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PREFACE

Preface

This report is the first in a new Innovation Series to be published by NEHI. The
goal of the Innovation Series is to identify opportunities to speed the adoption of
highly valuable innovations that will benefit patients and help contain overall
health care costs. Focusing on emerging innovations for the treatment of major
diseases such as cancer, cardiovascular disease and diabetes, these reports will
analyze specific classes of innovation to identify the value, drivers and barriers to
their adoption as they move from initial concept into accepted clinical practice.
NEHI will draw upon its industry-wide membership to guide the development of a
policy action plan to drive change and facilitate the adoption of beneficial
innovations.
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EXECUTIVE SUMMARY

Executive Summary

From drugs and medical devices, to information technology and care delivery,
advances across the health care system have led to significant improvements in the
quality and length of patients’ lives. In recent years however, the relentless rise of
health care costs has shifted our national attention toward the cost of innovation.
Ultimately, the most successful path to improving the efficiency of our health care
system lies in defining the value of innovative treatments and care processes, rather
than measuring costs or benefits alone. We must work to find ways to identify
valuable innovations and the mechanisms for getting them to patients as quickly as
possible. We need to speed the adoption of cost-effective innovations to improve
patient quality of life without increasing the aggregate costs of health care.

One area of advancement in health care where questions of value and efficient
adoption are especially important is the area of molecularly targeted drugs, which
are poised to fundamentally change the treatment of cancer as we know it.
Advances in molecular biology and our understanding of the human genome have
led to rational drug design, a process whereby scientists first identify molecular
targets in the body that lead to disease and then develop drugs that selectively
attack these targets. Although this is an emerging field, there are already examples
of molecularly targeted cancer drugs that are dramatically improving patient
outcomes and quality of life.

A prime example is Gleevec®, a molecularly targeted drug introduced in 2001 for
the treatment of chronic myelogenous leukemia (CML). CML is a cancer that
affects a relatively small patient population, but with potentially life-threatening
outcomes. The story behind Gleevec’s development and adoption illuminates the
critical issues health care system stakeholders face in bringing a scientific
breakthrough to life. In particular, Gleevec highlights the challenges and
opportunities involved in bringing drugs for rare diseases to market and reinforces
the importance of examining the value, and not just the cost, of expensive
therapies.

Targeting Cancer: Innovation in the Treatment of Chronic Myelogenous Leukemia
identifies and analyzes these issues and their impact on major health care system
stakeholder groups — patients, manufacturers, physicians, employers, payers and
hospitals — and on society as a whole. It is intended to raise awareness of the
specific challenges in bringing highly valuable innovations to patients and to
identify opportunities to speed the adoption of new medical, information, and care
technologies that dramatically improve patient care.

KEY FINDINGS

Gleevec has clearly made history as a medical, scientific and regulatory
breakthrough. It has dramatically improved patients’ lives. It has created
excitement and hope for the future of molecularly targeted cancer treatments, and
is a model for fast-track FDA approval. Taking into account all of the costs and
benefits of adding Gleevec to the system of care for CML patients, it is a highly
valuable innovation to society as a whole and valuable or neutral to major health
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care system stakeholders. The fact that it has a positive or negligible impact on all
industry sectors is one of the prime reasons behind its rapid adoption and uptake
across the health care system.

Small markets can yield big rewards

Gleevec’s developer, Novartis Pharma AG, was initially reluctant to make a major
investment in a therapy that targets a small market. But thanks to a successful
pricing strategy; the drug’s use as a chronic, ongoing therapy; and the expansion of
indications to include other diseases, Gleevec has become a “mini-blockbuster”,
generating 2003 global sales of $1.1 billion. Given the deceptively large market
potential presented by molecularly targeted therapies, large pharmaceutical
companies should not be afraid to invest in therapies that are initially targeted at
small and rare disease populations.

A winning combination can expedite U.S. Food and Drug Administration (FDA)
approval

Four factors working in concert facilitated Gleevec’s record approval time: (1) its
clear efficacy and breakthrough nature; (2) an FDA policy of speeding up the
regulatory and review process for life-saving therapies; (3) patient mobilization and
involvement before and during clinical trials; and (4) a commitment from Novartis
leadership to get Gleevec to market as quickly as possible.

Lack of Medicare coverage is a difficult barrier for patient access to innovations
Medicare’s complex policies prohibit coverage of many orally administered, life-
saving cancer therapies. The average annual cost for treatment with Gleevec—
including the drug and clinician visits—is $32,724 per patient. Novartis’ patient
assistance program enabled many CML patients to obtain Gleevec treatment, who
would otherwise not have been able to afford the drug.

Variance in physician practice patterns can limit the efficacy of an innovation

After FDA approval, Gleevec treatment shifted from major medical centers, to
oncologists and physicians in the community. High awareness of Gleevec in the
oncology community led to rapid adoption of the therapy. However,
manufacturer market research and NEHI’s own analysis of claims data suggest that
some patients were given sub-optimal dosages in this early period of adoption.
Reasons for this may have included a lack of specific knowledge about the latest
treatment standards due to the low incidence of CML and an unintended carryover
of treatment protocol for previous therapies. This lag period between drug
approval and consistent optimal dosing and monitoring is one of the more
problematic aspects of assimilating new drugs into the health care system.

Patient activism can be a powerful driver of adoption

Patient demand was a major force behind Gleevec’s rapid speed to market and its
rate of adoption. Mobilizing through the Internet, patient activists eliminated
roadblocks at several crucial points. They persuaded Novartis to accelerate
production and make the drug more widely available; advocated enrollment in
clinical trials; and helped disseminate information on proper dosing and treatment.

NEW ENGLAND HEALTHCARE INSTITUTE
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KEY HEALTH POLICY QUESTIONS

This case study of Gleevec raises important issues applicable to molecularly
targeted cancer therapies and other emerging medical innovations.

Getting promising drug candidates for rare diseases off of the shelf

Large pharmaceutical firms face significant pressures to produce blockbuster drugs
targeted at large patient populations. This business strategy almost derailed
Gleevec and often deters investments in treatments for rare, life-threatening
diseases.

e How can we make it more likely that promising drugs for small patient
populations are not stalled or put on the shelf indefinitely?

Reducing FDA approval time

While the FDA has ramped up its commitment to accelerating approval of life-
saving treatments, Gleevec, which was approved after a 72-day review, remains the
benchmark for fast-track approval.

e How can the levels of communication that took place among regulators,
researchers, physicians and patients throughout the FDA review process be
fostered to maximize the efficiency of future reviews?

Value versus cost

Gleevec was priced within the range of less effective and higher risk existing
treatments, and ultimately presented a cost-effective new treatment option. This
pricing strategy allowed Novartis to gain coverage acceptance and maximize its
return on investment for Gleevec without adding significant costs to the overall
health care system.

e  How will the various stakeholder groups react when an expensive, highly
effective targeted therapy is approved for a more widespread disease? Could
new therapies be priced according to the value they provide?

Improving the dissemination of new treatment knowledge

Experts hypothesize that molecularly targeted therapies will lead to sub-grouping
of diseases to the extent that all cancers may be considered “orphan” diseases.
Sub-grouping will make it increasingly difficult for any physician to stay current on
the optimal treatment practices for the numerous cancer sub-groups likely to arise.

e Whose responsibility is it to ensure that patients are receiving the best,
evidence-based practices? Should the responsibility lie with manufacturers,
medical schools, professional organizations, patients or some combination
thereof?

Patient communication and empowerment
Patient support groups and registries are often very effective for mobilizing patients
suffering from rare and/or life-threatening diseases.

e How could patient support groups be leveraged to speed enrollment in clinical
trials and encourage the dissemination of timely and accurate information?
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THE NEED FOR ACTION

All sectors of the health care system, not just patients, stand to benefit from the
rapid identification and efficient adoption of truly high-value medical innovations.
Leaders in all sectors of the health care industry will need to be imaginative as we
work together to create fresh answers to these questions. The ultimate need to
develop a system of behavioral and financial incentives for physicians, hospitals,
payers, and manufacturers that are directly aligned in the best interest of the
patients should be the dominant driver in our discussions.

NEHI will continue to work with its membership to address these critical issues.
We will educate the public and policymakers regarding the findings from this
research and create specific policy recommendations to drive public and private
sector change.

