers, may
be able to negotiate lower drug prices in return for emphasizing use of certain drugs where alternatives exist
(historically, this process has been developed much more extensively for devices). The reimbursement
mechanisms for medical benefit therapies—which include high priced cancer and rheumatoid arthritis drugs as
well as comparatively inexpensive products such as corticosteroids and vitamin B12—are structured very
differently from pharmacy benefit drugs and the prices paid are influenced in different ways.

Inpatient hospitalizations and procedures are typically reimbursed on either a prospective, bundled basis (e.g.,
Medicare’s Diagnosis Related Group payment structure under Part A) or a per diem basis (e.g., many commercial
insurance plans). These payments are intended to cover all costs related to care, generally including drugs, though
specific providers may bill separately for the administration of the drug. Hospital or health system formularies
may diverge from those of third-party payers and PBMs, which can complicate care transition. For example,
patients in an inpatient setting may receive a therapy based on the hospital’s formulary, but upon discharge to
the outpatient setting may find that their insurer’s formulary specifies a different therapy for their condition. As
noted above, formulary decision support at the point of prescribing can help address this issue.

Reimbursement for biologics administered in the outpatient setting is typically structured as a flat rate per dose.
Medicare Part B drug payments are based on the average sales price (ASP) of the drug plus a fixed percentage
mark-up, so the total payment to the provider who “buys and bills” for the drug is ASP plus six percent.'® The ASP
of a given drug is updated on a regular basis to reflect price changes over time, with a lag. Many commercial
payers follow the Medicare structure, generally with a higher markup rate above ASP. This reimbursement
structure means that higher-priced drugs generate larger margins for the administering provider.

Reimbursement levels for biosimilars covered under medical benefits—and the corresponding margins they
generate for providers—will also be influenced by how they are treated in the ASP system. Drugs that are
reimbursed under the medical benefit are billed using a Healthcare Common Procedure Coding System (HCPCS)
code. Under recently finalized CMS rules, an originator biologic will continue to receive its own HCPCS billing code,
while all biosimilar products that reference that biologic will be grouped together under a single separate HCPCS
code.’® Reimbursement for all biosimilars will be set at the ASP of all of the biosimilars grouped under that code,
plus six percent of the reference product’s ASP.

Though this policy is intended to spur price competition between biosimilar manufacturers, there are ongoing
guestions about how it may affect prescriber behavior and the potential downstream consequences for biosimilar
market entry. While the payment rule provides a higher percentage mark-up for selecting biosimilars, in some
cases the absolute dollar margins may still be higher for the reference product, giving providers a financial
incentive to select the more expensive products.'” The separate (and potentially higher) payment for the
reference product provides a stronger incentive for providers to prescribe it than if all products were grouped into
the same payment code. On the other hand, grouping all biosimilars together under a single billing code may
discourage manufacturers from competing based on the relative value of their products (such as the quality,
safety, or effectiveness of the products for certain types of patients). Grouped coding may also discourage
manufacturers from remaining in this nascent market long-term, thus limiting competition and potential savings
of biosimilars. Grouping all biosimilars together does not create a structure that supports payers in selectively
negotiating preferred pricing and access from one company. Private payers may have more flexibility to shift
margins away from reference products to cheaper biosimilars, but additional incentives and tools (e.g., separate
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coding modifiers and other steps to encourage formulary approaches within the medical benefit) may be
necessary to encourage such approaches.

Alternatives to provider fee schedules

Given the challenges associated with buy-and-bill reimbursement under the medical benefit, commercial payers
have begun piloting alternative approaches to managing utilization and costs for drugs covered under the medical
benefit. Under one approach, providers are required to purchase specialty pharmaceuticals from a contracted
specialty pharmacy which has negotiated a particular price for that drug.® Because the cost of infusible or
injectable drugs can vary depending on the setting where the drug is administered, some plans have also used
patient cost-sharing incentives in benefit design to encourage the selection of less-expensive drugs and drug
administration settings.

In addition, several payment methods have been proposed or are currently being implemented as alternatives to
traditional buy-and-bill reimbursement methods, including:

o reference pricing, which sets a drug’s payment rate no higher than that for currently available treatments,
unless evidence shows that the drug improves patient outcomes;

e indication-based pricing, which allows the negotiated price for a drug to vary based on its demonstrated
clinical effectiveness for different indications; and

e outcomes-based payment, which links a drug’s payment level to beneficiaries’ observed outcomes (or
markers of outcomes) through a risk-sharing agreement with the manufacturer.?®

Experience with these arrangements to date has identified a number of practical challenges and has proven
controversial, including in a recent CMS pilot proposal to test many of these approaches for drugs reimbursed
under Part B (in the second, currently conceptual phase of the pilot).

These value-based pricing models have also been proposed for drugs covered under the pharmacy benefit.
Broader obstacles to implementation need to be addressed, including off-label communication restrictions, anti-
kickback statutes, and best price regulation. It may also be necessary to address the uncertainties regarding FDA’s
promotional and scientific exchange rules on companies’ abilities to discuss postmarket data. This additional
clarity could help to further encourage data generation in the biosimilars context, ultimately leading to better
health outcomes and lower overall costs.

EMERGING VALUE-BASED PAYMENT APPROACHES THAT MAY IMPACT BIOSIMILAR USE

Broader changes to the healthcare system, spurred in part by the ACA, have led payers and providers to begin
experimenting with payment models that seek to align payment with better patient outcomes, higher-value care,
and more flexible and innovative care delivery. Because these value-based payment models are expanding, they
may have a greater short-term impact on biosimilar use than reforms in drug pricing. Some of these reforms may
involve modifications of the fee-for-service payment rates for providers. Some private payers currently reward
higher generic prescribing with a payment bonus incentive, which could be extend to biosimilars.?° For example,
biosimilar prescribing could potentially contribute to provider value metrics under the Medicare Access and CHIP
Reauthorization Act of 2015 (MACCRA).
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Beyond fee-for-service payment adjustments, many emerging alternative payment models (APMs)—such as
accountable care organizations, patient-centered medical homes with accountability for costs and outcomes, and
bundled payments for episodes of care tied to quality incentives—could have a significant impact on biosimilar
use, depending on how utilization and spending for physician-administered drugs is incorporated into these
models. The models shift some financial risk from payers to providers, in conjunction with more flexibility in how
providers can deliver services (e.g., extended office hours, team-based care, telemedicine, and other services
could get more financial support) and more accountability for improvements in performance metrics and other
quality outcomes. These broader changes to the way care is reimbursed may help to drive clinical decision-making
toward the use of lower-cost biosimilars, particularly if the benefit to given categories of patients is similar.

Some commercial health plans have implemented reimbursement linked to greater use of clinical pathways based
on evidence and expert consensus, particularly in oncology. Standardized clinical pathways are designed to
support provider decision-making and will often specify the selection, dosing, and ordering of drugs for a given
condition, as well as the use of supportive therapies. Under these programs, providers are offered financial
incentives to follow pathway recommendations, such as higher reimbursement rates or care management fees.?
The Anthem Cancer Care Quality Program, is one of the largest clinical pathway programs.?? Launched in 2014,
the program is designed to reduce the variation in treatment and cost of 19 types of cancer by providing a $350
monthly care management fee to providers whose treatment regimen adheres to a standardized clinical pathway
that specifies the use of treatments selected on the basis of efficacy, toxicity, and cost.?>

Bundled or episode-based payments reimburse providers at a prospectively set rate for a group of services they
furnish during an episode of care. These bundles often include associated pharmaceutical costs as part of the
medical benefit. Even without changes in medical benefit payment for physician-administered drugs, this new
financial accountability could help to shift providers towards using less-costly biosimilars.

Payers and PBMs have also begun implementing alternative cost-sharing strategies aimed at linking patient
decision-making to higher-value care, referred to as “value-based insurance design”, or VBID. These strategies
vary, but typically include cost-sharing reductions for patients that meet certain criteria (e.g., particularly high-risk
patients, or patients that enroll in disease management or wellness programs).? Though VBID strategies have
shown some success in increasing adherence, most strategies employed to-date have been applied to small-
molecule drugs rather than biologics. Such approaches could be generally applicable to biosimilars covered under
the pharmacy benefit by waving copays or setting lower fixed copays for the biosimilar.? Similarly, VBID could be
matched to episode payments and other alternative payment models, enabling patients to save money or receive
other nonfinancial benefits if they choose providers who are higher-performers in the models.

CMS recently announced that it would be expanding its own VBID pilot to include rheumatoid arthritis (RA)
patients, which could potentially incorporate biosimilars.?” Two of the recently approved biosimilars — Erelzi,
which is biosimilar to Enbrel, and Amjevita, which is a biosimilar to Humira — are alternatives to leading treatments
for RA and could be eligible for the pilot. However, the pilot ends in 2022 and it is currently unclear when these
two products might formally launch in the US market, owing to pending patent disputes.

SUPPORTIVE STRATEGIES: PROVIDER EDUCATION

Payers and PBMs have employed a range of education and information-supplying strategies to help guide
prescriber decision-making. In addition to the formulary decision support approaches described above, another
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approach is to provide individually tailored information on optimal drug use. Trained educators visit providers to
share neutral, up-to-date information on the safety, efficacy, and cost-effectiveness of medications and other
therapeutic options, including any available information on comparative effectiveness.?® This approach, known as
academic detailing, is modeled after the interactive communication practices used by medical sales staff. Though
academic detailing may involve many different kinds of approaches, evaluations have found that it can be effective
in influencing prescribing behavior.?°:3 However, the quality and effectiveness of treatment guidelines or
academic detailing efforts will largely depend on what is known about the relative safety, value, and effectiveness
of a given treatment.

ADDITIONAL CONSIDERATIONS AFFECTING PRICING AND UPTAKE OF BIOSIMILARS

FDA has issued a number of guidance documents related to biosimilar development and approval to date, but
there are still several outstanding questions that could impact payer decision-making and, ultimately, biosimilar
uptake and access. For example, FDA has not yet finalized guidance on naming, label format, and
interchangeability. It is also unclear whether FDA will view two biosimilars of the same reference product as
biosimilar to each other, or whether two interchangeable biosimilars will also be considered interchangeable with
each other. The final FDA positions on these issues might affect payers’ decisions to shift patients from one
biologic to another (singly or in multiple incidences). It is unclear what standard payers will use to assess whether
it is safe to transition patients from an originator biologic to a biosimilar. The standards that payers set will also
have broad implications for provider and patient trust and could affect confidence in switching to a biosimilar.

Until these issues are more clearly resolved, supply chain maintenance will be an important consideration. Retail
and specialty pharmacies may need to take steps to ensure that patients maintain access to a single biosimilar
product, and payers and providers may also need to assess a manufacturer’s capacity to reliably supply the
product as one of the criteria included in the formulary review process.

DEMONSTRATING BIOSIMILAR VALUE THROUGH POSTMARKET EVIDENCE DEVELOPMENT

A key factor in payer and PBM decision-making will be the level of evidence supporting the use of a biosimilar
within a particular disease context or in specific patient populations, relative to the reference product. Continued
postmarket evidence development and dissemination of that evidence will be an important component in building
trust in the safety and efficacy of the therapies, demonstrating value to stakeholders, and informing the
approaches to clinical practice and payer decision-making described above. This is particularly important given
that, compared to originator drugs, the biosimilar development paradigm relies heavily on analytical
characterization and to a lesser extent on clinical data.

Prospective, randomized controlled trials (RCTs) are and will remain an important source of information on long-
term outcomes and comparative effectiveness, but due to their cost, complexity, and duration, they are
challenging to implement in practice. RCTs also have well-known limitations in terms of understanding a
treatment’s effect outside of the population studied in the trial. For many outcomes or populations of interest,
alternative approaches such as pragmatic clinical trials, adaptive clinical trials, observational studies, and meta-
analyses will play an important role.
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Postmarket research can provide additional evidence on the risks and benefits of switching biologic therapies, on
the use of the originator and biosimilar, and on the impact of formulary designs and other policies affecting this
use. Studies could also assess the impact of patient support programs on outcomes with various biologic therapies.
Just as with traditional small-molecule drugs and medical devices, stakeholder groups will need evidence and
information that can be met through more systematic data capture and dedicated postmarket studies.

European Union health systems have already adapted their postmarket surveillance approaches to monitor
biosimilar products specifically, as these products have been available since 2006. Some post-approval studies
have been designed to confirm biosimilarity for extrapolated indications. Many are designed to assess the safety
and efficacy of switching from an originator biologic to a biosimilar. There are several well-known examples,
including NOR-SWITCH, an ongoing study sponsored by the Norwegian government where patients will undergo
a single switch from Remicade to an infliximab biosimilar across several disease states. Data are expected to be
available by early October 2016. One of the largest data points on switching is the recently published data from
the DANBIO registry in Denmark. This study assessed 647 patients with rheumatoid arthritis, psoriatic arthritis, or
axial spondylitis who had been treated with Remicade for a median of nearly 7 years before undergoing a switch
to the biosimilar infliximab. The authors conclude that “[d]isease activity remained largely unchanged 3 months
prior to vs. after the switch.” However, more long-term follow-up is needed, as roughly 6 percent stopped
treatment due to loss of efficacy or adverse event.3!

In the United States, there are a number of challenges associated with collecting robust, reliable postmarket data.
The fragmented nature of the U.S. healthcare system makes it difficult to follow patients across multiple providers,
systems, and payers. 32 Healthcare settings differ in the level of detail that is captured for health records and
claims, and electronic health records (EHRs) are often extensively customized within institutions, which can result
in significant variation in how data are characterized and catalogued.3® Reimbursement models for outpatient and
inpatient settings can further complicate efforts to make comparisons between patients or synthesize outcomes
data, as coding requirements for healthcare claims may be different in each of these settings.3* Creating stronger
incentives for the development of a postmarket evidence infrastructure could be an associated benefit of a shift
to more value-based payment models, where such evidence has more direct bearing on payment. It has been
challenging to ensure that postmarket studies, including those tracking safety issues, are completed in a timely
manner.3>-3¢ These issues cut across all postmarket research activities and would pose similar issues for
biosimilars.

FACILITATING AND INCENTIVIZING POSTMARKET EVIDENCE GENERATION

One of the key issues in developing postmarket evidence is the broader research infrastructure necessary to
support studies. In the last decade, there has been substantial investment from the public sector in building more
robust and comprehensive data networks that can develop real-world evidence more effectively and
comprehensively, including FDA’s Sentinel System, PCORnet, and the Medical Device Epidemiology Network.
Efforts are currently underway to expand and harness the Sentinel System to conduct studies that go beyond
safety surveillance. The Innovation in Medical Evidence Development and Surveillance (IMEDS) program is in the
process of developing the governance and processes for non-FDA entities such as manufacturers to sponsor safety
queries utilizing the Sentinel infrastructure.?” Importantly, Sentinel is also part of a collaboration formed by the
Academy of Managed Care Pharmacy to monitor and assess the impact of biosimilars on patients. The Biologics
and Biosimilars Intelligence Consortium, or BBIC, is currently using Sentinel’s data and infrastructure to conduct
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descriptive analyses of four biologic drug classes. These analyses are intended to lay the groundwork for future
studies of biosimilars and their reference products.®

These efforts will help to reduce operational and technical barriers to research and bring down the costs of
evidence generation. Engaging patients at the outset of a research project before the launch of clinical trials and
studies by asking for signed consent to authorize data linkages for aggregate use (such as the approach set forth
in the Precision Medicine Initiative) could facilitate these efforts.? Existing health IT platforms, such as the
American Society of Clinical Oncology’s CancerLinQ, can also be leveraged to track and evaluate patient outcomes
after the introduction of biosimilars into the market, providing evidence on long-term safety and efficacy.

Additional incentives will likely be necessary to support systematic postmarket evidence generation. As noted
above, new APMs being adopted and tested by payers and providers to drive higher value care could encourage
more utilization of biosimilars. In turn, the expected pressure from value-based payment reform could increase
incentives for developing a stronger postmarket evidence infrastructure, which will be critical to understanding
the real impact of these payment models on the uptake and use of biosimilars on cost and quality outcomes.
Value-based purchasing contracts between payers and manufacturers, such as those utilizing outcome- or
indication-based pricing,may also create stronger incentives for the development of better evidence on
biosimilars.

Successful implementation of these approaches will require better and standardized measures that can
adequately capture the value of alternative treatments, and the underlying data to construct the measures.

DATA SOURCES FOR POSTMARKET EVIDENCE GENERATION

Post-approval safety and comparative effectiveness studies commonly rely on data collected through registries or
databases derived from administrative or EHR data, which is used to measure exposure to the drug and the
associated outcomes.*® Prospective registries have several advantages for research purposes, as they contain very
complete information on exposures and outcomes for as long as they are maintained (this adherence is often
enforced by restricting distribution of the drug to providers who have joined the registry). However, registries are
complex and expensive to establish and maintain, particularly for a large cohort of patients. They also do not
typically contain data on control groups of similar patients who do not receive the medication, and thus are not
able to address questions of comparative safety or effectiveness. As a result, registries are typically used for safety
surveillance of specific products that are particularly expensive or carry significant risks.*

By contrast, large databases draw from routinely collected claims and clinical data, which reduces the burden on
the health system and in some cases can be used to identify control groups of patients for comparative purposes.
Using these databases to evaluate biosimilars and their outcomes depends on the ability to distinguish biosimilars
from each other and from their reference product in the data. The most widely used identifiers for research
purposes are billing codes; namely, National Drug Codes (NDCs), which are applied to claims for drugs reimbursed
under the pharmacy benefit, and HCPCS codes, which are used for drugs reimbursed under the medical benefit.*?
In some cases, EHR data may contain NDCs or a proprietary coding system that can be used to identify the product
prescribed.*?®

As the majority of biologics are administered by physicians and billed as medical claims, HCPCS codes will be an
important component of postmarket research on biosimilars. However, this presents several challenges. First,
while NDCs are drug-, manufacturer-, and dosage-specific, HCPCS codes are not, which can make it difficult to
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identify which product was administered. CMS recently finalized its rules for biosimilar reimbursement under Part
B, mandating that all biosimilars that reference a particular product will share the same HCPCS code. To facilitate
pharmacovigilance, the agency will assign a manufacturer-specific, two-digit modifiers to each biosimilar
product.** The assignment of permanent HCPCS codes is a months-long process, which can hinder surveillance in
the first 6 to 18 months of utilization. Once CMS publishes the modifier its use will be mandatory.

There are several strategies that could be implemented or expanded to improve the completeness, timeliness,
and accuracy of the data that supports postmarket evidence generation. For example, billing could be shifted for
physician-administered drugs from HCPCS to NDCs, though in the hospital system setting this may present an
informatics challenge. Barcode administration could allow these sorts of data to travel from the pharmacy with
the product to the patient bedside and the EHR. Researchers could also make increased use of new analytic
approaches to safety surveillance, such as data mining (i.e. the use of computational processes to discover
patterns or relationships in large data sets). Such approaches can be used to identify early safety signals that can
then be investigated further to determine if the link between the biosimilar and the identified adverse event was
valid and clinically meaningful.*

TARGETING KEY QUESTIONS AND OUTCOMES

The outcomes targeted through postmarket research will naturally depend on the purpose of the study and the
stakeholders interested in the results. While many outcomes (such as immunogenicity and other serious adverse
events) are important to all stakeholder groups, the value proposition for a given biosimilar may vary somewhat
among patients, clinicians, and payers. For example, providers and patients may place relatively more emphasis
on comparative clinical effectiveness or ease of use or administration, while payers and PBMs may place relatively
more emphasis on cost or the dependability of supply (See Table 2 for a list of key questions that could be
addressed through postmarket evidence development). It will be important for those involved in evidence
development to consider the information needs of each group when planning a study.

Well-designed outcomes research on biosimilars could not only align across multiple stakeholder needs, but also
contribute to broader efforts to establish a national evidence development system. This has been identified by
FDA, policymakers, and others as a key national priority and efforts are already underway to address the
outstanding questions and uncertainties related to the collection and use of the evidence that could be generated.
Enhancing the use of real-world evidence in regulatory decision-making has also been identified as a key
commitment for FDA under the next iteration of the Prescription Drug User Fee Act (expected in 2017), and several
groups are working in parallel to support the agency’s efforts in this area.

Tracking the utilization and effectiveness of biosimilar products could further motivate sponsors, payers, and
others to contribute toward building this system. Making meaningful connections among the constellation of
ongoing evidence development systems mentioned above and tackling challenges with data standardization and
integrity will require the investment of substantial time and resources. Biosimilars could prove an important test
case for addressing these issues and realizing a national infrastructure.
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Question/Outcome of interest Primary audience ‘
Does the biosimilar product lead to lower total costs of care Physicians, patients,
without any impact on quality, safety, effectiveness outcomes payers, manufacturers

compared to the reference product?

Do lower out-of-pocket costs associated with biosimilars lead to Payers, manufacturers,
increased utilization and adherence? (i.e., is there a net benefit patients
with using a biosimilar because of improved access?)

Is switching or alternating between the biologic therapies safe Physicians, patients, payers
and effective for all patients?

What value - in terms of improved compliance, better outcomes, | Physicians, patients, payers
and/or reduced costs — do ancillary services such as patient and
physician support services provide to the healthcare system?

Table 2: Key Questions/Outcomes of Interest in Biologic Evidence Generation

CONCLUSION AND NEXT STEPS

The emerging biosimilars market offers enormous potential to reduce healthcare spending and expand access to
life-saving drugs. However, a number of issues relating to utilization, coverage, reimbursement, and postmarket
evidence generation remain that may inhibit biosimilar uptake. Building consensus on the optimal approaches for
addressing the challenges outlined in this white paper will be essential for ensuring the success of this nascent
market. In particular, determining which payment reforms are most promising for the effective use of biosimilars
and what evidence capabilities would be most helpful for implementing those reforms will be important. Building
physician and patient confidence in the use of biosimilars will require additional investment in both postmarket
research as well as stakeholder education.

While building consensus in these areas is no small task, a concerted effort by stakeholders to tackle these issues
is an important next step to fulfill the promise of biosimilars. The key next steps for addressing the gaps and
challenges identified in this white paper are:

e Further FDA guidance or general principles regarding issues like interchangeability or patient switching
that will impact price negotiation and use;

e Ongoing stakeholder education efforts to increase confidence in the use of biosimilars;

e Continuing to build the infrastructure for the capture of high-priority postmarket data and methods for
using these data to develop more extensive evidence on biosimilar comparative effectiveness and impacts
on costs of care;

e Development of evidence on PBM and payment reform strategies that will impact drug choice and
switching.
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GLOSSARY OF TERMS

Biologic Medical products derived from a variety of natural sources (human, animal or
microorganism) and used for the prevention or treatment of disease. Examples
of biological products include: vaccines; blood and blood products for
transfusion; human cells and tissues used for transplantation; gene therapies;
and cellular therapies.

Biosimilar A biological product that is approved based on a demonstration that it is highly
similar to an FDA-approved biological product, such that there is no clinically
meaningful difference in terms of safety, purity, and potency between the two
products.

Comparability Refers to the practice of assessing biotechnological/biological products before
and after changes are made in the manufacturing process for the drug
substance or drug product to ensure the quality, safety and efficacy of drug
product produced by a changed manufacturing process.

Immunogenicity The propensity of a biologic drug product to generate a host immune response
to itself and to related proteins, or to induce immunologically related adverse
clinical events.

Indication If the proposed product meets the statutory requirements for licensure as a
biosimilar product under section 351(k) of the PHS Act based on, among other
things, data derived from a clinical study or studies sufficient to demonstrate
safety, purity, and potency in an appropriate condition of use, the applicant
may seek licensure of the proposed product for one or more additional
conditions of use for which the reference product is licensed.

extrapolation

Interchangeable Refers to the medical/pharmaceutical practice of switching one medicine for
another that is equivalent, in a given clinical setting. A product is considered to
be interchangeable if it can be administered or dispensed instead of another
clinically equivalence product without significant risk of an adverse health
outcome.

A biological product licensed under section 351(a) of the Public Health Service

Reference : : i ; ) . o
(PHS) Act against which a biological product is evaluated in a 351(k) application
product for biosimilarity or interchangeability.
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Substitution The practice of dispensing one medicine instead of another equivalent and
interchangeable medicine in any given patient at the pharmacy level without
consulting the prescriber.

The FDA believes that products classified as therapeutically equivalent can be
substituted with the full expectation that the substituted product will produce
the same clinical effect and safety profile as the prescribed product. There is
no ‘substitutability determination’ at the EU level

Small molecule  Medical products typically derived from a process of chemical synthesis;
drug comparatively much smaller in chemical size and less structurally complex than
biologic (also known as large molecule) drugs.

Switching Decision by the treating physician to exchange one medicine for another
medicine with the same therapeutic intent (e.g., from originator to
generic/biosimilar or vice versa, or among different drugs within the same
therapeutic class) in a patient during the course of treatment. In hospitals, the
decision to switch a medicine is made by a multidisciplinary team including the
clinical community (therapeutic/formulary committee). Non-medical Switching
is also a term that has been increasingly used in the biosimilar field to describe
a situation where a patient’s medicine is switched to a chemically distinct
alternative for reasons other than the patient’s health and safety. Examples of
non-medical switching include switching between structurally distinct blood
pressure medications, statins, NSAIDs, or anti TNFs.

Therapeutic The determination that a particular drug can be substituted for another (or

equivalence vice versa) with the expectation that the substituted product will produce the
same clinical effect and safety profile as the prescribed product. Drug products
are considered to be therapeutically equivalent if they are pharmaceutical
equivalents (contain the same active ingredients; dosage form and route of
administration; and strength).

