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Introduction

1. Introduction

The assessment of a medicinal product, which evaluates the product’s benefits and risks is
at the heart of drug approval decisions (1). Within the European Union the marketing
authorisation is supposed to be refused if the benefit-risk balance of the drug is not
considered to be favourable, or if therapeutic efficacy is insufficiently substantiated (2). In
the United States drugs have to be effective and safe to receive approval (3), whereby safe
means that the benefits outweigh the risks (4).

The thalidomide disaster in the 1960’s was a key driver for the establishment of modern
regulatory systems, and paved the way for the introduction of benefit-risk (B/R) assessment
in the drug approval process (5). However, it is a phenomenon of the past decade that
regulatory authorities, pharmaceutical industry and academia have turned their focus on
methods to facilitate the B/R assessment of medicines (1).

In 1998 the Council for International Organizations of Medical Sciences (CIOMS)
expressed concerns about the lack of generally agreed procedures for evaluating the B/R
balance of a drug (6).

Furthermore, in recent years there have been some highly publicised cases where major
safety issues emerged in the post marketing phase. One example is Vioxx which was
withdrawn from the market as it caused cardiovascular problems (7). Such incidents have
sparked increased risk awareness among patients and risk aversion among regulators (8).

Headlines such as ‘Europe has not learned a thing from the Tamiflu scandal’ (9), or ‘The
FDA is basically approving everything’ (10) demonstrate on the one hand a large public
interest in decisions made by regulatory authorities and contest on the other hand the
reliability of these important authorities. The performance of regulators has become subject
to close scrutiny and the demand for more structured and transparent approaches for
regulatory decision making has evolved (8).

This thesis focuses on the B/R initiatives of the ‘two dominant players in the drug
development arena’ (11, p.17), the European Medicines Agency (EMA) and the U.S. Food
and Drug Administration (FDA). The intention is to compare EMA’'s and FDA’s B/R
assessment approaches. Section 2 starts with the challenges of B/R assessment and
outlines current B/R initiatives. Section 3 includes a description of EMA’s B/R initiatives,
while Section 4 presents FDA’s B/R efforts. In Section 5 EMA’s and FDA’s B/R initiatives
are compared. Section 6 analyses how the authorities communicate their decisions in the
respective assessment reports of six selected drugs and which uncertainties are present at
the time of approval. Section 7 covers the implications of the B/R initiatives on the industry

sector. Section 8, finally, concludes and discusses the findings of this thesis.
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2. The Challenges of Benefit-Risk Assessment and Current Initiatives

2.1 The Challenges of Benefit-Risk Assessment in the Drug Review Process

The B/R assessment of human medicines implies the review of two dimensions, i.e. the
benefits and the risks. The dimension of benefits is mainly determined by the therapeutic
efficacy, e.g. improvement of a disease, while the dimension of risks comprises the safety
profile of a drug, including identified adverse drug reactions and the inherent risk for not yet
identified adverse reactions (12).

To determine the B/R balance regulators have to investigate a vast amount of data,
including quality, safety, and efficacy data (13). The safety of a drug is tested in preclinical
and clinical trials while the efficacy is mainly examined in phase Il and IlI clinical trials (14).

A critical concern for the B/R assessment of human medicines is that not all benefit and
risk aspects can be measured within clinical trials. This is corroborated by the fact that rare
adverse events are commonly not identified in Phase Il clinical trials (15). On the benefit
side, indirect measures, such as biomarkers or laboratory measures, are often used as
replacement or surrogates for clinically significant endpoints (16). A crucial question is
whether these surrogates reliably predict clinically meaningful benefit.

Furthermore, the clinical trial situation per se creates an artificial environment since trial
subjects are more often investigated and questioned by medical doctors than patients in the
healthcare routine. In addition, trial subjects usually do not exactly represent the broad
patient population that receives the drug in the healthcare routine (17).

Simplified and shortened, reviewers have to consider multiple sources of uncertainty,
even though a drug has run through a comprehensive program of clinical trials. According
to Janet Woodcock', uncertainty is central in the drug review process and it is impossible
to know everything there is to know about a drug when the FDA must conclude on a positive
or negative B/R balance (18). The regulators’ dilemma encompasses the decision whether
the drug receives market access or not despite these uncertainties.

The regulators’ decision to approve a drug or not has far-reaching implications for other
stakeholders, in particular for patients. Furthermore, not only regulators decide about the
benefits and risks of a drug, but there are other decision-makers like health technology
assessors. Figure 1 presents the stakeholders and decision-makers for whom the

evaluation of the benefits and the risks of a drug is fundamental.

1 Director, Center for Drug Evaluation and Research (CDER), FDA
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Figure 1: Stakeholders and Decision-Makers

Patients

Healthcare providers

"' Health technology assessors

Regulators

Pharmaceutical companies

Source: IMI PROTECT, Perspective on Benefit-Risk Decision-Making in Vaccinology Conference, 24 June
2014 (19)

The central group of stakeholders are patients which expect effective and safe treatments
and want to decide for themselves whether to take a drug or not. If a drug is not approved,
patients do not have the option to decide.

Healthcare providers want the best treatment for their patients and make decisions
based on treatment guidelines. Health technology assessors focus on the cost-
effectiveness of a drug. Regulators consider the B/R balance of a drug to individuals and
public health and decide whether the drug receives approval or not. Pharmaceutical
companies decide to scrap or further develop a drug candidate and for which licenses to
apply (19). In conclusion, the assessment of the B/R balance of a drug is crucial for all
stakeholders and all these stakeholders evaluate the benefits and risks from different

perspectives.
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2.2 Overview - Current Benefit-Risk Initiatives

Regulators, industry and academia have developed various approaches, ranging from
descriptive textual to decision-analytic, quantitative models, to facilitate the B/R assessment
of medicines. All these approaches share common goals, namely to assist the B/R analysis
and to improve the communication of decisions. Figure 2 shows a summary of the main B/R
initiatives. Although these approaches share common goals, there are some differences
between the methods and a unified internationally agreed method has not yet been

established.

Figure 2: Summary of the Main B/R Initiatives

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

CIRS UMBRA

PhRMA BRAT

CASS/COBRA/SABRE

US FDA Benefit-Risk Framework
____—

IMI PROTECT I

IMI' ADVANCE

Modified from Pignatti et al., Structured Frameworks to Increase the Transparency of the Assessment of
Benefits and Risk of medicines: Current Status and Possible Future Directions, Nov. 2015 (1).
Abbreviations:

PhRMA BRAT: Pharmaceutical Research Manufacturers of America Benefit Risk Action Team

CIRS: Center for Innovation in Regulatory Since, UMRA: Unified Methodology for Benefit-Risk Assessment
CASS: Taskforce representing regulators from Australia, Canada, Singapore and Switzerland

COBRA: Consortium of Benefit-Risk Assessment, SABRE: Southeast Asia Benefit-Risk Evaluation

IMI PROTECT: Innovative Medicines Initiative Pharmacoepidemiological Research on Outcomes of
Therapeutics by a European ConsorTium

IMI ADVANCE: IMI Accelerated Development of Vaccine Benefit-Risk Collaboration in Europe

The Benefit Risk Action Team (BRAT) framework was developed by the Pharmaceutical
Research Manufacturers of America (PhRMA) and traces its origin to 2005. It is mainly a
structured six-step approach including tabular and graphical displays to aid the
interpretation of outcomes.

The Center for Innovation in Regulatory Since (CIRS), founded in 2001, has worked
closely with international regulatory groups to investigate B/R analysis methods. One of

those groups is the Consortium of Benefit-Risk Assessment (COBRA) representing
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regulators from Australia, Canada, Singapore and Switzerland. These regulators
exchanged review reports and developed the COBRA Benefit-Risk Template.

Regulatory authorities from Chinese Taipei, China, Indonesia, Malaysia, Singapore and the
Philippines have been working with the CIRS to test a summary version of the COBRA
framework.

Recognising a high degree of consistency across several frameworks the CIRS
generated the Unified Methodology for Benefit-Risk Assessment (UMBRA), an eight-step
framework that combines common elements of existing frameworks (1).

The Innovative Medicines Initiative (IMI) Pharmacoepidemiological Research on
Outcomes of Therapeutics by a European ConsorTium (PROTECT) project was a
collaborative European project including regulators, industry representatives and
academics. IMI PROTECT comprised several work packages (WPs), one of which, WP 5
focussed on the integration and representation of B/R data. Since the IMI PROTECT project
was coordinated by the EMA (20) the project will be described in Section 3 ‘EMA’s Initiatives
to the B/R Assessment of Human Medicines’. FDA’s B/R framework is presented in Section
4 ‘FDA’s Initiatives to the B/R Assessment of Human Medicines’.

The IMI ADVANCE project aims to develop and examine methods in order to establish

a B/R framework for vaccines (21).
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3. EMA’s Initiatives to the Benefit-Risk Assessment of Human Medicines

3.1 Background and Introduction

EMA'’s efforts to investigate methods for the B/R assessment of human medicines started
in 2006. The Committee for Medicinal Products for Human Use (CHMP) established a
working group on B/R assessment that evaluated the current drug review process and
several methods of B/R assessment described in the literature. In March 2008, the working
group’s conclusions were published in a reflection paper?.

The working group inferred that expert judgement has been and remains the
fundamental basis of B/R assessment; furthermore, quantitative methods will not replace
qualitative evaluation of the benefit-risk ratio. Nevertheless, quantitative methods could be
useful as they may lead to a structured discussion between reviewers. The reflection paper
concluded with two main recommendations, i.e. to further research the methodology of B/R
assessment and to revise the current B/R assessment section of the CHMP assessment
report templates. Accordingly, a proposal for modification was provided including a
structured list of benefit and risk criteria (22). The remainder of this chapter describes EMA’s
Benefit-Risk Methodology Project, the revision of the CHMP assessment report templates,
the IMI PROTECT project, and finally discusses the outcomes of EMA’s B/R efforts.

3.2 EMA’s Benefit-Risk Methodology Project

Following the recommendation of the CHMP working group on B/R assessment, the EMA
started its Benefit-Risk Methodology Project in 2009 with the aim to investigate methods
that can improve transparency, consistency, and communication of B/R decisions (23). The
recommendation to further research methodologies was also implemented in EMA’s
Roadmap to 2015° (24).

A project team including decision theorists, regulators, and psychologists, under the
guidance of Lawrence Phillips* was constituted to detect methods that would suit (23) the
complex organisation of the EMA (seven scientific committees and experts from various
working parties and related groups) (25). The National Competent Authorities (NCAs) of
France, Germany (Paul-Ehrlich Institut), the Netherlands, Spain, Sweden, and the UK
volunteered to participate in the project (26), which consisted of five consecutive work

packages (Table 1). The first four work packages formed a research phase with the aim to

2 Reflection Paper on Benefit-Risk Assessment Methods In The Context Of The Evaluation Of Marketing
Authorisation Applications Of Medicinal Products For Human Use, see (22)

3 One of the strategic areas identified in EMA’s Roadmap to 2015 was to facilitate the access of medicines
through reinforcing the benefit-risk balance assessment model.

4 Professor of Operational Research at the London School of Economics
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develop and test tools and methods of B/R assessment, whereas the fifth work package

was intended for training and initial implementation (27).

Table 1: The Five Work Packages of EMA’s Benefit-Risk Methodology Project

1. Description of current practice of B/R assessment for centralised procedures in the EU
Applicability of current tools and processes for regulatory B/R assessment

Field tests of the most appropriate tools

2
3
4. Development of a toolkit for B/R assessment
5

Pilot and training

Source: EMA, Benefit-Risk Methodology Project (27)

Current Practice of B/R Assessment

The first step of EMA’s project was to detect how the centralised drug approval process has
been realised within each of the participating agencies. This step was important since
potential methods for B/R assessment must be adaptable to the current practice within the
EU regulatory network. Between June and September 2009, members of the project team
visited participating agencies and interviewed staff members with a key role in the regulatory
decision making process.

One of the main findings of work package 1 is that licensing decisions have been made
intuitively based on expert judgement without using a systematic approach. Either an
accountable senior assessor or a group of assessors have been responsible to judge the
B/R balance, after extensive analysis of the data and discussion among experts.

Another crucial observation is that interviewees had divergent views on the meaning of
benefits and risks. Many interviewees experienced difficulties to define the meaning of a
benefit or a risk precisely, in particular, defining a risk was challenging (26).