NEW ENGLAND HEALTHCARE INSTITUTE
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Introduction: Molecularly Targeted Drugs

As the first in NEHI’s Innovation Series, this report uses a case study of Gleevec”
(imatinib mesylate) to illustrate the value of the emerging class of molecularly
targeted cancer drugs. While Gleevec is just one example in a single class of drugs,
it highlights many critical issues that arise in the development and adoption of
medical innovations. This case study analyzes the value and impact of Gleevec to
society as a whole, as well as to six major stakeholders in the health care system:
patients, manufacturers', physicians, employers, payers and hospitals.  After
exploring the value of the innovation, this study identifies the drivers and barriers
to Gleevec’s adoption and concludes with an examination of the broader policy
issues and implications that may be relevant to other breakthrough innovations.

Among the earliest clinical applications to emerge from the human genome
project—a major initiative to identify and catalogue human genes—are therapies
that target the genes that cause specific diseases. While much of the project’s
promise has yet to be realized, the

nascent science of genomics is already The remarkable story of

starting to transform the way we treat Gleevec’s development and

cancer. commercialization illustrates
the opportunities and

These new molecularly targeted challenges inherent in the

therapies have emerged from great adoption of breakthrough
advances in scientific understanding of medical innovations.

the genetic basis of  cancers.

Mainstream cancer therapies of the late 20" century (e.g. chemotherapy)
indiscriminately kill all cells in their path. Today’s emerging targeted therapies are
designed to destroy specific cancerous cells and leave healthy cells intact. Early
results of this approach show significantly fewer side effects and better patient
outcomes than prior treatments.

The excitement surrounding these new therapies has been nothing short of
extraordinary. Major media outlets have heralded molecularly targeted therapies
as a “revolution in cancer therapy.”” Assessments among scientific circles have
been equally enthusiastic.” While only a handful of targeted cancer drugs are
currently approved in the United States,’ translating the wealth of known genetic
targets into new cancer treatments is high on the national health care agenda and
one of the National Cancer Institute’s central goals for 2004.°

A key reason for this optimism and investment is the widely cited success story of
Gleevec, one of the first molecularly targeted therapies for cancer. Gleevec has
truly transformed the treatment landscape for chronic myelogenous leukemia
(CML), a rare, life-threatening disease that annually afflicts 4,300 new patients in
the United States and 94,500 people worldwide.’

Developed in the 1990s by Ciba-Geigy, which later merged with Sandoz to form
Novartis Pharma AG, Gleevec received U.S. Food and Drug Administration (FDA)
approval in May 2001. It was awarded orphan drug status for its use in CML and
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another rare cancer, Gastro Intestinal Stromal Tumor (GIST), allowing for
exclusive marketing protections, tax credits and other benefits.” Today, Gleevec is
marketed in 65 countries worldwide® under the international brand name Glivec,
with global annual sales of $1.1 billion”. The remarkable story of Gleevec’s
development and commercialization illustrates the opportunities and challenges
inherent in the adoption of breakthrough medical innovations.

This report has five chapters (Figure 0-1): (1) an overview of CML; (2) an account
of Gleevec’s journey from discovery to adoption; (3) an analysis of the value of
Gleevec to major health care system stakeholders; (4) an examination of the drivers
and barriers to the adoption of this innovation; and (5) a summary of lessons
learned and the policy questions raised by this case study.

Figure 0-1

NEHI'S INNOVATION RESEARCH

Disease Overview
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The Journey from Innovative Science to Patient Care
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Drivers and Barriers Analysis
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Source: NEHI
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An Overview of Chronic Myelogenous Leukemia

To appreciate the impact of a new innovation on disease treatment, it is important
to understand basic facts about the disease itself and the treatment options
available. This section provides an overview of CML, a rare and life-threatening
disease, with a unique identifiable genetic marker.

LEUKEMIA AND CML

IDENTIFIABLE GENETIC MARKER

Leukemia is a cancer of the bone marrow in which the body produces large
numbers of abnormal white blood cells that interfere with the usual functions of
the blood. Three central processes maintain the right balance of cells in the body:
cell reproduction, maturation and death. In normal cells, these three processes are
in balance, allowing the body to continuously grow and lose cells while
maintaining the right overall number. With leukemia, Figure 1-1
one or more of these processes malfunctions, and cells in ]
the bone marrow cause the body to overproduce certain IN NEW ENGLAND
types of blood cells. CML (also known as chronic 1996 TO 2000
myeloid leukemia) is a subtype of leukemia that is |
characterized by the early presence of elevated white
blood cell levels and minimal negative effect on patients in
the early stage of the disease. Without treatment, the
disease inevitably progresses to severely inhibit patient
function and become fatal.

97
451
CML affects roughly 4,300 new patients annually in the 265 WY
United States and comprises 14 percent of all new :
leukemia cases.” The median age of CML patients at f\‘;ﬁgi?;t?'ﬁn“ff’é”;nec’ffgegismes;
diagnosis is 53 years old. Incidence increases with age,  VermontDepartment of Health
but all age groups are at some risk for the disease. The disease affects slightly
more men than women (by a ratio of 1.4 to 1)" and does not occur
disproportionately in any racial or ethnic group.” There are no known risk factors
for CML." Seven percent of all new CML cases occur in New England (Figure 1-
1), roughly consistent with the 5 percent of the U.S. population residing in the
region."” However, major New England cancer centers draw CML patients from
around the world, and some of the key clinical investigative work takes place here.

85

The root cause of nearly all
Unlike most cancers, where the genetic CML cases is a single, easily-

basis of disease is unknown, the root of identifiable genetic mutation.
nearly all CML cases is a single, easily-

identifiable genetic mutation.” This mutation occurs in a gene that codes for a
type of protein “on-off switch” for cell reproduction. In its normal state, the
switch helps to ensure the right balance of cells in the bone marrow. When
mutated, the switch becomes stuck in the on position and causes excessive
proliferation of white blood cells. This same genetic mutation, known as the Ber-
Abl oncogene (Figure 1-2), is associated with a telltale change in the appearance of
the cell’s chromosomes - the formation of a shortened, stubby-looking
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DIAGNOSIS

chromosome. Scientists have dubbed this the )
Figure 1-2

“Philadelphia chromosome,” due to its discovery THE PHILADELPHIA
at the University of Pennsylvania. The CHROMOSOME

Philadelphia chromosome is easily identifiable
. - e st
under a microscope and present in over 95 Creegsome L0
percent of CML patients, making it an excellent < ovogmane gli P
marker for detecting and monitoring the disease. | — ‘F:"
_—ber —r
.l
g
: g
Due to the unobtrusive nature of the disease in T e -
its early phase, half of CML cases go ‘

undiagnosed until a physician notices a
drastically elevated white blood cell level in a
routine blood count. Other patients are diagnosed upon receiving a complete
blood count as a result of minor symptoms, such as fatigue.'” The information
provided by this blood count allows the physician to determine whether there are
signs of CML at a hematologic level — meaning that the levels of each type of blood
cell (e.g. white, platelet) are characteristic of CML. The diagnosis is confirmed if
the Philadelphia chromosome is found by cytogenetic analysis, where a sample of
blood cells is examined under a microscope. This testing verifies the disease at a
chromosomal level. More rigorous techniques such as polymerase chain reaction
(PCR) testing can further corroborate the presence of CML by counting the
number of cells possessing the Ber-Abl mutation (Figure 1-3). Detection of disease
at the molecular level is the gold standard of testing.

Source: Howard Hughes Medical Institute

Figure 1-3
TESTING FOR CML
Least Accurate » Most Accurate
Level of disease Hematologic Cytogenetic Molecular
Measurement Complete blood count | Cytogenetic testing PCR testing
- 9 " u =
* e n
Object of " " 1
Measurement 5 1
v
22 x T
Percent of immature | Percent of cells with | Number of cells with
blood cells (blasts) the Philadelphia the Ber-Abl oncogene
chromosome

Source: Johns Hopkins Medical Institutions; Leukemia & Lymphoma Society; National Human Genome Research Institute (images)

COURSE OF THE DISEASE

There are three phases of disease progression in CML. Approximately 85 percent
of newly diagnosed patients are in the early chronic phase of the disease, while the
remaining 15 percent are diagnosed in the two advanced stages: accelerated and
blast phases.” Prior to the development of Gleevec, life-expectancy for newly

10
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diagnosed patients was three to six years for those in chronic phase, one year for
those in accelerated phase and three to six months for blast phase patients."

Chronic phase: At the clinical level, many chronic phase patients have no outward
signs of disease apart from high white blood cell counts. While some patients may
experience fatigue, abdominal pain or weight loss, CML does not usually restrict
their ability to carry out day-to-day functions. At the cellular level, these
symptoms are associated with elevated white blood cell levels, elevated platelet
counts, or reduced red blood cell levels, which result from wuncontrolled
reproduction of leukemic cells. In chronic phase, CML is not severely debilitating
because the excess white blood cells and platelets still function normally and the
patient is not significantly anemic.

