


Optimizing Global Clinical Trial Investments

Advanced Risk Modeling for Patient Enrollment Forecasting in 23 Country Phase Il

Trial Saves Company Millions.
Todd D. Clark, President — Value of Insight Consulting, Inc.; toddclark@voiconsulting.com; 954 881 0380

Contents

INEFOTUCTION ..ttt et et b e b e b e s b e e s be e sbe e saeesatesanesane eesaeesanenane 2
Bl X T={a Y =1 ] SRR PR 3
V= d g YT o] [T -4V 2 PSP 4
About Risk-Modeling with Monte Carlo ANAlYSis ........uuiviiiiiiiiieee e e 6
Applying Monte Carlo Analysis to the Trial Z Enrollment Model...........cccovviiiiiiiiiiiei e, 7

Interpreting the Probability FIGUIES........uii ittt et e e e vae e e naee e e 8
Trial Z Results based on OrigiNal PIan .......cc.uiiiiiiiiiiciiie ettt e e e s e s ssre e e sanaee s 10

TaTo [AViTe [V I Oo U] o} d AN 2 =TT U] RSP 12
Producing an Optimal Plan fOr Tral Z .......ocueeieoiiie ettt ettt e e et e e e enaaee s 13
(6o 4ol [V oo F PP P PP PRRRPRPR 14



Optimizing Global Clinical Trial Investments

Advanced Risk Modeling for Patient Enrollment Forecasting in 23 Country Phase Il

Trial Saves Company Millions.
Todd D. Clark, President — Value of Insight Consulting, Inc.; toddclark@voiconsulting.com; 954 881 0380

Introduction

Before a pharmaceutical company can bring a new product to market, it must conduct extensive
clinical trials that take years and cost hundreds of millions of dollars to complete. While this
process is underway, each day spent in development brings the product a day closer to the time
when patents expire, presenting the innovator company with fierce competition from generic
firms that can sell the product for a fraction of the original price.

Although the pharmaceutical industry has faced this development cycle for decades, new
pressures have arisen in recent years that make the clinical research environment more
challenging than ever. First, as a result of an increased focus on safety, regulators throughout the
world want to see longer and larger trials than were required in the past. Further, with the
number of trials escalating, sponsors face growing competition for patients and increased
difficulty convincing researchers to participate. Indeed, many top-tier research institutions
receive so many offers to participate in studies that they have either turned away new trials
altogether or have become extremely selective about the ones in which they choose to
participate.

In a November 2006 report, the U.S. Government Accountability Office summed up the situation
as follows:

“On average, drug sponsors can spend over 13 years studying the benefits
and risks of a new compound, and several hundred millions of dollars
completing these studies before seeking FDA’s approval. About 1 out of
every 10,000 chemical compounds initially tested for their potential as
new medicines is found safe and effective, and eventually approved by
(the) FDA, making the drug discovery and development process complex,
time consuming, and costly.”

“Over the past several years it has become widely recognized throughout
the industry that the productivity of its research and development
expenditures has been declining; that is, the number of new drugs being
produced has generally declined while research and development expenses
have been steadily increasing.”*

! http://www.gao.gov/new.items/d0749.pdf
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Industry figures underscore the point: Pfizer reports that 60% of total development budgets are
spent on clinical trials, double the level required in the 1980s.? With these facts in mind, it is
clear that there is a pressing need for an effective and efficient clinical development process.
This paper outlines a probability-based modeling approach we recently employed to reduce
overall expenditures for a major cancer trial without sacrificing the likelihood of successful, on-
time enrollment.

The Assignment

Value of Insight Consulting, Inc. (VOI), a life-sciences advisory firm, was hired by BBK
Worldwide (BBK), the industry leader in providing clinical trial sponsors with global study
enrollment services, products, and technology. The ultimate client for both VOI and BBK was a
major multinational pharmaceutical company that needed to determine the relative suitability of
23 countries as locations for a phase 11 clinical trial of a cancer drug. For confidentiality reasons,
the names of the client, trial, drug and the specific type of cancer are not disclosed. For the
purposes of this document, the drug is referred to as “Drug X”, the specific cancer as “Cancer Y”
and the clinical study as “Trial Z”. Similarly, where budget figures are cited, we have replaced
our client’s proprietary figures with industry averages obtained through secondary research.