Therapeutic The dispensing of a drug that is therapeutically equivalent to but chemically

interchange different from the drug originally prescribed by a physician.
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Summanry

Eligibility eriteria are a critical component of ¢linical tials and aerve W deline the paticnt populati on under
study, They can be inclusionary, perhaps by specifving a tomor tvpe or molecular altecation needed for
study entry, or exclusionary by specitying certain characteristics sueh as comaorbi dities that would render a
patient ineligible for enrollment. While resineting mal elgbility o homopenous palienl group improves
the ability of & trial fo detect a treatiment effect, shonld one exizt, a primary purpoze of eligibility criteria is
to protect the safety of those patients who are thought to be at increased risk of experiencing a treatment-
related adverse effecl However, excessive or overly restmetive cligibility critena can impair clinical trial
accrval and the applicability of faal resolts o beterogepesns “real-werld™ paticnts whe allimately mav
receive the drug in the pest-market setting. It alse delays access to investigational agents for patients whao
maty in fact stand o benelit In 2016, the Americon Sociely of Climcal Oncolosy {45000, Food and Drog
Administration (FI2AY, and Friends of Cancer Research (Friends), launched an initiative 1o re-assess the
current approach 1o determining clinical mal eligibility. We will build on these and other ciforts and provide
recommendations for how sponsors, investgators, and regulators can work together wimplement expanded
climical trial eligibility where appropiate,

Background

Clommen exclusionfinclusion criteria have developed over time, primadly through experience with
cylotoxic chemotherapeutics. Many of these are grandfathercd from prior tmal protocols, with hitde
cotsideraiion as o whether ey ave (uly appropaate for the specilic climical question being asked, Given
the crease i complexity of cancer treatment, and the advent of povel therapeutic modalities, many have
called for simplificd, rational eligibility criteria.’* Mewer, molecularly targeted agents generally do not have
Che same salely profiles as chemotherapivs smd often reguire slditional biomarker<Iriven patient selection
parameters that may severely limit the momber of patientz eligible for a trial; therefore, idenfifving
opportunitics Lo zafely broaden cligibility has been recognized as a priomty?

Recent conperative group studies of the impact of different eligibility criteria on trial and patient outeomes
support the need for a re-evaluation of clinical frial eligibility. Gerber 28 @ reviewed lung cancer trials
sponsored by the Eastern Cooperaiive Opeoloey Sroup (ECOG) between 1986 amd 2013 mnd delermined
that patients with prios malignancies were excluded from 94%5% of trials that used swrvival as a primary
endpoint and T3% of trials that used other primary endpoints.? This study also analyzed the SEER-Muedicare
Jatabaze aod detecmined that up w0 185 of loogz cancer patients have prior cucer diagnoses, and therefore
a substantial portion of patients are potentially excluded from trials for this reason alone. Subsequent wark
by this group showed that prior malignancies did not impact survival oumteomes in patients with stage TV
lung cancer or locally advanced lung cancer, suzeesting that chimcal toal outcomes would not be adyersely
impacted 1y inclusion of patients with a history of prior cancer.™® A similar case-bv-caze, evidence-based
approach Lo asscasing other common cligibility eriteria will be uselul 1o determine when they can be safcely
relaxed.

Teenge AL “Heducig petienl eluglality cotem i cancer shimea mals ™ 1Ol Sl 19096 Aqn 144101364 70,7

" Fuks A, Weijer ©, Freedmen B, Shapire 5. Skrotkowsics M, Risz A7 A stodyin contrasts: slipibility eriteria in o teenty-year
saiple of MEADP asd BO0 clinical trals. Mational Sergical Adyevant Breast and Boweel Prograin, Padiabne Coeolegy Oioag.” |
Clin Dpidermial. 19596 Feb; 5102065 T4,

* Kim ES, Bernstein D, Bilsanbeck 55, Chung TH, Diickar AP, Ersek: L, e2 ol “Modamizing Elizibiliry Critesia for Molzelady
Dipgaen Toiale™ 1 Chn Oncel. 2015 Sep 1 330250 T8 E 20

T Garber IE, Taccett AL Hnian T, Halmi BEAL Proict 81, “Tmapact of prior sancer on 1igiilisy far hayge cameer climiea) frials ™ 1
Ml Caneer Tnal, 3014 Sep 22 106011

* Lacgett AL, Foaict 5L, Moo L, Haln Ea, Gecber DE, “Effeet of pries canear on owteeomes inadvansed lung cancer
irmplicabems for olimiaal minl eligboliy arel acomunl ™ T Mol Ceneer Tned, 2015 Feb 3 10704

* Lacesti AL, Poaitt 5L, Xuan L, Halom EA. Geocber DE. “Trior cancer doca et adversely affzet survival in locally sdvanesd Iang
cupeet: & mebeee] SEER medicare analyace” Lwee Canear, 20060 Avg B LG 13,
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ARCOIDA-Frivods Eligibility Criteria Inidiative

Tn an effort to maodemize clinical wial eligihility eriteria to better reflect intended-ta-treat populations and
allow broader and more representative entollment of paticnis in tials, four working groups composed of
multiple stakeholders, including sponsors, investiasors, bostatisticians. pharmacoloaizis, repulators,
patient representatives, developed detailed consensus-driven recommendations regarding where it is
setentilically and clineally appropriste o eapond disbility erteria, The fowr workinge sroups consdered:
1) patients who have beain metastazses, 2) the minimom age of patients eligible for enrollment, 3) patients
wha are HIV positive, and 4) patients with organ dyvstunction. Tn developing these recommendations, the
working groups reviewed the stale of the seience, any existing case studics, and attempled o balance the
peeds of profeciing potient safetv, Fcilitaling access o wvestioafional hecapies, and protecting 1al
integrity {including safety, efficacy, and statistical conziderations). To maximize the generalizability of
results, climcal tnal enrollment crteria should stnve Tor inclusiveness and provide justification [or the
selected inclusan and exclusion criteria it compelling safety or efficacy concerns mandate the exclusion of
specilic populations. Recommendations were presented at a public workshop on May 12", 20146, and arc
surmmmart sed below,

Arain Metastases

Broud exclusion of patients with brain metastases 15 commeon despite the very hish incidence of brain
metastazes in some tmer tvpes, Although life expectancy may be reduced for zome patients with brain
melaatases, and there may be greater rsk of neurological oxicity, existing lileralure docs not indicate that
(hese pafients espedence hisher mies of senovs adverse events, Thiz working sroup developed
recomunendations specific o 1) patients with treated or stable beadn metnstazes, 2) patients with
new/active/progressive brain metastases, and 3) patients with leptomeningeal discase. For patients with
Ireited or stable brain metistases, the worlkang sroup concleded that, withool s compelling raienale Tor
excluzian, these patients should be roatinely inchoded in prospective clinical fials of all phazes, TF there are
specilic safcly concerns, then Laloning specific erileria W the concem is preferalde o blanket cxelusion of
all brain metaziazis potients, For patieots with active beain imetastazes, the working seoup concluded that a
one-gi Fe-fits-all approach is not apprapriate, and Factors such as natural history of the disease, trial phase
and derign, and the drug mechanizm and potential for CNS penciration should detenmine whether such
patients are ineladed ins mal. T patients with acltive broon metastases are mcluded. additional prospeciive
planning may be requived to better define zafery and response, Ealy stopping mles may be appropriate
should excessive wxicity be observed. Fnally, the working group concluded that in most ials, 1L remains
appropriate to exclude patients with leptomeningzeal disease due to their poer progonesis, althewasl theee may
b mituations that warmant a cohort of such patients in early phase trials — for example, when N5 activity
iz anticipated.

Minimim Age®

Children amd adolescents under the age of 18 years are often exeluded from participating in clinical trials
with novel agents until extensive adult data are available, sometimes many yveas after the introduction of
an agent. Because pediatric patients have historically been considered a vulnerable population, there is
concern that o high profile sdverse event in a child eould endomger the enlire droe development prosram.
However, there 15 no evidence o suppod this concern, The main seientilic barmiers that preclode enrollment
of pediatric paticats in most “adult™ clinical trials arc the lack of overlap hebweon some types of cancers
that adult and pediatric patienis develop, the potential for developmental toxicity, as well as diffcrences in
metabolism between the age groups, The working group developed ecommendations For inclusion of
pediatric patients in carly and late phase trials. In initial dose-finding trials, the group recommended the

! Becomnoumdalz o of (be 2016 A0 Paends Brem Metesiases Bl Criceriz Working Growp (8 Lo, B Bz, & Tun, K
Real, I Whirs, 150l T Prowell, T4 Kardestani, 1. Perkins, O Regend I preparadion for pobicarion

? Fecomnoendatoas of ke 2016 A SO0 Facods Momouem Age Elizbality Coterms Wekaog Groeap (L Gone, F Balzs, 3
Leoeghue, & Gowdoum, F Dvy, O Reamman, B Babie, b Thomiea, o prepamiaoes Lo publicaiion
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inclusion of pediaine-speciiic cohorls when there 15 a strong scienllc rabionale, based on miolesolar
pathways or hiztalogy as well az preclinical data, tohelieve that aspecitic pediatric papulation could benetit
rom a drug under study. These cohorts would assesa dose and pharmacokinet cs scparately in the pediatric
population. Staoeered emrollment stuting with older children Followed by vounaer childven could be
considered by address potential concems specific to younger pediatrie patients, including notanly metabalic
dillerences but also challenges related to the avaalabilivy of spproprnate fomulaions (or youne children.
The working group also recommended that later phase trials in dizeases which span adulf and pediatrie
populations include pediatric patients with the specitic dizease under stndv, Bazed an the similarity in
melabolism between adulls and adols@cents, the working group recommended thal patients aged 12 years
amdd above be enrolled in such trials,

HiViAIDs®

Many people infected with HIV have a near normal life expectancy due o substantial improvements in
HIYV therapeatics over the past 20 years. Cancer is now a lcading canse of mortality in people with HIV,
however most oncology studics exelude this population. This working group recommended thal HIY -
pifected patients who ae healthy and have a low sk of AIDSelaed onteomes should be included in
cancer climical trials unless there is a specific rationale © exclude such patients — for example, it there is
reeason W belivve that the inyestgational drog misht intedfere wath control of TIY mlection. which may be
the case with zome immunomodulating agents, In the absence of a rationale for exclusion, HIV -related
cligibility criteria should be strai ght-forward and focus on cwrent and past 124 and T-cell counts, history
(0 v ) of AIDS defining conditicons such as oppedpnistic nfections other than historicadly Low <T343 ol
T cell counts, and stafus of TV treatment, Healthy IV -positive patients that ae incloded in capcer clinical
trials should be treated using the same standards as other patients with co-maorbidities, and anti-retroviral
therapy should be considered o concomitant medicaion.

Crgan Dysfurction’™

Thizs working group began by discuszing the tvpes of organ dvsfunction that were likely o deive most
climical frial exclusion criteria. They decided to focus on Kidney, heart, and liver dysfunction, as well as
cxclusion based on a prior, altemate cancer history. The group conducted analvsis of these enteria from a
large, representaive dataser that ineluded o cobort of neady 13000 patents newly dizgenesed wath breast,
colon, Tung, and bladder cancers from 2013-2004, The analvsiz, &z well as review of the literamve, hel ped
the group determine which of the organ dyvalunetion crteria o priontze for development of
recopunendations, Becanse the dataset nclwded only pewly dingnosed patients, it iz possible that ofler
exclusionany eriteria should alsn be considered, but the group decided to focus on the argan performance
status that raised the most challenge for patient participation. The group priariti zed a focus on renal function
bevanse the rales of exclusion based on typieal bepatie and cardioe Tunction tests would ool have rsed a
problem with pamicipation in the newly diagnosed patients, The group concluded that renal fancticn eriteria
should be based on ercatinine clearance rather than serum ercatinine levels. The group alao proposed [iberal
creatimme clemance crferia o simations where remal excretion 1s 0ot a siemificant component of a drua’s
pharmacokinetics or when known dose maditication strategies can allow safe and etfective administration.
Conseryalive erilena reman appropriate for nephrotose dooes. Althoush the group did ool recommemid
changes o the cumrent eriteria for hepatic or cordiae lunction, they did propose that [olure studies incelude
coborts of patients with organ dysfonction as well as geriatric patients when appropriate to better define the
spectrum of loxicily. This would aid climcians in decision-making and allow a mone realistic description
of patient ouicomes, The growp azreed that exclusions based oo paor malisnaoncies should be liberalized

* Pecommoendalzons of dee 2016 AS00 Frcods FUYAALLS by Cnlena Working Croup (5 Dunleeey, O Leome, B Licce,
BW Killer. A Moy, B Endek. B Schwarz, TS Uldrick, T Wanp, T Feldiey In preparation for pablicarion

¥ Fooommundateas of tee 2016 ASC0-Frcs Organ Dyshuenon Elabalivy Cricca Workaog Croap (56 Luch o,
Corlazar, L Febmmbacher, S0 Harvew, MNA Bahomn, 5 Reech, 1 5ol ML boopeon, 2 Walker), Lo prepesiaen b pebhvabon
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both i lerms of the Wming mnd ypes of poor malipnancies, as well as current mabignancies thal are ool
life-threatening in the short term.

Im plemenLation

Through the enurse of working group discussionz, potential benetits and risks of expanding eligibility
eriteria woere tlentilied (Table 1), As previovsly staved, the primary purpose of elipbiloy entena s o proted
the safety of patients presumed o be at a higher risk of experiencing an adverse event. Thus, significant
concerns are that use of broader criteria may put some patients at risk, and that the development of an
clfective drug could be jeopardized il a senous adverse cvent occura in a pati ent population that is inherently
sicker, Inclusion of some pafients may requice additiossl soreenine/moniforing or the engagement of
additional expertize to manage safety issues specific to that patient population. This would help to miti gate
risk in these patients but would also ineresse mal cost and complesity. In some cases, working eroups
concluded that it wonld he appropreiate to include a traditionally excluded patient populagion as a pat of the
gencral trial population, while in other situations, working groups recommended that certain patient groups
ke included as a separate eohort within a tial or analyeed separately from the general trial population.
Either of these opticis sronld again present additiomal opersticnal considecations and cost o dina sponsors,;
however, they may alzn provide data in an underrepresented popul ation that could potentially be included
im i g Label and wsed w dillereniate a dnge [rom others i s elass, Polential siady desien oplions that
can be conzidered to address theze concems and potentially miti gate visk are pravided in Table X, Some
oplions are similar o biomarker-based atratificaion designs that have been used o evaluate efficacy and
fosicity i biomarker-positive and -pegative potients, These Jesions may Facilitate label inclusion of safety
of efficacy information in the expanded population if sufficient data s collected to deaw menmingiol
conclusions; however, discussion with regulators will be necessary to determyine the best approach for each
siluation. We anlicipate that current eflorts o espond eligibility in several clinical mals will help 1o
dermnnztrate the feasibility and that futre FA auidance, particul aily with regards to zafety reporting, will
as=isl sponEnTs in designing more representative mals.

Following publication of the cument working group recommendations, future efforts will include data-
driven efforts to identify other opportunities @ zafely broaden clinical rials, including evaluation of
polential opportunities o sljust requirements aeoumd  drog seashout penods, use of  concomitant
medications, and inclusion of geriatric patients, One goal will be to create standardized and consistent
language for rial protoeols o facilitate clectromic data collection and scarches of clinical wals. Another
aoal will be o Jevelop metaes to momiier wpiake of (hese recommendations, Cutrencly fo institotional
review boards will be eritical to ensure that patient safety is appropriately balanced with access to
investigational therapics. ltimately, the goal of this initiative is o change the culture such that sponzors
aml investzalors inelude patienis unless there 15 a compelling rationalde ot to, rather than the current delauli
ta exclusion, Given the significant inferest in and enfluziazm for this effort from many in the cancer
communily, we belicve this goal can be achicved for the benefit of all stakcholders.
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Tauble 1: Benelils and Kisks of Expanded Eligibility Crileria

Patients and Physicians

Sponsors/Investigators

Fenefits  Farier access to investigational agents, | Abilitv to goncralize fo “real-world™
eapanded mal and treatment options paticnts, and may reduce post-
marketing requireinents,
More complete safety data, which can | Faster accnial
= I':_:-Tm ':"1_1“1 cal L a”':_l“"‘_!hl': aafic Identification of potential safely issues
delivery ilionce 1“?"”5['3“1-“-_'““1 agent during clinical trials may facilitate
becomes commercially avalable carly development of mitigation
slrateoies, enabling broader wplake
after appraval
Availability of cificacy dala can Efficacy in traditionally understudicd
wnfonn weighing of commercially peapulaticn could potentiadly be
available treatment options included in drug label and provide a
ditferentiating factor betwrcen diugs ot
same class
Risks Limited data fromm amall eohaots may More variability in mifeomes — may

nol be adeqguate Tor elinical decision-

making

require larger sarmpe sioes and
inferences may mo1 be as precise

Patients that are inberestly sicker i
have higher risk of expericncing an

il verse evenl dee 1o the dng or
dizeaze

Potential safety conceims — may
requite separate cohorts or anal ysis
plims and early stopping rules [or
EXCESR WXty

Blwy complicate atcbution of adyverse
events - consider randomi zatiom and
data from other drugs in class

Additicnal screeming or imaaing needs
in some situations may incur
aldhitional cosls lo palients

Tncreased costs aszociated with
additional cohaorts, statistical
reguirements, additional testing or
special expertize tn manage specitic
paticnl necds
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Table 2: Potential "rial D«E'.‘Ii!I't'i and Consideratinns
Eardy Phase Trials

Add an expansion cohort restricted o a specific patient population (e.g., a pediatric population.
patients with poor perlormance stafus, or patients with active bian melastases),

Mlaximum Lol crated dose, dose-limiting wxicitics. phammacokinetics may be
azzessed separately Lo that population
Senous galely 1msues could prompt the cohort o be closed withoul compromising
the entire drig development prozram,
Resulls in carly phase can inform the decision as 1o whether and how 1o inelude
{or mold Lhe patient populaton i later phase mals

Later Phase Trials

Loxpand eligibility criteria W inelwle a specific paticnt population (may be appropriate (or prior
maligiancies or patients with FTV) and include these patients in primary analvsis

Allow brogal enrollment while restricling primary anadvels to parrower patiend populaticn
TPratects infegrity of trial while epabling data collection in broader populaticns
I3ata mav he helpful to inform safz clinical usc in “real-world™ paticnts
Fxpand trial eligibility to include a specific patient group but stratily randomization where one
sieati imcludes patients who would oot meet traditional eligibility (o ensore balance of these
patients acmss treatment arms.

hlay be appropriate when eacly-phase data shows that special subszet can tolemme
drug Int only at a lower dose, or when life expectancy is shorter in special subeet

Constder adaptive designs where tnal 15 expanded or restmoted based on data collecion ecarly in
the trial amd recommend ations from a Data Safety Monitoring Board

Tnitiate a separate cobort or compaumon protocol restricted (o a specilic palient population

Similar to expanded aceess protocols and may anly inclhude safety monitoring

45



2016 PUBLICATIONS AND WHITE PAPERS — FRIENDS OF CANCER RESEARCH

Optimization of Exploratory
Randomized Trials

Conference White Paper
Friends of Cancer Research Annual Meeting

November, 2016

Contributors

Eric Kowack!

Lisa LaVange?

Amy McKee?

Cyrus Mehta3
Samantha Roberts*
Richard Simon?®
Rajeshwari Sridhara?
Mark Stewart*

Ygnyta

2United States Food and Drug Administration
3Cytel Corporation; Harvard University
4Friends of Cancer Research

SNational Cancer Institute

46



2016 PUBLICATIONS AND WHITE PAPERS — FRIENDS OF CANCER RESEARCH

Summary

In recent years, the field of oncology has benefitted from the development of several highly effective new
therapies for some forms of cancer. These therapies may demonstrate profound treatment effects that are
apparent in early phase clinical trials, necessitating expedient clinical trial approaches that move beyond
the traditional stepwise drug development paradigm. These approaches must maintain rigor while
improving efficiency to ensure that truly effective drugs can quickly reach patients in need without
compromising patient safety. Different approaches may be needed for different scenarios. This panel will
address potential paths forward when unexpectedly large improvements in overall survival (usually
included as a secondary endpoint) are observed in early phase randomized studies, a scenario that is
occurring with increasing frequency. Because these are exploratory trials, primarily initiated to guide
“go/no-go” decisions in product development, they are typically not designed with the necessary statistical
rigor for definitive assessments of clinical benefit. Therefore, using these trials as the basis of a regulatory
decision without further study may present challenges. However, only using the data for a “go/no go”
decision and initiating a separate randomized phase 3 trial may also be problematic depending on how
compelling the exploratory trial results were as well as the level of unmet need in the disease under study.
We will provide recommendations for the optimal conduct of early phase randomized trials, potential
frameworks that can be put in place prospectively for the controlled expansion of exploratory trials, and
statistical approaches that can be used by sponsors or FDA reviewers to help interpret the results in the
absence of pre-specification and determine how to proceed in the event of unexpected but promising
survival signals.

Exploratory Randomized Trials

Although exploratory trials are often single-arm studies, in some cases randomized trials are employed
early in development with the objectives of providing proof-of-concept or generating hypotheses. In these
trials, the patient population under study may be limited for safety reasons or to improve the chance of
detecting an efficacy signal. The requirements for the trial’s operating characteristics such as power and
Type I error (concluding that a drug has a certain effect, when it, in fact, does not) may also be less
restrictive than in later stage trials, or may not even be pre-specified. There may be multiple looks at the
data, potentially introducing bias, and informal interim analyses with no planned adjustments to avoid
inflation of the Type I error rate. In our scenario, compelling survival outcomes may be observed, but
survival is not the primary endpoint and is rather a secondary endpoint. In fact, a variety of endpoints may
be specified to assess pharmacological activity and tolerability and to provide early evidence of efficacy
with respect to clinical or patient reported outcomes, typically with no plans to account for multiplicity due
to the numerous outcomes in place. In general, these “looser” operating characteristics are accepted for
exploratory trials, with the assumption that clinical benefit will be rigorously assessed in later phase trials.

Consequently, if unexpected and potentially exceptional survival signals are observed in an exploratory
randomized study, these issues can lead to difficult decisions about whether to expand the ongoing trial,
initiate a subsequent phase 3 trial, or seek regulatory approval. Options available to sponsors could include:
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Traditional approach:

1. Use the exploratory data results solely for a “go/no go” decision and initiate confirmatory trials.

Alternative approaches:

2. Expand the exploratory randomized trial, and if the survival benefit is maintained, seek regulatory
approval.

3. For exceptional survival datain exploratory randomized trial, submit for regulatory approval, and
potentially initiate a phase 3 confirmatory study at the same time.

There are many factors to consider as sponsors determine how best to proceed with unexpected data that
includes both statistical and non-statistical issues.

Statistical Approaches for Interpretation of Unexpected Findings

In instances where there is little to no pre-specification in the exploratory randomized trial and an
unexpectedly large improvement in overall survival is observed, sponsors and the FDA can be faced with
the challenging scenario of interpreting the results. We will discuss a potential statistical model that can be
useful in these scenarios. This is an adaptation of a previously published Bayesian approach which accounts
for the clinical significance of the results and for the fact that the survival results were unexpected in a
phase 2 trial and often not specified as the primary endpoint for analysis.! Bayesian approaches can be very
useful in looking across multiple endpoints, analysis times, or studies. These factors are not accounted for
in the calculation of a “p value™.

Instead of a p value, the tool described here provides a posterior probability that the treatment effect
(treatment relative to control) exceeds a minimal clinically significant threshold. For survival in oncology
studies that threshold might be a 20% to 30%relative reduction in the hazard of death but will depend on
the disease and line of therapy. The posterior probability depends on the observed treatment effect in the
clinical trial, the size of the trial, and on the prior probability distribution of the treatment effect (i.e., the
likelihood of different treatment effect sizes one would expect before seeing the results of the clinical trial ).
Itis the prior distribution which enables one to express the fact that an extreme treatment effect on survival
is unexpected for a phase 2 trial with a PFS or response endpoint. The prior distributions have decreasing
effect on the posterior probabilities as the sample size of the trial increases, and in the example case studies
discussed below, the results are not critically dependent of the prior distribution.

The model we have investigated is based on the estimation of an unknown hazard ratio (HR) for treatment
on survival. An HR of 1.0 means no treatment effect on survival and an HR of 0.75 represents a 25%
reduction in the hazard of death by treatment. The prior probability of the null hypothesis of no treatment
effect on survival is denoted by 1-8. For an early phase 2 trial of a drug of unknown efficacy, one would
generally set this null prior probability to be .90 or some suitably large figure. The prior distribution when
the null hypothesis is false is based on a standard deviation parameter T as described in the Appendix.

To compute the posterior probability that an observed difference in survival is clinically significant, one
must specify the survival results of the trial, 6, 1, and the threshold for clinical significance (e.g. 25%

1 Simon R. “[Clinical Trials and Sample Size Considerations: Another Perspective]: Comment.” Statistical Science. 2000
15(2): 103-5.
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reduction in hazard of death). In our simulations, we have summarized the trial results for survival by
indicating the observed HR and the total number of deaths observed in the trial. For details on computing
the posterior probability of a clinically significant treatment effect, see the Appendix.

It is important to note that this model helps to interpret the level and confidence of evidence in trials with
unexpected results, but it does not alleviate issues related to robustness of results, sensitivity analyses,
uncontrolled interim looks, and trial conduct.

Application of the Bayesian Statistical Approach to Real-World Case Studies

Iniparib is an inhibitor of the enzyme poly ADP-ribose polymerase (PARP). This example is chosen
because it is a well-known example where preliminary trial results indicated a significant survival
advantage which generated considerable enthusiasm. However, follow-up studies failed to confirm this
effect and, in fact, demonstrated that iniparib did not inhibit PARP at clinically relevant doses. Early
approval based on the initial phase 2 results would have put patients at risk by exposing them to an
ineffective drug.

In a phase 2 open-label, randomized study of patients with metastatic triple negative breast cancer iniparib
combined with chemotherapy improved the rate of clinical benefit from 34% to 56% (P=0.01) and the rate
of overall response from 32% to 52% (P=0.02).> The addition of iniparib also prolonged the median
progression-free survival from 3.6 months to 5.9 months (HR for progression, 0.59; P=0.01) and the median
overall survival from 7.7 months to 12.3 months (HR for death, 0.57; P=0.01). A subsequent randomized
phase 3 trial enrolled 519 women who had previously received at least two rounds of chemotherapy. This
trial was designed with overall survival and progression-free survival as co-primary endpoints and was
unable to demonstrate significant improvements in these endpoints.