Accelerated phase: For patients in accelerated phase, fatigue, abdominal pain and
weight loss become increasingly common and more serious symptoms arise, such
as frequent infection and bleeding. On the cellular level, their condition worsens
as the leukemic cells develop further mutations.

Blast phase: In blast phase, CML becomes a fatal acute leukemia. Patients reach
this stage when more than 30 percent of their marrow cells are blast cells -
immature cells that have not developed the ability to carry out normal functions.
These blast cells dominate the blood and marrow, crowding out healthy cells.

TREATMENT

The central goal of CML treatment is to improve the quality and length of
patient’s lives by eliminating cells with the Ber-Abl mutation. The effectiveness of
treatment can be measured at different levels, corresponding to the disease testing
techniques available (Figure 1-4). A response to treatment means the number of
leukemic cells has been reduced by the treatment. Remission means there are no
signs of the cancer at the level of testing used (hematologic, cytogenetic or
molecular). Thus, a patient exhibiting a hematologic response shows fewer
immature cells in a complete blood count after treatment. A patient with a
complete cytogenetic remission shows no cells with the Philadelphia chromosome
when examined visually under a microscope. A patient with a molecular remission
shows no trace of the Bcr-Abl oncogene in PCR testing. A sustained molecular
remission is a good indication that a patient is cured of CML. If a patient shows a
response or remission after therapy, but later loses that response or remission, the
patient is said to have relapsed.

Figure 1-4
TREATMENT GOALS
Level of Disease Hematologic Cytogenetic Molecular
Response Fewer immature Fewer cells with Fewer cells with
P myelogenous cells Philadelphia chromosome Ber-Abl mutation
.. No immature No cells with Philadelphia No cells with Ber-
Remission .
myelogenous cells chromosome Abl mutation

Source: NEHI
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Bone marrow transplantation

The only known cure for CML is a bone marrow transplant (BMT). A BMT is
usually a one-time procedure that involves regular long-term monitoring for
disease relapse (Figure 1-6). The patient’s marrow cells, both healthy and
leukemic, are destroyed with high doses of chemotherapy. The patient then
receives an infusion of healthy cells from a suitable donor. While the possibility of
being cured makes BMT an attractive treatment option, it is also a high-risk
procedure with a treatment-associated mortality of up to 20 percent for chronic
phase patients over age 40.” Moreover, not everyone is eligible for the procedure.
Patients must have a suitable and willing donor, whose bone marrow is a good
match. BMT outcomes vary significantly by factors such as age at transplantation,
phase of disease and donor suitability.” Complications such as graft versus host
disease (GVHD), an adverse immune response of the transplanted donor cells
against the host cells of the patient, are also a major concern. Depending on donor
suitability, as many as 26 percent to 49 percent of BMT patients face severe
problems from GVHD. The risks and limitations of BMT generally limit eligibility
to roughly 30 percent of the CML population.

Recombinant interferon alpha

Before Gleevec, recombinant interferon-alpha (IFN)* was the primary drug therapy
for patients with CML. This injectable drug is a synthetic human compound that
inhibits cancer growth and promotes immune destruction of leukemic cells.
According to aggregate clinical trials results, IFN induces hematologic remission
for more than 50 percent of CML patients and cytogenetic response in about 20
percent. Only about 2 percent of patients experience a sustained molecular
response to IFN,” and molecular remissions are virtually unheard of. IFN is a
toxic treatment generally associated with flu-like symptoms, diarrhea,
psychological problems and fatigue, which persist as long as the patient is on the
drug (usually indefinitely).

Gleevec (imatinib mesylate)
Gleevec (Figure 1-5), previously known as STIS71, is an Figure 1-5
oral drug that inhibits the reproduction of leukemic cells GLEEVEC (IN 400MG
by binding to the Bcr-Abl tyrosine kinase and _AND 100 MG TABLET
permanently turning the malfunctioning cell growth and FORM)
division switch to the “off” position. The drug’s ability to
bind specifically to the Bcr-Abl tyrosine kinase is central
to the reduced treatment toxicity experienced by patients.
Since Gleevec only affects the Ber-Abl kinase and its
downstream functions, fewer other functions of the cell
are disrupted.

2

Source: Novartis

Evidence of Gleevec’s efficacy has been overwhelmingly

positive to date. Results published in May 2003 from the International
Randomized Study of Interferon and STI571 (IRIS) study — a 1,106-patient Phase
I clinical trial of Gleevec versus IFN for chronic phase CML — showed vastly
improved disease response rates and lower toxicity for patients receiving Gleevec.
Importantly, after a median follow-up of 19 months, 97 percent of patients

12
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showed a hematologic remission with Gleevec
and 87 percent had a major cytogenetic
response. This compares with a 69 percent
hematologic remission rate and 35 percent major
cytogenetic response rate of IRIS trial patients
treated with IFN. A December 2003 update of
the trial at 30 months of follow-up showed that these response rates remain
roughly consistent over time.” The IRIS trials showed that many more patients
respond to Gleevec than IFN and that response occurs sooner when treated with
Gleevec. Additionally, the improved rates of complete cytogenetic response suggest
the likelihood of improved survival. While not as dramatic, there is also evidence
of effectiveness in accelerated phase patients. In blast phase patients, although
remission rates are better with Gleevec, neither Gleevec nor IFN significantly
prolong survival.

Evidence of Gleevec’s
efficacy has been
overwhelmingly
positive to date.

While early data from the major Gleevec clinical trials are impressive, it is
important to note that since Gleevec was first administered in human trials in
1998, only a few years of follow-up data exist. Nonetheless, most clinical experts
expect overall improvement in long-term survival with Gleevec. Although the vast
majority of patients experience improved outcomes, there is a small population for
whom the drug has no clinical effectiveness. About 5 percent of patients develop
resistance to treatment and must consider other options.

Figure 1-6 -1 *
COMPARISON OF MAJOR CML TREATMENT OPTIONS ‘
Bone Marrow Imatinib Mesylate
Treatment Transplant (BMT) Interferon Alpha (IFN) (Gleevec)
Capable of obtaining Capable of obtaining Capable of obtaining
Clinical sustained molecular cytogenetic remissions molecular remissions (in
Efficacy remission — a true cure less than 5 percent of
patients)
High treatment-related Low mortality. High Low mortality and low
mortality. Risk of chronic |[morbidity, associated morbidity observed to
Morbidity / |GVHD. with chronic flu-like date
Mortality symptoms, which can be
alleviated through dose-
reduction
Long-Term Costs are hlghly ' Regular, ongoing cost Regular, ongoing cost
concentrated in first year
Cost
of treatment

Source: NEHI
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CLINICAL TREATMENT PATHWAYS FOR CML BEFORE AND AFTER GLEEVEC

Gleevec has dramatically changed the clinical pathway for CML. Before the
adoption of Gleevec, there were two main treatment options that prevented
progression of the disease: BMT and IFN. Patients who were BMT candidates
received a transplant as soon as possible; those who were not began IFN treatment.
Gleevec is now widely utilized as a first-line treatment for CML (Figure 1-7).*
Patients who respond well remain on Gleevec treatment. The small minority of
patients who do not respond well, or develop resistance or intolerance to the drug,
then are candidates for BMT or IFN. Gleevec thus allows most patients to avoid
or delay the high costs and risks of BMT and the difficult side effects and lower
efficacy of IFN.

Although Gleevec has clearly become an established and effective treatment for
CML, it did not arrive at this position without facing several challenges along the
way. The next section of this report illustrates the challenges and opportunities in
introducing a new innovation, following it from innovative science to patient care.

Figure 1-7
CLINICAL PATHWAYS FOR CHRONIC PHASE
CML
Treatment BEFORE Treatment AFTER
Gleevec Gleevec
New chronic New chronic
phase patients phase patients

v

BMT Gleevec
Candidate?
Gleevec
BMT IEN Response?

Continue
Gleevec

BMT IFN

Source: NEHI
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The Journey from Innovative Science to Patient Care

Much has been made of how rapidly Gleevec has transformed the treatment
landscape for CML. Yet the full story spans approximately 40 years — from early
research into the genetic origins of CML, to the development of the drug itself and
ultimately to present-day issues surrounding proper use and new applications
(Figure 2-1).