Consequently, the four-fold frame was invented which differs between favourable and
unfavourable effects and the uncertainties regarding these effects (Table 2). The terms of
the four-fold frame have been implemented in the CHMP Day 80 assessment report:

overview and list of questions guidance.

Table 2: The Four-Fold Frame for Separating the Elements of B/R Assessment

Favourable effects Uncertainty of favourable effects

Unfavourable effects Uncertainty of unfavourable effects

Source: EMA, Benefit-Risk Methodology Project: Work Package 2 Report (28)
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Furthermore, the project team established working definitions for the terms benefit and risk

which are described in Table 3.

Table 3: Definitions for Benefits and Risks

Favourable effects (benefits  any beneficial effects for the target population which are related to the
or clinical benefits) product

Unfavourable effects (risks, any detrimental effects that can be associated with the product or that
harms, known and unknown  should be considered for their undesirable effect on patients’ or public
hazards) health, or the environment

Uncertainties (surrounding originate from variation, unsettled issues, methodological flaws, limitations
both types of effects) of the data set, and important sources of bias

Source: EMA, Benefit-Risk Methodology Project: Work Package 2 Report (28)

Applicability of Current Tools for B/R Assessment

After acquiring an understanding of the current practice of B/R assessment, the next step
of the project was to identify methods that could be valuable for regulatory decision making.
During work package 2, the project team reviewed B/R assessment methods that appeared
in scientific literature and appraised their usefulness to regulators.

A central finding of work package 2 is that any quantitative approach requires a
qualitative framework within which the approach can be sufficiently developed. A qualitative
framework serves to frame the decision context and to structure the problem. The project
team appraised the PrOACT-URL framework as a valuable tool to guide the B/R evaluation
process (28).

PrOACT-URL is an acronym for Problem, Obijectives, Alternatives, Consequences,
Trade-offs, Uncertainty, Risk and Linked decisions. PrOACT was developed by Hammond
et al. (29) and applied to decision making in health care by Hunink et al. (30). It is a generic
framework which is generally suitable to evaluate problems with multiple criteria (31). To
address specific topics within the B/R assessment of medicines, the framework has been
adapted to drug decision making. Table 4 shows the steps of the extended PrOACT-URL
framework for the B/R assessment of medicines. The framework can be combined with

quantitative modeling.
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Table 4: A Summary of the PrOACT-URL Framework as Adapted to Regulatory Use

Problem

1.

Determine the nature of the problem and its context

e Consider among others indication, the therapeutic area and disease
epidemiology, the severity of condition and if there is an unmet medical
need

e What is to be decided and by whom?
Frame the problem

e Is this a problem of uncertainty, or of multiple conflicting objectives, or
some combination of the two, or something else?

Objectives

Identify objectives (e.g. to maximise the benefits and minimise the risks)

Select favourable and unfavourable effects and define criteria (e.g. study
endpoints) for these effects

— Create an Effects Tree

Alternatives

Identify the options that should be evaluated against the criteria

e The options are the drug under evaluation and its comparator(s) (e.g.
placebo or active comparator)

Consequences

Describe how the alternatives perform for each of the criteria

o Report the favourable and unfavourable effects for each alternative (e.g.
drug and placebo) separately

— Use an Effects Table

Trade-offs

Evaluate the balance between favourable and unfavourable effects

e Is the benefit risk balance positive or negative and what is the rationale
for the judgement?

e Quantitative models like MCDA could be used

Uncertainty

Describe the uncertainties of favourable and unfavourable effects

Consider how the B/R balance is affected by uncertainty

Risk

10.

11.

Consider the relative importance of the decision makers risk attitude

e  Which factors influence the decision makers risk attitude? (e.g. orphan
drug status, unmet medical need, risk management plan)

Describe how this affected the balance reported in step 9

Linked decisions

12.

Compare this decision with past/future decisions and consider the
consistency of the decisions

Modified from: EMA, Benefit-Risk Methodology Project: Work Package 4 Report (32)

With regard to quantitative modelling, Multi-Criteria Decision Analysis (MCDA) was found

particularly useful to represent the B/R balance numerically (28). The field tests of work

package 3, as well as the case studies of the IMI PROTECT project (described in Section

3.4) are based on MCDA, therefore the steps of this modelling process are explained in

more detail in Table 5. The first three steps of MCDA modelling are comparable to the
Problem, Objectives, Alternatives and Consequences steps of the PrOACT-URL

framework. Scoring and weighting are the special steps within the MCDA process that

require assessors to assign numerical weights to favourable and unfavourable effects.
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Table 5: The Steps of the MCDA Process within the B/R Assessment of a New Drug

1. Establish the decision context: The purpose and context of the decision should be defined.

2. Identify the options: Within the B/R assessment of new drugs, the drug and its comparators represent
the options.

3. Identify objectives and criteria: Usually, the objective is to maximise the benefits and minimise the
risks. With respect to the criteria, the benefits and risks that significantly influence the B/R balance should

be selected. Value trees are useful to demonstrate the effects.

4. ‘Scoring’: The intention of scoring is to achieve for each criterion a preference scale. This means that
each favourable and unfavourable effect has to be converted into a preference value on a 0 to 100 scale,
e.g. the absence of an adverse reaction scores 100 (most preferred) while the presence of the specific
adverse reaction in 5% of treated patients scores 0 (least preferred). It is important to understand that
only differences in the scores can be compared, not ratios of the scores themselves. Differences in the
scores indicate differences in preference. The conversion is established by a value function (a linear or

non-linear translation).

5. ‘Weighting’: The purpose of weighting is to ensure that the units of the preference values are equated.
The former step, scoring leads to a relative scale for each effect, but assessors may assign different
values for each scale difference. To equate preference values, assessors have to compare the swings
in preference on the 0 to 100 scale for all the effects. This process is called swing weighting. For each
effect assessors have to consider how big the scale difference is and how much they care about that
difference. This process inevitably requires judgment. Within the MCDA model, weights represent trade-
offs, which means that assessors have to identify the largest swing that matters and assign this swing a

weight of 100. Then the other swings are compared to 100 and assigned appropriate weights.

6. Combine the weights and scores for each option: Within this step the weights are normalised and

the preference values for each option are multiplied with the weights on each criterion.

7. Examine the results: The results show how the different treatment options score within this model.

Graphical representation is possible to demonstrate the results.

8. Sensitivity analysis: This step explores if different weights or preferences affect the obtained results,
i.e. the ordering of the treatment options. Sensitivity analysis helps to assess the robustness of the
results (33).

Based on: Benefit-Risk Assessment Model for Medicines: Developing a Structured Approach to Decision Making
(33)

Field Tests
As part of work package 3, five NCAs were engaged in field testing the most relevant
models. In each agency between four and six clinical assessors or experts participated in
an one-day workshop to generate a benefit-risk model of the drug and its comparator(s).
Each agency selected a drug that was currently under review by the CHMP.

During the preparation of the field-tests it became obvious that a MCDA model might be

valuable for the B/R assessment of medicines since such models enable comparisons of
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dissimilar favourable and unfavourable effects, e.g. percentage of responders versus QTc
prolongation. For each field test the PrOACT-URL framework was utilised as a general
structure to guide the process. To define the objectives, Effects Trees were created that
demonstrated key favourable and unfavourable effects. Subsequently, Effects Tables were
prepared to provide criteria definitions of the effects, the units, as well as upper and lower
limits of the effects (34). Table 6 provides a brief description of the format and content of an
Effects Table (35).

Table 6: The Format and Content of an Effects Table
Effect Description Unit Treatment Control Strength of References
(e.g. evidence/
Placebo) | uncertainties
Acronym or | Short Unit for Summary of the key Description of | Optional
short definition of measurement | effects for the drug under major column.
identifier of | the effect. for each assessment and uncertainties Should be
the effect. Further effect, e.g comparators. The Effects or limitation used for
description mmHg. Table includes separate for each complex
could be columns for each effect. issues to
included as treatment group. refer to
footnotes. specific
data
Favourable and unfavourable effects

Source: EMA, Guidance Document on the Content of the Co-Rapporteur Day 80 Critical Assessment Report,
Overview and list of questions, 2015 (35)

Specialised MCDA software enabled participants to represent the BRB numerically. First,
each favourable and unfavourable effect was converted into a preference value on a 0 to
100 scale. Subsequently, the units for the preference values were equated through swing
weighting. This method requires assessors to judge the clinical relevance of scale
differences. Finally, weighted effects can be summed. Following these steps graphical
displays were created to illustrate the overall B/R balance.

In this context, the Added-Value Bar Graph proved to be useful to demonstrate the B/R
balance. Figure 3 presents a hypothetical example of the Added-Value Bar Graph in the
case of Caprelsa. This stacked bar graph shows the final results of the assessment with the
overall score for the alternatives (Caprelsa and placebo) given just below each bar graph.
Longer green bars imply more benefit while longer red bars indicate less risk. The overall
weighted score for Caprelsa and placebo, 77 and 74 respectively, demonstrate that
Caprelsa is the preferred option, since the higher the score the ‘better’ is the B/R balance.
The Weight column shows the sums of the weights on the favourable and the unfavourable
effects, 212 and 147 respectively; whereas the Cumulative Weight column illustrates those

same weights in relative terms (32).
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Figure 3: Added Value Bar for Caprelsa

Favourable Weight Caprelsa Placebo Cumulative
Effects/ Weight
Unfavourable
Effects (FE/ 212 59.1%
UFE) Balance
FE

147 40.9%
UFE

0/

TOTAL 359 77 74 100.0%

Source: EMA’s Benefit-Risk Methodology Project, Work Package 4 Report (32)

To detect how the balance changed, if different input data or altered judgements about
clinical relevance were used, participants performed sensitivity analysis. This type of
analysis appeared to be useful to investigate uncertainties and different views on the
importance of a criterion.

In summary, the field tests demonstrated that the collective application of three
processes, i.e. the PrOACT-URL framework, the workshop approach and decision-analytic
modelling could indeed support regulatory decision-making. Feedback from participants
indicated that this type of methodology can test different perspectives and helps to
understand how far uncertainties influence the B/R balance. One of the main conclusions
of work package 3 was to adopt the PrOACT-URL framework as an adjunct to current
CHMP processes. However, the project team also noticed that quantitative modelling is not

necessary for every new drug application but rather for complex B/R decisions (34).
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Development of a Toolkit for B/R Assessment

The objective of work package 4 was to establish a methodology or a set of tools supporting
the B/R assessment of human medicines, based on previous findings. Four tools have been
proposed as a result of the project: a generic decision-making approach, i.e. the PrOACT-
URL framework, a tabulated summary specifying the key effects, namely the Effects Table,
MCDA modelling, and graphical displays.

Recognising that quantitative modelling might be superfluous in more simple cases, the
project team suggested a graduated methodology. First, the PrOACT-URL framework
should generally be applied to guide the drug review process. This framework could be
created irrespective of any quantitative model. Step 6 of the framework recommends
creating an Effects Table to represent the key contributors to the B/R assessment in a
common and concise format. Secondly, a simple MCDA model could be developed with no
special software other than Microsoft Excel. Finally, a full MCDA model would be a valuable
tool for more complex or contentious cases, for instance when the B/R balance is marginal
or in case of diverse conflicting attributes. The use of specialised MCDA software would

enable assessors to create graphical displays and to conduct sensitivity analysis (32).

Pilot and Training

Within work package 5 an Effects Table pilot phase was initiated involving ongoing
procedures for initial marketing authorisations. The Effects Tables were completed by the
rapporteur/assessors and circulated to the CHMP. Participating rapporteurs assessed the
Effects Table as a valuable tool that improves transparency and supports the
communication with other committees and the public. Accordingly, a crucial
recommendation of work package 5 was to incorporate the Effects Table in the B/R
assessment section of the CHMP assessment reports (36).

As of 2015, the Effects Table has been incorporated in the benefit-risk section of the
European Public Assessment Reports (EPARSs) for new drug applications and guidance is

applicable for regulators how to complete the Table (35).
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3.3 Revision of the CHMP Assessment Report Templates

In 2008, the CHMP working group on B/R assessment recommended to revise the B/R
assessment section of the CHMP assessment report templates (22). These templates
should be used by the rapporteur to prepare the assessment report for a new drug (37). In
this context, the Day 80/150/180 Overview templates cover the B/R assessment of a new
drug. The rapporteur firstly uses the template at day 80 and updates it within the drug
approval process (38).