We applied the statistical model described above to determine how it might have influenced decision
making based on the phase 2 results. The total number of deaths was not reported but was estimated to be
approximately 73 from the confidence interval given for the HR. From that value and the reported HR, the
Bayesian analysis was performed using 0=.9 and t=1. The resulting posterior probability distribution for
the true HR for survival is shown in Figure 1. For any HR on the x axis, the y axis shows the posterior
probability that the x-axis value is the true HR. An HR value of 1.0 corresponds to no treatment benefit on
survival. A vertical line is drawn at 0.70 as a potential threshold for clinical significance; that is an HR <
0.70 would represent a clinically significant treatment effect on survival. The area under the curve to the
left of the vertical line is the posterior probability that the treatment effect is clinically significant. In this
case that area is 0.71 which may indicate that additional data is needed to ensurethe treatment effect on
survival is clinically significant. If we use a threshold of clinical significance of 0.75, the area under the
curve to the left of the x-axis point HR=0.75 is 0.82. Thus, even with a threshold of clinical significance of
0.75, the data is not strongly convincing that there is a clinically significant treatment effect on survival.
The posterior probability of the null hypothesis that iniparib has no effect on survival was 0.044 as can be
seen by the point at an x-axis value of 1.0. The posterior probability of the null hypothesis is however not
very robust to changes in the model parameters, and we do not recommend using it for decision making in
this context. A posterior probability of .82 that the HR for survival is less than .75 may not be sufficiently

2 0’Shaughnessy |, Oshorne C, Pippen JE, et al. “Iniparib plus chemotherapy in metastatic triple-negative breast cancer.” N
Engl ] Med. 2011 364:205-14.
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sirong o supporl the concdusion thal the reatment is eflective W a climcally senificant degres,
Clonzequently, this approach as part of the evaluation of the study would not have suggested consideration
of approval of the drvg without a follew-up phase 3 tal. This vse of this approach would have been
appropriate to pnide decizion making in this example,

Olurutumab i3 a platelet-derived growth Tactor (PDGE) receplor alpha blocking antibody. Olaratumab
received fast track and breakthrough therapy designation, priority review status, and accelerated approval
forits use in soft tasuee sarcoma (S18). Thia example illustrates a stody where there was highly =i g ficant
improvement in survival outeomes, a secondary endpoint, in an early phase trial when progression -free
survival was the primary endpoint Though the study was not necessarnily designed to be a pivatal tal, it
did lead to its approval,

Data came from a randomized phase 2 tral involving 133 patients with multiple subtypes of metastatic
S15.% Patienls were randomized in a 111 ralio lo recedve either combination therapy comprising of
olaratummab and doxorubicin, or the standard of care treatment of doxorubicin monotherapy, Patients in the
combination treatment arm had a median overall survival of 26.5 months, comparcd with 14.7 montha for
those treated with doxombicin monotherapy (HE 0.46; P=0000037, In contrast, progression-free survival
was ¢xlended by only 2.5 months in the olaratumab amm (6.6 months versus 4.1 months). Though the
primay endpoint of the study, a 50% incrense in progression-free sucvival, was met, 1€ was not sigoiflcant
by investigator asscasment (HR 0.67; P=0.0615) or independent radiological review (HR ratio 0067
P=0.120%}.

To evaluate how the statistical model described above might have influenced decizion making, data from
the phise 2 tnal were evaluated using an ITR of (.46 and 21 observed deaths (Tizure 1), A verticad line is
drawn at a troe HE of 0,70 which mioht correspond toa minimal clinically zignificant effect. The Bavesian
analysis was performed and the posternor distnbution of HE lor survival 15 shown in Iigure 1. The area
nider the curve tothe Lleft of .70 is approximately (.95, This means that there is 2 95% posterior probabilify
that the true HE i (070 or less indicating that the evidenee is comvyineing and supports the FIDA decigion. If
the ling were deawn at 0,75, representing a lesser reduction in survival, the posteriar probability to the left
ol that would be 098,

The postenor distribution was computed based on an assumption that the prior probability of no wealment
henectit was 0.9); ao the survival eff oot was unexpected. However, the data was sufficiently strong that with
91 deaths the high prior probability of no treatment eflfect is overmidden by the data We also used the
parameter =1 for the standard deviation of the treatment effect under the alternative. The resnlts were litfle
changed however il we used 1=2 or (L5,

“ Tap WD, Jones KL, Van Tine Ba, et al. "0larstumab apd dexombicin versus dexomiblicin elone for treatment of soft-tesue
sanzoem: an agrent-lalel phase Th aned randomizes] phase 2 rial.” Lancel 2016 38R:AHR-97.
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Figure 1. Statistical model evalnating data from phase 2 trial data of inkparik and olaratomab, For any HE oo
the z-axis, the yaxis shows the posterior profabiliny that the zoazis vahic is the e HE. An HE waliee of 1.0
corresperds T oo irealmenl benelil on survival, A verlical e i deaswn 2l 970 a5 o polenbal Umeshiedd Gor clineal
sigrnfisaee, sl os an IR = 070 would represent o chieally st Dean reatment elect e survival The Bayvesan
analy=is was performed and the posterior probabality calculated as the area under the auaorve, For iniparib, there is a
N % posterior probability thar the mue HE i 090 or less indicating thar additional evidenee may be noeded 10
sulficiently supert e conclhesen th the treatment 15 ellective 1o a concally sigmficant degree. For Claralumab,
there 15 @ 93% postenor prolnbality et the tree TR s 070 or less adicating thatl the evicence 15 coneneing, bt
winld meed o be corsidered gz part ot the evaluation of the entire study.

Additional Factors to Consider When Interpreting Findings from an Exploratery Trdal

As sponaors navigale these vanous options, lactors other than statistical analysea will also need o be
conzidered, such as the strength of evidence from the phase 2 study, the feasibility of restarting eneollnsent
once preliminary results are known, the role of an independent monitoring committee in triggering further
enrollment, and pofential difts in patient population due to expanding e number or location of swdy sites,
Additionally, recruitment for a subscquent study may be ditficult, once the carly trial s reaults arc publichy
avialable, Other 1ssues entically important mclude chemisiry, manufactunng, ad controls (T3 remliness
and the adequacy of the aafety database

Standard comsiderations around the interpretation of reaults from any randomized clinical tral, auch as those
dezcribed in ICH E9, apply across all trials in general.’ Several considerations are highlighted here as
pariiculady relevant in the contest of observing an unespeciedly larse benelitl in suryvival inan exploratory
randoni zed sdy, The estent to which many of these can be adeguately addressed will help detennine the
interpretation of the strength of the results, and henee help determine the best appropriate path forward
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Potential sources of concern in the design, conduct, analysis, and interpretation of the results include:

e Multiplicity due to overall survival typically being a secondary endpoint, multiple interim analyses;
other possible sources of multiplicity such as multiple arms, statistical methods for analyzing the
data, and the primary analysis population

e The robustness of the survival results, in view of the likely small sample size of an exploratory
study, especially as it relates to potential imbalances in important prognostic factors, the impact of
post-discontinuation anti-cancer therapy, and the ability to evaluate consistency across subgroups

e The conduct of the study, including the level of blinding, the sufficiency of the description of the
process and procedures for examining data, including informal and formal analyses, and whether
crossover to the experimental therapy has been allowed

In contrast to confirmatory trials, exploratory trials often have less pre-specification allowing for more
flexibility in the design and conduct of the study. This is often appropriate depending on the specific
objectives of the study, the extent to which the safety and efficacy of the experimental treatment is
understood, and the extent of ongoing biomarker evaluation. However, flexibility in the design and conduct
of these studies can pose challenges to evaluating the results in a regulatory approval setting.

There is benefit in sponsors considering the incorporation of some standard features found in confirmatory
trials when designing, conducting, and analyzing exploratory randomized studies. The addition of some
pre-specification and rigor around the timing and assessment of interim analyses or the planned timing of
the final overall survival analysis can often bring additional scientific rigor with little downside.
Furthermore, recently observed faster-than-expected enrollment in studies (e.g., checkpoint inhibitor trials)
coupled with the time lag on obtaining survival data may make it necessary to add language that allows
extended enrollment if early efficacy results are quite favorable to help reduce delays in global protocol
amendment.

Opportunities for Prospective Planning and Trial Expansions

In instances where there is a promising benefit in overall survival but the data is not quite strong enough or
requires additional patient populations before submission for regulatory approval, a trial expansion may be
one approach to efficiently collect more evidence and data. The points to consider in the section on
“Additional Factors to Consider When Interpreting Findings from an Exploratory Trial” are applicable both
to the original study (in terms of whether it provides a solid basis for expansion) as well as to the design of
the expansion. It is also important to note that having a prospective plan in place does not guarantee positive
data; it simply improves the ability to appropriately interpret the data.

Adaptive designs that prospectively incorporate a trial expansion, using appropriate statistical methods to
control the Type I error rate are available and are described in the extensive literature on this topic. These
designs are valuable in the context of designing a Phase 2/3 study. Few exploratory studies are designed in
this way, and it would not be desirable or feasible to design all randomized phase 2 exploratory studies in
this manner. However, trials for new classes of drugs that have shown exceptional promise in early
exploratory settings in terms of objective tumor response (e.g., immune checkpoint inhibitors), may warrant
greater consideration for provisions to be in place at the start of the trial.

Some pre-planning around potential outcomes, associated decisions, and resultant actions into the protocol
can be beneficial in terms of reducing the need for protocol amendments and improving the understanding
7
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of the operating characteristics of the study. At this stage of development though, maintaining the ability
of the sponsor to also incorporate ongoing, and maybe unexpected, learnings from this trial and external
data will continue to be important.

A major concern in regards to unplanned adaptations in clinical trial design or conduct during the trial is
the loss of control over Type I error rates. As a starting point, it is worthwhile to consider the simplest case
of expanding the trial (either in terms of number of patients or number of events) to collect additional
overall survival data in the same patient population as defined by the protocol. In the context of this paper,
it is assumed that a large overall survival has been observed in the original (unexpanded) study, and what
might be defined as an unexpectedly large effect, is also likely to be statistically significant at the 5% level.
With a statistically significant effect on overall survival acting as a gate-keeper, a study expansion in the
same population would not inflate the Type I error rate above the standard 5%. Methods to assess the
evidence, such as the interpretation of the p-value (and point estimate), from the expanded trial with
reference to an even higher bar for remarkable results (such as that outlined in the Bayesian statistical
approach above as guidance) will then need to be evaluated.® In instances where the threshold for statistical
significance is not met, it may be desirable to increase patient follow-up time or recruit additional patients.
However, in scenarios where statistical significance is not met but is still promising, it may be necessary
for sponsors to have some pre-specification in place prior to unblinding (e.g., number of overall survival
events to collect if the trial were to proceed) and to utilize adaptive methods to ensure statistical validity is
maintained.®’

Expansion from a study that made significant alterations to the patient population based on results might
be more challenging and could lead to significant bias. This could be somewhat mitigated if the study was
originally designed to evaluate the populations—for instance, a study designed to evaluate in a specific
biomarker positive and negative population, and subsequently dropping the biomarker negative population
for the expansion.

Further, expansion based on data collected from a study with insufficient quality is also a concern. Making
alterations to the choice of study endpoints, patient populations, or treatment allocations based on unblinded
interim results may lead to biases toward favorable study outcomes or add unwanted variability to the study
characteristics. A framework designed with operating characteristics that permit trial expansion or potential
drug approval depending on the outcome of the exploratory trial may help minimize uncertainty in the
assessment of the results of these types of trials.

A template for pre-specified expansion could include options to modify inclusion/exclusion criteria to
increase generalizability of data within a single trial, or the template could allow for adaption of specific
trial features, if warranted based on accumulating data, without starting a new trial. Additionally, it could
include options to increase the follow-up time and the sample size possibly through expanding the number
and geographic spread of trial sites. This framework could guide the development and use of pre-specified
triggers for expansion in the event of observing a surprising survival benefit, the statistical considerations

5 Gao P, Liu L, Mehta C. “Exact inference for adaptive group sequential designs.” Stat Med. 2013 Oct;32(23):3991-4005.

& Denne |S. “Sample size recalculation using conditional power.” Stat Med. 2001 Sep;20(17-18):2645-60.

7 Miiller HH, Schafer H. “Adaptive group sequential designs for clinical trials: combining the advantages of adaptive and of
classical group sequential approaches.” Biometrics. 2001 Sep;57(3):886-91.
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necessary for a robust analysis, and the operating characteristics necessary to minimize uncertainty in the
results in these types of trials.

Conclusions

Oncology drug development is benefiting from improved research capabilities and techniques that help to
better identify appropriate patient populations for clinical trials. Thus, scenarios where unexpectedly large
improvements in overall survival observed in exploratory randomized studies are becoming more frequent
as our scientific understanding continues to advance. New therapies have necessitated the need for
innovative clinical trial designs and expedient pathways for drug approval. It is clear that full pre-planning
for registration for every early phase trial is not feasible or even possible because exploratory trials need to
be able to have a reasonable sample size for the phase of development; be able to address multiple
exploratory objectives; and if needed, evolve in response to the data being generated. However, both
sponsors and the FDA can be better equipped to handle and evaluate trials with unexpectedly large
improvements in overall survival. It is important to get the most information from data collected in these
trials. Therefore, we have provided considerations for sponsors to consider at the design and conduct stages
and for both sponsors and the FIDA to use to help evaluate these types of results, which include a Bayesian
analysis approach to assist with decision-making.
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Appendix

Proposed Model:

¢ 0= log hazard ratio for survival

e §takes any value =0

e  Prior probability 6=0 is 1-0

¢ Prior probability density for any value <0 is 0 times a folded normal N(0,7) distribution

e Trial survival results summarized by the maximum likelihood estimate of 6 denoted & and by the
total number of deaths, D, observed in the trial.

e The standard error of & is approximately s=2/D

e The posterior probability that 6=0 can be written Pr[6=0|8"]=c (1-0)¢(8"; mean=0, sd=s) where ¢
is a normalizing constant and ¢ denotes the density function for the standard normal distribution.

e For any 6< 0, the posterior probability that the log hazard ratio is 6 can be written ¢ @(8’; mean=9,
sd=g) 8 2p(8; mean=0, sd=1)

e The normalizing constant ¢ is determined by computing the posterior over a grid and forcing the
posterior values to sum to 1.

e We considered a result to be conclusively clinically significant if the posterior probability that d is
less than the threshold for clinical significance was at least 0.90

e We found that for studies of 25 total deaths or more, the results were rather insensitive to 0

e  With 25 or 50 total deaths, results are convincing for clinically significant treatment effect on
survival if the nominal p value for survival p <=.001

e  With 100 total deaths, a nominal p<=.0001 is necessary for the results to be convincing for a
clinically significant treatment effect on survival. A given p value corresponds to a smaller
treatment effect as the sample size increases. Hence, larger studies require smaller p values to be
clinically significant.

10
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rogress in personalized medicine is cur-
Prently taking place within a system of

governmental regulation that was largely
created before the term was even coined. To-
day’s regulatory framework, directed primarily
by the Food and Drug Administration (FDA)
and a handful of other federal and state agen-
cies, was created incrementally over the course
of the 20th century to meet various public
health needs, from the thalidomide crisis of the
1960s to the HIV/AIDS crisis of the 1980s and
1990s. As various regulatory gaps were filled
over time, a complete system of regulation en-
compassing pharmaceuticals, medical devices,
and diagnostic technologies emerged. This
system, although comprehensive, was not de-
signed by Congress with personalized medicine
in mind, and thus it may be time to rethink how regula-
tory authorities are structured.

Here we provide a brief overview of the legislation
that created the regulatory framework overseeing prod-
ucts in personalized medicine with the hope of improv-
ing understanding of why things are the way they are and
how they might change to better align with the future
needs of an advancing field.

Progress in personalized medicine today
is taking place within a system of
governmental regulation that was largely
created before the term was even coined.

The Creation of the FDA and Drug Regulation
Pure Food and Drugs Act (1906)

The law that created the nation’s first drug regulations
was the 1906 Pure Food and Drugs Act, signed by Theo-
dore Roosevelt after years of campaigning by progressives
to address widespread medical fraud and food contamina-
tion. The leading advocate for reform was Harvey Wash-
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ington Wiley, Chief Chemist in what is now the Depart-
ment of Agriculture, who was among the first to
champion the role of government in protecting the
public from abuses in the market. One such abuse was
the marketing of “patent medicines,” drugs that made
lofty health claims but whose ingredients were withheld
from doctors and patients. A series of articles in Collier’s
magazine published in early 1906 exposed the ingredi-
ents of many of these “secret formula” medicines, show-
ing that common remedies contained narcotics while
others contained nothing but water and alcohol.

To address concerns about unknown ingredients in
patent medicines, the 1906 Act introduced drug label-
ing requirements, but only for certain substances such
as alcohol and opiates; all other ingredients were per-
mitted to continue to be withheld from consumers.
Additionally, the law prohibited “misbranding” of
drugs, but the Supreme Court in United States v Johnson
(1911) ruled that misbranding did not apply to false
therapeutic claims, a decision that significantly dimin-
ished the impact of the legislation, as assertions that
drugs were cure-alls went uncontested. Moreover, it
would not be until the 1960s that false therapeutic
claims were effectively curtailed by the FDA. The 1906
Act was primarily about policing fraud, not assuring
drug safety; nothing in the law could prevent harmful
drugs from entering the market.

Food, Drug and Cosmetic Act (1938)

Significant action to overhaul the 1906 Act did not
begin until 1933, when a bill was drafted that would ex-
tend misbranding provisions to advertisements, require
labels to display all ingredients, not just addictive ones,
and, most importantly, require drugmakers to submit
evidence that their products were safe before selling
them. FDA officials made the case for increased regula-
tion with an exhibit that came to be known in the press
as the “Chamber of Horrors,” a collection of the most
egregious safety issues associated with drugs that high-
lighted dangers that were currently beyond the reach of
the law. Although these efforts drew attention to reform,



2016 PUBLICATIONS AND WHITE PAPERS — FRIENDS OF CANCER RESEARCH

a public health crisis was the primary impetus for passage
of new regulations. In 1937 the antibiotic sulfanilamide,
having been combined with the solvent diethylene gly-
col, killed over 100 people, many of them children.
Congress, seeking to prevent future tragedies, passed the
Food, Drug and Cosmetic Act, which was signed by
Franklin Roosevelt on June 15, 1938.

The 1938 Act established premarket review of safety
for new drugs, changing the FDA’s position from re-
sponding to harm to attempting to prevent it.! It also led
to the creation of a scientifically minded pharmaceutical
industry, given its requirement that drug makers produce
evidence about the effects of their products.? However,
like its predecessor, the 1938 Act had flaws that would
need to be addressed by future policymakers. The first
was that only safety, not both safety and effectiveness,
was required to be demonstrated. The closest it came was
to tweak misbranding language from the 1906 Act to
include false therapeutic claims, but these were dealt
with in the courts, an inappropriate forum to assess the
merits of a drug. The second flaw was that applications
for approval became effective automatically after 60
days, leaving the FDA only 2 months to decide if a drug
was safe.!

Kefauver-Harris Amendments (1962)

FDA officials, well aware of the limitations of the
1938 Act, began to lobby members of Congress and draft
legislation in the late 1950s to address gaps in oversight.?
These efforts coincided with a series of hearings on phar-
maceutical monopolies and price fixing led by Senator
Estes Kefauver of Tennessee. A number of proposals
emerged from this spike in attention on the FDA, but,
much like the 1938 Act, congressional action only took
place in the wake of public outcry. A front-page article
in the Washington Post in the summer of 1962 told the
story of how an FDA official, named Francis Kelsey, re-
fused to give a positive opinion on a drug called thalido-
mide, an act that came to be viewed as heroic after the
drug, often used to treat morning sickness, was found to
have caused hundreds of birth defects in children in
Western Europe. The story reminded the public of the
importance of drug safety laws, while also lifting the
reputation of the FDA as a protector of public health,
embodied in the maternal persona of Francis Kelsey.’?

The 1962 Kefauver-Harris Amendments to the 1938
Act, passed shortly after the thalidomide incident, made
2 major changes to drug regulation. First, they over-
turned the automatic approval provision of the 1938
Act, revising the existing premarket notification system
into a premarket approval system in which the FDA now
held veto power over new drugs entering the market.!
This provision inaugurated FDA’s gatekeeping power,

requiring all new drugs to pass through the FDA on the
way to market. Second, drugs now had to demonstrate
evidence of effectiveness as well as safety, dramatically
increasing the amount of time, resources, and scientific
expertise required to develop a new drug.

The concept of 3 phases of experiment

emerged in the wake of the new law and

was adopted by the FDA, becoming the
default method for studying medicine in
humans ever since.

Birth of the Modern Clinical Trial System

To be implemented, the 1962 Amendments required
interpretation of the legislative text, which stated effec-
tiveness had to be derived from “substantial evidence” in
“adequate and well-controlled investigations.” Drug-
makers looked to the FDA to lay the ground rules for
how they should conduct their experiments, and as a
result, the FDA'’s interpretation of concepts like “effica-
cy” played a central role in shaping how clinical trials
would be conducted moving forward. The concept of 3
phases of experiment emerged in the wake of the new
law and was adopted by the FDA, becoming the default
method for studying medicine in humans ever since.

Filling Regulatory Gaps: Biologics, Devices, and
Diagnostics

Slightly over 20% of consumer spending in the Unit-
ed States is on products regulated by the FDA. Past
Congresses have given the FDA authority to regulate a
spectrum of other medical products beyond food and
drugs, from biologics to in vitro diagnostics. However,
the creation of today’s regulatory framework took place
slowly over the course of the 20th century, with separate
categories of products coming under government over-
sight incrementally as technology advanced. Periodic
adjustment to the FDA’s governing statute continues to
occur as science evolves and new types of products come
on the market.

Biologics

The first regulations concerning biologics actually
preceded the 1906 drug law by 4 years; in 1902 the Bio-
logics Control Act required purveyors of vaccines to be
licensed and gave the Hygienic Laboratory—renamed
the National Institutes of Health (NIH) in 1930—au-
thority to establish standards for the production of vac-
cines. Regulation of vaccines and other biologic products

would be housed in the NIH until 1972, when it was
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transferred to the FDA. In 1944, the Public Health Ser-
vice Act expanded regulation of biologics to the prod-
ucts themselves, not just the bodies that manufactured
them, but standards for effectiveness equivalent to those
for drugs were not imposed until the move to the FDA in
1972. Biologics are currently overseen by the Center for
Biologics Evaluation and Research at the FDA, which
exists alongside parallel centers for drugs and devices. An
internal reorganization of the FDA in 2004 resulted in
the transfer of regulation of some therapeutic biologics,
including monoclonal antibodies, to the Center for Drug
Evaluation and Research, allowing for the streamlining
of oversight of many cancer agents.

Devices

Medical devices first came under government regula-
tion in the 1938 Food, Drug and Cosmetic Act, al-
though, as the law’s name reveals, they were not yet
considered a separate category of product, defined in-
stead under the term “drug.” The 1938 Act provided
the FDA with authority to take legal action against the

Long before the “10 years, $1 billion”
figure was attached to drug development
there was a general view that new drugs
appeared rather slowly and patients
suffered as a result, especially those with
deadly diseases.

adulteration and misbranding of medical devices, al-
though it did not contain a premarket notification
provision for devices, as it did for drugs.* When the
1962 Kefauver-Harris Amendments were passed, there
were rumors that Congress would consider a compan-
ion bill requiring premarket approval for medical devic-
es shortly thereafter. However, it took 15 years for
comprehensive legislation to be passed. The 1976
Medical Device Amendments created an alternative
regulatory approach that involved classifying devices
according to risk and strengthened the provisions of the
1938 Act to include premarket review of those devices
that fell into the high-risk category.

Diagnostics

In implementing the 1976 Medical Device Amend-
ments, the FDA was required to conduct an inventory
and classification of all existing devices to fit products
into risk categories that would then inform whether a
device needed to undergo the premarket review pro-
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cess. The FDA classified in vitro diagnostics (IVDs) as
medical devices, and many IVDs that have become
central to personalized medicine, such as pharmaco-
genomic tests, fall into FDA’s highest risk category. A
separate category of tests, called laboratory developed
tests (LDTs), were not initially regulated by FDA but
rather the Centers for Medicare & Medicaid Services
acting under the Clinical Laboratory Improvement
Amendments of 1988. The FDA has claimed jurisdic-
tion over all tests, both IVDs and LDTs, but has exer-
cised enforcement discretion with regard to the latter
until very recently, when it proposed extending over-
sight to LDTs.” As laboratory medicine has increased in
complexity, a greater number of LDTs are being consid-
ered high-risk tests due to their role in diagnosing dis-
ease and steering treatment decisions.

Spurring Innovation and Patient Access

Long before the “10 years, 1 billion dollars” figure was
attached to drug development, there was a general view
that new drugs appeared rather slowly and patients suf-
fered as a result, especially those with deadly diseases. In
the 1980s and 1990s, upon the urgings of patient groups
and observers who felt more could be done to bring drugs
to patients quickly, policymakers passed a series of bills
and administrative reforms that promoted patient access
to new drugs.

Drugs for Rare Diseases

One of the first pieces of legislation to promote in-
novation in the pharmaceutical industry was the Or-
phan Drug Act of 1983, passed in response to concerns
that companies lacked incentives to develop drugs with
limited commercial value. Primarily intended for rare
diseases, the law has since been applied to many devel-
opment programs for biomarker-enriched cancer popu-
lations, such as EGFR- and ALK-positive lung cancer.
Under the Orphan Drug Act, Congress defines a rare
disease or condition as affecting fewer than 200,000
people in the United States or for which there is no
reasonable expectation that the sales of the drug treat-
ment will recover the costs.® Drugs that are designated
as orphan products benefit from 2 years’ additional
marketing exclusivity (7 years vs the standard 5 years),
federal grants to conduct clinical trials, and tax credits
for clinical development costs. The orphan designation
has been granted widely in the field of oncology, with
one report finding that 27% of all orphan approvals
between 1983 and 2009 were for cancer drugs.’

Generics and Biosimilars
The Drug Price Competition and Patent Term Resto-
ration Act of 1984, also known as the Hatch-Waxman
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Act for Senator Orrin Hatch and Representative Henry
Waxman, gave rise to the modern generic drug market.
It was designed with 2 purposes in mind: 1) to preserve
incentives to develop new drugs, and 2) to make low-
cost generics widely available. The Act offset an un-
intended consequence of the 1962 Kefauver-Harris
Amendments that greatly increased clinical develop-
ment time, which in turn shortened the remaining pat-
ent life of medicines once they entered the market. The
Hatch-Waxman Act “restored” some of the lost patent
life, thereby increasing financial incentives to develop
new drugs. In addition, the Act made it possible for man-
ufacturers of generic products to apply for approval with-
out demonstrating safety and effectiveness, requiring
only that generics are shown to be the “same” as and
bioequivalent to brand name products.®

These dual aims of enhancing innovation and ex-
panding patient access were also reflected in the Bio-
logics Price Competition and Innovation Act of 2009,
which Congress created to promote competition in the
biologics market once products go off patent. The com-
plexity of biologic products prevents them from being
replicated in the same fashion as small molecule drugs,
so instead of demonstrating bioequivalence, the law
requires evidence of “biosimilarity,” defined as the ab-
sence of clinically meaningful differences between the
biosimilar and the reference product. The first biosimi-
lar approval in the United States was in March 2015,
and a number of other products are currently in devel-
opment, although many developers are anticipating
further guidance from the FDA on how to best demon-
strate biosimilarity.