DISCOVERY AND EARLY DEVELOPMENT (1960 - 1998)

Identifying markers of the disease

In 1960, Peter Nowell, M.D., a pathologist at the University of Pennsylvania
School of Medicine, and David Hungerford, M.D., of the Institute for Cancer
Research at Fox Chase Cancer Center, conducted ground-breaking research that
identified a genetic alteration (the Philadelphia chromosome) associated with
CML. Thirteen years later, Janet Rowley, M.D., a researcher specializing in
human genetics at the University of Chicago Medical Center, linked the
Philadelphia chromosome to the Ber-Abl oncogene, a gene that causes normal cells
to become cancerous. Rowley’s discovery was another major milestone in CML
research.

In the late 1980s, Nobel Prize-winning virologist David Baltimore, Ph.D., a
founding faculty member of the Whitehead Institute for Biomedical Research, and
Owen Witte, M.D., a professor of microbiology, immunology and molecular
genetics at UCLA’s Jonsson Cancer Center, isolated the Ber-Abl tyrosine kinase as
the cause of CML.

At the same time, researchers at the Swiss pharmaceutical giant Ciba-Geigy were
studying tyrosine kinase inhibitors, looking for early drug candidates. Led by staff
scientists Alex Matter, M.D., and Nick Lydon, Ph.D., they focused on kinases in
major cancers such as solid tumors of the lung, breast and prostate. The impetus
to focus on CML - in spite of the small target patient population — came in 1988
from Brian Druker, M.D., at the Dana-Farber Cancer Institute who convinced the
staff scientists that successful tyrosine kinase inhibition in CML would serve as
“proof-of-concept” for cancer therapies based on targeted drug design and tyrosine
kinase inhibition.

Identifying a drug candidate

In 1993, the Ciba-Geigy scientists identified a promising drug candidate, which
they labeled “STI571,” later to be known as Gleevec. They enlisted Druker, by
then at the Oregon Health and Science University, who demonstrated in 1994 that
STI571 inhibited the Bcr-Abl tyrosine kinase in vitro, raising hopes about the
drug’s potential in humans.

After the Ciba-Geigy and Sandoz merger in 1996 (creating Novartis), it became
apparent that higher-than-expected toxicity levels were occurring in animals.
These troublesome results, along with a post-merger re-prioritizing of initiatives,
exacerbated Novartis’ ongoing concerns about investing in a program unlikely to
produce sufficient returns. Despite Novartis’ initial hesitance to develop the drug,
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The Journey from Innovative Science to Patient Care

>~ Figure 2-1
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Druker pursued his research of STI571 and in 1998, successfully persuaded
Novartis to commence Phase I trials of STI571 in humans.

CLINICAL TRIALS AND FDA APPROVAL PROCESS (1998 - 2001)

In June 1998, Phase I trials (Figure 2-2) for STI571 began. Less than one year
later, investigators saw strong indications that Gleevec could be a highly
efficacious therapy. Realizing that STIS71 represented a potential breakthrough
therapy, Novartis consulted with the FDA to find out if a Phase II trial — assuming
strong results — could be sufficient for approval, given the severity of the disease.
The FDA worked with Novartis on the design of protocols for the Phase II trial
and took the step of acknowledging that if such response rates held during the
Phase II trial, fast-track approval might be warranted.

Word of the unprecedented Phase I Figure 2-2

results spread quickly throughout MAJOR PHASES OF FDA REVIEW

the‘ patient community, through an PRE.CLINICAL

active Internet CML support | ReseaRrcH . CLINICAL STUDIES  NDA REVIEW
group. Desperately wanting access O : : ‘ :

to this breakthrough therapy, :

patients mobilized to create a tidal | synthesis m :
wave of demand for the treatment. | AP PURFICATION O .3}@? 0 <>
In October of 1999, they sent . :

Novartis a 3,030-signature petition <> SPONSOR/FDA MEETINGS ENCOURAGED
and deluged the company with
letters, e-mail and calls -

pressuring the ) manufacturer  to e Phase Il trials probe the drug’s effectiveness in
scale up production of STI571. treating the disease.

Note:
e Phase | trials test for adverse events.

e Phase lll trials determine the drug’s safety,
With promising Phase I trial results effectiveness and proper dosage.

and aggressive patient demand,  Source: Food and Drug Administration

Novartis made a critical decision

to expand Phase II trials and accelerate production of the drug. This decision
required a significant, high-risk investment in a therapy with only Phase I results.
In 1999, Novartis took the unusual measure of enrolling more than 1,000 patients
at sites in the United States and Europe in the STI571 Phase II trial and later in
2000 launched an expanded access program to provide the drug to an additional
7,000 patients prior to FDA approval.

In February 2001, only 32 months after the first dose had been administered to
humans, Novartis filed a new drug application (NDA) with the FDA and was
granted priority review status on March 26, 2001, cutting the normal 10 to 12
month review period to six months.

On May 10, 2001, a mere three years from the start of the Phase I trial, Gleevec
was granted FDA approval for the treatment of CML. As a condition of
accelerated approval, Novartis was also bound to continue longer term clinical
trials on Gleevec to gain a deeper understanding of the effects of the drug. To
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date, results from these trials have remained positive, with the Phase IIT IRIS trial
providing the most compelling evidence for the clinical efficacy of the drug.

COVERAGE AND PAYMENT (2001 - PRESENT)

Despite the record approval time, Novartis faced two primary challenges in
obtaining coverage and payment for Gleevec from public and private health care
insurers.  First, with the exception of some drugs that have an intravenous
equivalent, the U.S. Medicare program does not cover oral cancer treatments.
Second, from an absolute dollar standpoint, Gleevec is expensive. While patients
and physicians hailed the efficacy of the drug, Novartis’ pricing of Gleevec at just
under $30,000 per year did come under criticism.

To address this issue and reduce the cost burden for Medicare-eligible patients and
for the uninsured, Novartis established a sliding-scale patient assistance program
to subsidize Gleevec for patients who could not otherwise afford the drug. Patients
with annual family incomes under $43,000 receive Gleevec for free. Those earning
between $43,000 and $100,000 pay at most 20 percent of their annual income for
the drug. Patients with family incomes higher than $100,000 pay the full price of
the drug. While Novartis has made a strong commitment to enabling access
through this patient assistance program, for those patients who are not fully
subsidized, the cost of therapy (20 percent of total income or $29,844) can be a
difficult expense to bear.

HEALTH CARE SYSTEM ACCEPTANCE (2001 - PRESENT)

PATIENT ACCEPTANCE AND USE (1997 - PRESENT)

Unlike many cutting-edge therapies, Gleevec experienced rapid, widespread
adoption among oncologists due to the strength of clinical results, its reputation as
a breakthrough in cancer therapy and widespread media attention. Once Gleevec
was approved in May 2001, treatment of CML patients shifted away from major
medical centers — the central sources of treatment during clinical trials. Because
Gleevec is administered orally, both administration and patient monitoring spread
to more numerous, smaller medical facilities in the community, allowing for
greater patient access and convenience.

While general knowledge of Gleevec was widespread, detailed knowledge of
proper use and administration of the drug may not have been as pervasive.
Although Novartis conducted an extensive marketing and physician education
effort, it soon became apparent that dosing of Gleevec varied widely among the
many physicians who did not frequently see CML patients, despite guidelines and
recommendations from clinical trials. While experts vary in their assessment of
practice variation, data indicate that some patients - perhaps as many as 25 percent
according to survey research by the drug’s manufacturer- were given less-than-
effective doses of Gleevec in the first six months to one year after FDA approval.

Patients educated
Patient demand and empowerment was a patients on proper

major force behind Gleevec’s unprecedented dosing and treatment.
speed to market. In addition to lobbying
Novartis in 1998 to ramp up production for Phase II trials and provide financial
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assistance for expanded access, patients also leveraged online support groups to
speed enrollment into clinical trials and disseminate the latest information and data
on Gleevec. Patients educated patients on proper dosing and treatment.

NEW AND EMERGING ISSUES WITH CML AND GLEEVEC

Even with the excellent progress in CML therapy over the past several years, the
scientific community is still working vigorously to improve CML treatment. Key
areas of research include long-term molecular testing of Gleevec patients to assess
the drug’s potential as a curative therapy; improvement in therapy for those
patients who relapse while on Gleevec; and improvement in response rates by
increasing dosage or combining it with other therapies.

In addition, several new treatments are currently in development and clinical trials.
One area of significant interest is less debilitating BMTs, called non-myeloablative
or “mini” transplants. Combination therapies are also now being tested in
humans. Researchers are evaluating, for instance, whether Gleevec can have a
complementary effect on other drugs that have a long track record of effectiveness,
such as IFN. In addition, there are ongoing clinical trials on CML vaccines that
encourage the body’s own immune system to recognize and destroy cancerous
cells.