Since 2008 the Overview templates and respective guidance documents have been
repeatedly revised (35), (39). The structure and content of the revised templates reflect the
proposed modifications from the CHMP working group and the findings from EMA’s Benefit-
Risk Methodology Project.

A comparison between the B/R assessment sections of the EPARs of two drugs, i.e.

Votrient (40) and Ocaliva (41), demonstrates the modifications (Table 7).

Table 7: Structure of the B/R Sections in the EPARs of Votrient and Ocalvia

Votrient, EMA Approval: 14/06/2010 Ocaliva, EMA Approval:12/12/2016
Overall conclusions, risk / benefit assessment and Benefit — risk balance
recommendation

Quality —

Non—clinical pharmacology and toxicology -

Therapeutic context

¢ Disease or condition
¢ Available therapies and unmet medical need
e Main clinical studies

Efficacy Favourable effects

- Uncertainty and limitations about favourable effects

Safety Unfavourable effects

Uncertainty and limitations about unfavourable
effects

- Effects Table

Risk — benefit assessment Benefit — risk assessment and discussion

¢ Importance about favourable and unfavourable
effects

e Balance of benefits and risks

¢ Additional considerations on the benefit-risk
balance

Recommendation Conclusion

Based on the respective EPARSs of Votrient (40) and Ocaliva (41)
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Votrient was approved in 2010, whereas Ocaliva was authorised in 2016. It becomes
apparent that quality, as well as non—clinical pharmacology and toxicology aspects are no
longer included in the B/R assessment sections of the EPARSs, unless these aspects
significantly influence the B/R balance. Furthermore, the terms benefit and risk have been
replaced with four separate items, namely favourable effects, uncertainties about favourable
effects, unfavourable effects, and uncertainties about unfavourable effects. Contrary to
Votrient, the EPAR of Ocaliva includes therapeutic context considerations, the Effects
Table, and a detailed discussion of the B/R balance.

Chapter 6 of this thesis compares the B/R section of EPARs with those of FDA’s Medical
Reviews for selected drugs; therefore, the following paragraph summarises the
recommendations of the current CHMP assessment report overview guidance® regarding
the B/R assessment section.

Within the B/R assessment of a drug, EMA’s reviewers have to consider the therapeutic
context which embraces the disease to be treated or prevented, available therapies and the
main clinical studies. This serves the purpose to frame the B/R assessment and to further
justify the risk attitude.

Furthermore, the key favourable and unfavourable effects, as well as their uncertainties
should be described. Key favourable effects are for instance primary or secondary efficacy
endpoints that are considered clinically relevant. Key unfavourable effects are not
necessarily based on clinical safety endpoints but also on other safety issues, e.g.
pharmacodynamic interactions or non-clinical safety concerns. It is essential to note that
the key unfavourable effects are not inevitably the most common ones.

The Effects Table provides an overview of the effects and uncertainties and should first
appear in the Rapporteur’'s Day 80 Report, should then be merged at Day 120 List of
Questions and kept updated until the CHMP Day 210 Report. Finally, the Effects Table
should be implemented in the EPAR.

The next step is to discuss the importance of favourable and unfavourable effects, as
well as the B/R balance. The purpose is to put the observed effects in relation to the
therapeutic context and to assess the impact of uncertainty on the B/R balance. Reviewers

have to address the following question:

e ‘Do the favourable effects outweigh the unfavourable effects given the current state of

knowledge, uncertainties and limitations?’ (39, p.48)

5 Guidance document on the content of the <Co-> Rapporteur day <60*><80> critical assessment report,
Overview and list of questions, revised in 2016, see (39)
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Reviewer may also use quantitative approaches to determine the B/R ratio. However, no
single method has been established that fits every B/R assessment and further experience
is necessary, according to the guidance.

Where appropriate, regulators have to describe regulatory options for approval, e.g.
conditional marketing authorisation, or recommended studies. Finally, regulators have to
conclude whether the B/R balance of the drug is positive or negative (39).

In conclusion, the current CHMP assessment report overview guidance includes a
detailed description of the aspects that should be considered within the B/R assessment of
a drug. It includes considerations on the therapeutic context, the uncertainties surrounding

the effects, the Effects Table, and finally a comprehensive discussion of the B/R balance.
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3.4 IMI PROTECT
IMI PROTECT was a collaborative European project coordinated by the EMA. PROTECT
included a multi-national consortium of 34 partners including academics, regulators, micro,
small and medium-sized enterprises (SMEs) and European Federation of Pharmaceutical
Industries and Associations (EFPIA) companies (20). The EMA developed PROTECT with
the purpose to enhance the monitoring of benefit-risk of medicines in Europe as a response
to IMI's call to address limitations of currently used methods in pharmacovigilance and
pharmacoepidemiology.

The project took place from September 2009 to June 2015 (42) and comprised one

managerial and six scientific Work Packages (WPs) (Figure 4).

Figure 4: The Work Packages of the IMI PROTECT Project
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Modified from IMI PROTECT Communication, Strategy and Plan, 2009 (20)

Within IMI PROTECT various innovative tools and methods were developed, tested, and
validated to improve data collection directly from consumers of medicines, to enhance early
and proactive signal detection, to assess and disseminate methodological standards for
pharmacoepidemiology studies, and to establish methods for continuous B-R monitoring
(20), (42).

WP 5 of PROTECT focused on the integration and visual representation of benefit and
risk data. Following a comprehensive literature review®, a set of methodologies and
visualisation techniques to establish the B/R balance were tested in ‘real-life’ case studies’.
As a result of the case studies, the PROTECT Benefit-risk group (BR) developed various

6 49 methodologies were reviewed and 13 of these methodologies were field-tested.
7 The case studies were based on real-world scenarios involving medicines with a marginal B/R balance.
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practical recommendations for B/R assessment methods. These recommendations are

arranged around the five stages of a generic B/R Roadmap (Figure 5).

Figure 5 : IMI PROTECT Benefit-Risk Assessment Roadmap and Recommendations

3. Analysis

| |

2. Evidence Gatehring
and Data Preparation

5. Conclusionand

1. Planning Dissemination

!

Source: Hughes et al., Recommendations for Benefit-Risk Assessment Methodologies and Visual
Representations (43)

4. Exploration

Planning: The purpose and context, as well as critical issues of the B/R assessment should be defined and
documented as a reference for updates and future analysis. The PROTECT BR appraised the PrOACT-URL
and BRAT framework as useful tools to describe contextual aspects of the B/R assessment. A table template,

e.g. the Effects Table, should be prepared to represent the relevant benefit and risk data.

Evidence Gathering and Data Preparation: Assessors should review all available data and decide which

sources of evidence to use for the analysis. Visualisation techniques, like structured and color-coded tables

were found useful to transfer relevant data into suitable formats.

Analysis: The purpose of this stage is to quantify the magnitude of benefits and risks. Quantitative models
are recommended for complex evaluations, while simple descriptive frameworks suffice for more obvious
assessments. When using a quantitative approach, value preferences should be expressed through

appropriate bar graphs, e.g. the Difference Display (Figure 8).

Exploration: Assessors should evaluate the robustness and sensitivity of the results considering
uncertainties and risk minimisation measures. Sensitivity analysis is recommended for this stage of the

assessment.

Conclusions and dissemination: Considering all the information in the previous four stages, assessors

should conclude on the B/R balance and communicate the decision explicitly with a transparent audit trail.
The selection of visual aids for communicating the B/R balance should depend on the technical knowledge
of the audience (44).

The PROTECT Benefit-risk roadmap provides an overarching view of B/R assessments.
Within each stage the PROTECT BR appraised the usefulness of specific methodologies
and visualisation methods. The descriptive frameworks PrOACT-URL and BRAT are
recommended to guide the decision making process. Furthermore, two visual
representations, the Effects Table and the Value Tree were evaluated as particularly useful

for every B/R assessment. These tools demonstrate those benefits and risks that strongly
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influence the B/R balance. The Value Tree (Figure 6) clusters the benefits and risks into
smaller groups while the Effects Table (Table 6) lists numerical values for the effects.

Figure 6: Simplified Value Tree

/— Favourable effects
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¥ Unfavourable
effects
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Modified from Hughes et al., Recommendations for Benefit-Risk Assessment Methodologies and Visual
Representations (43)

According to the PROTECT BR, the Effects Table is an important milestone as it includes
all the objective information of a B/R assessment. This table may clearly demonstrate
whether one treatment is superior to its comparators. For more complex assessments
quantitative methods might be helpful. Figure 7 illustrates when to apply quantitative
methods. In this context, quantitative modelling means to assign preferences to the
treatment effects. A semi-quantitative B/R assessment includes ranking of the treatment
effects while a fully quantitative model further requires explicit utilities (43).

Figure 7: The Possible Ways within a B/R Assessment

Recommended method:
MCDA

R ded
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Qualtitative BR
assessment

Valuable tool:
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Modified from Hughes et al., Recommendations for Benefit-Risk Assessment Methodologies and Visual
Representations (43)
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Bar charts, particularly in the form of the Difference Display are recommended to
communicate the decision to different stakeholders, such as patients, physicians or the
general public. Figure 9 shows a simplified Difference Display for two treatment options.
This bar graph is based on MCDA and illustrates the extent and direction of difference
between two treatment options. The green bars indicate that the first option (drug 1)

performs better, while the red bars show that the second option (drug 2) scores better.

Figure 8: Difference Display
Drug 1 versus Drug 2

Benefit 1
Benefit 2

Benefit 3

Risk 1
Risk 2

Risk 3

Modified from IMI PROTECT Benefit-Risk Group, Recommendations Report (44)

In summary, WP 5 resulted in a practical guidance with recommendations for which
assessments and how to apply certain methodologies and visualisation techniques (44).
The recommendations regarding B/R methods have been divided into the following four IMI
PROTECT outputs:

¢ Methodologies for B/R evaluation (output 14)
¢ Methodologies for graphical representation (output 15)
¢ Final tools for graphical B/R representation (output 16)

¢ Recommendations on methodologies for B/R integration and representation (output 17).

Overall, PROTECT has yielded a significant amount of scientific research and more than
20 outputs. A panel within the EMA was established to investigate whether these outputs
were mature enough to be implemented in regulatory or clinical practice. Several PROTECT
outcomes have already been implemented, e.g. the use of the Summary of medicinal
Product Characteristics (SmPC) Adverse Drug Reaction (ADR) database to flag listed
adverse events in the electronic Reaction Monitoring Reports. Other outputs need further
research work to be translated into outcomes with long-term improvement on regulatory

practices.



21
EMA’s Initiatives to the Benefit-Risk Assessment of Human Medicines

In order to assess the impact and feasibility of PROTECT outputs a survey was conducted
with participants of the Final PROTECT Symposium® and additional panels of EMA staff
members. Within this survey, the impact of an output refers to a change on public health.
To estimate the impact on public health respondents had to consider the specific output’s
impact on regulatory activities, processes, behaviors, and the acceptability of the specific
output by stakeholders. Regarding the feasibility of an output respondents had to reflect the
degree of scientific development, the speed of potential implementation of the output, as
well as the impact on IT and human resources.

This survey revealed a clear difference between regulators® and other stakeholders
(industry and academic representatives) regarding the four main outputs of the B/R
assessment. In contrast to other respondents, regulators did not consider the B/R outputs
ready for implementation. In this context, the impact on IT, human, and other resources, as
well as timelines were identified among all respondents as the major concerns affecting the
feasibility of implementation. Furthermore, industry and academic representatives rated the
impact of B/R outputs very high, whereas regulators evaluated the impact of these outputs
as moderate. The feasibility of the B/R assessment outputs was similarly assessed among
both responder groups as moderate.

In conclusion, PROTECT WP 5 has confirmed the added value of formal and structured
B/R assessment methods to facilitate clear and transparent decision-making. The
PROTECT BR has not developed a one-size-fits-all approach as the selection of a single
approach or combination of methods depends on the complexity of the assessment. The
experience of the case studies has been distiled into a practical guide with
recommendations how to apply various classes of methodologies and visualisation
techniques

Considering the impact and implementation of these B/R recommendations the survey
demonstrated a sharp difference between regulators and other participants. In contrast to
industry and academic representatives, regulators did not evaluate the B/R outputs as ready
for implementation. According to EMA’s report on PROTECT’s outcomes ‘This difference
may reflect some of the respondents’ willingness for these outputs to have an impact’ (42,
p.39).