Speeding Review and Development Times
Major changes to drug policy took place in response

to the HIV/AIDS crisis of the 1980s and 1990s. The
accelerated approval regulations, instituted in 1992,
made it possible for drugs intended to treat serious or
life-threatening diseases to be approved more quickly on
the basis of surrogate end points. Drugs that receive ac-

The Hatch-Waxman Act gave rise to the
modern generic drug market. It was
designed with 2 purposes in mind:

1) to preserve incentives to develop new
drugs, and 2) to make low-cost generics
widely available.

celerated approval must show evidence of improvement
over available therapy based on a surrogate end point
that is reasonably likely to predict clinical benefit.’
These regulations, which changed approval standards,
were initially brought about by administrative rulemak-
ing rather than legislation—accelerated approval was
not codified in statute until 2012. Accelerated approval
has been used most widely in the field of oncology, with
one-third of all oncology approvals between 2002 and
2012 approved via the accelerated pathway.'® Oncology
has benefited most from this program largely due to the
identification of numerous surrogate end points that can
reasonably predict survival, such as progression-free sur-
vival and response rate.

Also taking place in 1992 was passage of the Pre-
scription Drug User Fee Act (PDUFA), which has lent
consistency and predictability to drug review times.
Twenty years earlier in 1971, critics of the FDA coined
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the term “drug lag” to describe instances in which new
medicines were made available in Europe prior to the
United States. The drug lag became a perennial talking
point among critics of the agency as evidence of regula-
tion impeding patient access. In 1980, a report pub-
lished by the General Accounting Office disputed this
narrative, attributing backlogged new drug applications
to inadequate resources. Rather than increase direct
appropriations to the FDA, policymakers settled on a
“user fee” program, wherein the pharmaceutical indus-

Each PDUFA reauthorization has presented
an opportunity to pass additional
legislation related to the FDA, and

in recent years, such add-ons have

focused on promoting innovation in the
pharmaceutical industry.

try would provide funds to hire additional FDA review-
ers in return for assurances of timely reviews of new
drug applications. PDUFA had an immediate impact,
speeding up review times and allowing the FDA to
consistently meet its 10-month goal for standard re-
views and 6-month goal for priority applications.!! Due
to the program’s success, additional user fee programs
have been established for generic drugs, medical de-
vices, and biologics. The law has a sunset clause, requir-
ing it to be reauthorized every 5 years to allow user fees
to be renegotiated based on the FDA’s performance in
meeting review timelines. Each PDUFA reauthoriza-
tion (there have been 5 so far) has presented an oppor-
tunity to pass additional legislation related to the FDA,
and, in recent years, such add-ons have focused on
promoting innovation in the pharmaceutical industry.

The most recent reauthorization of PDUFA took
place in 2012 and was accompanied by a series of re-
forms to the FDA intended to spur innovation and
speed drug development. The authorizing law, called
the Food and Drug Administration Safety and Innova-
tion Act (FDASIA), created a new method, called the
breakthrough therapy designation, for the FDA to
speed the development of certain drugs. To receive the
designation, a drug must be intended for a serious or
life-threatening disease and early clinical evidence
(usually from phase 1 or 2 trials) indicates that the drug
may provide a substantial improvement over available
therapy. Designed as a way for the FDA to expedite the
development of drugs that have the potential to be
transformative, the breakthrough therapy designation
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confers increased communication with high-level FDA
officials who can provide advice on development pro-
grams and the most efficient path forward. The designa-
tion has been granted to over 100 drug development
programs, and over 30 have been approved, with more
than one-third of approvals for anticancer agents.

Also included in FDASIA was a provision that creat-
ed the patient-focused drug development initiative at
FDA, which brought patients together in disease-specific
meetings to share their experiences with FDA officials.
The goal of the initiative is to use this “patient experi-
ence data” to inform clinical trial design, end points, and
risk-benefit calculations to better reflect patient needs.
Two oncology-specific meetings have already been held
for lung and breast cancer patients, and another is
planned for neuropathic pain associated with peripheral
neuropathy in 2016.

Looking Forward

The current regulatory framework, although compre-
hensive, came about in a piecemeal fashion through a
patchwork of laws granting the FDA authority to regu-
late various new types of medical products. As a conse-
quence, the agency’s structure is oriented around the
products it regulates and is divided into multiple centers,
each devoted to oversight of a different product. While
this structure has allowed for an aggregation of prod-
uct-related expertise, it does not fully reflect the current
multimodal approach to medical care. In the field of
oncology, for example, therapeutics are being developed
using genetic information with increased frequency, a
trend that involves the concurrent use of drugs and mo-
lecular diagnostics. In its current form, the FDA is not
optimally positioned to address the coordinated use of a
spectrum of technologies and interventions common in
medical practice today.

Thus, rather than maintaining a product-oriented
approach to regulating new treatments, the FDA should
adopt a patient-centered orientation to reflect the cur-
rent multimodal approach to patient care. This should
include an organizational realignment at the FDA based
on major disease areas. Housing functions and expertise
according to disease areas would better reflect how prod-
ucts are used in practice and would enhance collabora-
tive interactions and streamline administrative processes.
Such a patient-oriented realignment will also allow for
enhanced interactions with patients and the external
biomedical community who already approach disease
states holistically rather than by product type. Increased
staffing and resources that go beyond the review func-
tions should be provided to support this type of realign-
ment at the agency to ensure optimal implementation
and long-term success.
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Conclusion

Over the course of the 20th century and into the 21st,
a system of regulation was established for a broad spec-
trum of medical products. Although crises were typically
the immediate instigator of new laws, advancing science

The FDA in its current form is not
optimally positioned to address the
coordinated use of a spectrum of
technologies and interventions
common in medical practice today.

and the development of new technologies were what
shaped the content of reform efforts. In some cases,
changing science enabled policymakers to explore ways
of making the development process more efficient, as was
the case for the accelerated approval regulations, which
stemmed from an understanding of surrogate end points,
and the breakthrough therapy designation, which was
inspired by dramatic improvements seen in early-phase
trials. In other cases, policies clearly shaped the subse-
quent conduct of science, such as the Kefauver-Harris
Amendments, which inaugurated the concept of phased
drug development, and the Orphan Drug Act, which
stimulated the development of tools to evaluate drug ef-
ficacy in small populations.

Recent reform efforts have similarly focused on ways
to promote scientific advances with legislation. As

noted above, each reauthorization of the PDUFA has
enabled lawmakers to consider legislation related to
medical product regulation. Members of the House
Committee on Energy and Commerce and the Senate
Committee on Health, Education, Labor and Pen-
sions are currently weighing a host of proposals that
may be coupled with the 6th PDUFA. This will present
a new opportunity to assess the current regulatory
framework, and if Congress determines it necessary, to
make adjustments. ¢
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REGULATORY WATCH: Impact of Breakthrough Therapy
Designation on Cancer Drug Development

Introduction

The breakthrough therapy designation, established in
2012 by the US Congress to expedite the development
of drugs that show promising early clinical evidence of
benefit over available therapies, has been granted to
more than 100 drug development programmes so far.
Over 30 such drugs had been approved by the US Food
and Drug Administration (FDA) by the end of 2015, of
which more than one-third are anticancer agents. Here,
we present an analysis of the impact of the
breakthrough designation on key metrics for anticancer
drugs, such as review time, development time, pivotal
trial phase and use of additional regulatory pathways.

Methods
Study Sample

We compared characteristics of all new oncology
drugs approved with a breakthrough therapy
designation and all new oncology drugs approved
without a breakthrough therapy designation from
January 1, 2013 to December 31, 2015 using publicly
available information provided on the internet database
Drugs@FDA. Our population included twelve new
molecular entities (NMEs)/new biological products
that previously received breakthrough therapy
designation and seventeen NMEs/new biological
products that did not receive the designation.

Review and Development Times

Review timelines vary depending on whether a drug
receives priority review or if a drug was approved
under the FDA’s Program for Enhanced Review
Transparency and Communication, which involves an
extension of a 60-day filing period to the six-month
review clock for priority reviews and the ten month
review clock for standard reviews. Due to this
variability, we analyzed how much time elapsed
between approval and the review goal date, rather than
total review time. To measure clinical development
times, we counted the number of calendar days
between submission of an investigational new drug
(IND) application and submission of a new drug
application (NDA). IND and NDA submission dates
are typically available in medical reviews, the former
appearing in “Section 2.5: Summary of Presubmission
Regulatory Activity Related to Submission.” Three
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drugs reviewed in this study (obinutuzumab, ceritinib
and afatinib) did not have IND dates listed in medical
reviews; dates were requested from sponsors.

Expedited Approval Mechanisms

The FDA has additional programs to expedite the
development and review of drug development
programs: accelerated approval, priority review and
fast track. These programs are widely used in
oncology. Fast-track designation was not assessed in
this report due to its substantial overlap with the
breakthrough therapy designation. The accelerated
approval pathway allows drugs to be approved on the
basis of surrogate endpoints and requires post-market
trials to confirm clinical benefit. FDA’s orphan
designation provides incentives for manufacturers to
develop drugs for rare diseases. Priority review is
granted at time of submission and shortens the review
clock to six months plus a 60-day filing period.

Phase of Pivotal Trial

We determined pivotal trial phase from medical
reviews; pivotal studies were either identified as such
in reviews, or discussed in depth as the primary basis
for efficacy findings. We found that two-thirds of
breakthrough-designated drugs were approved based
on pre-Phase III trials. A few examples underline this
trend. Two breakthrough drug development
programs1,2 were approved based on expanded Phase
I studies, highlighting a potential paradigm shift
toward gathering information about efficacy early in
the drug development process. In another instance3 ,
the FDA agreed to review Phase II data as the primary
basis of an approval decision given the magnitude of
benefit observed, despite the fact that the Phase 11
study was not originally designed as a pivotal trial. The
FDA requested that a blinded independent central
review be conducted, as well as additional sensitivity
analyses to guarantee the robustness of the data.

Results

Drugs with breakthrough designation were typically
approved well ahead of their Prescription Drug User
Fee Act (PDUFA) goal dates (median 2.9 months
before) compared with those without the designation
(median 0.2 months), a difference of nearly 3 months

(Fig. 1a).
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Of the 12 approved oncology drugs with breakthrough

a Time approved before goal date designation, 8 (66%) were approved based on Phase I or
Breakth P— Phase II data. By contrast, 4 of 17 (24%) of drugs

without breakthrough designation were approved on the

basis of Phase II data, and none on the basis of Phase |

No Breakthrough Designration data (Fig. 1c).

All of the drugs with breakthrough designation received

0 1 priority review (100%, 12 of 12), compared with nearly

Mmﬂu? |pgqm-|3 before ;ﬂ date = : three-quarters of drugs without the designation (71%, 12
of 17). Use of the accelerated approval pathway was more
b Pre-market development time varied, with three-quarters of breakthrough-designated
Breakthroweh Detignatian drugs approved via accelerated approval (75%, 9 of 12)
,_-_. compared with less than one-quarter of non-designated
drugs (24%, 4 of 17). Orphan designation was very
I_%“”m Designation common among both groups (Fig. 1d).
Discussion

0 3 ' ’ 2 B um a In summary, among novel anticancer agents approved by
Years of pre-market development time the FDA between 2013 and 2015, we found that drugs
- with breakthrough designation reached the market more
0 ST quickly than those without the designation owing to faster
pre-market development and review times. We also found

50 l& that considerably more breakthrough-designated drugs
17 :ﬁ g &. were approved via the accelerated approval pathway than
| S— non-designated drugs, and that breakthrough-designated
Breakihrough Mo Breakthrough drugs were more often approved on the basis of Phase 1
Designation or Phase II trials. Thus, we conclude that the

breakthrough designation is helping to speed patient
access to innovative new cancer treatments. We also
conclude that, owing to the large number of accelerated

d Regulatory Mechanisms approvals among breakthrough-designated drugs, the
FDA is more willing to take measured risks in approving

100
75 83 71 32 drugs that show early evidence of substantial
E “ improvement over available therapy.
4

Owing to the large proportion of breakthrough-

Opfhase 1 OPhase 2 ®Phase 3

Breakihrough ”“‘E;':j'“::ﬂ““ designated drugs that received accelerated approval, it
il can only be stated that drugs that have received a
[ B Pricrity Gevigw @ Arcelerated Approval Bl Orphan mmm| breakthrough designation have had a shorter median

pre-market clinical development time, not total
development time. This is because development is not
over at the time of approval for drugs approved via the
accelerated approval pathway, for which the FDA
requires post-market confirmatory trials. In addition, the
data set is small, necessitating caution in drawing
conclusions on the extent to which breakthrough
designation decreases pre-market clinical development
time. Nevertheless, the data presented here provide
preliminary evidence of the positive impact of the
breakthrough therapy designation in oncology.

Pre-market development time, calculated as the number
of years from submission of an investigational new drug
application (IND) to submission of a new drug
application (NDA) or biologics license application
(BLA), was considerably shorter among approved
breakthrough-designated drugs (median 5.2 years) than
non-designated drugs (median 7.4 years), a difference of
2.2 years (Fig. 1b).
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Supplemental Table | Novel anticancer agents approved by the FDA between 2013 and 2015

Breakthrough Designation

Drug Approval Date PDUFA Date Development Orphan?  AA?  Priority? Pivotal
Time (days) Trial Phase
Obinutuzumab 1-Nov-13 20-Dec-13 1536 yes no yes 3
Ibrutinib 13-Nov-13 28-Feb-14 1754 yes yes yes 2
Ceritinib 29-Apr-14 24-Aug-14 1180 yes yes yes 1
Idelalsib 23-Jul-14 6-Aug-14 2016 yes no yes 3
Pembrolizumab 4-Sep-14 28-Oct-14 1541 yes yes yes 1
Blinatumomab 3-Dec-14 19-May-15 2773 yes yes yes 2
Nivolumab 22-Dec-14 30-Mar-15 2954 yes yes yes 3
Palbociclib 3-Feb-15 13-Apr-15 3809 no yes yes 2
Osimertinib 13-Nov-15 5-Feb-16 724 no yes yes 2
Daratumumab 16-Nov-15 9-Mar-16 2838 yes yes yes 2
Elotuzumab 30-Nov-15 29-Feb-16 3285 yes no yes 3
Alectinib 11-Dec-15 4-Mar-16 1374 yes yes yes 2

No Breakthrough Designation

Drug Approval Date PDUFA Date Development Orphan?  AA?  Priority? Pivotal
Time (days) Trial Phase

Pomalidomide 8-Feb-13 10-Feb-13 3436 yes yes no 2
Ado-trastuzumab 21-Feb-13 26-Feb-13 2460 no no yes 3
Radium Ra 223 dichloride =~ 15-May-13 14-Aug-13 1821 no no yes 3
Dabrafenib 28-May-13 30-May-13 1102 yes no no 3
Trametinib 28-May-13 3-Jun-13 1572 yes no no 3
Afatinib 11-Jul-13 15-Jul-13 3212 yes no yes 3
Ramucirumab 21-Apr-14 23-Apr-14 3312 yes no yes 3
Belinostat 3-Jul-14 9-Aug-14 3311 yes yes yes 2
Olaparib 19-Dec-14 3-Jan-15 2712 yes yes yes 2
Lenvatinib 13-Feb-15 14-Apr-15 3453 yes no yes 3
Panobinostat 23-Feb-15 24-Feb-15 3933 yes yes yes 3
Dinutuximab 10-Mar-15 10-Mar-15 8164 yes no yes 3
Sonidegib 24-Jul-15 26-Sep-15 2139 no no no 2
Trabectedin 23-Oct-15 24-Oct-15 5167 yes no yes 3
Cobimetinib 10-Nov-15 11-Nov-15 1563 yes no yes 3
Ixazomib 20-Nov-15 10-Mar-16 2291 yes no yes 3
Necitumumab 24-Nov-15 2-Dec-15 2174 yes no no 3
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INTRODUCTION

In July 2012, Congress passed the Advancing
Breakthrough Therapies for Patients Act as part of the Food
and Drug Administration Safety and Innovation Act
(FDASIA). Section 902 of FDASIA provides for designation
of a drug as a breakthrough therapy “if the drug is intended
alone or in combination with one or more other drugs, to treat

The opinions expressed in this manuscript are those of Earl Dye,
Annie Sturgess, Gargi Maheshwari, Kimberly May, Colleen Ruegger,
Usha Ramesh, Heow Tan, Keith Cockerill, John Groskoph, Emanuela
Lacana, Sau Lee, and Sarah Pope Miksinski and do not necessarily
reflect the views or policies of the FDA.

! Technical Regulatory Policy, Genentech, a Member of the Roche Group,
1399 New York Ave, NW, Suite 450, Washington, DC, Washington
20005, USA.

% Regulatory-CMC, Bristol-Myers Squibb Company, New York, New
York, USA.

3 Biologics Process Development & Commercialization, Merck & Co.,
Inc., Kenilworth, New Jersey, USA.

4 Biologics CMC Regulatory Affairs, Merck & Co., Inc., Kenilworth,
New Jersey, USA.

5 Technical Research and Development, Novartis Pharmaceuticals
Corporation, Hannover, New Jersey, USA.

6 Regulatory Affairs, CMC, Pharmacyclics Inc., Sunnyvale, California,
USA.

7 Quality and Technical Operations, Pharmacyclics Inc., Sunnyvale,
California, USA.

8 Regulatory Affairs, Amgen, Thousand Oaks, California, USA.

9 Global Chemistry Manufacturing & Controls, Pfizer Inc., New York,
New York, USA.

19 Biosimilars and Biologics Policy, Office of Biotechnology Products,
CDER, U.S. FDA, 10903 New Hampshire Ave, Silver Spring,
20993, Maryland, USA.

1 Office of Pharmaceutical Quality, CDER, U.S. FDA, 10903 New
Hampshire Ave, Silver Spring, 20993, Maryland, USA.

I2CDER, U.S. FDA, 10903 New Hampshire Ave, Silver Spring,
20993, Maryland, USA.

13To whom correspondence should be addressed. (e-mail:
dye.earl@gene.com)

serious or life-threatening diseases or conditions and prelimi-
nary clinical evidence indicates that the drug may demonstrate
substantial improvement over existing therapies (1).”
Breakthrough designation is a mechanism that the U.S. Food
and Drug Administration (FDA) can grant to sponsors to
expedite the development of these promising therapies.

As part of the program, the FDA and sponsor collaborate in a
dynamic, multi-disciplinary, resource-intensive process to determine
the most efficient path using an “all hands on deck approach”
involving senior managers and experienced review staff and more
frequent and interactive communications (2,3). The objective is to
expedite design and review of the clinical development program so
that trials are as efficient as possible, and the number of patients
exposed to potentially less efficacious treatment is minimized. As a
consequence, clinical development timelines involving the tradi-
tional three distinct phases could be reduced from 7-10 to 3-5 years.

The shorter clinical development programs will have signif-
icant impact on product and process development timelines
requiring the manufacturing organization to reconsider tradi-
tional approaches to product and process development and
undertake their own resource-intensive, cross-functional team
approach to ensure a sustained supply of safe and efficacious
product at the time of approval. To ensure success, the
manufacturing organization should have good communications
with the clinical organization to facilitate identification of poten-
tial candidates for breakthrough designation early and help gate
or accelerate the appropriate Chemistry, Manufacturing, and
Controls (CMC) and current Good Manufacturing Practice
(cGMP) development activities. It is important to understand
that breakthrough drug development programs are resource
intensive; sponsors need to be selective about which programs
to take forward and ensure management support. Moreover, a
collaborative, cross-functional approach between development,
commercial, and regulatory operations, with early and robust
discussions, is essential to ensure successful development and
launch of a breakthrough drug product.

In March of 2015, Friends of Cancer Research (Friends)
convened a group of industry and FDA stakeholders familiar
with developing breakthrough drugs to explore options,
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manufacturers of small molecule and biologic products have
for front-loading certain critical manufacturing activities to
speed development of breakthrough therapy drugs. This ex-
pert group also explored options for science- and risk-based
approaches to mitigating the potential risk of having less CMC
information at the time of launch versus the benefit of having
these innovative new products available to patients sooner.
The considerations captured in this white paper outline
approaches that sponsors have taken to successfully manufacture
breakthrough products as well as new approaches that aim to
further explore potential efficiencies in bringing breakthrough
products to market. These ideas were presented at a public forum,
convened by Friends, on June 10 in Washington, DC, in an effort
to seek broad feedback on the recommendations put forth to
expedite rate-limiting steps in CMC and ¢cGMP for products
demonstrating high clinical benefits while ensuring an adequate
supply of safe and efficacious product at the time of approval (4).

BREAKTHROUGH DEVELOPMENT PROGRAMS
MAY PUT CMC/GMP ACTIVITIES ON CRITICAL PATH

Timelines for completing CMC/GMP activities for a
breakthrough product will be driven by the design of the
clinical development program for the breakthrough product.
Each development program will vary depending on the com-
plexity of the product, how soon accelerated CMC develop-
ment activities begin, availability of platform technology,
relevant prior knowledge, and timing of designation. If the
breakthrough designation is granted at an early development
stage following promising preliminary clinical data, some of
the phase III CMC-enabling activities may need to be accel-
erated. On the other hand, if a breakthrough designation is
granted to a product in late stage development, the challenges
for manufacturing readiness may be less burdensome but may
also need to be addressed in a more compressed time frame.
While drugs approved under the breakthrough pathway still
need to meet statutory requirement for product quality, safety,
and efficacy, balancing risk to product quality and availability
for patients is critical. Therefore, development of break-
through drugs necessitates risk-based approaches to product
and process development, commercial readiness, and regulatory
filings, with a focus on a reliable supply of quality product
available to meet and sustain market demand. To this end,
conventional timing for certain activities may be shifted, with
some activities starting sooner, some completing later, and
others potentially deferring post-filing (e.g., some aspects of
process optimization). Additional activities (e.g., increased test-
ing) may also be warranted based on the overall risk of the
breakthrough product coupled with available supporting data.

MANUFACTURING CONSIDERATIONS
FOR BREAKTHROUGH DRUG DEVELOPMENT

Some critical product and process characterization activi-
ties could be addressed earlier and may facilitate manufacturing
readiness for breakthrough products. While the considerations
below may aid in introducing efficiencies into the development
process, they are not intended to be prescriptive, rather reflec-
tive of best practices based on prior experiences or discussions,
and rely on establishing early and robust communications with
the FDA to ensure suitability with the specific development

program. Where appropriate, molecule-specific recommenda-
tions are noted for consideration.

In General

* Selection of the best molecular candidate for development
based on physical-chemical properties and the pharmacoki-
netic (PK) profile for small molecule drugs or screening for
and engineering out, where possible, hot spots for degrada-
tion or undesired modifications for biologic drugs
Ensuring the fit of candidate molecules into the manufac-
turer’s platform for drug substance (DS) and drug product
(DP) and related processes to improve speed and robustness
Front-loading activities to address non-platform behavior
and/or unusual product and process characteristic
Assessing Critical Quality Attributes (CQAs) earlier and
front-loading method validation activities for them
* Incorporating preliminary quality target product profile
(QTPP) and bridging in the development of clinical service
dosage forms for early clinical studies (i.e., phase I), which
may generate data to support a breakthrough designation
(e.g., identification of whether enabling formulations are
needed to support rapid development)

Biologics

* Use of cell line and vector constructs for which significant
prior knowledge/platform knowledge is available (e.g., viral
safety aspects), with the clone selected for phase I studies,
ideally carrying through to commercialization, thus minimiz-
ing any comparability concerns arising from cell line chang-
es; appropriate methods should be used to establish
clonality

Assuring preliminary cell line stability for launch should be
demonstrated (e.g., limit of in vitro cell age validation)
Design and use of host cell protein assays that are compre-
hensive in their coverage and can be used for multiple
products (from the early stages of development and all the
way through commercialization)

Performing sequence variant analysis early in development
and on aged cells to understand and control potential cell
line variability

Small Molecules

» Early identification of the most thermodynamically stable
salt form

* Gaining concurrence on final market image (color, shape,
size, and package for tablets) prior to formal stability
batches or develop a bridging plan (i.e., color change)

* Early CMC risk assessments to support prioritization of
experimental studies

* Evaluation of genotoxic impurities: Impurities, impurity
controls, and the establishment of Regulatory Starting
Materials (RSMs) are related elements of the drug
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substance manufacturing process. With less time to optimize
the drug substance process as compared to a traditional
development program, it may be necessary to invest more
time in negotiation of impurity specifications and designa-
tion of RSMs with the FDA. As appropriate, commitments
may then be made to reevaluate these elements after launch
when the process can be further optimized

Various CMC/GMP development strategies that might
facilitate breakthrough drug development are discussed
below. In addition, a table from the European
Federation of Pharmaceutical Industries Association
(EFPIA) Technical Development and Operations
Committee (TDOC) Briefing Paper (5) (Annex 2) is in-
cluded to provide additional examples of opportunities
available that might be considered to accelerate tradition-
al CMC approaches for drug development and
manufacturing to ensure early access to patients. These
proposed strategies will be supplemented with examples
(Annex 1) of actual experiences that companies have had
working with FDA to implement some of these ap-
proaches for expediting approval of breakthrough drug
products.