Beyond its indications for CML treatment, Gleevec is FDA approved for GIST, a
rare cancer of the abdomen, and its uses are currently being explored for illnesses
such as prostate cancer, hypereosonophilia, polycythemia vera, acute
lymphoblastic leukemia and glioblastoma.

The story behind Gleevec’s development and adoption encapsulates the critical
issues health care system stakeholders face in bringing a new scientific
breakthrough to life. In particular, Gleevec highlights the challenges and
opportunities involved in bringing drugs to market for rare diseases and reinforces
the importance of examining the value, not just the cost of expensive therapies.

The next section of this report examines the full value of Gleevec, as an example of
the emerging class of molecularly targeted therapies. It analyzes the value of this
innovation to society and to major stakeholders in the health care system.
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Value Analysis

Figure 3-1

NEHI'S VALUE ANALYSIS
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Value Analysis

OVERVIEW

Gleevec’s clinical efficacy was the central driving force behind its success. Yet, in
an era of escalating health care costs, clinical efficacy is essential — but not
sufficient — to justify the widespread adoption of a new treatment. The concept of
value has become increasingly important to the nation’s dialogue on health care.
However value in health care can be difficult to define. Attempts to determine
value immediately raise such questions as “Value to whom?” and “How is it
measured?”

To address these issues, NEHI’s Value Analysis (Figure 3-1) draws upon
traditional methods of cost-effectiveness analysis to compare the costs and health
benefits that accrue to patients before and

The concept of value has after the incorporation of Gleevec into the
become increasingly system of CML care. We then assess how
important to the nation’s costs and benefits accrue to specific sectors
dialogue on bealth care. of the health care community.

ASSESSING VALUE

Cost-effectiveness analysis

Cost-effectiveness analysis (CEA) is a standardized method of evaluating health
care interventions by comparing the costs and benefits of competing treatment
strategies (for a more detailed explanation of cost-effectiveness analysis, please see
Appendix 3). To assess the value of adding an innovation to the system of care, a
standard approach is to calculate a cost-effectiveness ratio.

In this analysis of CML, the cost-effectiveness ratio compares the total system of
CML treatment with Gleevec (mainly Gleevec, BMT, and IFN) to the total system
of treatment without Gleevec (mainly BMT and IFN). The cost-effectiveness ratio
is calculated by dividing an estimate of the incremental cost of adding Gleevec to
CML care (measured in dollars) by an estimate of the incremental improvement in
health as a result of Gleevec (measured in Quality Adjusted Life Years, or QALYs).
According to the literature on cost-effectiveness, treatments with a cost-
effectiveness ratio above $100,000/QALY are not considered cost-effective, those
between $50,000 and $100,000 are marginally cost-effective, and those below
$50,000/QALY are the most cost-effective.”

Since these estimates depend on factors that are inherently uncertain (e.g. future
outcomes of treatment, or the quality of patient health) we conducted a sensitivity
analysis to understand the effect that changes in our assumptions have on our final
conclusion.

Value to Society

Treatment with Gleevec improves the quality and length of patient lives. These
benefits, however, do come at a higher overall dollar cost. The benefit of
treatment is measured by the QALY, a figure that captures the treatment’s effect
on both length and quality of life. From a cost perspective, accounting for both

=
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drug and other direct health care costs on an annual, per patient basis, Gleevec
costs $32,724 compared with $28,159 for IFN. On average, BMT costs an
estimated $196,000 in the first year of treatment and $12,000 each vyear
thereafter.”

The comparison of CML treatment with Gleevec versus without Gleevec leads to a
cost-effectiveness ratio that, at $47,504, is below the traditionally utilized
thresholds for cost-effectiveness and implies that the cost of Gleevec is warranted
for most CML patients (Figure 3-2). For accelerated and blast phase patients, that
amount rises to $87,156 per QALY,” indicating that, while less certain, the drug is
likely still cost-effective in late-stage disease (See Appendix 3 for further detail).

Figure 3-2
COST-EFFECTIVENESS RATIOS IN CHRONIC AND
ACCELERATED/BLAST PHASE CML
N N
w@“ s,axs.%““‘“& S\m@\@\
¢+ [
Chronic Phase Accelerated/ Blast Phase
(85 percent of patients) (15 percent of patients)
$47,504/QALY $87,156/QALY

Source: NEHI
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ASSESSING VALUE FROM MAJOR STAKEHOLDERS’ PERSPECTIVES

Cost-effectiveness analysis (CEA) is a necessary, but not sufficient method of
determining the value of innovations. Although it calculates the overall value of an
innovation from a particular perspective, it does not capture the effect of a new
innovation on each specific part of

the health care system. NEHI’s The fact that every stakeholder
Value  Analysis adds an  either benefits from, or is net
examination of the costs and  nmeutral to the advent of Gleevec
benefits of CML innovation from  has been one of the critical

the perspective of six key health factors bebind the drug’s rapid

care stakeholders to the classic adoption and uptake across the
CEA: patients, manufacturers, bealth care system.

physicians, employers, payers and

hospitals. Informed by expert opinion, this sector-based analysis provides a more
nuanced understanding of how an innovation affects each constituent it touches.
This knowledge of sector-specific effects allows us to identify critical drivers and
barriers that will speed or impede the adoption of innovation.

Gleevec is a cost-effective and highly valuable treatment for CML patients. It is
also an important innovation for the majority of stakeholders in the health care
system (Figure 3-3). The fact that every stakeholder either benefits from or is net
neutral to the advent of Gleevec has been one of the critical factors behind the
drug’s rapid adoption and uptake across the health care system.

High value

First and foremost, patients yield the highest value from Gleevec. The benefits are
clear. As an oral therapy that can be taken at home, with strong efficacy and few
side effects, Gleevec has dramatically improved patient quality of life and
productivity. Patients themselves have remarked...

on the difference between Gleevec and IFN...

“People talk about having ‘interferon brain’. It makes you
unclear, stupid, and eventually depressed. It’s not a pleasant
thing....it was very nice to stop it when Gleevec became
available.””

on general quality of life...

“My psychological response to this is... great! I am still alive...
My quality of life is back... I awake each morning. I am here.
Each new day I don’t think about the cancer any more, where it
used to play a very important part of my life. It was probably 90
percent of my thinking time. It’s not there now.””
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ASSESSING VALUE FROM MAJOR STAKEHOLDERS’ PERSPECTIVES

Figure 3-3

STAKEHOLDER VALUE ANALYSIS
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on increased productivity...

“...I went from having a hard time even getting out of my bed
some days to going back to work full time.”*

In addition to these quality of life and productivity benefits, Gleevec slows disease
progression and may increase survival rate as well. Since all of these benefits
accrue directly to patients and most patients in the insured population bear a
relatively small portion of the total cost of treatment, Gleevec is clearly a highly
valuable innovation from the patient perspective.

Gleevec is also of very high value to its manufacturer, Novartis. Despite initial
concerns about developing a drug targeted to a small market like CML, Novartis
has yielded significant value from Gleevec. Certainly one reward to Novartis has
been the high-profile therapeutic and clinical success of the drug. In addition,
Gleevec has provided a strong financial boost to the company.

Although Novartis invested significant resources in getting the drug to market
quickly and incurs ongoing production and marketing costs, Gleevec has clearly
exceeded the company’s financial expectations. In the words of Novartis Chief
Executive Officer, Daniel Vasella, M.D., in 2002, “Gleevec is on its way to
becoming a commercial success, which nobody expected.” Today, as Novartis’
second-largest pharmaceutical product, with over $1.1 billion in 2003 worldwide
sales”, Gleevec has indeed become a “commercial success.”

Although it is difficult to quantify the total costs Novartis has incurred for
Gleevec, the company has clearly made an enormous investment in the drug,
spanning 15 years of research, development and production. The Tufts Center for
the Study of Drug Development estimates that pre-clinical and clinical production
costs for global pharmaceutical companies developing new drugs average $802
million per drug, rising to $897 million with the inclusion of post-approval
research.” In order for a company to remain competitive, expenditures for failed
drug discovery ventures must be offset by revenue from successful products. Based
on the Tufts estimates, it appears that Gleevec, with $1.1 billion in annual sales is
making a solid return on investment for Novartis and likely providing significant
subsidies toward current research and development efforts. Although IFN
manufacturers have lost CML market share due to Gleevec, the relative impact has
been less significant due to the use of IFN in several larger disease states.