8 The Final Protect Symposium was organised at the EMA on 18-20 February 2015 to present and discuss the
main results of PROTECT to a broad audience, including pharmaceutical industry, academia, regulatory
authorities and patient representatives.

9 Regulators from the EMA or NCAs
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3.5 Discussion of The Results and Future Considerations

The main objective of EMA’s Benefit-Risk Methodology Project was to research
methodologies that can improve transparency, communication and consistency of benefit-
risk decisions and to develop a toolkit for B/R assessment methods (23). As a result, the
project team proposed a stepwise approach within the PrOACT-URL framework that
includes the Effects Table, a tabular display of the key effects and their uncertainties.
Furthermore, the project team concluded that quantitative modelling is valuable for more
complex benefit-risk decisions but not necessary for every new drug application. The project
has neither identified for which cases quantitative approaches would be appropriate, nor
has it addressed the question of how much modelling — simple or complex — would be
helpful for regulators (32).

It is essential to note, that the members of EMA’s scientific committees do not agree but
rather debate about the usefulness of quantitative modelling. Critics describe quantitative
modelling as resource intensive, highly subjective, and unnecessary. Quantitative
approaches are labelled as a ‘black box’ that may obscure the expert judgement.
Proponents, on the contrary, emphasise that minimal training is necessary to apply
quantitative approaches, since these methods can be easily understood. In addition,
quantitative models would enable an explicit benefit-risk dialogue (1).

This discussion shows that further research is necessary before implementing
quantitative models. In this context, Hans-Georg Eichler'® concluded ‘that the
implementation of a simple qualitative benefit-risk decision-making tool within agencies,
such as the EMA effects table [ ...] is key in order that requlators may explore and familiarise
themselves with these tools before agreeing to the use of more complex models’ (45, p.21).
This is consistent with Francesco Pignattis' statement that the implementation of MCDA
modelling requires substantial training and poses some practical challenges; therefore, the
use of the Effects Table would be the logical first step in incorporating a benefit-risk
methodology within the drug evaluation process (45).

Apart from the debate about quantitative approaches, the findings of the Benefit-Risk
Methodology Project have also contributed to the revision of the CHMP assessment report
Overview templates. The revised version differs greatly in terms of content and structure to
former templates. The proposals of the CHMP working group on B/R assessment and the
findings from EMA’ Benefit-Risk Methodology Project have been implemented. The revised

guidance provides a detailed description of the therapeutic context, of the key favourable

10 Senior Medical Officer, EMA
11 Head of Section Oncology, Haematology and Diagnostics, EMA
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and unfavourable effects, of the uncertainties surrounding those effects, and finally a
comprehensive discussion of the B/R balance (39).
EMA’s Benefit-Risk Methodology Project and WP 5 of the IMI PROTECT project followed a
similar approach; existing methodologies were reviewed and evaluated via case studies.
The experience gained from WP 5 of IMI PROTECT has been outlined in a practical
guidance when and how to apply B/R methodologies and visualisation techniques. Indeed,
PROTECT WP 5 has resulted in comprehensive recommendations on the use of B/R
methods (44), nevertheless, these B/R outputs have not yet been implemented in regulatory
practice and it seems that some regulators are not convinced to implement such models.
(42). The question whether such methodologies become an integral part in EMA’'s B/R

assessment of medicines remains unanswered at present.
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4. FDA'’s Initiatives to the Benefit-Risk Assessment of Human Medicines

41 Background and Introduction

In 2006, the Institute of Medicine (loM) recommended that the Center for Drug Evaluation
and Research (CDER) within the FDA should establish a systematic approach to the B/R
assessment of medicines (46).

In addition, some FDA stakeholders have argued that FDA’s B/R assessment of human
medicines could be improved with regard to clarity and transparency. In the course of a new
product approval the FDA publishes the relevant documents, including Medical Reviews, to
communicate the rationale of a regulatory decision. In fact, it may be difficult to understand
these documents for a broad audience with varying backgrounds. Furthermore, some
stakeholders have demanded for more formalised and quantitative methods to B/R
assessment; while others have expressed scepticism regarding quantitative approaches.

Consequently, the FDA started an initiative in 2009 to investigate more systematic
approaches for the B/R assessment and communication in the context of the human drug
review process. This initiative was driven by CDER’s leadership’s request to be more
explicit and consistent in explaining the reasoning behind benefit-risk decisions (17).

As part of the reauthorisation of the Prescription Drug User Fee Act'? (PDUFA) V related
to fiscal years 2013-2017, the FDA made certain commitments to enhance the framework
for B/R assessment. These commitments are specified in Section X of the PDUFA Goals
Document, titled Enhancing Benefit-Risk Assessment in Regulatory Decision making. The
commitments include the publication of a Five Year Plan, that describes FDA’s approach to
incorporate a structured B/R assessment in the drug review process (48).

The remainder of this chapter covers the development and the structure, as well as the
implementation of FDA'’s Benefit-Risk framework in regulatory practice. Finally, the results

of FDA’s approach to B/R assessment will be discussed.

4.2 FDA’s Approach to Developing a Benefit-Risk Framework

The FDA started its initiative by defining certain principles or requirements for a benefit-risk
framework. Accordingly, the framework must be established within applicable legal,
regulatory and policy limits and should be appropriate throughout the lifecycle of a drug.
Furthermore, the framework should enable to identify critical issues and focus the
discussion on those issues. Eventually, a benefit-risk framework should integrate into

existing review processes.

12 PDUFA is a law, enacted in 1992 by the United States Congress, which enables the FDA to collect user
fees from pharmaceutical companies. Those funds are destined for FDA's approval activities. PDUFA must be
reauthorised every five years and the FDA is required to fulfil performance goals, that are specific to the Fiscal
Years (47).
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The next step within the development of a benefit-risk framework was to investigate
previous regulatory decisions to ascertain the general approach and structure for B/R
assessment that is already present at the FDA. The intention was to outline FDA’s thinking
during a drug review process. This analysis of past decisions was supported by decision
science, and drug regulatory expertise including an advisory group of senior management
in CDER. The focus has been primarily on challenging B/R assessments, as it is particularly
important and demanding to be explicit about the rationale behind a complex benefit-risk
decision. As part of this analysis, interviews were conducted with reviewers who were
involved in the specific benefit-risk decision.

This analysis demonstrated that review considerations could be classified and grouped
into several areas. On the one hand, therapeutic area considerations on the other hand,
drug-specific factors have to be taken into account during the drug review process.
Consequently, the FDA elaborated a five-step qualitative Benefit-Risk framework (Table 8)
that encompasses the following key decision factors: Analysis of Condition, Current

Treatment Options, Benefit, Risk, and Risk Management.

Table 8: FDA’s Benefit-Risk Framework

Decision Factor Evidence and Uncertainties Conclusions and Reasons

Benefit

Risk

Risk Management

Benefit-Risk Summary Assessment

Source: FDA, Structured Approach to Benefit-Risk Assessment in Drug Regulatory Decision-Making, PDUFA V
Plan 2013, (17)

The first two decision factors, Analysis of Condition and Current Treatment Options define
the context of the decision or the therapeutic area considerations. The information found
here describes the current state of knowledge of the condition and an evaluation of
applicable therapies. The additional decision factors, Benefit, Risk and Risk Management,

demonstrate the product-specific area of the framework. These decision factors include the
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evaluation of the efficacy and safety data from clinical trials, as well as potential efforts to
mitigate risk.

Within each of these decision factors, reviewers have to consider the evidence and
uncertainties based on the available information, and subsequently, have to draw
conclusions and reasons from that evidence and uncertainties (17). During B/R assessment

of medicines, reviewers have to address the following questions:

¢ What is the evidence from the available information?
e Where are the uncertainties? What is left unknown?
¢ What conclusions can be generated from that evidence?

¢ What are the implications for the decision (49)?

Ultimately, reviewers have to integrate and outline the information of each of the decision
factors into the final row of the framework, the Benefit-Risk Summary Assessment. This
summary should clearly communicate FDA'’s reasoning behind a regulatory decision. The
summary should include conclusions from each decision factor and important differences
of opinion among the review team and how they were resolved.

In fact, FDA’s Benefit-Risk framework reflects the dynamic nature of B/R assessment
during a drug’s lifecycle, since the whole framework can be updated, as soon as new
information becomes available.

In 2012, the FDA started piloting its framework in the drug review process using six new
molecular entity (NME) New Drug Applications (NDAs) or Biologic License Applications
(BLA). The framework has served as a template to guide reviewers which kind of data to
consider during the drug review process. Question based prompts were developed to direct
reviewers’ completion of the framework and to elicit the critical information of the B/R
assessment. The pilot demonstrated that the framework efficiently describes key
considerations of B/R assessment in a concise format. A crucial finding of the pilot is that
the framework should be incorporated into the existing drug review process, instead of
representing an added layer (17). Accordingly, the next section covers the implementation
of the framework in PDUFA V.
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4.3 Benefit-Risk Framework Implementation in PDUFA V

FDA’s PDUFA V commitments comprised the revision of the CDER Clinical Review'
Templates as well as the revision of the corresponding Manuals of Policies and Procedures
(MaPP) and equivalent Center for Biologics Evaluation and Research (CBER) documents
in order to integrate a structured B/R assessment in the human drug review process (48).
The FDA determined a staged implementation of the Benefit-Risk framework in the human
drug review process, starting during FY 2014 and 2015 with NME NDAs and BLAs. This
gradual implementation should enable a continued refinement of the framework (17).

In March 2015, the FDA started applying a revised template for Clinical Reviews that
includes the Benefit-Risk framework as part of the Executive Summary section (1).
However, the currently available online corresponding manual, MaPP 6010.3Rev.1' that
covers the review of a NDA or BLA has been effective since December 2010 and does not
include FDA’s B/R framework (50). This could be due to the fact that the revision of the

manual is still under development.

4.4 Discussion of the Results and Future Considerations

From the analysis of previous regulatory decisions, the FDA came to the conclusion that a
structured qualitative approach best fits its drug-regulatory decision-making process. It is
crucial to note that the FDA rejected quantitative decision modelling approaches for the B/R
assessment of medicines. According to the FDA, assigning numerical weights to benefit
and risk considerations involves subjective judgements that ‘would be much less
transparent, if not obscured, to those who wish to understand a regulator’s thinking’ (17,
p.4). In addition, quantitative decision modelling would be most appropriate for binary
decisions, however, most decisions are far more complex and nuanced. The FDA
concluded that the reliance on a complex model would make the entire process more
difficult to understand. Nevertheless, the FDA has been well aware that quantitative
assessments definitely support qualitative judgement. However, not the entire drug review
process should be based on quantitative decision modelling.

Accordingly, the FDA adopted a qualitative five-step Benefit-Risk framework. These
steps refer to the five key areas to be discussed during the drug review process, namely
the Analysis of Condition, Current Treatment Options, Benefit, Risk and Risk Management.

The FDA determined that the purpose of its framework is to provide a standardised,
predictable and accessible form, which explains the rationale behind a regulatory decision

to the public. Hence, FDA’s framework should represent a communication tool, while also

13 The Clinical Review or Medical Review serve to document the evaluation of a new drug. The Clinical
Review template outlines the content and structure of the Clinical Review, that FDA'’s reviewer have to
describe within the evaluation process (50).

14 MaPP 6010.3Rev.1: Good Review Practice: Clinical Review Template (50)
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documenting the decision as reference for further regulatory decisions. A second and
equally important purpose of FDA’s framework is to serve as a decision support tool during
the drug review process. By clearly articulating FDA'’s key considerations (i.e. relevant facts,
uncertainties and main areas of judgment) the framework for B/R assessment should inform
and clarify the regulatory discussion (17).

According to Theresa Mullin™ the framework has the potential to improve the
predictability and consistency of decision-making through a standardised structure.
Furthermore, transparency of regulatory decision-making can be improved as the
framework clearly outlines the evidence and uncertainties and articulates the judgement
behind a decision (51).

In terms of future considerations, the FDA has to elaborate guidance how to complement
its framework during B/R assessment of a new drug since the revision of the manual for the

Clinical Reviews is still outstanding.