Process and Formulation Development Considerations

Expedited clinical development programs for breakthrough
therapy products will shorten the time available to optimize phase
IIT and commercial manufacturing processes. This will necessitate
prioritization of development efforts on process reliability over
yield and cost of goods. As a result, process and formulation
optimization may need to be deferred to post-approval; if it can
be determined, there is no impact on patient safety or product
availability. Some activities that might be considered to speed
development activities include the following:

Launching commercial processes with limited experience,
but sufficient data to ensure that the process can reliably
produce a drug to meet the expected quality safety and
efficacy profile and optimize post-approval

Using data from development material or the clinical sup-
plies, with adequate comparability data to support material
from initial commercial process lots, may be needed
Consider delaying intermediate hold time studies and in-
stead doing straight through processing and scheduling of
intermediates to speed process development

Lock the phase I/l drug product formulation and optimize
post-approval to avoid need for bioequivalence studies

If efficacy is indicated in phase I clinical studies, in oncology
patients, sponsors may want to strive for a commercial dos-
age form to be used in the pivotal phase II clinical program
For biologic products, optimize cell line development early
and carry through phase 1l and commercial production
For small molecule products, the focus should be on the
active pharmaceutical ingredient (API) and excipient attri-
butes impacting formulation and DP manufacturability and
performance

Consider close alignment on linkages in control strategies
(e.g., particle size distribution impact on dissolution for
small molecule drugs) and overarching themes that might
apply to both biologics and small molecule drugs (e.g., mois-
ture sensitive API)

Manufacturing Scale and Launch Site Considerations

* Determine, as soon as possible, launch sites for DS and DP,
clinical versus commercial
* Clinical manufacturing facilities, used for launch, would
need to meet the same quality/GMP expectations as com-
mercial manufacturing facilities
— Key differences for consideration may be:
* Cleaning verification versus cleaning validation
* Multi-product manufacturing, including investiga-
tional compounds with limited safety data
» Considering dedicated product contact equipment
and/or use of disposables to minimize concerns
may be useful. Disposables may also assist with
cleaning validation issues
* Gaining concurrence on comparability strategy/protocol for
post-approval site changes in advance may lend confidence
to manufacturer’s ability to ensure sustained supply post-
launch, particularly when expediting launch upon initial
approval
* If using a contract manufacturing organization (CMO) for
DS/DP, ensuring there is capacity to allow rapid scale up and
to support commercial volumes will be critical
Consider decoupling drug substance and drug product
qualification lots (e.g., using clinical DS for DP qualifi-
cation), when feasible to save time on the critical path
to licensure
Pivotal clinical studies could be performed with material
from different scale and/or site than is intended for long
term commercial production (e.g., studies originally expect-
ed to be phase II studies could be used as pivotal studies)
Scaling-up phase III clinical lots to commercial scale for
launch with bridging comparability study

Process Validation Considerations

Process characterization/process validation (PC/PV)
studies impacting patient safety must be complete prior
to filing. In addition, sufficient process characterization
data from clinical and pilot scale lots should be complet-
ed to assure process capability and reliability for provid-
ing commercial product supply at launch until further PC/
PV activities are completed. The following approaches
could be considered for discussion and agreement with
FDA.

* Due to the likelihood of having limited manufacturing ex-
perience at commercial scale, the number of full-scale vali-
dation lots at the time of filing may be lower than a typical
application

* Determining if clinical DS could be used for DP process

validation, through early alignment with FDA on starting

materials (e.g., small molecule products) is critical

Leveraging process and product platform knowledge (e.g.,

for monoclonal antibodies) with appropriate justification to

speed development

Leveraging life cycle validation principles, “continued

verification”

— Using development experience/smaller scale batches in

Process Performance Qualification (PPQ) strategy
— Identifying whether some PC/PV studies could be
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deferred, such as process linkage studies or chromato-
graphic resin reuse at full lifetime
* Considering concurrent validation approaches, based

on the FDA Compliance Policy Guide, CPG

Section 490.100 (6), for orphan drugs to allow for prod-

uct distribution concurrent with release of each confor-

mance batch (e.g., batch specific release option). This

could enable launch from a commercial site with limited

number of batches but is dependent on manufacturer

ensuring trust:

— Prior demonstration of manufacturing consistency for
clinical process material

— A validation protocol for commercial material and at
least one executed batch record at time of filing

— Robust Quality Systems able to effectively manage
Corrective and Preventive Actions (CAPAs) and change
management

Analytical Development Considerations

Analytical method development strategies for front-
loading of analytical understanding to balance more limited
process robustness and support future comparability exercises
may include

* A focus on high priority assays, including but not limited to

potency for biologics and content, impurities, and dissolu-

tion for small molecules to ensure suitability for control

system

Involving commercial quality control (QC) in assay design

during development and co-validating, if possible

* Using qualified rather than fully validated methods for in-

ternal release and stability testing of qualification lots and

completing validation before commercial release

— This approach presents a business risk, if problems arise
in validating a method, and should be accompanied with
a backup plan requiring retesting lots and/or
implementing alternative methods

Launching from a clinical site with clinical QC release and

transferring to commercial site post-launch

3

Control Strategy Considerations

Control strategy, based on limited manufacturing experi-
ence, but ensuring patient safety and efficacy, may consider,

* Launching with a provisional control system that ensures
consistent product and upgrading the control system post-
approval with more manufacturing experience and comple-
tion of process validation, such as
— Filing with an expanded monitoring program with more
tests initially, more assay controls, and justify elimination
of some tests post-approval as more knowledge is accu-
mulated

— Filing with broader in process controls (IPC) and product
specification acceptance criteria at launch and re-
evaluating post-approval for specifications that are
linked to process consistency

— Filing with preliminary critical process parameters
(CPPs) and CQAs

* For small molecules, considering all available data, including
(1) dissolution profiles and other critical analytical results,
i.e., impurities, solubility, disintegration, etc. during develop-
ment, (2) ensuring stability specifications are justifiable, if
requested by the FDA, and (3) considering sunset specifica-
tions for some parameters (e.g., polymorphism)
Utilizing enhanced modeling techniques, where possible to
support conclusions
Managing second-generation processes through a life cycle
approach in the post-approval lifecycle management plan
(PALM), which may contain a network of comparability
protocols to facilitate life cycle improvements to the product
and process
— For critical aspects, consider submitting draft P.2 section
(gaps in data sets) for early FDA review and concurrence

Stability Data Considerations

Accelerated development timelines may limit availability
of real-time stability data, thus launching with reduced real-
time stability for commercial material may require

* Leveraging stability from early development and clinical
batches when formulation remains unchanged and product
comparability is demonstrated

Using forced degradation and stress studies to provide ad-
ditional supporting and comparability data

Providing the stability protocol for commercial material
Gaining FDA concurrence and committing to provide more
real-time confirmatory data during review and post-
approval

Enhancing temperature monitoring and control of the prod-
uct during shipment may be considered until shipping vali-
dation studies have been completed

Pharmaceutical Quality System (PQS) Alignment with BT
Product Development Considerations

PQS requirements must be adhered to for breakthrough
product development while providing appropriate flexibility
to accommodate accelerated activities for breakthrough prod-
uct development timelines. Thus, the accelerated develop-
ment PQS strategy for each product will be unique, as it
depends on the timing of the BT designation,

* Flexibility, based on molecule, available product, and plat-
form knowledge will be required
* Only those activities with no impact on patient safety or
product supply should be considered to be deferred
A quality risk assessment must be applied to all activities
that will be deferred, and the rationale, and controls needed
to ensure deferred activities are completed documented
» Some activities that are normally completed prior to license
application may need to be deferred and submitted:
— Post-submission, complete at inspection
— Post-inspection, prior to approval
— Post-market commitments
* The manufacturing readiness plan can be used for develop-
ing internal filing and inspection readiness checklists to
ensure all deferred activities are completed or addressed

W TTTSh_-_
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— Any PQS deferrals must be documented in a manufactur-
ing readiness plan and monitored to ensure completion

BALANCING RISK OF LESS CMC DATA AT TIME
OF FILING VERSUS PATIENT BENEFIT

In spite of front-loading certain critical product and pro-
cess characterization activities, it may not be possible in the
limited timeframes available to complete all CMC/GMP ac-
tivities at the time of filing and launch of a breakthrough
product. To address this possibility, manufacturers should de-
velop a manufacturing readiness plan, which aligns the time-
line for completing the manufacturing activities with those of
the clinical development program. This plan should address all
manufacturing sites and their suitability and readiness for
development and launch of the breakthrough product, the
design and implementation of critical characterization tools,
the validation approach for process and methods, stability
data to support adequate expiration dating for the product,
and delineation of responsibilities for the development and
commercial teams in addressing these issues. Where gaps exist
in completing certain activities, a risk assessment should be
performed, addressing the availability of less CMC informa-
tion at the time of filing and product launch versus patient
benefit. This should be coupled with a risk mitigation plan to
address these risks either prior to launch or through the use of
a post-approval life cycle management plan.

The manufacturing readiness plan and risk assessment
should form the basis for discussion and agreement with
FDA prior to filing the marketing application. As part of this
plan, below are several proposed examples of CMC/GMP
activities that may be considered as incomplete at the time
of filing and launch of a breakthrough drug product:

* Process validation with fewer than the standard number of
full-scale manufacturing runs

* Process characterization, e.g., long duration elements like

resin reuse, validation of intermediate process hold times,

or extending limit of in vitro cell age for life cycle manage-

ment of a biologic product

Available real-time stability data on commercial product

Validated transfer to commercial manufacturing site/scale,

though some level of assurance will still be necessary re-

garding transfer for biologics

Provisional control system that ensures consistent product

with need to upgrade post-approval

Reliable process capable of meeting initial product demand

with need to optimize process yield and performance post-

approval

Phase I/II formulation for launch with potential need to

optimize post-approval

A fundamental assumption is that risk assessments dem-
onstrate that having less data at the time of filing and launch of
a breakthrough product will not compromise patient safety or
product supply. Completion of any deferred CMC activities
should be documented in a comprehensive PALM that is part
of the marketing application and contains detailed timelines,
deliverables, and types of regulatory filing to be completed
post-approval.

FLEXIBILITY IN TYPE AND EXTENT
OF MANUFACTURING DATA FOR MARKETING
APPROVAL OF BREAKTHROUGH DRUG

FDA approval standards for marketed drugs require
demonstration of substantial evidence of effectiveness,
safety, and product quality. FDA’s expectation for phar-
maceutical quality is the same for all drugs. However,
FDA regulations for orphan drugs do allow for flexibility
and scientific judgment in applying approval standards, in
terms of the amount and type of data needed for a
particular drug to meet the statutory standards. This ra-
tionale is stated in FDA’s final guidance on Expedited
Programs for Serious Diseases (2) which states that the
“FDA may exercise some flexibility on the type and ex-
tent of manufacturing information that is expected at the
time of submission and approval for certain components
(e.g., stability updates, validation strategies, inspection
planning, manufacturing scale-up).” Open and transparent
discussions with FDA on balancing (and mitigating) risk
of less CMC/GMP information at the time of filing versus
patient benefit should take place prior to filing the mar-
keting application.

SPONSOR/FDA INTERACTIONS DURING
DEVELOPMENT AND REVIEW OF BREAKTHROUGH
DRUGS

In addition to a risk-based, front-loaded development
plan undertaken by the manufacturer to expedite rate-
limiting steps in CMC/GMP for breakthrough drug products,
the agency can work with manufacturers on risk-based solu-
tions that facilitate expedited development and review time-
lines without compromising availability of an adequate supply
of safe and effective products for patients. A few areas for
consideration are as follows:

* The traditional and time-consuming process of formal
meeting requests, scheduling, briefing documents, and
written responses may not be appropriate in the envi-
ronment of an accelerated breakthrough therapy drug
development program. More flexible approaches to en-
suring information exchange and understanding should
be considered to facilitate expediting development and
review. Formal meetings should be reserved for more
comprehensive program discussions or critical review
milestones.

* Soon after receiving a breakthrough designation, manu-

facturers should work with FDA on a plan for early and

active engagement to schedule and conduct meetings
during development to reach agreement on best path
forward

Consider designating a CMC/GMP point of contact, within

both sponsor and FDA, to triage meeting requests and

sponsor questions

* Set up secure email to facilitate information exchange

» Agree upon schedule of important review milestones and
turnaround timeframes for information requests

* Discuss use of “negotiated amendment” approach to submit
agreed upon data packages during the review, for example:
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— Submission of the dissolution method development re-
port and dissolution specification setting strategy for ear-
ly review by FDA Biopharmaceutics reviewers

— Additional real-time stability data on commercial
product

— Additional batch data to support validation

Discuss rolling submission of module 3 components to enable

more rapid access to CMC and facility data to facilitate pre-

approval inspection scheduling and conduct; Gain early and
frequent access to reviewers via teleconferences to resolve
questions, avoid delays, and provide clarity on specific concerns

For small molecules, flexibility on the qualification of regu-

latory starting materials (RSMs), impurities, and impurity

controls, perhaps accepting something on an interim basis
with a post-marketing commitment to reevaluate these con-
trols after launch. Impurities and their associated controls,
including RSMs, should be considered in light of the clinical
indication and the potentially life-saving nature of the drug.

It may be necessary for drugs which have not been fully

optimized at the time of launch to allow for wider initial

controls which can be adjusted and refined as more experi-
ence is gained in commercial manufacturing provided prod-
uct safety and quality will not be impacted

CONCLUSION

Breakthrough therapies offer significant patient benefits,
but the reduced timelines introduce significant CMC/GMP
challenges for product development as well as resource com-
mitments to align the development and commercial organiza-
tions. Each breakthrough drug development program will
have different risks and constraints, so the specific CMC/
GMP approaches will vary by product and timing of the
breakthrough designation. Through careful planning and a
thorough understanding, by all parties, of the requirements
and timeframes, some activities may be optimized post-ap-
proval. Leveraging prior knowledge, platform data, and use
of comparability protocols are key considerations for devel-
oping a breakthrough drug product. Additional considerations
include the use of initial product supply from a clinical process
or site, use of supportive stability data from representative
pilot scale lots, delaying certain process validation require-
ments not directly related to patient safety, and consideration
of broader product quality acceptance ranges for non-critical
quality attributes until further manufacturing experience is
gained. As a result, these programs will generate significant
post-approval CMC efforts and phase IV commitments to
address control system updates, process optimization where
needed, and site transfers. The key to success is open and
transparent communications with FDA to ensure the devel-
opment program delivers an adequate supply of safe and
efficacious product to patients.
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ANNEX 1

Case studies of actual challenges encountered by spon-
sors during BT development and flexibilities that were agreed
upon with the FDA to ensure product safety and availability
at the time of approval.

Biologics

Example no. 1:

Genentech/Roche—Gazyva® (obinutuzumab) is a humanized
monoclonal antibody approved for the treatment of lymphoma.
Acting as an immunomodulator, it targets CD20, killing B cells.
Gazyva was the first FDA-designated breakthrough therapy
approved by the U.S. FDA in November of 2013.
Breakthrough therapy designation was granted for Gazyva late
in the development cycle, just prior to the Biologics License
Application (BLA) filing. Because of the late stage of designa-
tion as a Breakthrough Therapy, most CMC development ac-

tivities for Gazyva had been completed

* However, to allow for earlier launch, the FDA encouraged
conversion of phase III clinical material to launch material
in order to accommodate an early launch (~1 month sooner)
Detailed assessments of clinical material took place during
PDUFA V mid-cycle and late-cycle meetings with FDA and
during PAI at the DS manufacturing site

— Same commercial manufacturing facilities and same scale
of manufacture

— Same manufacturing processes planned (very minor
changes)

— Transition from clinical to commercial CoA (met all com-
mercial specifications)

— Qualified persons requested written endorsement from
FDA to release

Very supportive interaction with FDA regarding conversion

of clinical material to commercial launch material to get this

medicine to chronic lymphocytic leukemia (CLL) patients

quickly

Example no. 2:

Merck & Co.—Keytruda® (pembrolizumab) is the first PD-1

blocking drug approved by the U.S. FDA, in September of 2014,

for the treatment of patients with advanced or unresectable

melanoma who are no longer responding to other drugs. At
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the time, breakthrough therapy status was granted to
Keytruda®, clinical supplies were only manufactured on a small
clinical scale, clinical development was in phase I, and CMC
development was stage appropriate, in early stages
* Expediting CMC readiness to meet clinical timelines meant
decoupling DS Process Performance Qualification (PPQ)
from DP PPQ, enabling almost parallel execution and com-
pletion of DS and DP PPQ activities, both of which were
rate-limiting to the CMC file. This was enabled by ensuring
no significant process changes were implemented between
the clinical GMP DS batches used for DP PPQ and the
subsequent DS PPQ batches, saving 4-6 months in the
development timeline without incurring additional quality
or patient safety/efficacy risk
To meet the projected commercial and clinical demand, an
additional drug substance manufacturing site was rapidly
brought online prior to BLA filing. Through multiple inter-
actions with the FDA, licensure was sought for two drug
substance manufacturing facilities, one that was the initial
clinical supply site and, a second larger CMO site (licensure
of this site was based on a strong analytical comparability
package, the approach and content of which were discussed
with the FDA via frequent interactions)
The FDA partnership was critical to rapid resolution of
multiple CMC issues, especially since this was Merck’s first
monoclonal antibody filing with the FDA. During the final
stages of the review of the BLA application, the field office
site inspections were not synchronized with early action by
the review division—this resulted in removal of one of the
manufacturing sites from the BLA, which was subsequently
submitted for review and approved very rapidly
In addition to the rapid pace of development of this molecule,
along with multiple sites, the dosage form also transitioned
from a lyophilized powder for solution for infusion to a liquid
vial. This supply strategy was discussed and reviewed with
FDA, in advance, resulting in the recent approval of the
post-approval supplement for the liquid vial, based on analyt-
ical comparability in the previously agreed upon strategy
A process/product-specific host cell protein (HCP) meth-
od for measurement of host cell impurities in the drug
substance was not in place at the time of designation.
Upon FDA review, a well-characterized commercially
available HCP assay, demonstrating appropriate cover-
age and clearance in the process, was used for initial
commercial release. During BLA review, a post-
marketing commitment to develop a process/product-
specific HCP assay was agreed to. This allowed devel-
opment, bridging, and validation of this HCP method off
critical path to initial approval, ensuring that the interim
solution did not pose any patient safety/efficacy risk.
Alternatively, inclusion of the process/product-specific
HCP assay in the BLA filing would have resulted in a
minimum of 6-9-month delay
* The importance of frequent and data-driven interactions
with the FDA was critical to the success of CMC develop-
ment for this drug

Example no. 3:

Bristol-Myers Squibb—Opdivo® (nivolumab) was approved
in December, 2014. Opdivo works by inhibiting the PD-1
protein and is intended for patients who have been previously

treated with ipilimumab, for melanoma patients whose tumors

express BRAF V600, and for use after treatment with

ipilimumab and a BRAF inhibitor. The following flexibilities

allowed for development of a complete package:

* Final cell-based bioassay was not available until after PPQ
batches

— Used frozen samples (release and stability) to allow test-
ing following method validation to justify acceptance
criteria

* DS process changes allowed for improved robustness and
facilitated future transfers to additional sites

— Introduced modifications to downstream or purification
processing steps prior to manufacture of commercial sup-
plies; no change in cell line or upstream process

— Type B and type C meeting to align on strategy; Provided
preliminary comparability data, including
Comparison of release and extended characterization
analytical data
Side-by-side degradation profile at stress conditions
Full scale in-process control data comparison

— Able to bridge stability data to allow expiry to be based
on studies performed using material from the clinical
process

* Endotoxin

— Low endotoxin recovery observed with original (kinetic)
method used for drug substance
— Type B meeting to align on proposed strategy
— Changed to gel clot method during BLA review
* Addition of 40 mg/vial presentation with limited formal
stability data

— Same formulation and glass vial as used for 100 mg/vial
presentation
— Type C meeting to align on stability strategy to support
proposed expiry
Example no. 4:
Amgen—Blincyto® (blinatumomab) was approved in
December, 2014, to treat patients with Philadelphia
chromosome-negative precursor B cell acute lymphoblastic
leukemia (B cell ALL). It is a first-in-class bispecific T cell
engager (BiTE®) antibody construct that binds CD19 on B
cells and CD3 on T cells, inducing a cytotoxic T cell response
to kill target B cells. Blincyto received BT designation
2.5 months prior to BLA submission, and accelerated approv-
al (11-week BLA review) was based on phase 2 data for
relapsed or refractory B cell ALL

* With a history of multiple sponsors and manufacturing sites
and six manufacturing processes, there was
— No clinical experience with the commercial manufactur-
ing process and limited process experience due to com-
plex manufacturing history
* FDA requested several months acceleration of drug sub-
stance contract manufacturing to enable early inspection
and faster review
* A dissolution issue with raw material delayed initiation of
drug substance manufacturing from the date agreed upon
with FDA
— The FDA agreed to inspect earlier process steps and
required a commitment to provide results of raw material
investigation and product quality data when available as
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well as evidence of existing inventory to supply the
market
» The discontinuity in process characterization was addressed
by extensive FDA information requests to understand pro-
cess robustness
* Post-marketing commitments to qualify tests for certain in-
process sample types and to complete drug substance and
drug product container closure leachate studies allowed for
timely submission and approval

Small Molecules

Example no. 5:

Pfizer—Ibrance® (palbociclib) was granted accelerated ap-
proval, by the US FDA in early 2015, to treat postmeno-
pausal women with estrogen receptor (ER)-positive,
human epidermal growth factor receptor 2 (HER2)-nega-
tive metastatic breast cancer by inhibiting cyclin-
dependent kinases (CDKs) 4 and 6. During commercial
scale-up, the manufacturer identified a drop in dissolution
performance at the end of each batch. This phenomenon
did not occur at smaller manufacturing scale of the drug
In order to continue uninterrupted supply to the clinical
study while this issue was being investigated, a batch cutoff
at 85% was instituted by the sponsor to throw away the final
15% of each batch

The FDA was informed of the issue and agreement was
obtained that the 85% cutoff was an appropriate interim
measure until a permanent corrective action could be
identified

The applicant identified a set of successful modifications to
the encapsulator hopper to improve powder flow and elim-
inate over-lubrication of the tail end of the batch. Stratified
data across multiple batches and strengths confirmed the
corrective action was successful

Ultimately, the 85% cutoff was successfully phased out for
the commercial process and all future clinical batches
Example no. 6:

Pharmacyclics—Imbruvica® (ibrutinib), a first in class, selec-
tive, small molecule inhibitor of Bruton’s tyrosine kinase
(BTK), was granted breakthrough therapy status for three
indications in early 2013. Imbruvica® received its first ap-
proval under breakthrough therapy designation (BTD) by
the FDA on November 13, 2013, for the treatment of patients
with mantle cell lymphoma who have received at least one
prior therapy. Subsequently, Imbruvica® was approved by
the FDA for three additional indications: the treatment of
patients with chronic lymphocytic leukemia who have re-
ceived at least one prior therapy, chronic lymphocytic leuke-
mia patients with 17p deletion (under BTD), and for the
treatment of patients with Waldenstrom’s macroglobulinemia
(under BTD). Because BTD was granted at the end of phase
2 clinical studies, development timelines for Imbruvica were
shortened by about 12-18 months. CMC development

.

activities were on the critical path for the NDA submission
and commercial launch.
* One of the regulatory starting materials Pharmacyclics pro-
posed was not accepted by the FDA. FDA requested that
the regulatory starting material should be separated from
the DS by additional synthetic steps. The material which was
custom manufactured for Pharmacyclics was therefore des-
ignated as an intermediate and the manufacturing process of
this intermediate was added to the commercial manufactur-
ing process. The site was rapidly readied for pre-approval
inspections
At the CMC-specific pre-NDA meeting, several key issues
were discussed with the FDA and agreements obtained to
expedite commercial readiness. Agreement was obtained on
regulatory starting materials, impurity qualification strategy,
validation strategy, efc.
To meet the compressed timelines for NDA submission
and approval, PPQ activities of DP and PPQ of DS
were conducted in parallel. This was made possible
because no major process changes were implemented
between DS manufacturing process used to manufacture
the pivotal clinical batches and eventual commercial
process
* The commercial DS manufacturing site was different from
the site where earlier clinical batches were manufactured.
Comparability data of clinical batches to commercial
batches was used to support the change. Both clinical pro-
cess and commercial process used similar control strategy
and no major changes to the manufacturing process were
made between the two sites

* An alternate more discriminating dissolution method was
developed and validated prior to NDA submission.
However, available data generated using the new method
was limited and not sufficient to propose a specification
using this method. A commitment was made to collect ad-
ditional data using the new method and revise the dissolu-
tion specification post-approval

* Responses to FDA queries and request for information
during review were completed promptly with turnaround
time of 24-48 h

* Labels, cartons, and other launch materials were printed at
risk in order to minimize delay in commercial launch after
approval

ANNEX 2 (5)

Tllustrative Examples of Adaptations of Traditional CMC
Development and Manufacturing Approaches for APIs and
Drug Products to Ensure Early Access

The following table from the European Federation of
Pharmaceutical Industries Association (EFPIA) Technical
Development and Operations Committee (TDOC)
Briefing Paper (Annex 2) illustrates some expedited ap-
proaches which a company may take (MAPPs aligned ap-
proach) to ensure early access of medicines for the
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Medicines Adaptive Pathways to Patients Initiative aspects of the proposals are valid for small molecules/new
(MAPPs) in Europe. Note this table is not intended to be chemical entities (NCEs) as well as large molecules/biotech
comprehensive and is for illustrative purposes only. Most products.

Topic
Formulation

Packaging

Analytical methods

Specification

Impurity assessment

Shelf-life

Process development

Process validation

Scale of production

Traditional approach

Commercial formulation developed and
optimized; comparability to pivotal clinical
formulation demonstrated in dossier

Optimized, based on minimum requirements
for protection

Developed and validated

Established and documented
Supported by extensive dataset

Impurities identified, risk assessed and
controlled

Controlled mainly by process knowledge

rather than specification testing

Shelf-life at launch based upon defined length
of stability data on defined batch types/sizes
(ICH Q1A)

Post-approval extension as further data

emerges

Complete package at filing
Process supported by extensive development
studies

Prospective or continued process verification

Commercial scale
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MAPPs aligned approach

Use of clinical formulation or limited optimisation of
selected market form

Where relevant, comparability of launch formulation to
pivotal clinical formulation demonstrated in dossier

Where relevant/known, planned commercial formulation
described and a PACM Protocol to demonstrate
comparability to pivotal clinical formulation in
the dossier

Potential for use of “maximum protection pack” to
mitigate limited shelf-life

Developed and validated

Established and documented; possibly broader
specifications as little data are available

May include more elements than traditional specification
due to limited data set and/or some parameters where
the data will be reported but acceptance criteria not
defined

Commitment to update (rationalize) after x time or y
batches, based on pre-defined criteria and to reassess
the control strategy.