The majority of countries with meaningful abilities to conduct clinical research were included in
the Trial Z evaluation set. These ranged from major research centers such as the United States,
Germany and Japan to countries with emerging clinical trial infrastructures, such as China, India,
Brazil and Russia.

The objective of our analysis was to determine the best countries in which to place Trial Z so as
to ensure that a minimum total of 690 patients would be enrolled within the sponsor’s 26-month
timeline. In addition to being diagnosed with Cancer Y, potential patients had to meet certain
other criteria before they could be admitted to the trial. These inclusion criteria included the
patient’s particular subtype of Cancer Y, how far the disease had progressed and prior history

? (http://www.pfizer.com/research/clinical_trials/clinical_trials.jsp)
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with various forms of therapy. In addition, since Cancer Y is a particularly malignant form of
cancer with very limited survival rates, the relevant population for Trial Z was the number of
people diagnosed annually (incidence) rather than the number of people ever diagnosed
(prevalence).

The stakes involved in obtaining an accurate assessment were high. Consider, for example, that
even in the United States — a country with an extremely advanced research infrastructure — up
to 40% of the total labor involved in a cancer trial occurs before a single patient is enrolled.>
Countries with less developed clinical trial capabilities usually offer lower patient recruitment
costs, but the upfront administrative burden associated with gaining approval, identifying sites
and training investigators is considerably higher in these less-experienced countries. Placing
Trial Z in countries where recruitment would ultimately fall short of target levels would result in
unnecessary loss of patent life and divert scarce resources from productive to unproductive
locations.

Although the primary objective of the assignment was to evaluate the likelihood of successful,
on-time enrollment based on our client’s original plan, the analysis ultimately allowed us to
make revisions that resulted in a substantially improved approach. This process is described
below.

Methodology

VOI and BBK conducted extensive primary and secondary research to determine the
characteristics of each market and how these might affect clinical trial enrollment. First, we
evaluated the structural environment for clinical research in each country. Factors considered in
this phase included: length of time required to obtain regulatory approval for trial initiation,
motivations and incentives for physicians and patients to participate, cultural attitudes toward
clinical trials and availability of the necessary human and technical resources.

Next, we collected information specific to Cancer Y in each country. For example, we examined
epidemiological data including the annual incidence of Cancer Y and the percentage of Cancer Y

® Alan B. Sandler and David M. Dilts, “Invisible Barriers to Clinical Trials: The Impact of Structural, Infrastructural,
and Procedural Barriers to Opening Oncology Clinical Trials,” Journal of Clinical Oncology, Vol. 24, No. 28, October
1, 2006, pp. 4545-4552.
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patients meeting the enrollment criteria for this trial. We also considered diagnostic pathways for
Cancer Y patients, the number of specialists treating the disease, the number of contacts each
patient would have with investigators, investigators’ attitudes toward or prior experience with
Drug X and its competitors and the likelihood that this particular group of patients would enroll
in Trial Z.

With the results of our research in hand, we used the information to complete a model of the
patient enrollment process for each of the 23 countries. BBK’s Enrollment Projection Model
(EPM), a proprietary product for forecasting enrollment across the range of disease states, served
as the foundation for this component of the project.