15 Director, Office of Planning and Informatics, FDA, CDER
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5. Comparison of EMA’s and FDA'’s Initiatives

The FDA and the EMA, have recognised the need for a more structured and transparent
B/R assessment within the drug-review process (17),(22). Furthermore, both authorities are
required by legal or regulatory provisions to implement a structured B/R assessment
approach. As part of the reauthorisation of the PDUFA V, the FDA made certain
commitments to enhance the benefit-risk framework (48); while EMA’s Roadmap to 2015
determined that the reinforcement of the benefit-risk assessment model is one of the
strategic areas, to be focused on through a set of priority activities (24).

Consequently, both authorities were investing substantial resources in the evaluation of
B/R assessment methods. The EMA started its Benefit Risk Methodology Project in 2009
with the aim to investigate methods that improve transparency, consistency and
communication of benefit-risk decisions (23). The FDA initiated its efforts to explore more
systematic approaches to B/R assessment and communication as part of the human drug
review process also in 2009 (17). In fact, the efforts of both regulatory agencies share
common goals, i.e. to enhance the quality of regulatory B/R assessments, to switch from
implicit to explicit decision-making, to make B/R assessments more predictable, and finally
to increase public confidence in B/R decisions (17), (23). However, the initiatives resulted
in different approaches.

The FDA decided that a qualitative approach, the five-step FDA Benefit-Risk framework,
would be the best solution for regulatory decision-making. According to Patrick Frey's,
FDA'’s framework reflects the reality that B/R assessment is a qualitative exercise based on
the quantification of various data. Furthermore, reducing complex considerations into a
single scale would not capture the nuanced assessments in FDA decisions, and quantitative
analysis would risk obscuring subjective expert judgement (45). Thus, the FDA adopted a
qualitative framework and rejected quantitative decision modelling approaches for the B/R
assessment of medicines.

The FDA Benefit-Risk framework was developed through extensive analysis and review
of previous regulatory decisions. Key review disciplines were interviewed to gain an
understanding of FDA’s thinking during the decision-making process. As a result of this
analysis, five key decision factors were identified which are included in FDA’'s B/R
framework. In 2015 the FDA started to use the framework for the review of NME NDAs and
BLAs (17).

EMA’s Benefit-Risk Methodology Project, on the contrary, resulted in a graduated
methodology. The use of a generic framework, the PrOACT-URL was recommended to

guide the B/R assessment process. It is mainly a qualitative approach that frames the

16 Director, Office of Planning and Analysis, FDA, CDER
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problem and structures the drug review process. The PrOACT-URL includes a tabular
display, the Effects Table, that demonstrates the key favourable and unfavourable effects
as well as any uncertainties that are considered as influencing the B/R balance (32). In
2015, the Effects Table has been implemented in the B/R section of the EPARs (35).
Furthermore, as a result of EMA’s initiatives, decision-analytic models, based on MCDA
that express the B/R ratio in quantitative terms were proposed for more complex or
contentious B/R assessments (32).

The most obvious difference between the two authorities is that the FDA clearly rejects
quantitative models for the B/R assessment of medicines, whereas the members of the
EMA scientific committees have been divided over the usefulness of such models. It is an
open question whether the EMA will implement quantitative models into the drug review
process in the future. This is corroborated by the fact that the outputs of IMI| PROTECT WP
5 regarding methodologies for B/R evaluation and graphical representations have not yet
been implemented within EMA’s regulatory practice (42).

Another disparity is that FDA’s initiative resulted in one tool, the five-step FDA
framework, while the EMA proposed a graduated methodology. Furthermore, the
implementation or the actual use of the proposed tools within the drug review process
differs. Regarding EMA’s stepwise approach only the Effects Table has been implemented
in the Day 80 assessment report overview guidance. Even though the project team
proposed endorsing the PrOACT-URL framework as an adjunct to current CHMP
processes, this framework is not included in the Day 80 assessment report guidance. If the
CHMP utilises this framework for decision making, then the completed PrOACT-URL for the
respective drugs should be published to ensure transparency. FDA’s framework has been
incorporated in the Executive Summary of the Clinical Reviews, however, the corresponding
manual has not yet been revised. The CHMP assessment report Overview guidance, on
the contrary has been repeatedly revised since the recommendation of the CHMP working
group on B/R assessment in 2008 and currently entails a structured discussion of the B/R
assessment including guidance how to generate the Effects Table.

Considering the evolution of the proposed tools, the FDA developed its framework from
the analysis of previous regulatory decisions, while the EMA additionally field-tested

quantitative methods that appeared in scientific literature.
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6. Comparison of FDA’s and EMA’s B/R Assessment of Selected Medicines

6.1 Background

One of the main objectives of EMA’'s and FDA’s B/R initiatives was to improve the
communication of regulatory decisions (17), (23). FDA’s and EMA'’s efforts have resulted in
major changes regarding the B/R sections of the publicly available assessment reports
which are the means for documenting the assessment and the rationale behind a B/R
decision.

As a consequence of FDA’s efforts, FDA’s Benefit-Risk framework has been
implemented for NME NDAs and BLAs in the Executive Summary of the Medical Reviews
to explain its B/R assessment (1). The EMA describes its decision in the Benefit-Risk
Balance section of the EPARs. As a result of EMA’s B/R initiatives, the B/R section of the
CHMP assessment report overview guidance has been revised to include a comprehensive
and structured B/R evaluation (39).

A crucial finding of the B/R initiatives was that efficiently communicating regulatory
decisions requires to differentiate between the facts and the uncertainties regarding the
effects of a drug. Reviewers of both authorities have to detect and investigate sources of
uncertainty in a regulatory application. The CHMP assessment report overview guidance
recommends to clearly describe the uncertainties surrounding favourable and unfavourable
effects, and to evaluate the impact of these uncertainties (39); while FDA’s Benefit-Risk
framework differs between evidence and uncertainties and the conclusions of these aspects
(17).

6.2 Objective

The intention of this comparison is to investigate qualitative differences between FDA’s
Benefit-Risk framework as an integral part of the Medical Reviews and EMA’s Benefit-Risk
Balance section of the EPARs. The comparison aims to identify insights into how and what
type of information each authority communicates in their B/R assessments. The purpose is
to detect differences in the way each agency assesses and explains the relevant information
and to examine the impact of these differences on a marketing authorisation to be explicit
on the approved indication of a medicinal product.

In addition, this analysis intends to illustrate the types of complex uncertainties that
reviewers must consider when determining the B/R balance based on clinical evidence.
Apart from the intention to conceptualise uncertainties, this analysis should investigate if
the authorities describe identical uncertainties and if there are differences in the way each

authority assesses the impact of these uncertainties on the B/R balance.
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6.3 Methods
Within this analysis the B/R sections of the EPARs and FDA’s Medical Reviews of six

selected drugs were investigated. Furthermore, the indications of the European SmPC and

the US Label were compared. The EPARs and SmPCs as well as the Medical Reviews and

Labels were retrieved online from the EMA and FDA website. Table 9 shows the selected

medicinal products which were chosen according to the following criteria:

For each drug, the EPAR had to include an Effects Table and the Medical Review
the FDA Benefit-Risk framework as integral part of the B/R assessment section. This
criterion was established to assure that the results of EMA’'s B/R Methodology
Project as well as the results of FDA’s Structured Approach to B/R Assessment were
implemented in the respective B/R assessment sections.

The difference in time between the submission dates' of the marketing
authorisation application should be less than three months, to ensure that the
authorities refer to comparable study results.

Drugs were also selected according to their therapeutic class. To investigate a
diversity of B/R assessments, drugs with different therapeutic classes or indications

were preferred.

Table 9: Selected Drugs within the Analysis

Coagadex, a plasma-derived blood coagulation factor X concentrate (factor X deficiency)
Ninlaro (ixazomib), an oral proteasome inhibitor (multiple myeloma)
Ocaliva (obeticholic acid), a farnesonid X receptor agonist (biliary cirrhosis)

Praxbind (idarucizumab), a humanized monoclonal antibody fragment reversal agent for the

anticoagulant effect of dabigatran
Tagrisso (osimertinib), a protein kinase inhibitor, (non-small cell lung carcinoma)

Vencylcto (EU) / Venclexta (US) (venetoclax), a b-cell ymphoma-2 (Bcl-2) protein inhibitor

(chronic b-cell leukemia)

17 The date when the applicant submits its application for approval to the authorities.
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Inspired by the method of Jay Bordoloi et al'®. (52) a standardised data collection tool was
developed to compare EMA’'s and FDA’s B/R assessment as well as the approved
indication for each product. The criteria to analyse the B/R sections were elaborated based
on FDA'’s Five-Year Plan (17) and on EMA’s guidance for the CHMP assessment reports
(39). The analysis focused on the main factors, described in the above-mentioned
documents, that should be considered within the drug approval process, and to convey
regulatory decisions, i.e. the therapeutic context, the benefits, the risks, the uncertainties,
the need for future studies, and finally the B/R balance.

To be more explicit, data collection focused on eight sections and each section had
predefined criteria to detect whether a remarkable difference exist. The criteria listed in
Table 10 were utilised to consistently investigate each section for all drugs. If at least one
of the listed criteria varied, then the respective section was considered remarkably different.
Questions were developed to decide whether the criteria differ (see in Section 6.4: Results).
The sections 1-7 refer to the B/R assessment sections in the EPAR and Medical Review,

whereas section 8 is related to the SmPC and the Label.

Table 10: Sections and Criteria to analyse EMA’s and FDA’s B/R Assessment and the
Approved Indications

1. Therapeutic context (disease or condition / current treatment options)

2. Benefits (selection of benefits / description of benefits)

3. Uncertainties related to benefits (choice of uncertainties / description of these uncertainties)
4. Risks (identified risks / presentation of the risks)

5. Uncertainties related to risks (choice of uncertainties / description of these uncertainties)
6. BI/R balance (selection of concerns / conclusion)

7. Post-marketing requirements (obligation or not / choice of recommended studies)

8. Indication (population / disease state)

18 Jay Bordoloi et al. compared the product information in the US Package Insert to the product information
provided in the EU SmPC.
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6.4 Results

The results section is divided into two parts. The first part focuses on the differences
between EMA’s and FDA’s B/R assessments as well as on the approved indications. The
second part entails an overview of the central review issues, i.e. the main uncertainties and
a summary of the comparison for each selected drug. Annexes I-VI contain the comparison

for each drug in more detail.

Part | - Differences between the B/R Sections and the Approved Indications

Figure 9 demonstrates the percentage of remarkable differences between the investigated
sections of the assessment reports and the product information. Table 11 shows the data
collection for each section and each drug. The clearest areas, where remarkable differences
existed, were the sections: benefits, uncertainties related to benefits, risks, and

uncertainties related to risks. In the following, the differences for each section are explained.

Figure 9: Percentage of Remarkable Differences between the Investigated Sections of the
Assessment Reports and the Product Information
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90%
80%
70%
60%
50%

40% 83%
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20%

10% 17% 17% 17%

0%

Therapeutic Benefits Uncertainties Risks Uncertainties B/R Balance Post-Marketing Indication
Context related to related to Risks Requirements

Benefits

Remarkably different: No Remarkably different: Yes

The ‘Therapeutic context’ section was remarkably different for one drug (Tagrisso), due to
the fact that this drug received orphan drug status only in the US. However, the B/R section
of EMA’s EPAR entailed solely for Ocaliva a detailed description of the therapeutic context.
This could be due to the fact that the EPAR of Ocaliva is based on the current guideline for
the Day 80 assessment reports, whereas the EPARs of the other drugs are based on the
former guideline that does not include therapeutic context considerations within the B/R
section of the EPAR (35).

Regarding the ‘Benefits’, all six drugs (100%) were remarkably different in this section
because the authorities partly mentioned different benefits or described the results of the

clinical trials in a dissimilar way (e.g. different percent values for primary endpoints).
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The section ‘Uncertainties related to benefits’ was remarkably different for five drugs (83%).
This difference results from the fact that for three drugs (Ninlaro, Tagrisso,
Venclyxto/Venclexta) the EMA identified uncertainties surrounding benefits that were not
mentioned by the FDA. For the other two drugs (Coagadex, Praxbind), the EMA described
the uncertainties regarding benefits more explicitly compared to the FDA.