Moderate value

For physicians, Gleevec’s rewards are strong,
yet intangible. For oncologists treating CML
patients or for those involved in the
development of Gleevec, patient outcomes
have  been  tremendously  rewarding.
Moreover, Gleevec has provided physicians and researchers with “proof of
concept” for the class of molecularly targeted cancer drugs which, in turn, has
given a strong boost to scientific research in oncology. Richard Silver, M.D., a

...50 for us in the
trenches it has been a
very beartwarming,
glorious experience.
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pioneer in CML research, expressed how the availability of effective treatment
options affects the treating physician as well as the patient:

“The impact of Gleevec for me has been a very personal one
because we have seen people who would otherwise have died, now
live gainful lives...So for us in the trenches it has been a very
heartwarming, glorious experience.””

The words of Dr. Brian Druker, an instrumental figure in the development of
Gleevec, illustrates just how rewarding it is to see one’s scientific work affect the
lives of patients:

“Words can't describe how gratifying this has been for me. I've
dreamed of doing something like this since T was a medical
student. I've worked on the project for 10 years, on this drug for
. . . . 934

six, and now I get to see it work in patients.

Despite the high intangible value, the overall financial value of Gleevec to
physicians, however, is uncertain. While clinical trial data indicate a 38 percent
reduction in annual physician office visits, increased survival may mitigate this
reduction by providing each physician with more patients overall.

Modest value
Because of its small patient population, the value of Gleevec to employers, third-
party payers and hospitals is minimal.

While employers of CML patients clearly benefit from Gleevec through increased
productivity from patients who return to work, some of that benefit is offset by the
health care costs that the employer must bear in the extended years of patient life.
Ultimately however, with so few CML
patients (one in 67,000 people), only a
small percentage of businesses are likely
to have an employee with the disease. LINE TREATMENT

Figure 3-4

DECREASE IN BMTS: PERCENT OF
PATIENTS RECEIVING BMT AS FIRST-

To hospitals, the net impact of Gleevec is
neutral to slightly negative. Based on
national registry data and information
from a major cancer center, the number
of CML-related BMTs has declined in
recent years. NEHDI’s analysis of claims
data shows fewer patients receiving first-
line BMT over time (Figure 3-4).
Although BMTs are typically a highly
profitable procedure for major hospitals,
demand for BMTs to treat other
conditions has in many cases filled the
void left the success of Gleevec.

Percent of Patients

2001 2002 2003
Year of First Treatment

Source: NEHI
To third-party private payers the value of
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Gleevec is neutral to slightly positive. With its small patient base, the net benefits
and costs of treating CML with Gleevec are minimal to any one payer and
although the total cost of Gleevec therapy is high at $32,724 per year, the relative
costs vis a vis IFN are minimal. ® Third party payers also benefit from the
increased predictability of costs. With fewer patients receiving BMTs at a high,
up-front cost, payers are less likely to pay for a procedure now that will produce
health benefits at a later time when the patient is no longer their member.

In summary, Gleevec is a highly valuable innovation. In addition to being cost-
effective to society, it is valuable to patients, manufacturers and physicians and, at
a minimum, neutral to payers, employers and hospitals.

Valuable new innovations, however, are not always immediately adopted; it
typically requires additional critical success factors to speed adoption. In this next
section, we examine both the drivers and barriers to Gleevec’s adoption through its
journey from discovery to diffusion, a journey of highs and lows, not uncommon
to those faced by many new and innovative therapies.

=
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Drivers and Barriers Analysis

Figure 4-1
MAJOR DRIVERS AND BARRIERS
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Drivers and Barriers Analysis

The story of Gleevec’s journey, from innovative science to patient care, highlights
the major drivers and barriers to one drug’s adoption in the health care system
(Figure 4-1). Many of these drivers and barriers, however, are not unique to
Gleevec; rather they are indicative of the challenges and opportunities faced by
many other breakthrough innovations.

DISCOVERY AND EARLY DEVELOPMENT

Barriers

Big Company Economics vs. Commercial Prospects of Rare Disease

During the 1980s and 1990s large pharmaceutical companies like Ciba-Geigy and
Novartis could not rationally pursue all interesting scientific paths for drug
development. It was difficult to justify
spending research and development
resources on potential drugs for small
patient populations that were unlikely to
yield major financial returns. Even when
it was becoming evident that STIS71 was a promising drug candidate, the CML
market was just too small to warrant management attention or significant research
and development spending. For five years — from 1993, when STI571 was first
discovered and tested, until 1998 when the Phase I trial began — Gleevec
development stumbled and the drug candidate languished on the shelf.

For five years...Gleevec
development stumbled and
the drug candidate
languished on the shelf.

Drivers

Scientific Vision and Collaboration

Had it not been for the passionate commitment of the corporate scientists and for
Druker’s vision and stewardship, Gleevec might never have made it out of the lab.
Moreover, unlike most drugs and therapies that are typically developed by in-
house leadership at a pharmaceutical company or under academic leadership in a
research setting, Gleevec is a prime example of an innovation developed through
deep, sustained collaboration between industry and academic champions of the
drug.

CLINICAL TRIALS AND FDA APPROVAL PROCESS

Drivers

Breakthrough Therapy with Evidence-Based Efficacy

The most fundamental force behind Gleevec’s rapid approval was strong evidence-
based data from clinical trials. Gleevec’s clinical trials demonstrated definitively
and early on that this new therapy was safe and significantly benefited patients.
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EDA Cooperation

-~ Gleevec’s record approval time
(Figure 4-2) required far-reaching Figure 4-2
cooperation from the FDA. From
helping Novarti§ design prot.o.cols for
the Phase II trial to expediting the Trials Application (NDA) ~ Approval
review process, the FDA clearly Normal Deve|°pment Time
demonstrated its commitment to fast- 6 years
tracking  safe and efficacious
treatments for life-threatening Gl
diseases. sevec

3 years “— 2.5 months
Patient Mobilization and lAug Feb! IMay
Involvement 1998 2001 2001
Patients played a vital role in Glinical NS A\‘p?,foved
advocating and justifying the rapid Begin
approval of Gleevec. The formation Source: Adjusted from Novartis Annual Report, 2001
of the CML support group, an online
chat room for CML patients, is a prime example of patient unification and
empowerment through the Internet. During clinical trials, this support group
leveraged its collective strength to pressure Novartis into speeding up Gleevec
production and expanding Phase II trials. This patient support group also spurred
enrollment in clinical trials.
Senior Management Leadership
In 1999, Gleevec finally caught the attention of senior management. Novartis’
chief executive officer responded personally to the patient petition and committed
the company to stepping up investment in, production of, and access to Gleevec for
CML patients worldwide.
COVERAGE AND PAYMENT
Barriers

Lack of Medicare Coverage
When Novartis decided to develop an oral formulation of Gleevec, the company
knew it would be difficult to get Medicare to cover the treatment. Since most
cancer drugs are delivered intravenously by physicians, payment has traditionally
fallen under the Medicare-covered classification of drug use that is “incident to” a
physician visit. When legislators began to realize the growing importance of oral
drugs in cancer treatment, coverage was partially expanded to include oral drugs
with an intravenous equivalent. This partial expansion left a gap in coverage for a
handful of oral cancer drugs that do not have an intravenous equivalent. Gleevec
is the highest-profile of these uncovered therapies; others include Iressa™ for non-
small cell lung cancer, tamoxifen for breast cancer and flutamide for prostate
cancer. While these drugs in many cases are more effective than an injectable
alternative, they are, nonetheless, not covered by Medicare.
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Expensive Therapy in Absolute Dollars

Despite Gleevec’s clinical efficacy and prospects for displacing costly existing
treatments, Novartis was concerned about the perception and impact of the drug’s
high cost. In his 2003 book, Magic Cancer Bullet, Dr. Daniel Vasella explains
Novartis’ pricing strategy: “We agree with those who say that the price we have set
for Gleevec is high. But given all the factors, we believe it is a fair price.””
Ultimately, Novartis put a price on Gleevec roughly equivalent to the full cost of
treatment with IFN: $29,844 for a year’s worth of treatments.

Drivers

Manufacturer Commitment to Access

To address potential gaps in coverage, Novartis made a strong commitment to
ensure that patients had access to Gleevec — particularly the uninsured and those
on Medicare. It established a patient assistance program that enabled eligible
CML patients to get the drug for free or at a significant discount. This program
has helped make Gleevec available to the uninsured and those covered by
Medicare. While the cost of treatment is clearly still burdensome for those without
financial assistance, Novartis’ commitment to patient access has reduced the cost
barrier for those with the greatest need.