Impurities identified, risk assessed and controlled

Higher level of control by specification testing (could
include intermediates) may be needed until sufficient
data available to support greater reliance on process
control

Launch product will be supported by (ongoing) stability
studies, but ICH-conform data may be limited.
Negotiate employment of lean stability strategies
(including stress conditions), use of stability models, and
extrapolation for supporting shelf-life with competent
authorities, enhanced use of scientifically relevant
supporting data from earlier batches, and possibly more
than one batch annually in ongoing stability

Support of adequate shelf-life with use of highly protective
packaging/restrictive storage conditions as appropriate
to the elicited degradation mechanisms

Post-approval strategies will depend on formulation
strategy and may also involve novel approaches

Partly based on platform knowledge, to be refined as more
batches/materials are investigated

May be based on proven acceptable ranges (or set points)
until data set complete; more reliance on end testing for
product release

Seek regulators’ agreement to a concurrent validation
approach, including extended monitoring

Small commercial scale
Scale-up protocol defined
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Sites of production Commercial manufacturing site
Existing cGMP clearance or inspection-ready

Multiple sites may be included

May be clinical manufacturing site
Existing cGMP clearance (possibly only MIA-IMP)
Inspection-ready; product history available to support

Viral clearance
validation

Inspection of facility

Cleaning method

Cleaning validation

DMFs (where used)

Validated in small scale

of the facility

Established

Validated

GMP certificate available for commercial use

Submitted in close conjunction with MAA

approval of clinical site for commercial launch
Site addition PACM Protocol defined

If appropriate platform data are available: include such
data in dossier, validate in small scale prior to launch,
and agree mechanism for provision of data to
competent authorities

Acceptance of GMP certificate for IMP manufacture or,
where facilities are outside the EU, the acceptance of
QP Declaration for imported API/product

Established

Appropriate analyses on batch-wise basis and and/or
concurrent validation

Negotiate early submission/pre-assessment to mitigate risk
of landing on critical review path

ANNEX 3: ABBREVIATIONS REFERENCES
API active pharmaceutical ingredient 1. Pub. L. No. 112-144, § 902, 126 Stat. 993. Section 506(a) of the
BT breakthrough therapy Fe(ifzralglggoci 1I:)rug an(;i DCosmlztcilc (FDt&tC) ASct% :tas ad((jield by
: : : section of Food and Drug Administration Safety and Inno-
CAPA corref:nve and prevent.atlve actions vation Act (FDASIA). 2012,
CMC ChF:FnlStry, manufacturing, and control 2. Sawyers C. et al. Developing standards for breakthrough therapy desig-
CPP critical process parameters nation. Issue Brief from the Conference on Clinical Cancer Research.
CQA critical quality attributes 2012. http://www.focr.org/sites/default/files’' CCCR12Breakthrough.pdf
DP drug product 3. U.S. Department of Health and Human Services, Food and Drug
GMP d ufacturi i Administration, Center for Drug Evaluation and Research
good manufacturing practices (CDER) Center for Biologics Evaluation and Research (CBER).
IPC in-process control 2014. Guidance for industry: expedited programs for serious
MAPPs Medicines Adaptive Pathways to Patients Initiative conditions—drugs and biologics. 21 CFR part 312
PAI pre-approval inspection 4. Friends of Cancer Research Public Forum on Manufacturing Read-
PALM post-approval life cycle management plan iness. 2015. http://www.focr.org/events/examining-manufacturing-
L N readiness-breakthrough-drug-development-0
PC/PV process character%zat%on/process Val}dat}on 5. European Federation of Pharmaceutical Industries and Associa-
PC/PV process characterization/process validation tions (EFPIA) Technical Development and Operations Commit-
PK pharmacokinetic tee (TDOC). EFPIA TDOC briefing paper on Medicines
PPQ process performance qualification IAdaptivedPathways to Patients Initiative (MAPPs)—CMC chal-
. . enges and opportunities
PQS pharmaceut}cal quah.ty systems 6. U.S. Department of Health and Human Services, Food and Drug
PQS pharmaceutical quality systems Administration. Process validation requirements for drug prod-
RSM regulatory starting materials ucts and active pharmaceutical ingredients subject to pre-market
QC quality control approval. 2004. http://www.fda.gov/ICECI/ComplianceManuals/
QTTP quality target product profile CompliancePolicyGuidanceManual/ucm074411.htm
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variety of molecular tests are currently in use to
Adetect oncogenic driver mutations in patients

with non-small cell lung cancer (NSCLC), par-
ticularly in those with advanced-stage adenocarcino-
ma.!* For some time, molecular testing in the United
States has been complicated by the regulatory environ-
ment, which is currently divided between the FDA and
the Centers for Medicare & Medicaid Services (CMS).>
Tests regulated by the FDA and CMS are often used for
the same purpose and in patients with the same condi-
tion, which has raised concerns that the different regula-
tory standards of each agency may introduce an un-
known degree of variability into clinical practice.®

In October 2014, the FDA announced its
intention to extend oversight of diagnostics
to include LDTs due to the increasing
complexity of LDTs and their growing role
in guiding treatment decisions.

The FDA has historically regulated molecular tests
manufactured and sold as kits by diagnostics companies,
whereas CMS has overseen tests made and used within a
single laboratory, called laboratory-developed tests
(LDTs).> In oncology, tests regulated by the FDA are
typically called “companion diagnostics” owing to the
agency’s practice of approving targeted therapies and
diagnostics concurrently. The FDA approval process is
designed to ensure that individual tests are accurate, re-
liable, and clinically valid, whereas CMS regulation
under the Clinical Laboratory Improvement Amend-
ments (CLIA) is designed to assure that tests are proper-
ly performed, largely through the oversight of laboratory
personnel and procedures. Although all tests are under
its jurisdiction, as a matter of policy the FDA has not
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actively regulated LDTs since the start of the medical
device program in 1976. At the present time, companion
diagnostics undergo rigorous premarket review by FDA,
whereas LDTs generally do not.

In October 2014, the FDA announced its intention
to extend oversight of diagnostics to include LDTs
due to the increasing complexity of LDTs and their
growing role in guiding treatment decisions.” In a Fed-
eral Register notice, the FDA stated that over 11,000
LDTs are currently used in practice. Yet, to date, it
remains unclear how frequently LDTs are used com-
pared with available FDA-approved tests to guide the
use of targeted therapies.

We attempt to estimate the extent to which LDTs are
used in NSCLC patients with advanced-stage adenocar-
cinoma, a setting in which molecular testing for 2 specif-
ic alterations is considered standard of care and recom-
mended by major clinical guidelines.!° Testing for ALK
gene rearrangements and epidermal growth factor recep-
tor (EGFR) mutations is recommended so that patients
with these genetic abnormalities can receive effective
treatment with targeted agents.

Material and Methods
Study Sample Design

A universe sample frame of NSCLC-treating oncolo-
gists was created by sourcing Symphony Health Analyt-
ics’ 2014 insurance claims activity for all oncologists in
the United States for both the 162 series of lung cancer
ICD9 codes as well as the claims activity related to
prescribing lung cancer—targeted therapies (erlotinib,
afatinib, crizotinib, and ceritinib). By combining both
sources, we identified 10,184 oncologists with activity
related to the care of lung cancer patients. To ensure
that the physicians targeted for this research would
have the required minimum number of patients to par-
ticipate, we further limited this sample to those with at
least 3 unique lung cancer patients in all of 2014. This
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reduced the list of oncologists to 8129, thus serving as
the sample frame for this survey. All 8129 NSCLC-treat-
ing oncologists were invited to participate in the survey
by e-mail or postal mail. Oncologists were eligible to
participate if they personally managed at least 5
NSCLC patients per month and diagnosed at least 1
NSCLC patient in the past 12 months. A total of 221
oncologists responded to the survey and 153 met eligi-
bility criteria and completed the survey. Participants
were offered an industry standard honorarium as com-
pensation for their time in completing the survey. The
survey was administered online and was fielded from

April 8, 2015, to September 14, 2015.

Data Collection

A questionnaire was developed to collect ano-
nymized information on patients with stage IV
NSCLC in the United States. We developed and
pretested this instrument through interviews and con-
sultations with 13 NSCLC-treating oncologists before
launching the survey online. In the online survey,
physicians were asked to randomly select between 3
and 8 stage IV NSCLC patients from their list of pa-
tient charts. To ensure random chart selection, oncol-
ogists were asked to choose patients whose last names
began with a random selection of letters. Patient
charts were required to have been active in the prac-
tice within the past 12 months to be eligible for inclu-
sion in the study. The anonymized information col-
lected for each patient chart consisted of the following:
background information (age, weight, gender, ethnic
origin, concomitant conditions, insurance type, smok-
ing status), the year NSCLC was diagnosed, informa-
tion about the genetic test (which test was used, when
and in which setting was it performed, and what was
the outcome of the test), and type of treatment pa-
tients subsequently received. The 153 oncologists who
participated in the survey provided information for
765 patients in total. All patient chart audit data col-
lection fields were Health Insurance Portability and
Accountability Act compliant and contained no pa-
tient identifying information.

Data Analysis

All survey data were analyzed in aggregate, and the
individual identities of the survey respondents were
blinded to the study authors. Data were analyzed in
total and split per histological subtypes. Other dimen-
sions such as the type of setting, geographical region,
patients’ ethnic origin, insurance types, and smoking
status were used to segment the analysis. The key ele-
ment in the analysis was to determine, for each patient,
whether a molecular test was used to identify EGFR

KEY POINTS

> A number of molecular tests are currently used to
detect oncogenic driver mutations in patients with

NSCLC

> In October 2014, the FDA announced its intention
to extend oversight of diagnostics to include LDTs

> [t remains unclear how frequently LDTs are used
compared with available FDA-approved tests

> LDTs and FDA-regulated tests are often used in the
same setting, raising the concern that an unknown
degree of variability may exist between tests for the
same intended use

> Steps should be taken to mitigate uncharacterized
variability between tests used in the same clinical
setting

and/or ALK alterations, and if so, whether the tests
used were LDT or FDA approved. To that end, approv-
al status of tests was determined from FDA’s publicly
available list of approved companion diagnostics at the
time of the survey. At the time of the survey there was

no FDA-approved ROSI1 test for NSCLC. Therefore,

The key element in the analysis was to
determine, for each patient, whether a
molecular test was used to identify EGFR

and/or ALK alterations, and if so, whether
the tests used were LDT or FDA approved.

all ROSI tests performed were qualified as LDT. Fur-
thermore, in many instances, oncologists surveyed did
not know what type of test was performed. In instances
where the information was not provided by the oncol-
ogists, we followed up with the pathology lab of the
relevant treating center and obtained the information
by phone. We followed up with pathology labs from
96 centers and clarified the type of test for 340 of 659
EGFR-tested patients and for 288 of 562 ALK-tested
patients. Data presented in this paper include the
information obtained through the phone follow-up.

Ethics, Consent, and Permissions

Data for this work were obtained through market re-
search, and no experiment on humans has been carried
out. As such, there was no institutional and/or licensing
committee involved in approving the experiments, and
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no need for informed consent from the participants, as
stated in national regulations (HHS.gov; US Depart-
ment of Health & Human Services; www.hhs.gov/ohrp/
humansubjects/guidance/45cfr46.html#46.102). This
survey was done in accordance with market research
guidelines such as the ones edited by the Council of
American Survey Research Organizations.

Statistical Analysis

Clustered logistic regression was performed to as-
sess whether respondent characteristics (practice set-
ting, practice ownership, geographic region) correlat-
ed with use of an FDA-approved test. Clustering of
patient records was done according to each oncolo-
gist’s group of patients.

Although clear guidance was provided to
ensure randomization of patient selection, it
cannot be ruled out that some respondents
might have focused on their most recent
patients, or those who have been tested.

Limitations

It should be noted that this survey has a number of
limitations. First, this survey focused on oncologists, and
not pathologists. The purpose of the research was to
evaluate the frequency and type of testing performed and
identify whether any differences in testing status were
associated with patient characteristics such as age,
weight, gender, ethnic origin, concomitant conditions,
insurance type, smoking status, etc. We believe that on-
cologists are best suited to access this type of informa-
tion. Topics relating to reasons for not testing a patient,
number of alterations assessed (single genetic test vs
next-generation sequencing), or reasons for using one
type of test versus another, may largely fall with the pa-
thologist and were outside the scope of the research.
Second, our study was not designed to address the com-
parative outcomes of patients tested with LDTs versus
FDA -approved tests. Third, while we assume that partic-
ipation in the survey was random and represented basic
interest and knowledge in this disease area, the potential
for bias in the set of responders versus nonresponders
does exist. Due to the methodology, a true response rate
cannot be calculated for this survey. Physicians were in-
vited by email or postal mail, and they voluntarily self-
screened based on knowledge, interest, and experience
level in treating this condition. They had the opportuni-
ty to respond to the survey invitation by logging on to
the online survey. As it is unknown how many physi-
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cians successfully received, reviewed, and self-screened
for this survey invitation, the true response rate is un-
known. Fourth, as with any survey, our findings may be
influenced by response bias of the survey respondents.
Although clear guidance was provided to ensure ran-
domization of patient selection, it cannot be ruled out
that some respondents might have focused on their most
recent patients, or those who have been tested. Despite
the potential for bias, we believe the data presented here
are valuable as they represent real-life data and are usu-
ally not obtainable on a large scale. Additionally, a por-
tion of patient records (and associated pathology reports)
did not include information on the type of test used to
detect lung cancer mutations and had to be excluded
from further analysis (72 [14.5%)] of patients tested for
EGFR; 79 [16.5%)] of patients tested for ALK). And
last, KRAS testing rates, which predict resistance to
EGFR-targeted therapy, were not evaluated because the
study design predated inclusion of KRAS testing practice
recommendations and guidelines.

Results
Participants

The sample of responding physicians was split across
practice setting (19% academic, 24% community, 58%
private) as well as geographic region and practice owner-

ship (Table 1).

Patient Characteristics

A total of 765 patients with stage IV NSCLC were
reviewed in this study. The demographic characteristics
of this group are presented in Table 2. Histological sub-
type split was as follows: 579 (76%) of patients had ade-
nocarcinoma, 147 (19%) had squamous cell carcinoma,
and 39 (5%) had other type (including large cell and
NSCLC not otherwise specified). Distribution by prac-
tice setting was as follows: 445 (58%) of patients were
followed in privately owned clinics, 181 (24%) in com-
munity-based centers, and 139 (18%) in academic med-
ical centers. Fifty-two percent of patients were male, and
61% were aged 65 years or older.

Overdll Test Rate

Among the 579 patients with adenocarcinoma, 550
(95%) and 489 (84%) were tested for EGFR muta-
tions and ALK rearrangements, respectively (Table
3). Other genetic alterations (BRAF, MET, HER2,
RET) were tested at lower frequencies, with one ex-
ception being ROSI gene fusion testing at 28% of
adenocarcinoma patients.

Use of FDA-Approved Tests

Of the 550 adenocarcinoma patients tested for
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IE:LI RN Characteristics of Physicians Who Responded and Completed the Patient Chart Review
Type of Setting No. %
Academic center 29 19
Community-based center 36 24
Private clinic 88 58
Grand Total 153 100
Region

Midwest 28 18
Northeast 37 24
South 61 40
West 27 18
Grand Total 153 100
Practice Ownership

Physician-owned 91 59
Hospital-owned 59 39
Other 3 2
Grand Total 153 100

EGFR mutations, 496 (90%) were diagnosed or tested
following the first FDA approval of an EGFR test for
lung cancer on May 14, 2013. Seventy-two patients
had an unknown test type and were excluded from fur-
ther analysis. Of the remaining 424 patients, 55 (13%)
received an FDA-approved test and 369 (87%) re-
ceived a LDT (Table 4).

We performed a similar analysis for adenocarcinoma
patients tested for ALK rearrangements. Of the 489 ade-
nocarcinoma patients tested for ALK, 478 (98%) were
diagnosed or tested on or after August 26, 2011, the date
of the first drug-diagnostic approval for NSCLC with
detected ALK rearrangement. Excluding 79 patients
with unknown test type, 204 (51%) patients received an
FDA-approved test while 195 (49%) were tested with an
LDT (Table 4).

Statistical Analysis

The characteristics practice setting, practice owner-
ship, and geographic region were evaluated for correlation
with use of an FDA-approved test. None of the character-
istics reached nominal statistical significance (P <.05) for

use of either an FDA-approved EGFR or ALK test.

Discussion

This study was undertaken to evaluate the preva-
lence of molecular testing in lung cancer, as well as the
use patterns of tests overseen by different regulatory

agencies. Although much has been written about the
rate of molecular testing in oncology and in lung cancer
specifically, little is currently known about the relative
use of FDA- versus CLIA-regulated tests (the latter are

The high rate of overall testing observed in
this study is consistent with other findings
in the literature and supports the claim that
molecular testing is now a routine part of

advanced lung cancer treatment.

referred to as LDTs in this article). This study seeks to
address that gap by viewing lung cancer as a case study,
owing to the diversity of testing options that exist in
that setting. Findings from this study will help inform
the debate over how best to structure regulatory over-
sight of molecular testing in the future.

The patient chart review conducted in this study
revealed that a large proportion of patients with ad-
vanced lung adenocarcinoma underwent molecular
testing for EGFR mutations and ALK rearrangements
in accordance with major clinical guidelines.”'® The
high rate of overall testing observed in this study is
consistent with other findings in the literature!* and
supports the claim that molecular testing is now a rou-
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ROSI has been recognized as a potential therapeutic
target for some time!* and was approved as a target for

Cell Lung Cancer Patients
g crizotinib in March of 2016.1°

Table 2 Demographic Characteristics of Stage IV Non-Small

Total Sample (N = 765) This study also found that testing was more com-
Characteristics No. % monly performed with LDTs than with FDA-regulated
Sex tests for EGFR mutations and was evenly split between
Female 304 8 LDTs and FDA-regulated tests for ALK rearrange-
ments. The high rate of LDT use may be caused by a
Male 31 52 number of factors. First, clinical guidelines are not pre-
Age groups scriptive about specific testing platforms. It remains
18-39 years 18 ) unknown whether there is any quality trade-off associat-
ed with the use of many commonly used LDTs in place
40-64 years 282 37 of FDA -regulated tests in settings where both exist, and
65+ years 465 61 both FDA-regulated tests and LDTs are generally con-
Geographic region sidered acceptable so long as proven test methodologies
. are used.!® Second, many LDTs became available prior
Midwest 149 19 to the introduction of FDA-approved alternatives. This
Northeast 169 22 was the case, for example, with tests for EGFR muta-
South 305 40 tions in lung cancer, where the first EGFR-targeted
West 142 19 therapy was approved several years prior to FDA clear-
ance of an EGFR test, leading to the introduction of
Type of practice
Academic center 139 18 This study also found that testing was
C?mmurllftY'based coner 18; 24 more commonly performed with LDTs
Ef;w.ate e al ° than with FDA-regulated tests for EGFR
nic origin
Caucasiai 299 e mutations and was evenly split
Aftican American 139 18 between LDTs and FDA-regulated tests
Asian 69 for ALK rearrangements.
Hispanic 48
Other 10 ) LDTs'7 for EGFR prior to the approval of the cobas
EGFR Mutation Test. As a result, physicians may have
Histological subtypes developed comfort and familiarity with the LDT prior to
Squamous cell carcinoma 147 19 the availability the FDA-approved test. Third, many
Adenocarcinoma 579 76 tumor biopsies provide limited tissue for testing, which
may encourage the use of assays that detect multiple
Other type 39 > biomarkers simultaneously, none of which are currently
Smoking status FDA -approved for use in lung cancer. This study did not
Current smoker 187 24 collect information on the cost of tests, and we cannot
speculate on whether cost plays a role in the decision to
Past smoker 363 47 use an FDA-regulated test or an LDT.
Passive smoker 33 4 There are pros and cons to the widespread use of
Never smoked 175 23 LDTs. On the one hand, LDTs may offer rapid techni-
Unknown 7 1 cal advances and facilitate innovation in molecular
testing and have been demonstrated in some cases to
Distribution of study population across 7 factors of interest. Information offer advantages beyond existing FDA-regulated alter-
on 765 patients was provided by 153 responding physicians. natives.’® On the other hand, concerns exist that

LDTs are not currently subjected to premarket review

tine part of advanced lung cancer treatment. Moreover,
the finding that ROSI was the third most commonly
tested biomarker is not surprising given the fact that
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by the FDA and thus are not required to meet the same
evidentiary standards as FDA-regulated tests. Addi-
tionally, LDTs have in at least some instances been
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LU Mutation Test Rate for Stage IV Non—-Small Cell Lung Cancer Patients

Total Sample (N = 765) Adenocarcinoma (n = 579)

Mutation type No. % No. %
EGFR mutation 659 86 550 95
ALK rearrangement 562 73 489 84
BRAF V600E mutation 38 5 32 6
MET amplification 40 5 30

ROSI rearrangement 181 24 162 28
HER2 mutation 31 4 23

RET rearrangement 25 19

Other 35 25 4

Table 4 Use of FDA-Approved vs Laboratory-Developed Tests in Non—Small Cell Lung Cancer Stage IV

Adenocarcinoma Patients

EGFR Mutations (n = 424) ALK Mutations (n = 399)

Mutation types No. % No. %
FDA -approved test 55 13 204 51
Laboratory-developed test 369 87 195 49

Rates of EGFR and ALK testing of stage IV adenocarcinoma patients using FDA-approved and laboratory-developed tests.
Analysis was conducted such that test use was measured only when an FDA-approved version of the test was available.
Therefore, EGFR data are for patients who were tested after May 2013, and ALK data include patients who were tested
after August 2011. Regression analysis was performed to assess whether geographic region or type of practice were correlat-
ed with use of an FDA-approved test, and neither of the characteristics reached nominal statistical significance (P <.05).

reported to perform poorly, as noted in a report of case
studies released by the FDA.?® This study does not seek
to address the relative quality of LDTs and FDA-regu-
lated tests, but rather the relative frequency of use.

Owing to the large number of tests currently in use,
some of which have been subjected to premarket re-
view by FDA while others have not, there exists the
potential for wide variability in test performance and
claims.?'? As demonstrated by this study, LDTs and
FDA -regulated tests are often used in the same setting,
raising the concern that an unknown degree of variabil-
ity may exist between tests for the same intended use.

Steps should be taken to mitigate uncharacterized
variability between tests used in the same clinical set-
ting. Further evaluation of the relative performance of
tests intended to measure the same alteration is needed
to identify cases in which different tests may not pro-
vide comparable results. ¢
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Goals
Friends of Cancer Research (Friends) and Alexandria Summit will convene a multi-stakeholder meeting to include
industry, real world evidence (RWE) vendors, FDA, academics, researchers, patients, advocacy organizations, and other
vested stakeholders with the expressed intent of developing consensus toward the potential use of RWE in the
regulatory setting. The following report, developed by a work group aims to build consensus in the following three areas
which, will be presented on June 16™, 2016 to solicit public input and further refine content:

1) Identify disease and drug candidates in oncology as potential case studies,

2) Develop regulatory strategies for optimal use of RWE in oncology, and

3) Outline potential pilots in oncology that could be used for clinical evidence generation to support regulatory

decisions.

Background

With bringing innovative medicines to patients in a timelier manner, there is great interest in designing clinical trials with
adaptive features that make studies more efficient, more likely to demonstrate an effect of the drug, more informative,
and better able to capture the totality of clinical evidence.! Advancements in our ability to build learning systems and
improve data collection, so as to link clinical priorities and measurable outcomes, are beginning to inform clinical studies
with respect to how patients are treated, should be treated, and wish to be treated with these new therapies in the real
world. Thus, an opportunity exists to learn from current efforts to collect, interpret, and apply real world evidence to
drug development.

Real World Evidence

RWE refers to evidence generated from data collected outside the traditional clinical trial setting, such as electronic
health records (EHRs) including patients treated on- and off-label, pragmatic clinical trials, patient registries, patients
treated through expanded access, administrative claims, surveys, and mobile health-generated data (e.g., smartphones,
wearables, internet and social media). RWE is thought to better reflect the general population and the care they receive,
given that enrollment in clinical trials is often limited to patients with specific baseline characteristics, with often
restricted eligibility. Therefore, high quality RWE can provide different, and at times broader, estimates of the safety and
effectiveness of therapies than certain traditional clinical trials with narrow eligibility criteria.

While randomized controlled trials (RCTs) are the gold standard for minimizing sources of potential bias, RWE may have
utility in certain scenarios. Particularly, in the case of a drug where the effect size is likely to be significantly larger than
any confounding factors that might occur and where confidence in the original efficacy data is relatively high,? such as
for a therapy designated as a Breakthrough Therapy. While there may be concerns regarding data quality, owing to
factors such as missing information and non-systematic data collection, information gathered from EHRs can allow for
data to be collected on more patients, in an unselected patient population and more rapidly than traditional phase 4
trials designed to meet post-market requirement and commitments. Thus, in cases of transformative treatments, the
question of whether it would be feasible and sufficient to confirm clinical benefit in the real world setting warrants
serious consideration.

Breakthrough Therapy Designation

The Breakthrough Therapy Designation (BTD) was created in 2012 as a way to expedite the development of drugs for
serious conditions with a large unmet medical need. Breakthrough Therapy designation decisions are based on
preliminary clinical evidence demonstrating a substantial improvement over existing therapies. The designation and
subsequent actions are primarily designed to maximize efficiency in the clinical development regulatory review
processes for potentially transformative new medicines. An additional goal of the designation is to minimize the number
of patients that are exposed to a less efficacious treatment throughout the entire development process, including the
post-market setting. Drugs intended to treat a serious or life-threatening condition for which there is a large unmet
medical need can receive accelerated approval by demonstrating a large effect on a surrogate or biomarker endpoint,
e.g., tumor response, reasonably likely to predict a clinical benefit. Drugs approved using a surrogate endpoint generally

! Guidance for Industry Adaptive Design Clinical Trials for Drugs and Biologics. 2010 (version 1).
2Simon R et al, Clin Pharmacol Ther. 2015. 97(5):502-7.
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require further evaluation to confirm clinical benefit where there is uncertainty in the relationship between the
surrogate endpoint and the clinical benefit, or the observed clinical benefit and ultimate outcome. In the case of an
expected substantial improvement in overall survival, as with drugs grants BTD, there may be loss of equipoise for
conducting a randomized trial with a less effective therapy for confirmation of clinical benefit following accelerated
approval. This raises the need for alternative approaches such as the use of RWE for confirmation of clinical benefit for
highly active anticancer therapies such as those granted BTD.

Pragmatic Trials

In addition to traditional models for clinical trial designs, which may not always be practical, adaptive clinical studies that
more closely reflect routine medical care represent opportunities to better understanding novel therapies in the real
world setting. Pragmatic clinical trials (PCTs), which leverage existing clinical infrastructure, are designed to test
interventions in everyday clinical settings to maximize therapeutic applicability and generalizability. Although PCTs are
defined by FDA as being randomized studies, there are notable examples of nonrandomized pragmatic trials as well. For
example, the Targeted Agent and Profiling Utilization Registry (TAPUR) Study,® launched in March 2016 by ASCO, is a
nonrandomized pragmatic trial intended to collect data on the safety and efficacy of approved therapies in other disease
settings. However, even with careful planning, such as with validation studies examining sensitivity, specificity, positive
and negative predictive values to ensure the data needed to measure safety and effectiveness are captured reliably, it
may still be challenging to identify confounding factors that impact study results and generalizability.