With respect to the risks, the authorities detected identical major safety concerns for all
drugs. Nevertheless, the ‘Risks’ section was remarkably different for five drugs (83%)
because each authority mentioned other risks apart from the major safety concerns or the
presentation of the safety data varied.

The section ‘Uncertainties related to risks’ was remarkably different for four drugs (67%).
However, it is important to note that the authorities were concerned for all drugs about
identical major uncertainties surrounding risks (e.g. limited safety database) that influence
the B/R balance significantly. The remarkable difference is caused by the fact that each
authority reported different uncertainties in addition to the major uncertainties surrounding
risks or described the uncertainties differently?°.

Regarding the ‘B/R balance’ section, there was a remarkable difference for three drugs
(50%). For all the selected drugs the B/R balance was positive. However, the authorities
discussed different issues or uncertainties to establish the B/R balance for three drugs. To
be more explicit, the EMA considered uncertainties that were not explicitly examined by the
FDA. In the case of Ninlaro, the EMA discussed the magnitude of the treatment effect, in
the cases of Tagrisso and Venclyxto/Venclexta the EMA appraised the benefits for specific
subpopulations.

The post-marketing requirements section was remarkably different for three drugs
(50%). For two drugs (Ninlaro, Venclyxto) the EMA obligated the applicant to complete
studies that were not required by the FDA. For one drug (Coagadex) the FDA required a
registry study that was not demanded by the EMA.

The indication section was remarkably different for three (50%) drugs. For these drugs
(Coagadex, Tagrisso, Venclyxton/ Venclexta) the SmPC includes a broader defined
indication compared to the Label.

In conclusion, the information provided in the B/R sections of EMA’s and FDA’s
assessments reports differed notably. These differences are mainly caused by the fact that
the authorities described the effects or uncertainties differently or reported other additionally

relevant effects or uncertainties.

19 For instance, in the case of Tagrisso, the B/R section of EMA’s EPAR entails a description of the incidences
of adverse events; while FDA’s framework provides rather an evaluation of the safety profile comparing the
expected toxicities with the de facto detected adverse events.

20 For instance, in the case of Ocaliva, the FDA referred to non-clinical data, contrarily to the EMA
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Part Il — The Central Review Issues and a Summary of the Comparison for each Drug

The B/R assessment of the selected drugs was informed by an extensive body of evidence

and multiple sources of uncertainty. Table 12 shows the central review issues or the major

uncertainties for each drug that reviewers had to consider during the B/R assessment.

Table 12: Summary of Major Uncertainties in the B/R Assessment for Each Drug

Drug Uncertainties Classification of uncertainties
Coagadex | e Insufficient data in patients with severe FX Uncertainty regarding efficacy for specific
deficiency undergoing major surgery. subpopulation.
¢ Uncertainty related to the benefits for Uncertainty regarding efficacy for specific
paediatric patients. subpopulation.
¢ Due to the limited safety database it was Uncertainty about potential safety concerns
not possible to clearly define the risks, in (that occurred with other treatments).
particular hypersensitivity reactions,
thromboembolic events and the formation
of inhibitors.
Ninlaro ¢ Uncertainty about the magnitude of the Uncertainty about the efficacy of the
treatment effect (improvement in medicinal product.
Progression-free survival (PFS)).
Ocaliva ¢ Alkaline phosphatase (ALP) reduction as a Uncertainty regarding clinical benefit
surrogate to predict clinical benefit. (based on surrogate outcome).
e Lack of data in patients with a more Uncertainty related to efficacy and safety
advanced disease. for a specific subpopulation.
¢ Uncertainties surrounding risks are related Uncertainty about potential safety
to lipid disorders and liver injury. concerns.
Praxbind ¢ Reversal of elevated anticoagulation tests Uncertainty regarding clinical benefit
as a surrogate for clinical efficacy. (based on surrogate outcome).
e Small safety database. Uncertainty regarding the safety profile due
to limited safety database.
¢ Design of the studies (no control group). Uncertainty arising from the study design.
Tagrisso ¢ Design of the studies (no control group) Uncertainty arising from the study design
e Objective response rate (ORR) as a Uncertainty regarding clinical benefit
surrogate for clinical benefit. (based on surrogate outcome).
e Small safety database. Uncertainty regarding the safety profile due
to limited safety database.
Venclyxto | e ORR as a surrogate for clinical benefit. Uncertainty regarding clinical benefit
/ (based on surrogate outcome ).
Venclexta

Single arm trials (no control group)

Uncertainty arising from study design.

Uncertainty related to benefits for patients
who do not have 17p del/ TP53 mutation.

Uncertainty regarding efficacy for specific
subpopulation.
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Figure 10 illustrates the percentage of identified uncertainties for all drugs related to risks,
to benefits and to the study design. In this analysis, the most common identified
uncertainties were related to the beneficial effects, followed by uncertainties related to risks.
Overall, uncertainty regarding clinical benefit due to the use of a surrogate outcome and
uncertainty related to efficacy for specific subpopulations were the most frequently detected

uncertainties.

Figure 10: The Main Identified Uncertainties of the Sample Group

100%

About the magnitude of the
treatment effect (6%

Uncertainty related to benefits (53%)

Regarding efficacy for
specific subpopulation
(23.5%)

About potential
safety concerns
(12%) r Uncertainty related to risks (29%)
Dueto limited
safety database
(12%)

No control group

(18%) } Uncertainty arising from study design (18%)

Note: Sample group includes Coagadex, Ninlaro, Ocaliva, Praxbind, Tagrisso, Venclyxto/Venclexta

The remainder of this chapter comprises a summary of the comparisons for each selected
drug (Annexes I-VI). The summaries for each drug entail a brief description of the
therapeutic context, followed by an explanation of the central review issues and a

comparison of FDA’s and EMA’s approach to manage these issues or uncertainties.

1.Coagadex
Coagadex (Annex 1) is indicated for the treatment of Hereditary FX deficiency, a rare and

life-threatening bleeding disorder with a lack of specific therapy. The European Commission
and the FDA designated Coagadex as an orphan medicinal product. Clinical trials
demonstrated that Coagadex was effective in treating acute bleeds and for perioperative
management of bleeding. Nevertheless, the EMA and the FDA?? discussed several

uncertainties within their B/R assessment sections of Coagadex.

22 Within this analysis, the terms ‘EMA’ and ‘FDA’ are used as synonyms for the reviewers of the CHMP or
CDER/CBER who were involved in the B/R assessment of the specific drugs.
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Due to the rarity of the disease, the safety database was limited (18 subjects) and even if
clinical trials did not give raise to concern, there were a few potential safety concerns (i.e.
hypersensitivity reactions, thromboembolic events and the formation of inhibitors). The
ability to clearly define the risks was limited because of the small study size. However, both
authorities accepted this situation, and these uncertainties were addressed in the warnings
and precautions section of the SmPC and the Label, respectively.

Apart from the uncertainties surrounding risks, both authorities focused also on
uncertainties related to benefits. The crucial uncertainty was whether the expected
favourable effects apply also to paediatric patients and to patients with severe or moderate
FX deficiency undergoing major surgery. Both authorities considered these uncertainties
and came to different conclusions. The FDA decided that a broad perioperative indication
was not approvable and recommended a registry study to obtain additional data for patients
with moderate or severe FX deficiency undergoing major surgery. As a result, the indication
in the US Package Information (USPI) determines a limitation of use for this specific
subpopulation. Furthermore, the USPI indication excludes children younger than 12 years
of age.

Contrarily to the FDA, the European Commission approved Coagadex also for patients
with severe FX deficiency undergoing major surgery. Additionally, according to the
indication in the SmPC, paediatric patients are not explicitly excluded, however, section 4.2
of the SmPC states that the safety and efficacy in children less than 12 years of age have
not been established (53), (54), (55), (56).

In summary, both authorities discussed identical uncertainties during the B/R
assessment of Coagadex and came to different conclusions that become apparent in the
approved indications. As a result, the European SmPC entails a broader defined indication

compared to the US Label.

2. Ninlaro

Ninlaro (ixazomib) (Annex Il) is an oral proteasome inhibitor indicated for the treatment of
multiple myeloma. The European Commission and the FDA granted orphan designation for
the treatment of multiple myeloma, a life-threatening disease.

EMA’s and FDA’s B/R assessment of Ninlaro vary significantly. This is mainly due to the
fact that the CHMP was concerned about the magnitude of the treatment effect. In
November 2015, the FDA granted traditional approval, whereas the EMA recommended a
conditional marketing authorisation and the European Commission followed this
recommendation in November 2016. The CHMP opinion was based on a majority decision.
Furthermore, six months ago in May 2016, the CHMP proposed to refuse the marketing

authorisation due to concerns about the evidence of efficacy. The central issue was that the



40
Comparison of FDA’s and EMA’s B/R Assessment of Selected Medicines

first interim analysis of the pivotal trial has shown a 6 months improvement in progression-
free survival (PFS) that was considered clinically meaningful and significant; however,
according to the CHMP, the statistical approach was not as rigorous as expected since a
second interim analysis demonstrated a reduced difference in effect between the study
arms. This second analysis represented a major concern for the CHMP, particularly in an
application based on a single pivotal trial, where data is expected to be especially
compelling.

The applicant proposed restricting the use of Ninlaro to patients with poor prognosis,
who have been treated with at least two prior treatments. However, the CHMP decided that
data in these subgroups were not compelling enough and that no clear scientific rational
would explain a greater efficacy in these higher risk groups. Following the CHMP proposal
to refuse the marketing authorisation, the applicant provided detailed grounds for re-
examination of the refusal. Subsequently, a scientific advisory group (SAG) was convened
to discuss the CHMP grounds for refusal with regard to the applicant’s response. The SAG
decided unanimously that the efficacy data based on the primary PFS analysis and the
favourable toxicity profile establish a definitely positive benefit-risk balance. The SAG
acknowledged that the size of the effect, demonstrated in the primary analysis, might be
overestimated and that this uncertainty has to be considered during the B/R assessment;
nevertheless, this uncertainty would not be enough to diminish the conclusions about a
demonstrated beneficial effect. The CHMP considered the views of the SAG and re-
examined its initial opinion. Finally, the CHMP concluded by majority decision that the B/R
balance of Ninlaro is favourable and recommended the granting of a conditional marketing
authorisation that is contingent upon verification of efficacy data established through several
post-authorisation measures.

The crucial difference between EMA’s and FDA'’s B/R assessment of Ninlaro is that the
FDA was not concerned about the magnitude of the benefit; while the EMA strongly doubted
the level of efficacy evidence. This difference resulted in noticeably distinct B/R
assessments. Regarding the results of the second analysis that represented a major review
issue for the CHMP, the CDER mentioned that a non-inferential evaluation would have
somewhat abated the improvement in PFS; however, clinically meaningful benefit would
still remain. Thus, it seems that the CDER was not concerned about uncertainties
surrounding the treatment effect and the Benefit-Risk Summary Assessment of FDA’s
framework for Ninlaro does not include an extensive discussion about the demonstrated
benefit. It seems that the decision to grant a traditional approval for Ninlaro was a logical
step for the FDA without substantial concerns. The CHMP on the contrary, was concerned

about uncertainties regarding the efficacy data. The B/R balance was extensively discussed
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and finally the CHMP recommended a conditional approval that requires the applicant to
conduct various post-authorisation measures (58), (59), (60).

The comparison of EMA’s and FDA’s B/R assessment of Ninlaro demonstrates that
despite having the same data reviewers are concerned about different facts and may have

different priorities.

3.0Ocaliva

Ocaliva (Annex lIll) is a modified bile acid indicated for the treatment of primary biliary
cirrhosis (PBC), a rare and life-threatening liver disease resulting in death without adequate
treatment. The European Commission and the FDA designated Ocaliva as an orphan
medicinal product. Both, the EMA and the FDA identified an unmet clinical need in patients
with PBC who are intolerant or have an inadequate response to Ursodeoxycholic acid
(UDCA), the only approved medicine to treat patients with PBC.

The central review issue of Ocaliva was that the demonstrated beneficial effect was
based on changes in biochemical parameters. Indeed, Ocaliva treatment has led to relevant
alkaline phosphatase (ALP) reductions; the critical issue was if reduction in ALP is
reasonably likely to predict clinical benefit. Both, the EMA and the FDA discussed this
uncertainty explicitly and concluded that despite limited clinical data there would be
adequate evidence to support that a reduction in ALP correlates with clinical outcomes.