Small Patient Population, Small Budget Impact

When assessing the impact of new therapies on coverage and payment policies for
new therapies, third-party payers have two main considerations. First and foremost
is evidence-based clinical efficacy. Second is the budget impact, namely, the overall
financial impact of a new therapy once it is added to the system of care. The
budget impact is a function of the number of potential plan members treated with
the new therapy and the total increase in costs associated with the therapy. Third-
party payers would ordinarily consider $29,844 per patient per year a high price
for a chronic medication taken over the span of many years. But the overall
budget impact of Gleevec to third-party payers is minimal because the patient
population is so small. As a single drug for a small patient population, coverage
and payment for Gleevec never truly became an issue for large private payers.

Substitution Pricing

Novartis priced Gleevec so that it was essentially cost neutral to third-party payers.
In addition to documenting clinical efficacy, budget estimates given by Novartis to
payers’’ demonstrated that, while pharmacy costs may be slightly higher than those
for IFN, overall medical costs would be lower because patients treated with
Gleevec required fewer outpatient visits and hospitalizations, as demonstrated in
clinical trials. By pricing Gleevec as cost neutral on net to IFN and significantly
less — initially — than BMTs, Novartis made sure that payers would not suffer
financially and Novartis could reap a maximum return on its investment in a drug
with a small patient base.
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HEALTH CARE SYSTEM ACCEPTANCE

Barriers

Lag-time in the Adoption of Evidence-Based Care

Data from surveys conducted by Novartis suggest that as many as 25 percent of
chronic-phase patients were prescribed dosages lower than the demonstrated
effective level.® Our own analysis of health plan claims data (Figure 4-3) also
shows that in the first year of FDA approval, 15 percent of prescription refills were
made more than one week later than would be expected based on standard
treatment dosage. While there are no hard data to explain the rationale behind
this under-dosing phenomenon, some have speculated that physicians may have

been incorrectly administering Gleevec Figure 4-3
in a manner similar to common practice LATE PRESCRIPTION REFILLS: PERCENT
with IFN - using an initial dose and OF PRESCRIPTIONS FILLED MORE THAN

. . . ONE WEEK AFTER THE PREVIOUS
subsequently lowering it according to PRESCRIPTION IS EXHAUSTED
side effects. Another  hypothesis
suggests that under dosing was caused o 2
by physicians being caught off-guard by 5 12 "
minor side-effects when media hype and 8y 1 2 o
expectations implied there would be § 1241 11
none. Despite widespread awareness of a 104 —
Gleevec within the oncology E 2’7 [
community, there appears to have been § i [ |
a delay in the use of optimal treatment E 24 | [
dosage. Some experts have also noted 0 T T
difficulty in ensuring widespread 2001 2002 2003
adequate monitoring of CML patients. Year
This delay in the dissemination of

Source: NEHI

treatment knowledge corresponds to a
pattern affecting many novel therapies.

Drivers

High Awareness

As one of the first molecularly targeted cancer therapies with remarkable clinical
results, Gleevec was the subject of extensive mainstream and medical press
coverage, which in turn prompted rapid acceptance by the health care system.
New therapies, particularly those for rare diseases, typically suffer slow adoption
rates due in part to lack of awareness. Gleevec benefited from high awareness of
the therapy within the oncology community, even when the specifics of dosage and
monitoring may not have been as widely known.

PATIENT ACCEPTANCE AND USE

Drivers

Patient Empowerment

In The Magic Cancer Bullet Dr. Vasella states that “no other group of cancer
patients benefited as much from the ubiquity and the immediacy of the Internet as
did CML patients.”” This small but passionate group of CML patients leveraged
the Internet to become true activists for Gleevec at critical junctures in the drug’s

32

NEW ENGLAND HEALTHCARE INSTITUTE



DRIVERS AND BARRIERS ANALYSIS

development. Intent on getting the drug in time to save their own lives, they
mounted a campaign beginning in a chat room in 1997 that ultimately pressured
Novartis to make a significant early investment in Gleevec. Their efforts were so
successful in driving patient registration in clinical trials that investigators
reluctantly had to turn patients away.

Moreover, after Gleevec’s approval, as clinical data was released and published,
patients who were involved in this network were often better informed about
Gleevec than their physicians and even felt compelled to suggest changes to the
care they were receiving. In essence, patients began taking responsibility for their
own care. As one patient, Judy Orem, advocated:

“Be part of the team with your doctor. You may find that your
doctor isn’t as knowledgeable because he doesn’t have any other
patients with CML. Get second opinions if you’re not happy with
what’s going on.”"
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Lessons Learned

Figure 5-1

LESSONS LEARNED

candidates for
rare diseases

Expediting FDA

pricing strategy

and payment

Discovery Clinical Trials Coverage Health Care Patient
and and Approval and System Acceptance % Improved
Development Process Payment Acceptance and Use Outcomes
Getting
promising drug Changing Improving the

dissemination
of best

Empowering
patients to be

Achieving
regulatory
cooperation

off of the shelf ~ @PProval policies practices innovators
® Having ® Having an ® Improving ® Reducing the lag ® Maximizing the
passionate effective product Medicare time in the impact of active
champions payment policy adoption of and dedicated
® Mobilizing for oral cancer evidence-based patients
¢ Utilizing patients therapies practice
potential new * Setting
business ® Having substitution
models manufgcturer pricing in rare
commitment diseases

34

NEW ENGLAND HEALTHCARE INSTITUTE




LESSONS LEARNED

Lessons Learned

This report examines both the successes and challenges in Gleevec’s journey from
an innovative concept to patient adoption, as well as its value to the health care
system. The lessons learned from this case study of Gleevec (Figure 5-1) raise
several critical questions and issues that are applicable to future molecularly
targeted cancer therapies and to other emerging medical innovations at large. In
this section, we identify the findings of the case study and pose several key policy
questions. As the pace of medical innovation accelerates, these policy questions
must be addressed to ensure patient access to the most highly valuable and
medically necessary care.

OVERVIEW OF FINDINGS

NEHI’s Value Analysis demonstrates that Gleevec is cost-effective to society as a
whole and very valuable to three out of the six major health care system
stakeholders. Gleevec has clearly made history as a scientific and medical
breakthrough and as a model for fast-track FDA approval. Most importantly,
however, it has dramatically improved patients’ lives, creating excitement and hope
for the future of molecularly targeted cancer treatments. The fact that Gleevec is
cost-effective to society, highly advantageous to patients, manufacturers and
physicians and at worst, cost-neutral to payers, employers and hospitals is one of
the prime reasons behind its rapid adoption and uptake across the health care
system.

Specific findings reveal that:

e Targeted therapies for small patient populations can yield
commercial successes.

e FDA approval can be expedited for breakthrough drugs
with industry leadership and patient participation.

e Lack of Medicare coverage is a difficult barrier to patient
access, overcome in this instance by Novartis’ willingness
to pay for the drug.

e Substitution pricing strategies can enable the adoption of
innovations.

e Variance in physician practice patterns can limit the
efficacy of an innovation

e DPatient activism can be a powerful driver of adoption.

The following section provides more depth and detail about each
of these findings.
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DISCOVERY AND DEVELOPMENT

Getting promising drug candidates for rare diseases off the shelf

Findings:

The Gleevec story demonstrates the financial success of a targeted therapy for a
small patient population and the dynamics that can sustain revenue. Large
pharmaceutical firms face significant pressures to produce correspondingly large
blockbuster drugs — pressures which often operate against investment in treatments
for rare, life-threatening diseases. In counterpoint to this scenario, revenue
generation with Gleevec has occurred by virtue of four real-world market
characteristics: (1) the drug’s usage as a chronic, ongoing treatment; (2) increases
in patient life span that engender a longer average revenue period per consumer;
(3) global reach, which enlarges the marketplace; and (4) the expansion of Gleevec
indication into other markets such as GIST, expanding the consumer base.

Thus, while targeted therapies may command less revenue than typical blockbuster
drugs, these avenues for revenue growth demonstrate the potential for “mini-
blockbusters” such as Gleevec. Despite Novartis’ initial concerns that a major
investment in a small disease population was less likely to yield significant returns,
the company has demonstrated that returns can be made on investments in small
markets. Large pharmaceutical companies like Novartis should not be afraid to
invest in life-saving treatments for small markets. In fact, several biotechnology
companies like Genzyme and Transkaryotic Therapies have built highly successful
franchises by focusing on therapies for rare diseases.

Key policy questions to be addressed:
e How can we make it more likely that promising drugs for small patient
populations are not stalled or put on the shelf indefinitely?

- Are there novel or underused “option” arrangements to transfer such
technologies to smaller companies, perhaps with targeted government
support?