Challenges and Considerations

Technological advancements and the growing use of EHRs have facilitated collection of patient data outside of clinical
trial settings, and hold potential to further inform patient care, supplement current clinical trial methodologies, and
speed drug development. Although real world data (RWD) collection, like other data collection efforts, has challenges
with variable data quality, heterogeneity in collection mechanisms, and privacy concerns, among others, a lot of
progress has been made in this area recently. Several outstanding challenges that limit full implementation of RWE are
highlighted in Table 1.

TABLE 1: Challenges that limit full implementation of RWE.

Data EHRs (i.e., labs data, claims/billing codes, etc.) from academic, hospital, and community oncology sources,

sources and registries, that may include patient reported outcomes (PROs), from patient advocate organizations and
others.

Potential The minimum information base includes: Diagnosis (International Classification of Disease (ICD) codes; dates

variables of initial and advanced diagnoses; Disease staging; Dates and sites of metastases); Histology; Radiology and

needed pathology reports; Treatment dates (start/stop, for prior and subsequent treatment), CPT codes; Labs (test

date, result date, test name, result with units, and normal ranges); Demographics (e.g., smoking status);
Biomarker status; Gene sequencing; Performance status; Medication and administration (date, drug, dose,
routine, and units); Adverse events report/collection (Grade 3+ or serious adverse events only); Outcomes
(e.g., date of death, other endpoints). Additional unique variables will need to be considered depending on
the questions.

Data Regulatory trials have adopted Clinical Data Interchange Standards Consortium (CDISC) data standards,
standards however, universal data standards are still being developed within the EHR infrastructure. Similarly,
electronic data capture (EDC) systems have become standardized, with fewer proprietary systems requiring
extensive validation.* Among various hospital settings, there may still be variability in software for electronic
records management, though a trend towards commercial systems, e.g., EPIC, has been observed.

3 https://clinicaltrials.gov/ct2/show/NCT02693535
4 Guidance for Industry - Part 11, Electronic Records; Electronic Signatures, establishes the United States Food and Drug Administration (FDA)
regulations on electronic records and electronic signatures (ERES). Title 21 CFR Part 11 Section 11.1 (a).
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Processes for
data merging
vs. established

While there is no established internal process to merge RWD sources, a number of third party organizations
have begun doing this in oncology (e.g., Flatiron, USO) and beyond oncology (e.g., Humedica). The Flatiron
dataset, for example, comprises longitudinal, patient level EHR data and incorporates data from both

considerations
related to data

third party structured and unstructured EHR data streams.
aggregators
Challenges/ Variability of data sources, different EHR platforms, different site adaptations of platforms (e.g. custom

workflows and proprietary logic, structured and unstructured data collection), high level of ambiguity and
complexity in the data concepts (e.g. clinical, financial), lack of interoperability, and complexities associated

consent issues

merging with data merging, mapping, normalizing, while not insurmountable, requires significant programming and
informatics work to prepare research ready datasets. Linking or tracking the same individual across different
EHR and disparate RWD platforms is also an important consideration to fully capture the care of a single
patient who may appear in more than one RWD source.

Structured, There can be significant variation across EHR systems/providers especially with respect to data collected via

unstructured | structured vs. unstructured parts of an EHR (e.g., some capture disease stage, others do not). It is estimated

and missing that half of critical variables for oncology-focused RWE are in unstructured documents® thereby requiring

data technology-enabled® or manual chart review (although Natural Language Processing is also under

challenges evaluation). Structured data include data points that are organized in a predefined manner, such as
dropdown fields, and unstructured data may include free text from a physician note or a scanned pathology
report. Derived variables such a “lines of therapy” and “real-world progression” can supplement RWE
datasets; these are generated by combining structured and unstructured data elements using pre-defined
business rules. Since each variable comes from a different potential source, the reliability and validity of
variables should be described. In addition, missing data, an issue encountered in clinical trial reports as well,
will need to be addressed regardless of structured or unstructured data collection.

Challenges/ Data quality, missing variables, methods applied to extract unstructured content; audit trails are variable

considerations | depending on EHR system. Hospitals have different extraction systems, heterogeneity in IT capabilities, and

related to data captured by clinicians. Working with an oncology EHR data aggregator would be the simplest

variable mechanism to leverage existing processes that map data from additional providers and present the data in

extraction different formats. This would ensure less variability and easier extraction. However, issues such as limited

processes access to broad populations limit the ability to extrapolate results broadly. Ideally, EHR fields could be
adjusted for specific data collection as per provider.

Challenges/ Each clinical endpoint, including hard endpoints (e.g., OS), surrogate endpoints (e.g., PFS), and other

considerations | clinically meaningful endpoints (e.g., RR) have different challenges with respect to collection, reliability, and

related to recording precision in EHR. Discussion and agreement with the appropriate regulatory agency is necessary.

defining Can we quantify tumor shrinkage by mining radiology reports? Will tumor shrinkage require qualification

endpoints with the same precision as the standard RECIST criteria? Should we integrate clinician assessment of the
patient with radiologist assessment of scans into summary variables reflecting tumor burden? Would time
to next therapy or time to treatment failure as assigned by the treating physician be reasonable proxies for
efficacy? Treatment decisions may be hard to capture (e.g., endpoints used for treatment modification,
choice of therapy, etc.). What additional work with EHR providers may be necessary to adjust the records if
those are to be used for purposes other than primary billing? How will we determine if endpoints assessed
through real-world data are reliable, valid, and meaningful?

HIPPA/ Informed consent will likely be required due to the need for identifiable information for data linkages, AE

informed reporting, etc. As such, patient level and physician data would be available for auditing. Information from

EHRs does not currently have patient consent and would likely involve new processes and policy changes.
While it may be possible to obtain consent for registries, these studies are monitored and may not be totally

> Berger,ML et al, Future Oncology, 2016. 12( 10) : 12674.
6 Liede A et al, Clin Epidemiol. 2015. 7:441-8.
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reflective of RWE. While broad consent will be difficult to obtain, future trials using EHR may require
prospective consenting with a clear explanation of the information gathering intent.

Data Quality and Utility

Significant challenges remain with combining, organizing, and analyzing data from various information sources, including
EHRs, insurance claims, biosensors, genomics datasets and patient-reports. Yet interest in using RWE in the assessment
of drugs and other clinical interventions remains high. Programs like Sentinel and PCORNet, which aggregate multiple
data sources, are relying on claims and EHR-based information to collect large amounts of health data to drive research,
including comparative effectiveness. The value of EHR is further evidenced by the American Society of Clinical Oncology
(ASCO) launch of the CancerLinQ™ system designed to improve patients’ outcomes and quality of life based on EHR
data. To date, however, it remains unclear whether such data could be suitable for regulatory purposes. Provided proper
standards and methods of collecting, validating, and analyzing real-word data exists, RWE may support a number of
activities that impact drug development and delivery.

Questions regarding RWD quality:

e What data quality elements need to be considered and should they differ by data source (e.g., EHRs)?

e How should various databases (community versus academic) with respect to extractability of relevant fields be
considered?

e How should quality be reported (e.g., data completeness, variable reliability, variable validity, sources of
variables, data provenance) and presented for review? What thresholds need to be reasonably considered for
these categories?

e What details should be captured with respect to cohort selection when generating RWE?

e What additional analyses need to be done to generate RWE (i.e., sensitivity analyses)?

Questions regarding RWE use:

e What aspects of efficacy need to be captured with RWE in addition to addressing safety concerns? How best to
consider the most appropriate endpoints and outcome measures for various intended uses?

e What requirements are needed for safety reporting based on RWD collected in a trial using EHR? Any specific
regulatory advice considering that the drug is marketed? What additional reporting is needed in EHR beyond
physicians’ reports in their daily activities, according to Good Clinical Practice? Why and under what
circumstances?

e How do data requirements change for differing regulatory use cases (e.g., post-market commitments, label
expansion, improving dose selection, and defining safety in broader populations)?

e How do we accommodate changing data characteristics and needs for RWD over time?

e What specific adjustments (if any) need to be made to the EHR recordings to allow data transfer to the FDA?

Whereas multiple comprehensive EHR platforms collecting health information (i.e., EPIC) already exist, the individual
modules vary by disease specialty and are frequently proprietary and not interoperable. Thus, it is pertinent to initially
determine whether any of the collected information could be tested to meet a regulatory threshold.

e Do data fields vary with study design? If so, could these be grouped?

e What data fields are needed to address a study question?

o Demographics
Diagnosis (data, test, treatment and length of treatment)
Efficacy outcome(s); therapy changes; subsequent treatments
Co-morbidities
Toxicities and side-effects
o Other

e Could the above questions be tested in advance of a pilot to determine feasibility/data extraction, such as

designing a simple randomized non-interventional study?

O O O O
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Case Studies

Taking the above challenges into consideration, the work group reviewed scenarios where RWD has been collected and
identified opportunities to apply this evidence towards answering specific clinical questions in routine clinical care. The
following case studies, while broad in scope, are intended to illustrate possible uses for RWE collection.

Safety (Ceritinib) — In 2014, the FDA approved ceritinib (Zykadia) for the treatment of patients with anaplastic lymphoma
kinase-positive (ALK*) metastatic non-small cell lung cancer (NSCLC) who have progressed on or are intolerant to
crizotinib. Anecdotal patient reports suggested that taking ceritinib with food may improve gastrointestinal (Gl)
tolerability but may lead to increased systemic exposure of the drug. The observed safety data led to a post-market
commitment’ to evaluate a lower dose of ceritinib taken with a meal that potentially improves Gl tolerability.
Furthermore, during FDA's review of ceritinib, the FDA noted signs and symptoms of pancreatitis (pancreatic enzyme
elevations in addition to gastrointestinal symptoms) in several cases, but there was only one case of investigator-
reported pancreatitis occurring in a supportive clinical trial.® Exploration of RWD following approval of ceritinib could
have provided additional information on the safety profile of the drug and its association with pancreatitis.

Furthermore, RWD collection on ceritinib use including: dose interruptions, dose modifications (with and without food),
concomitant medications, Gl toxicity, diarrhea, therapy duration, other adverse events, may contribute to the enhanced
evaluation of an appropriate dose of the drug in the post-market setting.

Treatment Sequencing (Ramucirumab) — Docetaxel has been one of the standards of care for the treatment of second
line metastatic NSCLC regardless of histology. In December 2014, ramucirumab (Cyramza) was approved in combination
with docetaxel for patients who have progressed on a platinum based combination therapy and have received an EGFR
or ALK based therapy if indicated. In October 2015, two new immunotherapies, nivolumab and pembrolizumab were
approved in the second line (or higher) NSCLC setting; they have already showed significant clinical benefit. These agents
may be used in different lines of treatment for these patients; indeed, they are even sometimes being utilized prior to
chemotherapy.

While there is no rationale that the safety of ramucirumab plus docetaxel will be affected by prior treatment of an
immune checkpoint inhibitor, approval was based on clinical trials conducted before immune checkpoint inhibitors
entered the market. Formal clinical trials can test the impact of sequencing on the safety and efficacy profiles of these
therapies, yet such trials can be time and cost prohibitive and further complicated by the fact that new treatments will
potentially be approved during the course of the study. Overall, it is difficult to study all of the permutations of
treatment sequence, especially in a landscape where the available options are changing yearly. RWE can potentially be a
practical solution. Thus, collecting RWD on patient characteristics, safety, and mortality in patients with advanced NSCLC
receiving treatment with ramucirumab plus docetaxel as well as PD-1 inhibitor, in any treatment setting using even a
limited patient pool of approximately 100 patients that meet the criteria of the study population, may facilitate
determination of appropriate treatment sequencing.

Orphan Drug Application (Denosumab) — On September 12, 2013, FDA granted orphan drug status for the use of
denosumab (XGEVA) for the treatment of hypercalcemia of malignancy (HCM) based on results of a study conducted
with EHR data from oncology clinics.’ This represents the first-time ruling by the FDA for orphan drug designation based
primarily on RWE. The RWE was provided because the published medical literature on HCM ranged from <1% to 30%
depending on tumor type and studies were mainly from single institutions or focused on a single tumor type.°

The RWE featured in the orphan drug application (ODA) was based on analysis of the Oncology Services Comprehensive
Electronic Records (OSCER) database (established by Amgen for observational research, today powered by Flatiron
Health), which captures outpatient data for a representative sample of more than 569,000 cancer patients treated at 52
community- and hospital- affiliated oncology practices (565 clinics) from 2004 forward. The widespread adoption of EHR
by community oncology practices makes this a valuable tool for observational studies in oncology. Specifically, EHR,
which captures routine laboratory results (i.e., serum calcium and albumin values), were used to estimate the

7 Leong R et al, J Clin Oncol 33, 2015 (suppl; abstr 2574).

8 Khozin S et al, 2015. 21(11):2436-9.

9 Gastanaga VM et al, Cancer Medicine (in press) 2016. 51( 13) : 17a¥3.
10 Basso U et al, Curr Med Chem. 201.
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prevalence of HCM by tumor type (confirming findings in the literature) and grade, and describe trends over a recent
time period (2009-2013) including the use of bone resorptive therapies (intravenous bisphosphonates [pamidronate
and zoledronic acid] and denosumab). Additionally, EHR analyses also provided described renal impairment among
patients with HCM, and survival for a subset of patients with vital status via external data linkage.

Indication Expansion (Vemurafenib) — On August 17, 2011, the FDA approved vemurafenib (Zelboraf) tablets for the
treatment of patients with unresectable or metastatic melanoma with the BRAF'®%E mutation as detected by an FDA-
approved test. The major efficacy outcome measures of the trial were overall survival (OS) and investigator-assessed
progression-free survival (PFS). While less common in NSCLC, BRAF mutations do make up between 1 and 3% of patients
predominantly in adenocarcinoma with a history of smoking. A histology-independent phase 2 basket study observed
vemurafenib activity in NSCLC.!! Determining whether additional data on BRAF patients in NSCLC can be extracted from
EHRs may help build the case for an expanded indication without the need to confirm through a traditional clinical trial.

Indeed, supplementing patients' data from the Basket trial with about 40-50 patients with data on real world response
rate, duration of therapy, prior treatment, and safety may be sufficient describe patient responses in BRAF V600E
Mutation-Positive NSCLC.

Confirmatory Studies (Crizotinib) — In August 2011, FDA granted accelerated approval to crizotinib (Xalkori) for the
treatment of patients with locally advanced or metastatic NSCLC that is ALK-positive. Full approval was contingent on
the completion of two phase 3 randomized clinical studies in treatment-naive (N=343) and in previously treated (N=347)
ALK* NSCLC. Full approval was granted November 2013, based upon PFS results from the trial in treatment-naive
patients. A sNDA label update for the second phase 3 study in previously treated patients was approved September
2015. In 2016, crizotinib received BTD for the ROS1-positive development program and the sNDA application for patients
with ROS1-positive disease was granted Priority Review and received approval in March 2016.

In retrospect, and in the context of breakthrough activity of crizotinib in the selected patient population, would a RWE
study have been appropriate as a confirmatory study for ALK* NSCLC? Following crizotinib approval, a retrospective real
world cohort study was conducted in the United States and Canada utilizing medical record review of 212 ALK* NSCLC
patients who initiated crizotinib as first or later line therapy®? This study provided further information on crizotinib use
and outcomes of patients and was supportive of the phase 3 clinical studies. For example, response rates seen in the
real world cohort study (66% overall; 69% in first line and 60% in second or later line) were similar to the response rates
seen in treatment-naive patients (74%)*® and previously treated patients (65%)** in the clinical studies. In the real world
study, one-year survival rates in first-line patients (85%) from the real world chart review was also similar to the one-
year survival rate seen in the clinical study of treatment-naive patients (84%).%° These real world data provide support
for the benefits of crizotinib in patients with ALK* NSCLC and are in line with data previously reported in clinical studies.

Following the early phase results, could RWD supplement, or replace, traditional requirements for post-market
commitments in future development programs? A better understanding of whether real world studies are able to
confirm clinical trial results would lend credence to this idea. Ultimately, observations confirming clinical trial findings
may provide opportunities for novel trial designs that incorporate real world evidence earlier into development.*®

Pilot Studies

Building on the above examples, this work group considered opportunities for designing prospective pilot studies to
assess the feasibility of using RWE to support regulatory decisions. The key goal of this exercise would be to test and
validate data collection efforts and identify novel endpoints that correlate with clinical benefit and reflect correlations
between clinical practice and trial settings. Possible approaches for developing a pilot study are captured below.

“Hyman DM et al, NEJM. 2015.

12 Davis KL et al, Presented at 16t World Conference on Lung Cancer, September 6-9, 2015; Denver, CO.
13 Solomon B et al, NEJM. 2014. 371(23):2167-77.

14 Shaw AT et al, NEJM. 2013. 368(25):2385-94.

15 Solomon B et al, NEJM. 2014. 370(11):988-90.

16 Koehler M et al, Ann Oncol. 2016. In print.
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Immune checkpoint Inhibitors in tumors with high rates of mutational burden

Among various tumor types, melanoma and NSCLC patients have been the best responders to immunotherapies,
possibly due to the number of somatic mutations present. Indeed, early studies point to an association between tumor
mutational load and efficacy. For example, patients with high rates of microsatellite instability (MSI-high), a marker of
defective mismatch repair mechanisms, have been observed to respond remarkably well to PD-1 and other immune
checkpoint inhibitors. While most fully characterized in colorectal cancer (CRC), clinical reports in other gastrointestinal
malignancies, and gynecological cancers among others are increasingly available. A recent report suggested that the
objective response rate for the PD-1 inhibitor, pembrolizumb, in CRC was 40% when there was evidence of MSI-high
(versus 0%) in patients with proficient mismatch repair. Additionally, 5 of the 7 non-CRC patients studied also responded
to treatment.?” Studies evaluating the link between MSI-high and immune checkpoint blockade are already ongoing and
there may be additional biomarkers of mutational burden to better identify responders including, quantifying
mutational load or identifying mutations in other DNA repair proteins.

To date, studies have not shown that immune checkpoint inhibitors are safe and efficacious for widespread use in highly
mutated tumors. Hence, the clinical rationale for prescribing PD-1 inhibitors for people with evidence of mutational
burden, such as microsatellite instability, exists but is insufficient. Based on this rationale, a prospective study of
currently approved PD-1 inhibitors in patients with highly mutated tumors, could be addressed in the real world setting.

Determining the feasibility of this pilot would initially require a retrospective analysis of existing databases (e.g., the
Flatiron Health dataset plus targeted chart abstraction and linked claims data) to address outstanding questions, such as,
testing patterns (i.e., timing, disease state, test type, etc.) and treatment patterns (including toxicities and observed
outcomes) in cancers with evidence of mutational burden. Once all the necessary components are identified, building a
prospective trial would depend on scoping (i.e., cancer type, study size, etc.), optimizing the biomarker and test use, and
ultimately defining mechanisms to measure efficacy.

Proposals for RWE Applications

With numerous advantages to collecting RWD, ranging from supplementing post-market data collection, decreasing
costs and development timelines, defining novel outcomes, and minimizing the number of patients exposed to a less
efficacious therapy, this working group proposes utilizing RWD with the intent of answering specific clinical questions
and, when appropriate, informing product labels, in the following areas,

1. Expanding the safety profiles of a therapeutic,

2. ldentifying populations with enhanced benefit/risk for an already approved therapy to inform clinical practice,

3. Piloting studies to determine the potential correlation between feasible real world measures (i.e., time to
treatment switching) and more traditional clinical trial endpoints (i.e., time to progression),

4. Building evidence for a supplemental package to expand the indication profile for a therapeutic,

5. Supporting efficacy results observed in clinical trial setting, particularly in areas of unmet medical need, when a
new drug shows substantial clinical benefit. Real world studies that are able to support the preliminary
magnitude of effectiveness in a larger cohort may be sufficient to serve as post-market confirmation of clinical
benefit.

These proposals are intended to guide developers in considering RWD collection during drug development; however,
careful consideration and discussions with regulatory agencies will be needed in order to account for any observed
outcomes, such as loss of efficacy, within RWD.

17 Le DT et al, NEJM; 2015. 372(26):2509-20.
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Appendix A: Detailed outline for the Ramucirumab case study

Clinical questions
to be addressed
utilizing RWE

The objectives of this study are to describe patient characteristics, safety and mortality in patients with
advanced NSCLC receiving treatment with ramucirumab plus docetaxel (R/D) as well as a PD-1 inhibitor (PD-1) in
any sequence. Included patients will be those who received the R/D in any treatment setting as well as a PD-1.
Key questions include:

e What are the demographic, clinical and treatment characteristics for the cohort?

o Demographics: age; gender; race

o Clinical characteristics: smoking status; ECOG performance status; stage at diagnosis; biomarker status
(EGFR; ALK; ROS1; PD-L1; KRAS) time between diagnosis and advanced disease; histology

o Treatment history: use of systemic and targeted therapies

o Reimbursement: insurance status

e  What is the treatment sequencing of R/D, PD-1 and other therapies in this population?
e  What outcomes are observed when R/D precedes PD-1 vs comes after PD-1?
o What OS is observed?®®
o What safety events are observed?®®
Proposed Milestones
1. Feasibility, scoping and study design, presented at the 6/16/2016 Friends/Alexandria Summit meeting
on RWE (intention is to present high-level study scope and design)
2. Full analysis and report once the data matures
3. Potential labeling updates based on the outcomes of the study

Included data
sources

In order to address these questions, we plan to leverage RWD and specifically EHR data. The proposed data
source is the Flatiron dataset, which comprises longitudinal, patient-level EHR data. The Flatiron dataset
incorporates the data from both structured and unstructured EHR data streams. For unstructured sources in
particular (e.g., physician notes, pathology reports, etc.), Flatiron uses technology-enabled abstraction to curate
data points at scale. This enables Flatiron to consistently and accurately pull some of the most elusive clinical
details out of the EHR. Each patient record passes through the technology-enabled process, with human review
of each data element collected to confirm patient information (such as demographics, diagnosis, stage,
histology, etc.). This abstracted information is often missing and/or inaccurate if relying on the structured EHR
fields alone. By combining the processed structured and unstructured data, Flatiron can create a longitudinal
view of each patient, tracking key events, interactions, and therapies over time. Flatiron’s EHR dataset is already
annotated with mortality data; No additional linkages are needed to add these variables. The mortality variable
represents an amalgamation of internal and external data sources to represent the best understanding of a
patient’s vital status and date of death. Data is sourced from the EHR as well as obituaries, funeral homes, and
other sources. No other data sources are needed, based upon the current scope of the research questions. If
needed, the Flatiron EHR data can be linked to healthcare claims data of other sources.

Data merging
processes and
challenges

Data linkage is not necessary in order to accomplish this project, but would be doable if needed. Flatiron retains
the underlying patient identifiers (in a HIPAA-approved manner), and can link directly to external data sources.
Because Flatiron maintains access to the patient identifiers required to link patient-level data to external data
sources, Flatiron must take extra precautions to ensure linking occurs in a de-identified manner. Flatiron works
with a third party de-identification expert to oversee the linking process and confirm that all linked data is
certified as de-identified.

Variables needed
to address
clinical questions

Flatiron will abstract the data variables included in the data model listed below to support the key research
objectives. As noted above, Flatiron processes both structured data (i.e., data points that are organized in a
predefined manner, such as dropdown fields) and unstructured data (e.g., free text from a physician note or a
scanned pathology report). Together, these patient-level data provide a complete view of each patient with
resolution at the indication, testing and treatment level.

18 Since the potential follow up time for PD1 inhibitor therapy is shorter overall, it is likely necessary to restrict the cohort to people
receiving therapy for metastatic NSCLC after the date of first approval of PD1 inhibitors in lung cancer in order to reduce bias.
% Exact safety events to be confirmed prior to study initiation
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Structured and | Preliminary data model to be confirmed upon formal study scoping with Lilly:
unstructured Structured Data:

data variables e Demographics (to be determined based on de-identification requirements)
Diagnosis (ICD9 codes, ICD10 codes and dates)

Visits (date and type)

Labs (test date, result date, test name, result with units, and normal ranges)
Medication Administration (date, drug, dose and units)

Medication Orders (date, drug, dose and units, route)

e |nsurance

e Performance Status (ECOG)

Unstructured Data:

e Date of initial diagnosis

e Date of diagnosis of advanced disease: first recurrence or metastasis

e  Group stage at time of initial diagnosis

e Documented history of smoking

e Biomarker status: EGFR, ALK, PDL1, KRAS, ROS1 (including testing status, test result, and test date)
e Safety events (specific events to be defined in collaboration with Lilly)
Derived Data Elements (combine structured & unstructured data elements using clinician-defined business
rules):

e Lines of therapy

e  Mortality

e o o o

Challenges/ Flatiron maintains robust QA/QC records to support data credibility and provenance requirements for RWE use
considerations | cases. Documentation includes:
with regard to e Cohort selection criteria

consistent/ e Overview of the source data, including completeness, inter-abstractor agreement, and kappas for each
reproducible structured and unstructured variable

variable e Analytic notes

extraction e Business rules used to develop each derived variable, including an audit trail of changes

process Specific data provenance initiatives include, but are not limited to:

e  Fulfillment of HIPAA certification requirements

e Secure HiTrust certification

e Data freeze and retention processes

Flatiron also maintains internal QA/QC processes. For enhanced data captured by Flatiron abstractors from
unstructured fields, in particular, Flatiron has developed multiple tools to monitor and measure quality. All
Flatiron Health data abstractors are experienced oncology nurses, clinical research associates, or trained tumor
registrars and continuous quality monitoring governs the abstraction process. Abstractor reliability scores,
designated by kappas, are required to remain within a defined range (specific to the diagnosis and data model
for each module) during both initial training and ongoing quality assurance (QA) checks. Furthermore, initial
training and testing is conducted on actual EHR records against “gold standard” outputs (as defined by our
internal oncologists) to ensure abstractor comprehension of specified data points and policies and procedures
prior to initiating “live” abstraction on a set of tasks. Data elements are duplicate abstracted at the start of each
new module to confirm agreement and ensure consistency of variable collection. The quality of each variable is
monitored on an ongoing basis and medical outliers or edge cases are escalated via a “Review Panel” for
adjudication by our Abstraction team leads, QA specialists, and/or medical oncologists.