Regarding the safety profile of Ocaliva, both, the EMA and the FDA concluded that albeit
several uncertainties, the safety profile appeared to be overall well tolerated and for most
part manageable with supportive medications or dose reductions. Remaining uncertainties
surrounding risks were mainly related to lipid disorders and liver injury. These uncertainties
were addressed in the post-marketing requirements.

Finally, the CHMP recommended a conditional approval for Ocaliva and the European
Commission followed this recommendation. The FDA granted accelerated approval for
Ocaliva. These approvals are contingent upon the completion of several post-marketing
requirements or measures to confirm the efficacy and safety of Ocaliva (61), (62), (63),(64).

The review of Ocaliva particularly illustrates the complexity and the difficulty of benefit-
risk decisions. Reviewers have to make decisions despite several uncertainties. In the case
of Ocaliva, the central review issue was the acceptability of a biochemical parameter being
used as a surrogate for clinical benefit. On the one hand there is the risk that the reduction
in ALP does not correlate with clinical benefit and patients exposed to Ocaliva could
experience adverse reactions. On the other hand, if ALP does predict clinical outcome and

the drug is not approved, then an effective treatment would have been denied to patients.
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4.Praxbind

Praxbind (refer to Annex IV) presents a specific reversal agent for dabigatran as it
neutralises dabigatran’s anticoagulant effect. Both, the EMA and the FDA acknowledged
the therapeutic importance of such a reversal agent for patients receiving dabigatran who
experience bleeding or require invasive procedure.

The effect of Praxbind was demonstrated in phase | studies in healthy subjects,
supported by an ongoing phase lll trial in patients. The reversal of elevated anticoagulation
tests was used as a surrogate for clinical efficacy. The effect of Praxbind on clinical
outcomes such as mortality or morbidity remained uncertain since there was no control
group to assess whether the administration of Praxbind impacts mortality rates. Such a
control group would not have been ethical according to the FDA. Furthermore, the
assessment of clinical outcomes was confounded by the underlying clinical situation (e.g.
trauma). In the phase Il trial, 26 patients died (from 123 treated patients), however, the
mortality rate was not unexpected and these patients presumably died due to their
underlying serious medical conditions.

The main uncertainty surrounding the risks of Praxbind was the limited safety database.
Additionally, the safety data was mainly derived from healthy subjects instead of patients
typically treated with dabigatran. Nevertheless, both the EMA and the FDA concluded that
Praxbind appears to have an acceptable safety profile. Both authorities required the
completion of the ongoing phase Il trial to further confirm the efficacy and safety of
Praxbind. However, the FDA required the results of the study as an obligation of the
accelerated approval of Praxbind; while the EMA recommended a full marketing
authorisation and required the completion of the study as part of the Risk Management Plan
(RMP) (65), (66), (67).

In conclusion, the EMA and the FDA were concerned about identical major uncertainties,

i.e. the effect on Praxbind on clinical outcomes and the limited safety database.

5.Tagrisso
Tagrisso (Annex V) is a Tyrosine Kinase Inhibitor (TKI) indicated for the treatment of non-

small cell lung carcinoma (NSCLC) in patients who have a specific mutation, i.e the
epidermal growth factor (EGFR) T790M mutation. NSCLC represents the majority of all lung
cancers; about 10% of NSCLC patients have EGFR mutations and they are primarily treated
with EGFR TKils. Within the first year of treatment, the patients will eventually develop
treatment resistant disease. The majority of these treatment resistant patients have EGFR
T790 mutations. Tagrisso is indicated for these patients harboring the T790 ‘gatekeeper’

mutation. The EMA and the FDA identified an unmet medical need for this life-threatening
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disease (68), (69). However, it seems that only the FDA granted Tagrisso an orphan drug
designation (70).

The central concern in the review of Tagrisso was the design of the studies. The major
obstacle was the absence of a control group. Both authorities determined that the clinical
benefit of Tagrisso had to be further established in adequate and well-controlled ftrials.
Compared to the FDA, the EMA identified several further uncertainties related to benefits
and described those explicitly. In particular, the EMA discussed an uncertainty related to
the treatment effect in a subgroup, to be specific in patients who have not been treated
previously with TKls. The assessment of this uncertainty is particularly important as it has
an impact on the approved indications. The CHMP proposed to approve Tagrisso with a
broader defined indication including patients who have not previously been treated with
TKls, whereas the FDA restricted the use of Tagrisso to patients who have progressed on
or after TKI therapy.

With respect to the toxicity of Tagrisso, both authorities ascertained that due to the limited
size of the safety database it was not possible to clearly define the risks. However, the
tolerability seemed to be adequate and manageable. Finally, the EMA proposed a
conditional marketing authorisation and the FDA granted an accelerated approval for
Tagrisso. Both approvals are contingent upon the results of a phase Il study.

In conclusion, the main difference between FDA’'s and CHMP’s B/R assessment of
Tagrisso lies in the fact that the CHMP discussed study results for a specific subpopulation,
i.e. patients who have not previously been treated with TKls. The FDA, on the contrary did
not mention this subpopulation in the Benefit-Risk framework for Tagrisso (68), (69). As a
result, the European Commission approved Tagrisso also as first line treatment (71). The
FDA in contrast, approved Tagrisso as second line therapy, excluding patients who have

not previously been treated with a TKI (72).

6.Venclyxto (EU)/ Venclexta (US)

Venclyxto/ Venclexta Annex VI is a Bcl-2 protein inhibitor indicated for the treatment of

relapsed or refractory chronic lymphocytic leukaemia (R/R CLL), a rare and life-threatening
disease. Specific genetic mutations (i.e. 17p gene deletion/ TP53 mutation) present ultra-
high risk poor prognostic factors for patients with CLL. The European Commission and the
FDA designated Venclyxto/ Venclexta orphan drug status.

The efficacy of Venclyxto/ Venclexta was assessed in single arm trials. The objective
response rate (ORR) was used as a surrogate endpoint. Despite the lack of comparative
data both authorities concluded that clinically meaningful benefits were demonstrated in
patients with R/R CLL harbouring the specific mutation. In contrast to the FDA, the EMA

referred also to study results for patients who did not have the specific mutation.
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Furthermore, the EMA discussed whether the presence of this mutation affects the activity
of venetoclax. Finally, the EMA came to the conclusion that the B/R balance is also
favourable for this small subpopulation (patients without specific mutation). The FDA, on
the contrary, does neither describe any study results nor any uncertainty related to benefits
for this subpopulation.

Regarding the risks, except for tumour lysis syndrome (TLS) and neutropenia no major
safety concerns were identified. Nevertheless, due to the lack of controlled data it was
difficult to clearly define the safety profile. The underlying disease was a strong confounding
factor during the assessment of the observed events (73), (74). Finally, the FDA granted
accelerated approval (75) and the European Commission conditional approval (76). Both
authorities required the completion of a post-authorisation safety study to further establish
the safety profile. Contrarily to the FDA, the EMA required also the results of a further study,
particularly to confirm the B/R balance for patients without the specific mutation(73), (75).

In conclusion, FDA’s and EMA’s B/R assessment for Venclyxto/ Venclexta are notably
different. This is mainly due to the fact that the EMA included study results for patients
irrespective of the specific mutations, whereas the FDA excluded patients who do not have
the genetic changes. This dissimilarity becomes apparent in the approved indications.
Compared to the FDA, the CHMP proposed to approve a broader defined indication,
including patients without the genetic mutations and the European Commission followed
this proposal (77), (78).
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6.5 Discussion of the Results and Conclusion

First of all, this analysis demonstrated the complexity and difficulty of approval decisions.
The B/R assessment of the selected drugs was informed by an extensive body of evidence
and multiple sources of uncertainty. The case of Ocaliva particularly illustrates the
regulator’s dilemma. For this drug, the central review issue was, whether a biochemical
parameter is a reliable surrogate to predict clinical benefit. In fact, drugs without clinical
benefit should not be approved. But what is a regulator supposed to do when the clinical
effect is not clearly demonstrated? Should the regulator approve the drug and take the risk
that patients could experience adverse reactions without improvement of the disease? Or
should the regulator refuse the marketing authorisation, and thus deny a possible effective
treatment to patients?

For all selected drugs, the uncertainties presented the central review issues that
complicated the approval decisions. In this analysis, the most common identified uncertainty
was related to the beneficial effects. This is mainly due to the fact that the clinical benefit
was demonstrated by the evaluation of surrogate outcomes. Furthermore, in the cases of
three drugs, uncertainties regarding the benefits for specific subpopulations were identified.
The most obvious differences between the B/R assessments in EMA’s EPAR and FDA’s
Benefit-Risk framework was also related to the uncertainties surrounding benefits.

In the case of Ninlaro, the EMA extensively discussed the magnitude of the treatment
effect and initially proposed to refuse the marketing authorisation before the CHMP finally
recommended to approve the drug. The FDA, on the contrary, was not concerned about the
clinical benefit and approved Ninlaro already one year earlier than the European
Commission.

In the cases of Coagadex, Tagrisso and Venclyxto/Venclexta, the SmPCs entail a
broader defined indication, including specific subpopulations, compared to the Labels. This
is mainly due to the fact that the EMA discussed the uncertainties related to the beneficial
effects for these specific subpopulations extensively and finally concluded that the B/R
balance is also positive for these subpopulations, contrarily to the FDA.

Furthermore, this analysis demonstrated that the information provided in the B/R
sections of EMA’s and FDA’s assessment reports varied significantly. The clearest areas
where remarkable differences existed between the B/R sections were: benéefits,
uncertainties related to benefits, risks, and uncertainties related to risks.

These differences are mainly caused by the fact that the authorities described the effects
or uncertainties differently or reported other additional relevant effects or uncertainties.
Considering the variety of data that regulators have to investigate in a marketing
authorisation application it seems plausible that the assessment reports entail to some

extent different data. However, for several drugs, it was difficult to differ between the key
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benefits and risks that significantly influence the B/R balance. A quantitative approach
based on MCDA could support to precisely define the key effects.

In conclusion, FDA’s Benefit-Risk framework provided a clear and easily accessible
presentation of the data. Nevertheless, FDA’s frameworks for the selected drugs differed in
terms of length and comprehensiveness. In the case of Praxbind the Benefit-Risk Summary
Assessment of FDA'’s framework entailed information that was not mentioned in the rows
of the key decision factors. Furthermore, in the case of Coagadex, FDA’s framework
includes only a brief summary of the data without a clear assessment of the uncertainties;
whereas, FDA’s framework for Ocaliva comprises a detailed and comprehensive description
of the key decision factors. Indeed, more complex or difficult B/R assessments require a
more detailed description of the relevant data. Notwithstanding, efficiently communicating
regulatory decisions involves being explicit about the uncertainties and in the case of
Coagadex the FDA did not explicitly explain the impact of the uncertainties on the B/R
balance.

The Benefit-Risk Assessment sections of EMA’'s EPAR were generally comprehensive
and detailed. For each drug the uncertainties were clearly and understandably discussed.
Furthermore, it was easy to differentiate between the effects and the uncertainties since
EMA’s B/R section is structured into different parts provided with a heading. Even though,
FDA’s framework, differs between ‘Evidence and Uncertainties’ and ‘Conclusions and

Reasons’, it was more difficult to distinguish uncertainties from effects.

6.6 Limitations

Limitations of this analysis arise from the small sample size and the use of a standardised,
but not validated data collection tool. Thus, further investigation with a larger sample size
could provide more information about differences between the B/R sections of EMA’s EPAR
and FDA’s Medical Review. Furthermore, this analysis mainly focused on the B/R sections
of the respective assessment reports, that represent only a small part of the whole
assessment report. Other sections of the assessment reports or other documents have not
been investigated. In addition, these sections may not represent discussions or differences

of opinion between reviewers.
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7. Implications for the Industry — ICH Revisions to B/R Assessment

The B/R assessment of medicines is the fundamental basis of regulatory decision-making
both for sponsors and regulators. It is for this reason that the B/R assessment of medicines
is not only a crucial topic for regulatory authorities but also for the pharmaceutical industry.
The fact that two of the most global relevant regulatory authorities, the FDA and the EMA
have turned their focus on B/R assessment methods suggested that changes could be
anticipated in the way sponsors have to submit their B/R information in an approval
application (11).