As a proprietary methodology, we are not able to elaborate on the nuances of BBK’s EPM. At a
very general level, however, it is possible to say that there were four major steps employed to
forecast patient enrollment for each of the Trial Z countries:

e Step 1: establish the number of Cancer Y patients diagnosed per investigator per month.
Information used to arrive at this figure included the overall incidence of Cancer Y, the
number of investigators involved in the trial and their monthly patient volume.

e Step 2: compare the national profile of Cancer Y patients against Trial Z’s
inclusion/exclusion criteria to determine how many patients would be eligible for enroliment.
Here we employed epidemiological data on the prevalence of specific subtypes of Cancer Y
and the portion of patients diagnosed at each stage of disease progression. (Due to
environmental factors and the quality of healthcare systems there was considerable variation
in these figures from one country to another.)

e Step 3: determine the likelihood that eligible patients would be invited to participate and, if
invited, would elect to enroll in Trial Z. Inputs for this step included availability of and
satisfaction levels with existing therapies, investigator opinions about both Drug X and the
design of Trial Z and cultural attitudes towards clinical research.

e Step 4: establish the schedule for patient enrollment and bringing all investigative sites
online. This component was based on research into procedures and timelines required for
regulatory and ethical approval, contract negotiations and investigator training.

The final product of the EPM was a model containing recruitment projections for each of Trial
Z’s 23 countries. Each country-level model relied on data from 54 inputs; the model’s output was

5
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Figure 1 shows the combined (all countries) forecast for patient recruitment levels over the 26-
month course of Trial Z. (Note that the inflection point around Months 3 to 6 is a result of trial
sites coming online in the countries that have slower initiation processes.) Here we can clearly
see that the lowest 10" percentile of simulations crosses the enrollment target sometime between
Months 25 and 26. We can also see that, in the most likely case (defined by the 50™ percentile of
simulations), Trial Z will reach the target by Month 23 and in the highest 10" percentile, the
enrollment objective will be met by Month 20.

Figure 1 - Trial Z Patient Accrual Forecasts based on Original Plan
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Individual Country Results

Although the odds for successful enrollment of Trial Z are high, Figure 2 reveals that there is a
great deal of variation within the individual countries; a finding that creates an opportunity for
considerable reduction in the level of resources required for the trial. As indicated, five countries
are virtually certain (probabilities well over 90%) to meet their enrollment objectives on
schedule, while another five countries are virtually certain (probabilities near zero) to fail in this
regard. Projections for the remaining 13 countries are less clear-cut (probabilities ranging from
approximately 13% to 86%), but even in this middle group we can see that the odds of success
are much greater in some countries than in others.

Figure 2 - Probability of Reaching Target Enrollment on Schedule based on Original Plan -
Trial Z Total and Individual Countries
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Producing an Optimal Plan for Trial Z

Looking at the forecast results based on the original plan indicates that the country list and
national enrollment targets could be adjusted to the benefit of Trial Z and the sponsor’s bottom
line. With this in mind, we continued our probability-based analysis to determine a mix of
countries, enrollment targets and site rosters that would maximize the probability of success
while minimizing the sponsor’s expenditure. This was accomplished by applying optimization
software to our Monte Carlo-based model. (As mentioned, in the monetary figures below we
have replaced our client’s proprietary budget information with industry-standard averages
derived from secondary research.)

As shown in Table 2, this optimization process resulted in substantial benefits for the sponsor.
Without changing patient recruitment goals or schedules, the analysis allowed reduction in the
number of scheduled countries from 23 to 17, the number of total sites declined by 24 and the
budget was cut by nearly $4.1 million, or 8.1%, of the total required under the original plan.
Indeed, we estimate that the actual savings may be two or three times this level, as the
administrative costs associated with trial approval, site initiation and ongoing oversight are not
fully captured in the figures below.

The above savings were achieved with a miniscule, 0.5%, reduction in the probability of
successful on-time enrollment. Put another way, the cost of purchasing an additional 0.5%
probability of success is at least $4.1 million, a very inefficient use of funds.

Table 2 - Results of Recommended Optimization Plan for Trial Z

Recommended

Original Plan Revised Plan  Difference
Target Patient Enroliment 690 690  Unchanged
Number of Months 26 26 Unchanged
Number of Countries 23 17 -6
Number of Investigative Sites 208 184 -24
Total Budget in US$ (000) 50,307 46,232 -4,075
Probability of Achieving Enrollment Target on Time 94.7% 94.2% -0.5%
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Conclusion

While there may be legitimate reasons for forging ahead with clinical studies in some of the
countries where the trial will not reach its enroliment goals (for example, the need to cultivate
investigators for future research or the potential for improving local approval chances), this
analysis clearly shows that there are significant benefits to be gained from adjusting the number
of countries involved in Trial Z.