Endpoints to be | Surrogate endpoints are not planned. This study will look at OS and safety. Specific safety events will be defined

defined and and scoped in collaboration with Lilly. Flatiron will abstract safety events as documented by the physician in the
associated underlying chart. While Flatiron will be able to provide details around specific safety events that are recorded in
challenges the chart, visibility into specificity or severity of each event is sometimes limited. Flatiron has found that

physicians typically do not systematically document grading in the chart in the real world; though where
available, Flatiron would collect this information. Depending on the specific safety event, Flatiron can
collaborate with Lilly to develop proxies for grading based on lab values that are in the structured data.

As part of the development process, Flatiron plans to build a quality validation plan in order to assess the quality
of the abstracted safety events. This plan will be developed collaboratively with Lilly and/or other key

10
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stakeholders in order to ensure that the resulting data represent a robust endpoint to support this research
guestion.

Collection of
patient level
RWD

As of January 31, 2016, we have approximately 80-90 patients in the Flatiron dataset that generally meet the
criteria for the study population. Since ramucirumab and PD-1 inhibitors were fairly recently approved, we
anticipate that the use of these drugs will increase quickly over time as clinicians become more familiar with
them and patients receive successive lines of therapy (e.g., 2nd line and beyond). We are seeing new
ramucirumab patients added to our advanced NSCLC dataset at a rate of approximately 10-20 patients per
month; New PD-1 patients are being added to our dataset at a rate of approximately 200 per month. Further,
we anticipate that time will be needed for safety and survival outcomes to accrue with the population; A
minimum of 6 months median follow up is likely needed.

Based upon the above, we anticipate that the sample size available for review at a June meeting with Friends of
Cancer Research (Friends) is a cohort of approximately 100 patients. Maturing of the dataset beyond June will
add patients and longitudinal safety + outcomes data. The exact timeline and implications for sample size will be
determined collaboratively with Lilly based upon review of the initial cohort and projections. Upon delivery of
the dataset, Flatiron will provide full documentation of data completeness.

HIPPA/informed
consent issues,
regarding
submission of
patient level data
to regulatory
agencies and
auditing of
individual data.
What new
processes/policy
changes need to
be in place?

Deidentified patient level data can be used for this purpose without patient level consent. Flatiron partners with
oncology care providers through several software products, in aggregate referred to as OncologyCloud™.
Flatiron executes Business Associate Agreements (BAAs) with every cancer specialist using these software
products thereby allowing Flatiron to pull a copy of the patient medical record into a central repository for data
processing under the TPO exemption of HIPAA. Structured and unstructured data processing renders the main
dataset, which is then deidentified and stored separately for secondary research purposes. Flatiron maintains
the full patient chart for each patient in Flatiron’s network, enabling an adaptive data model and the ability to
conduct supplemental abstraction to support studies at any point in time. The Flatiron data repository, data
processing approach, and approach to retrospective research is described in a protocol approved by the New
England IRB.

Flatiron maintains full documentation of the data abstraction processes and quality metrics (as described
above), allowing for audits should the need arise. Individual data can be submitted to regulatory agencies
(assuming deidentification requirements are met).

11
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Appendix B: Glossary of Terms. The following terms, while still evolving, have defined for the purposes of this white
paper here.

Breakthrough Therapy Designation (BTD) - Created in 2012, as part of the Food and Drug Administration Safety and
Innovation Act (FDASIA) and intended to: 1. treat a serious or life threatening disease or condition and 2. preliminary
clinical evidence indicates that the drug may demonstrate substantial improvement over existing therapies on one or
more clinically significant endpoints, such as substantial treatment effects observed early in clinical development.

Electronic Health Records (EHRs) - A digital version of a paper chart that contains all of a patient’s medical and clinical
history throughout the patient’s care and used by providers for diagnosis and treatment.

Pragmatic clinical trials (PCTs) - Are prospective randomized intervention studies that leverage the existing clinical
infrastructure and are designed to test interventions in everyday clinical settings to maximize therapeutic applicability
and generalizability.

Real World Data (RWD) - Data collected from sources outside of conventional randomized controlled trials — for
example, from electronic systems used in health care delivery and to track patient experience with care —are commonly
referred to as real-world data

Real World Evidence (RWE) - Evidence derived from the use, benefits and risks of medicines that fall outside the bounds
of the classic clinical trial settings, including use of data that is routinely collected in the daily practice of medicine, and
thus reflective of the heterogeneous patients seen in real world practice settings.

12
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Summary

Technological advances in data captire are rasing the potential that information collected az part of hroad
care delivery can be nsed e suppart the abserved clinical bepefit of a new dmg and sopplement post-
marketing commitments or label claims for additional indications in rare cancers, where fow meatment
aplions exisl,

Tndraductinn

Traditionad evidence penecaiion for the development of pew trestments follows well-established pathwavs
besinming with Jefining safely profiles, establishing inital eficacy, and expanding o pivolad toals 1o
support regulatory approval. Often pivetal trials rely on randomized controlled clinical trials (ROTs) that
provide the most reliable infommation, through comprehensive desizms w control for most sources of blas,
reparding the effects of therapentic inferventions. Tn recent vears, hicmedical advances have facilitared
broader use of aliernative evidence collection models, including non-randomized approaches, where
RCTs may not be feasible or ethical.t

While providing mechanisms to comprehensively address the safety and efficacy of navel therapies, these
traditional approaches W evidence generation only provide information of relaively homogeneous
populations found in clinical tinls and peeded for resulatody appaoval, vet, leave many questions
voaswered regarding dmg  effectiveness, tolerabiity, and feptment beterogeneity in real-world
populations. While many new drugs continue i be monitored theough systemic post-market evaluation o
aildress cerain practical aspects of drog applications, the systemic monitonng of clinical prasctice s yel
to b mare hroadly applied to other stages of dmg development, particularly in cncology,

Additionally, new scientifie advancements in drug development have led w the inerease in molecularly
toreatad therapies, which tarpet “suberoups of patients (within the larger population with o siven Jisease)
whi are predicted to henefit from them.™ The increazed apecificity and potential for substantially greater
benelits over other therapies provide sreal promise, bul also may lesd 0 wension bebween the regulatory
requirements and development resources, including ethics, time, costs, and patients, The Breakthrongh
Therapy Designation {BT17) program, for example, seck to mitigate some of these tensions by expediting
the clinieal development of drugs that arc intended o treat serious and life-threatening discases and for
which prelimimacy climical data indicate that the doog ey provide o sobstantial beoefit over available
therapies, while minimizing valuahle resources. While BT and Accelerated Appraval pragrams have
coninbuled o the expedited development of many povel therapies, they mely on the need W expand the
safery profile and confirm clinical henefit of the dmig in other dizeaze setfings and‘or in the post-market
setting.

Fewel- Wowrld Eviclence

The gowing use of electronic health records (EHES) bave facilitated collection of patient data cutside of
clinical trial sctings, and hold potential o further inform patient care, supplement cumrent clinical trial
methodologies, and speed dmg development; in general, CIE-Jerived clinical data, wlhich s a
comprebensive collection of a patient’™s medical and climsal history, is refermed to as “meal world data™
(W EHR=, along with namernus other data sowrces including, randomized trial supplements,
pracmalic mals, patienl resisioes, administratve clams, surveys, pre-approval acoess programs, and
mohile health-generated data {e.g., smartphones, wearables, social media) all contibute ta the broader
eomeepl of Real -World Evidence (RWE), refeming 1o evidence generated from data collected outside the
traditional clindead tvial setting including vse of data that is rovtinely collected in the dady practice of

1'The vole of Non-Randomixed Trials for the Evaluation of Oncology Dmgs. November 20004,
i ] [ . RN T i e L TV

4 i

Py SR L § =
* Sherman KE, Li |, Shapley 5, Eobb M, and Janet Woodcock, Expediting Doz Development—The FDA's New
"Mreakthrvough Therapy" Designation, NETM. 2013 369:1077-1080.
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medicine, and thus reflective of the heterngeneous patients seen in real world practice. RWHE may better
reflect the penecd population and the care they receive, given Ul encollment i climead tnals s often
limited to patients with specific bazeline characteristics. Therefore, high quality WWE can potentially
enable a more gencralizable estimate of the safety and effectiveness of therapics than well-controlled
clinieal trials with narrow eligibility criteria,

RWE may be particulardy vseful in the case of a dmg with a large effect size, such as a BTT), where
confidence in the original ellicacy data 15 relatively high, While concerns regarding dota quality, owing e
factors such as mizsing information amd pop-systematic data collection, are substantial, information
gathered from EHE: holds the promiae of allowing data to be colleeted on more patients and more rapidly
than tradidonal phase 4 trals, or phase 203 mals designed o provide evidence for new indications. Thus,
in cazes of transformative weatments, the question umder what conditions would it be feasible to confivm
climical benctit in new indications in the real world setting and vse this evidence to support new label
claim, warrants serious consideralion

Eeal-World Evidence Applications

There are numersus uses and advantages to colleeting RWTI and apph'mg it as & source of RWE to extend
our umlerstanding of the salely and “elfectiveness of a therapeutic. The challense Tor studies ulilidng
RWE, will be ta balance the need to ease access to new promising therapies and at the same fime provide
atrong convincing evidence of clinical beneiit.

Thus, sn opportumily exists o culline approaches and considerations Tor developing and (esting pilet
stndies that aid in determining the feasibility of eollecting and wsing RWE to provide atrong clinical
evidence W support regulatory deeisions. Pilol projects have opportunitices o 1) test data eollection
svetems and identify reliable sources of W, 23 assess the feasibility aod wtilice of real wordd data, 35
identify novel endpoints that correlate wAth elinical benefit and reflect correlations between clinical
procice and nal sewines, and 43 detennine other stody eritedon, soch as biomarkers and study size,
important for meeting study objectives, Ulumadely, svch studies can imform reeuladory  proclices,
including identifving criterion for label expansion, and impraving our understanding of drag performance
and climcal inal generalizability.

Exploring RWE Collection: Ivpothetion] Cose Shwlies

We esplore three potemtial nses for RWE using a hypothetical scenario, Tn this scenano, the ariginal
approval of “Therapy A™ was based on a single arm study, which displayed actvity similar o a
Breakthrouwgh-like prodoct, The drog received either full approval in an indication with o simall overall
paticnt population or accelerated approval that was later converted o full approval based on a randomized
study in o less sck popolaton, The drog hos been avialoble cn the market Tor 17 vears and sdditiomad deta,
including phaze 4, investigator initiated studies and RWTY, confirms the positive risk/benefit in the
approved indication.

Based oo this scenano, tuee case studies ae considered below [or using BEWTF could be used to suppod
] expaund the safery aod efficecy dataset for hypothetical Therapy AL The poal of these approaches is
to learm about the utility of collecting real-world data in the specific cases described and determine
il the genermled evidence thal meets a pre-specilicd dala guality standard, cewld supporl w label
claim [or on additivnal indication or an opdaie (o the label considering dosage andfor schedole of
approved  treatment  regimen. Thus, cach approach tequires a  discussion.  between  the
sponsor/inyestizator and the FDA around detennining the appropriate slandard for collecting real-world
data, which may include observational data, as well as best approaches for combining data from multiple

: HluLpr.inl for Brealathrough: Exploring the Utility of Beal World Evidence [EWET. Jun 20040,
it S S focrore fsites defon 1/ files S pd £ TRUWE S 20- % 2 0 aject Y P OPEE- MEETT N G2 ODTAFT. jd
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aources, determining  the appropriate study sample size, analysis approaches, and data quality
wapeclalions,

1. Trospectively-defined collection and review of patient experiences on off-label vse (i.e,
abgervational data) For approved agenis.

Application: Soarly plose S feids andd evidence from o "Boslet' phose 4 Iricds, Bosedd on S0-03
frocifed potients, Iadicales the Therapy A maybe wery aclive in @ pore concsr, whare no other
treciiment oplions are meilable. 1o goin aecesys o Wis drug (oflabel) the sponsor reguests o
sMeghing w8 e FOA lo review aed discuss exishing evidence and fhe abiih fo oollect
abservationgl dala fe supplement e exsting Umitad data ediained in cliningd rials,

Dielermining dhe Jeastbility of waing observafiona! dodos cis the bosty Jo upcdale The label of Therapy
Aowdl depend on on ggreement around the asswraeee of dife guelity aed  necessary
doctamentation, the necessity of conducting an abservational study over a fraditional single-arm
apeproacl, ancd the abdliy o define andd mieed study chieciives,

Hased on the feedhack received, e sponear conducts anoluses using the meost relevwand eadpoings
(e.g., physivian defined response, fme on curren! thergpy, vompered lo e on previows therapy
omcor decrease of pain medicalion wee on current Sherapy, compared fo previows 6 monthsl. 4
SARPET AoRNY 8 obierved, SPCRSGRE BRIV CoRsiisF Fogucsting o FOA mieeling o discuss e
subizsion of reports and dala.

2. Phase 2 randomiged inal approach o assess or confirm a robust response rale amd coninue: longe-
term follow-up in the real-world setfing,

Application: & @ rarraw disecse seliing, palienis femve fimited treafment epiions once Hhey
exficias! he 3-2 onvgilable Therapies resalling in unfovorable culcomes, A sirong scientific rodionol
eatsts thot Therapy A cowld be active in a specific idication fe.g., bismarker defined), A delailed
cesesamen! of the activity of Therapy A cowld be done wsing o relatively small, approximectely G-
A peatlends, randonoed (200 ) phase 2 ostede of Theropy A vs, phvsicion's chiclee, I the paiients on
Thergpy A experience Significanl respense comearad o pahicils on the cortrol arm, who are
progresstag rapialy, Mhen crossover al the time of progression would be allowed.

Corcwrrend do the phose 2 sy, an observafionad doda collection siradesy Jor The some
iidicafion, malcking paticns on @ s2 af pre-gpecified aseling charactsrisiios aid nunber of
prior therapies, ool be emploved. The collection of vhservational dota cowld alse be wyed as o
confral arim o the phose 2 tmal b gssoss ond comiparg Tonger-faFm culcomes fag., Hme on fhe
mas! current WRerapy, and even overall survivall, The feasiBlnty of s approaeh wowld depend
o sperser PO apreed wpen criferia Jor collecling, anadvzing, and assuring gppropricteness of
cRTh glenlity aid sfdy desiga,

3. Pragmatic rvandomized trial  approach  leveraging  existing  clinical infrastructure o test
interventions in evervday clinical sellings,

Application: Follovang iticd approval of Tharapy A, addiicnal clinical experisies Suggests o
a lower dose given more freguently cowld be just oy gfficaviows and posyibly safer than The
orfginad deose stvcied and included in the prodict lobel,

iy and safety aF the iew dose cowild Be asrassed By coiddcling @ rok-inferianity pragimaiic
Farsinmied shidy cammparsg e fwa freafmen! regimens, Following rardorizotior, tRe ooia for
the stcly Fimcohucfing pafient characleristics, dreaimen!, and suwtcomes) cowdd Be abinined from
alzefranie Aol records, The feosilin of Ihiz approack wawld depesad an sponsardFDA agread
upan criteria for collecting, anobraing, and avnring approprictencss of daio quality and sty

101



2016 PUBLICATIONS AND WHITE PAPERS — FRIENDS OF CANCER RESEARCH

design. This approach would allow for asessment of feasibility of hath ebtainig conseni and
remicloniizing pafienis of siles beyond Shose Pveically cordiacting rawdomized conrolled frials,
[Fiver the pre-spevified criteria are mel, e gekeraled svidenss could Be weed o wnalals e el
with infurmotion on the new regimen.

The success of these three approaches depends on a rigorons asseszment of ouleomes within the EWD
getting. The assessment process needs to assure reliability, conzsistency and validity of the owtcomes. Tt
mavbe alse be regquired that real world data outcomes in the ongnal indication are conssient with the
resulis from the clinical frials in the original indication,

While not captured in the above approaches, RWID collection for Therapy A post-approval may
additionally provide information on the safety profile of the drog including: dose inermuptions, doss
mndifications, concomitant medications, additional toxicity and other adverse events, therapy duration,
and may contribule 0 the enhanced evaluation of an appropriate dose of the drug in the post-markel
aclting. Thus, data around patient characteristics, salely. and mortality in patienls receiving treatment with
Theraps A, i any treatment sefting wsing even a limited patient pool that meet the criteria of the study
population, may facilitate detenmination of appropriate treatment safety, doging, and sequencing.

Eeal-Wordd Lvidencee Comsiderulions

Each approach will require additional considerstions and questions to be addreszed to determine the
appropriate study mechanism., These are summanzed in the below table.

Caonsiderations {Iuestions

IMacase aelling s Iz rndumization feasible?

o Should rarity be a factor?

«  Could study enrcllment and completion be effected {i.e., inability 1o aceme
pati ents)y ¥

Fificacy experience o What efficacy data is available?

Ls il consistent with a BTD?

[Jocs preliminary information on the activity of the BT in this specific

indication exiat?

Saflely profile o [sthere a well-described safery profile on this therapy ?

& e adverse events well deseribed?

* Tl appropriste dosing amd sequencing been determined?
Existing treatment o Could these serve as a control 7
oplions #  Cpuld altermative treatment options effect study acerual or anal vais?
Study cartcomes s  Which outcomes are appropriate for the study?

o Phvsician assessed response role

oo Thration of physician assessed response

o Deeeresse inpain meication use as compared o palicnls previous & — 8
imonths

o Decrease in medication use to control other discase specific symploms

o Duratiom on previows ant -tumor therapy as compeared 1o duration on
the most recent breakibuoueh therapy

oo Time to awitch in therapy (versus control )

o Owverall Survival (versus control )

o Phvsician assessed T'EFS (versus caontrol )

Sample =12 «  What data is already available'?

»  What is the expected sample <120, based on factors such as response rale?
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Feasibility »  {Fiven the ahove, is the stdy feasible?
o Camil be enrodled considenne disease nmiv?
o What will it teke o complete the study (Ume and resoureesy?
o Will contral patients agree to be part of this study, or will they look for
other treatment options?
o Where appaopriate, is crossover possible? How will the point of cross
over be determined
Drata collection and use |« What approaches can be used to minimize bias?
o Drtais eollectled from multiple medical mmstitouons with varying
standard practice
= Ciather data for same mdication for patients ireated with any other
therapy as a contiol anm
*  Can patient level data be submitted w FDAT
«  What documentition is available Tor these data and can any of the soarce
diccuments e andited?
BenefitKizk & What are the henetits of this approach compared tn other approaches’?
o Llnder what compditions would it be preferable fo other approaches for
labeling claims, i.e., additional indications for BT
« A there any lezal ethical concerns with the approach? ie.. off-labe]
proanatian?
#  Llow com the risks for sponsors and the FDA be mitisated 7
» (’an aclinical mal, or pragmatic trial be initated in the same indication,
but in earlier lines of therapy?
& A there eanditions under which this approach would be able to suppart
label claim Tor an additional indication for BU17
oo Chiigide BT
oo Under-represented groups” (ec.g. patients with brain metastases,
leptomeningeal carcinomatosia)
o Biomauker selected studies (e.g. selection based on liguid biopsy rather
than tissue testing)?

Conclusions

Ag real-world evidenee is increasingly used to support dmg development, more rescarch, onllaboration,
ani] transparency 15 nesded o improve data caploee, gqualily, and analviics, Alveady advancements o data
capture have expanded apparunities ta better ineosrporate patient experiences amd auteomes from routine
clinical care into a range of drog development processes thal can improve evidence quality wsed o
support decision making, Addivonal elfors, incloding legslanve proposals and Presenplion Druge User
Fee Act VI PDIUFA Y neaotiations have highli ghted these izsnes az a priogo,

The tirst step in realizing the numerous opportunities oftered by real-world data, will be to begin testing
the ability of such data o address oulstmding questions o drug development. This work eroup
cansidered possible approaches for designing prospective pilet siudies 1o assess the ability of using RWE
to support regulatory decisions. The three approaches outlined above for developing pilot studics are
intended gnide developers i conzidering broader data collection o nfem the otality of evidence duing
drug development: however, carctul consideration and discusgions between sponsoms and regulatory
agencies will be peeded incdeding wmooaereed vpon pre-specilied spprosch,  dota standards,  and
considerations that aceount for any observed outcomes, such as losz of efficacy, within the real-world,

FPRUFA V] Commitment Letber
hitpe S fda gore Sdensriload £ T orIndusteg SzerFees  TrescriptionDgl serbae ATCWST 1438 pd f
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About Friends

FRIENDS

of CANCER
RESEARCH

PARTINERSHIPS SCIENCE SOLUTIONS

Friends of Cancer Research drives collaboration among partners from every
healthcare sector to power advances in science, policy and regulation that
speed life-saving treatments to patients.

THE POWER OF COLLABORATION

During the past 20-plus years, Friends of Cancer Research (Friends) has been instrumental in the
creation and implementation of policies ensuring patients receive the best treatments in the fastest
and safest way possible. We've been successful due to our ability to convene the right people at
the right time and put forth revolutionary, yet realistic ideas. We are energized now more than
ever to continue this critical work with our trusted partners, creating innovative solutions to
overcome barriers standing in the way of conquering cancer. Below are highlights of our
collaborations and active initiatives.

BREAKTHROUGH THERAPY: A PATHWAY THAT REWARDS INNOVATION

When new drugs aimed to treat serious and life-threatening conditions show unprecedented
effectin early clinical testing, patients shouldn't have to wait to receive treatment. To address this
complex problem, Friends worked with partners in advocacy, regulation, drug development, and
bipartisan Congressional champions to take the Breakthrough Therapy Designation from an
innovative concept, to scientific whitepaper, to federal law in just 13 months. This resulted in the
passage of an expedited FDA development program that ensures patient access to revolutionary
drugs as quickly and effectively as possible.

> The concept was initiated at our Annual Meeting, with an expert working group which
proposed strategies to expedite FDA approval of exceptional drugs intended to treat a serious
or life-threatening disease and preliminary clinical evidence suggests it provides a substantial
improvement over existing therapies, without sacrificing safety and efficacy standards.

> The program has seen upwards of 450 requests, over 150 designations with more than 50 of
those drugs now approved.
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LUNG-MAP: A REVOLUTIONARY PRECISION MEDICINE CLINICAL TRIAL DESIGN

Taking a new drug from the initial discovery stage through clinical testing and regulatory review
is complicated, expensive, and often inefficient. This is compounded by the fact that trials for new
drugs are almost always conducted separately, even when multiple drugs are being developed to
treat the same condition. To address these hurdles, Friends developed a first-of-its kind
collaborative clinical trial.

> The approach, first discussed at our Annual Meeting, is a multi-stakeholder partnership with
leadership from the FDA, NCI, Foundation for the NIH, research institutions, patient advocacy
groups, and industry collaborating together to develop a new and more efficient protocol for
how future clinical trials could be conducted.

> The trial, a biomarker driven multi-drug study in squamous cell non-small cell lung cancer
launched in June 2014, now enrolls over 1,000 patients and is open at more than 700 sites
across the U.S. with 5 pharmaceutical companies collaborating on a single trial.

CREATING A BLUEPRINT FOR DRUG/DIAGNOSTIC CO-DEVELOPMENT

While cutting-edge drugs have access to special FDA pathways and approval mechanisms, the
addition of companion diagnostics that enable their use can complicate the regulatory process.
Through our annual “Blueprint” forum, we develop innovative solutions and approaches to address
the challenges of drug/diagnostic co-development. Major outcomes of this forum include:

> |dentify ways to overcome the challenges associated with biomarker development;
> Facilitate optimal development of diagnostics with breakthrough therapies;
> Develop a regulatory framework for next-generation sequencing as a companion diagnostic;

> Develop standardized approach to increase utilization and sharing of large-scale genetic
databases

THE FUTURE OF TREATING CANCER: IMMUNOTHERAPIES

Friends is working to further the field of immuno-oncology through the development of a Policy
Advisory Group consisting of a small, but representative group of scientific, clinical, patient, policy,
and industry thought leaders. These thought leaders will shape a multi-stakeholder process to
pave the way for this exciting new science. In April of 2016, Friends became a launch partner of
The Parker Institute for Cancer Immunotherapy, with Friends’ Chair, Ellen Sigal, serving on the
institute’s advisory committee.

PATIENT & ADVOCATE REGULATORY EDUCATION

Patient input in the regulatory process is a vital part of the evaluation and approval of new
therapies. The FDA structure and process for potential new therapies is complicated and not
commonly understood. To best equip advocates to engage with researchers, regulators, and
scientists, Friends is developing an online-based advocacy education and training program. This
will provide a strong foundation of knowledge and act as a venue to connect patients with
opportunities to impact drug development.
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POLICY PRIORITIES

21ST CENTURY POLICIES FOR 21ST CENTURY SCIENCE & INNOVATION

> Friends was a primary driver of one of the most significant health-related legislative actions of
Congress, the 21st Century Cures Act. The Act passed the House on November 30th by a vote
of 392-26 and the Senate by a vote of 94-5, shortly before President Obama signed it into law
on December 13, 2016.

> Friends developed key sections of the bill that represent substantive changes that will improve
outcomes for patients. These sections focus on: creating a framework for patient-focused
drug development, improving tools to evaluate and advance precision medicine, expanding
FDA flexibility, and enhancing the ability for the agency to attract the best and brightest talent.

CENTERS OF EXCELLENCE: CROSS-CENTER COORDINATION AT THE FDA TO REFLECT
CURRENT PATIENT CARE

Congress has not modernized FDA's organizational structure for medical products since the 1970s.
The existing regulatory framework has been defined by a “divide and conquer” approach to
oversight; separate centers within FDA regulate three major categories of medical products: drugs,
devices, and biologics. In order to take advantage of today's advancements in science, drug
development, and patient treatment, the FDA's structure needs reorganization to focus its
resources and ensure the best outcomes for patients.

> Friends put forth a proposal to enhance coordination at the FDA based on specific diseases to
reflect 21st Century science and modern medical care.

> Centers of Excellence will build on previous efforts to develop a more disease-oriented
approach to product regulation that have demonstrated the positive effect of this type of
organizational structure. They will also allow the agency to develop regular cross-center
processes to align with and support employee motivation for regulating and delivering safe and
effective medical products to treat major diseases.

> Our proposal was adopted by the White House as part of Vice President Biden's National
Cancer Moonshot Initiative, and was included in the 21st Century Cures Act, which was
recently signed into law.
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