In order to receive a marketing authorisation for a drug, applicants have to submit an
application dossier to the regulatory authorities. The International Conference on
Harmonisation (ICH) Common Technical Document (CTD) is an internationally agreed
format for the preparation of such applications (13). According to the ICH guideline M4E,
sponsors are requested to describe their conclusions on the benefits and risks of a
medicinal product in the Clinical Overview of Module 2, to be more explicit in Section 2.5.6
of the CTD (79).

In 2014, the ICH set up an Expert Working Group (EWG) to revise the above-mentioned
B/R section of the ICH guideline M4E (R1). The purpose was to provide more specificity
regarding the format and structure of B/R information and to harmonise the presentation of
this information in regulatory submissions. The former guideline, ICH M4E (R1) provides
general guidance, however, no further structure is recommended that supports industry in
completing their B/R assessment.

As a result, regulators were confronted with different approaches taken by applicants,
ranging from unstructured to structured qualitative, as well as quantitative methods. The
revision of the ICH M4E (R1) guideline should establish a standardised presentation of B/R
assessment information in submissions (80). On the one hand a standardised structure of
the B/R information should assist regulators to understand the applicant’s perspective, and
on the other hand the revised guideline should support applicants to better comprehend
what is important to a regulator’s B/R decision (81).

Currently, the revised guideline ICH M4E (R2) has reached step 5 of the formal ICH
procedure and will be implemented within the ICH regulatory bodies (82).

Compared to the former guideline M4E(R1), the revised guideline M4E(R2) describes
the requirements for the B/R assessment far more detailed. Table 13 shows the differences
between the guidelines regarding the content and structure of an applicant's B/R
assessment in an application dossier. The former guideline determines a brief analysis of
the benefits and risks, whereas the revised guideline recommends a clearly explained B/R

assessment divided into several sections (79), (83).
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Table 13: The CTD Efficacy Guideline (ICH M4E) — Clinical Overview: Comparison of B/R
Requirements

ICH M4E (R1) ICH M4E (R2)
M2.5.6 M25.6.1-25.6.5
Issued 2012 Current step 5: Implementation

A very brief analysis of benefits and risks,
that identifies the most important
conclusions and issues, (including efficacy,
significant safety findings, dose-response

A succinct, integrated, and clearly
explained benefit-risk assessment of the
medicinal product for its intended use that
includes the following sections:

relationships).
Ps) e 2.5.6 Benefits and Risks Conclusions

2.5.6 Benefits and Risks Conclusi
* enefits and Risks Lonclusions e 2.5.6.1 Therapeutic Context

e 2.5.6.2 Benefits

e 2.5.6.3 Risks

e 2.5.6.4 Benefit- Risk Assessment
e 2.5.6.5 Appendix

Modified from: ICH Revisions for Benefit-Risk Assessment. Regulatory Rapporteur (11)

The revised guideline entails therapeutic context considerations including a description of
the disease and current treatment options. Key benefits and risks should then be
summarised. Furthermore, strengths, limitations and uncertainties of the benefit and risk
information should be discussed. Finally, the Benefit-Risk Assessment section should
provide the applicants’ conclusion on the B/R assessment of the medicinal product. In this
section, also key aspects of risk management should be included.

With regard to B/R assessment methods, the revised guideline states that a descriptive
approach which clearly explains the interpretation of the data would generally be
appropriate. The revised guideline does not prescribe a particular approach. Applicants may
use methods to express the B/R assessment quantitatively, however, before using such a
method, applicants should assess its utility, its complexity, and whether the method
facilitates the interpretation of the results. If the applicant applies a benefit-risk methodology,
detailed description of the methodology should be submitted in an appendix (79).

In conclusion, the ICH approach includes the main factors that drive the decision which
are also described in the CHMP assessment report overview guidance and in FDA’s B/R
framework. Furthermore, the revised guideline seems to reflect FDA'’s view that a qualitative
approach is most appropriate for B/R assessments. However, the revised guideline does
not entirely exclude quantitative approaches; applicants may use such methods to assess
and describe the B/R balance but only after having evaluated the usefulness of the specific

method.
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8. Discussion

Over the past decade a rising amount of discussion has focused on the B/R assessment of
medicines and resulted in various B/R approaches developed by regulatory authorities,
industry and academia. A unified methodology has not yet been established and the fact
that regulators dissent over the usefulness of quantitative models complicates among
others the implementation of a uniform methodology.

The intention of this thesis is to compare EMA’s and FDA’s approaches to the B/R
assessment of human medicines within the drug approval process. The FDA has rejected
quantitative approaches and adopted instead a qualitative approach, the FDA five-step
Benefit-Risk framework. The EMA, on the contrary, proposed a stepwise approach including
the use of quantitative models for more intricate decisions. However, it seems that
regulators within the EMA still disagree about the practicality of quantitative models. The
IMI PROTECT project has resulted in comprehensive recommendations on the use of
various methodologies and visualisation techniques, though such methods have not yet
been implemented in EMA'’s regulatory practice. In this context, the question rises whether
more research is necessary to incorporate such B/R methodologies in the European drug
review process or whether such methods are not suitable to be implemented within EMA’s
daily regulatory practice. Although EMA’s report on PROTECT’s outcomes revealed that
several European regulators may not be willing to implement such models, it is too early to
draw any firm conclusions as EMA’s survey included only a small number of European
regulators, and therefore, the results of the survey do not represent the view of the EMA as
a whole. Furthermore, EMA’s report on PROTECT’s outcomes was published only recently,
in September 2016. Hence, it remains unclear whether the EMA will incorporate B/R
methodologies and graphical representations within the B/R assessment process in the
future.

The analysis of FDA’s and EMA’s B/R assessments of selected drugs demonstrates that
such assessments are complex and challenging. Most notably, the uncertainties represent
central review issues that significantly impede decision-making. Furthermore, it is
particularly difficult to verbalise why the benefits of a drug outweigh the risks and how far
uncertainties influence the B/R balance. At present, both authorities explain the rationale
behind approval decisions in a descriptive manner. Even though FDA'’s B/R framework and
the CHMP assessment report overview guidance determine similar key decision factors,
the discussion of the B/R balance may differ greatly. The fact that different reviewers
interpret the same evidence differently suggests that B/R assessments are based on
subjective judgements. The regulators’ challenge lies in being explicit about subjective
judgments. Regulators have a responsibility to convey approval decisions in a clear and

understandable form to ensure transparency and accountability.
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The intention of B/R methodologies, irrespective of quantitative or qualitative, is to support
the analysis and communication of regulatory decisions. Qualitative methods are
particularly suitable to frame the decision, to structure the decision making process and to
provide the ‘big picture’ of the decision. Furthermore, quantitative models based on MCDA
could support regulators to define the key aspects that primarily influence the B/R balance
more precisely and explicitly.

However, there remains a crucial problem which cannot be resolved by B/R frameworks,
neither by qualitative nor by quantitative methods. Such methods do not enable regulators
to be explicit about ‘unknown unknowns’. Within the drug approval process the ‘unknown
unknowns’ represent the missing information that regulators or other stakeholders are not
aware of at the time of approval. According to Janet Woodcock, the ‘unknown unknowns’
have historically caused some of the biggest safety controversies (18).

Indeed, safety issues that arise in the post-market phase when the drug is applied
outside the restricted clinical trial population undermine public confidence in decisions made
by regulatory authorities. Structured B/R methods cannot prevent tragic events and criticism
but they can contribute to a more transparent and auditable decision-making process.
According to Baruch Fischoff??, a better method does not lead to fewer conflicts, but to
better conflicts and a more constructive discussion (84).

In conclusion, B/R assessments of medicines are subjective, based on expert judgment
and objective facts. B/R methodologies, irrespective whether qualitative or quantitative
cannot replace human judgement, however, such methods add clarity and transparency
about subjective evaluations. The FDA has adopted a qualitative approach, whereas EMA’s
B/R initiatives resulted in a graduated methodology. Furthermore, several organisations
have developed various frameworks of differing complexity. The implementation of a
consistent approach is hampered by the lack of a one-size-fits all B/R assessment
approach. In fact, B/R methodologies are valuable tools to improve the analysis and
communication of B/R assessments, nevertheless weighing the benefits against the risks
remains a challenging process which requires assessments and finally, decisions on

individual basis.

28 Howard Heinz University Professor, Member of the Institute of Medicine, past President of the Society for
Judgment and Decision Making and the Society for Risk Analysis, and former chair of FDA’s Risk
Communication Advisory Committee
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Definition

A graph that demonstrates the benefit-risk balance of a drug and its
comparator(s) in quantitative terms. This graph includes a bar for each of the
alternatives, e.g. drug under assessment and placebo. Each bar is divided
into segments, the favourable and the unfavourable effects. This stacked bar
graph is based on MCDA and provides an overall comparison of the options.

A descriptive framework structured into six steps: define the decision context,
identify outcomes, identify and extract source data, customise the framework,
assess outcome importance, display and interpret key benefit-risk metrics.

A bar graph that demonstrates the differences between two treatment groups
in terms of benefit and risk scores. This bar graph is based on MCDA and
clearly shows for each criterion (i.e. favourable or unfavourable effect)
whether the drug or its comparator performs better.

A chart that illustrates the key aspects within the B/R assessment of a drug.
This chart represents the benefits and risks of a drug and a control group and
includes limitations or uncertainties of the effects for the drug. Effects Tables
were used in EMA’s Benefit Risk Methodology project and in the IMI
PROTECT project.

A decision support tool that demonstrates important facts of a decision in a
tree-like graph. Within the B/R assessment of a drug this tool serves to
illustrate the benefits and risks of a drug that have a significant impact on the
B/R balance.

A qualitative framework that describes and structures the key aspects of a
drug’s B/R assessment in a table. The table includes five decision factors
(analysis of condition, current treatment options, benefit, risk, risk
management) and a row for the summary of the assessment. Facts and
uncertainties are separated from conclusions within the table.

Encompasses a collection of methods that could be applied for complex
decisions with different options and multiple criteria. Such methods quantify
the performance of two or more alternatives on specified criteria. Within the
B/R assessment of a drug, the different options are the drug under evaluation
and its comparator(s) (e.g. placebo), while the criteria refer to the benefits
and risks. Assessors have to judge the performance of the drug and its
comparators on the favourable and unfavourable effects according to their
clinical relevance. To establish a common unit of a preference value all
effects are weighted. Those weighted effects can then be summed to
establish the overall benefit-risk balance for each drug in quantitative terms.
Visual representations like the Added value bar help to demonstrate the B/R
balance.

A framework that is not specific to the B/R assessment of medicines but
suitable to evaluate problems with multiple criteria. PrOACT-URL serves to
frame the decision and guide the decision-making process. It consists of eight
steps: Problems, Objectives, Alternatives, Consequences, Trade-offs,
Uncertainty, Risk attitudes, and Linked decisions. It is mainly a qualitative
framework but can be combined with quantitative models, e.g. MCDA. Within
EMA’s Benefit-Risk Methodology project and the IMI PROTECT project, this
framework was used in case studies.

A method that structures the B/R assessment or frames the problem in a
descriptive manner. An example for a qualitative B/R assessment approach
for a drug is the FDA Benefit-Risk framework.
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Sensitivity analysis

UMBRA
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An approach that enables decision-makers to assign numerical weights to
benefits and risks in order to quantitatively express the B/R balance of a drug.
The intention of such methods is to transfer expert judgment into values in
order to put benefits and risks on the same scale. Several quantitative
approaches within the B/R assessment of drugs are based on MCDA.
However, there are various quantitative models of differing complexity.

A technique to evaluate to how far different values or uncertainties influence a
decision. Sensitivity analysis investigates the robustness of a decision. Within
the B/R assessment of a drug sensitivity analysis helps to explore to what
extent the B/R balance changes if the value of the input data is changed, e.g.
the value of a specific risk like QTc prolongation. Sensitivity analysis is one of
the steps within the MCDA process.

The intention of the UMBRA framework is to incorporate common features of
existing frameworks into a unified methodology. This framework helps to
establish the decision context, identify and assess the benefits and risks and
to interpret the results. It consist of the following eight steps: decision context,
building the value tree, refining the value tree, relative importance of benefits
and risks, evaluating the options, evaluating uncertainty, concise
representation of results (visualisation), expert judgement and
communication.
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