We suspect that most global clinical trial initiatives would see similar advantages using this
approach. Indeed, the advantages would likely be greater: Cancer Y, the focus of our assignment,
tends to be substantially more prevalent in developed than in emerging countries. For this reason,
the changes in our revised plan resulted in an increased level of activity in major markets;
savings came primarily from a reduction in the administrative burden associated with initiating
the trial in multiple locations. If the focus had been on another disease state that would have
allowed us to shift more patients from high-cost developed markets to low-cost emerging
markets, the savings would have been substantially higher.

Further, Trial Z had a very high probability of reaching its recruitment goals both in the original
and revised plans. Thus, the opportunity costs associated with missing the enrollment deadline
was not a major factor in our results. Most trials, however, are far less certain to meet their
schedules, and an analysis similar to what we performed for Trial Z would therefore offer the
additional benefit of either reducing trial length or identifying unrealistic timeframes.

As the preceding shows, risk-modeling with Monte Carlo Analysis provides decision-makers
with valuable insights that would not otherwise be available. Considering this, it is somewhat
surprising that it has not become a more widely-used tool. While the technique requires
additional effort on the part of the modeler, the vast majority of the work takes place during the
research phase: in this assignment, gathering accurate research and conducting the interviews
necessary to establish the 1,242 bits of data needed for 23 country-models with 54 variables each
took approximately 80% of the time, while the completion of both the original EPM and the
Monte Carlo models consumed the remaining 20%. Since the research would have been
conducted in any case, gaining a comprehensive understanding of the probabilities of success for
Trial Z and the ability to reduce trial costs by approximately 10% was thoroughly worth the
incremental effort.
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Risk-modeling could be applied to a number of other aspects of the life-sciences industry as well.
Valuation of licensing or M&A deals, determination of which pipeline projects to pursue,
assessments of market entry potential and optimization of ROI in promotional allocations are just
a few of the areas that require substantial investments in the face of uncertainty. In an industry
that is arguably facing the most challenging period in its history, companies that incorporate risk-
modeling into their decision-making process could provide themselves with a distinct and
affordable advantage over their competitors.
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GLOBAL CLINICAL TRIALS ANALYSIS

VOI was contracted to explore the suitability of 30 countries as
locations for clinical trials with five compounds aimed at diseases
in the oncology, endocrinology, rheumatology, nephrology and der-
matology fields. The majority of countries with meaningful abilities
to conduct clinical research were included in the evaluation set.
These ranged from major research centers such as the U.S,, France,
Germany and Australia to countries with emerging clinical trial in-
frastructures, such as China, India, Brazil, Russia and South Africa.

GLOBAL BIOSIMILAR STRATEGIC
OPPORTUNITY ASSESSMENT

Our client needed to evaluate a number of strategic options re-
garding possible entry into the biosimilar category. VOI performed
a thorough analysis of clinical, manufacturing, intellectual property
and marketing issues in both advanced (e.g. US, EU, Canada) and
emerging (e.g. India, China, Latin America) markets. The develop-
ing legislative and regulatory frameworks in these markets were
explored in-depth. In countries such as the U.S., where govern-
ing regulations are not yet in place, the implications of various
scenarios (e.g. different lengths of data exclusivity, clinical trial
requirements) were explored.

STRUCTURAL ANALYSIS OF INTERNATIONAL
PHARMACEUTICAL MARKETS

Our client needed to understand the chain of influence in | inter-
national markets and how this affected the commercial prospects
of their products.VOI examined the elements of the decision-mak-
ing chain in these markets and determined the relative influence of
each component (e.g. payers, prescribers, distributors, patients) on
the product selection process.
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