- How does the potential for “foster homes for orphan drug
candidates” affect patents or other intellectual property processes?

e Could communication among the scientific community, senior management at
major pharmaceutical companies and government be improved to foster ad
hoc consortia aimed at specific therapeutic opportunities?

e How will drug development companies electing to pursue targeted therapies
have to adapt their business models to target smaller initial markets?

- Could they find similar ways to make a return on smaller target
markets — perhaps through reduced development time and/or
partnerships?
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- Are there ways of encouraging “champions” within major
pharmaceutical companies, from both scientific and business
disciplines, who can effectively advocate for promising drugs?

CLINICAL TRIALS AND APPROVAL PROCESS
Expediting FDA approval

Findings:

There were four critical success factors that enabled Gleevec’s record approval
time: (1) the breakthrough nature of the drug and its clear efficacy; (2) the FDA’s
cooperation in speeding up the regulatory and review process for a life-saving
therapy; (3) patient activism and involvement before and during clinical trials; and
(4) a commitment on the part of Novartis leadership to get Gleevec to market as
quickly as possible. While each of these alone is important, in the case of Gleevec,
these four forces converged leading to record FDA approval.

While the FDA has ramped up its commitment to accelerate approval of life-saving
treatments’, Gleevec, nonetheless, remains the benchmark for fast-track approval.

Key policy questions to be addressed:
e  Why has no other drug to date made it through the approval process as rapidly
as Gleevec?

- Assuming safety and breakthrough clinical effectiveness, what barriers
have blocked other promising new innovations in the clinical trials or
approval process?

e  What might happen to the FDA fast-track process of review if a drug
candidate, unlike Gleevec, were to have controversial scientific or marginal
clinical results?

e How can other areas of the health care system best respond to more frequent
accelerated approvals in ways that minimize bottlenecks and deploy
innovation more effectively?

COVERAGE AND REIMBURSEMENT
Changing pricing strategy and payment policies

Findings:

Lack of coverage stymies patient’s access to an innovative drug. Medicare’s
complex policy on coverage of oral cancer therapies means Medicare beneficiaries
receive no coverage for Gleevec. Medicare currently covers similarly priced, less
effective injectable therapies like IFN. But it does not provide coverage for oral
cancer drugs when there is no injectable equivalent. With the high median age of
onset for CML, many patients could not afford Gleevec without Novartis’ patient
assistance program. The Medicare bill, passed in November 2003 and scheduled
to take effect in 2006, will allow coverage for Gleevec. The bill includes a
demonstration program (from 2004-2006) that would provide a transitional
benefit covering certain oral cancer drugs such as Gleevec. This coverage would
end when the new Medicare benefit takes effect in 2006. At that time, Gleevec will
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be covered under the newly established benefit structure. Even with this coverage,
current estimates suggest that Medicare patients will still be required to pay $5,000
- $6,000 out-of-pocket for treatments like Gleevec.

Novartis’ substitution pricing strategy for Gleevec, while controversial at the time,
proved to be crucial to the Gleevec success story. For many patients, Gleevec
directly replaces existing treatments for CML. By setting a price for the drug that
is roughly cost equivalent on net to IFN and significantly less than the initial cost
for BMTs, Novartis maximized its return on investment for Gleevec without
raising the annual cost of treatment. Novartis’ substitution pricing strategy
enabled it to win crucial coverage acceptance from third-party payers. In addition
to substitution pricing, two other distinct aspects of the drug and pricing strategy
led to its relatively unobtrusive adoption by commercial payers. First, the overall
magnitude of any potential cost increase was small on a system-wide scale, given
the small CML population. Second, clear clinical benefits and improved patient
outcomes justified the case for a high price. In concert, these three factors led to
little overall scrutiny of Gleevec’s price and value. The absence of any one of these
three factors, however, would likely trigger greater scrutiny and resistance from
payers. As Medicare enters the debate with the new prescription drug benefit and
early demonstration projects, it is likely that cost will become even more of an
issue in the months and years to come.

Key policy questions to be addressed:
e Should there be a provision for subsidizing patient cost-sharing under the new
Medicare drug benefit?

e What happens if new therapies are not direct substitutes for existing ones, such
as Gleevec generally is for IFN and BMT?

e Could these new therapies be priced according to the value they provide?
What are appropriate ways to meaningfully and specifically price drugs
according to value?

e How will stakeholder groups react when an expensive, highly effective targeted
therapy is approved for diseases with much larger patient populations?

- Will the size of such markets cause delay in adoption simply because
of resistance to system cost increases?

- Alternatively, will the development of more drugs for small
populations cause payers and policy makers to examine the value of
each one more carefully?

How will payers ensure that the right therapies are used for the right disease
sub-groups when the diagnostic tools to accurately identify appropriate
patients may lag in development?
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HEALTH CARE SYSTEM ACCEPTANCE

Improving the dissemination of best practices

Findings:

As the locus of treatment shifted from major cancer centers out to community
oncologists and physicians after Gleevec was approved by the FDA, some data
suggest that a subset of patients were receiving sub-optimal dosages. While a clear
majority of physicians administered the recommended dosage, data indicate that
ensuring widespread adoption of proper dosing and adequate patient monitoring
was a challenge early on. Finally, the low incidence of CML means that most
physicians rarely see CML patients, making it difficult to stay up-to-date on the
latest CML treatments.

This problem is not unique to Gleevec. Many drugs experience an initial period of
suboptimal use after regulatory approval. There will be many highly effective
breakthrough therapies in the next decade emanating from advances in genomics.
Given that prospect, it is critical that our health care system delivers these therapies
in accordance with the latest evidence-based guidelines and best practices. Experts
hypothesize that molecularly targeted therapies ultimately will cause the sub-
grouping of diseases such that all cancers may be considered “orphan” cancers.
This redoubles the difficulty for physicians to stay current on the best treatment
practices for each sub-group. In the case of Gleevec, the educational challenges
were overcome through a combination of educational campaigns by Novartis and
an empowered and educated patient population that took an active role in
ensuring proper treatment. It is unclear whether such combinations will arise
spontaneously in the future.

Key policy questions to be addressed:
e Is it realistic to expect physicians, who do not focus their practice on rare
diseases such as CML, to stay abreast of all the latest treatment innovations?

e  What processes could be put in place to improve the dissemination of
knowledge about new therapies for rare diseases?

e  Whose responsibility is it to ensure that patients are treated with the best,
evidence-based practices?

- Should the responsibility lie with manufacturers, medical schools,
medical societies, patients, or some combination thereof?

e How can we reduce the time lag commonly seen in the dissemination of
innovative technologies and improve the use of best practices?

- What mechanisms should be put in place, if any, to monitor education
and adoption processes? How would such mechanisms square with
the independent professional model of physician practice in the United
States?
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- Are there ways to use telemedicine technology to efficiently educate
non-specialist physicians about the evidence base and clinical
experiences relevant to rare diseases?

PATIENT ACCEPTANCE AND USE

Empowering patients to be innovators

Findings:

Patient demand was a major force behind the unprecedented speed to market and
rapid adoption of Gleevec. Although patient support groups and registries exist
for many disease states and conditions, it is often those for rare and/or life-
threatening diseases (e.g. AIDS, breast cancer, CML) that are most effective in
mobilizing patients. That said, there are few examples of patient support groups
that have played as critical a role in bringing forth an innovation as the CML
support group did for Gleevec.

Leveraging an Internet support group, patients mobilized to lobby Novartis to
accelerate development and production and expand patient access to the therapy.
They drove rapid enrollment in clinical trials and educated fellow patients on
proper dosing and treatment. This small, but passionate group of CML patients
became true activists for Gleevec at critical junctures in its development and
adoption.

Key policy questions to be addressed:

e How could patient support groups be leveraged to speed enrollment in clinical
trials of other innovations and encourage the dissemination of timely and
accurate data and information?

e How could patients with other rare diseases take an active role in ensuring that
they receive the best possible treatment, whether it is through support groups,
Internet communities or other knowledge-sharing organizations?

THE NEED FOR ACTION

All sectors of the health care system, not just patients, stand to benefit from the
rapid identification and efficient adoption of truly high-value medical innovations.
Leaders in all sectors of the health care industry will need to be imaginative as we
work together to create fresh answers to these questions. The ultimate need to
develop a system of behavioral and financial incentives for physicians, hospitals,
payers, and manufacturers that are directly aligned in the best interest of the
patients should be the dominant driver in our discussions.

NEHI will continue to work with its membership to address these critical issues.
We will educate the public and policymakers regarding the findings from this
research and create specific policy recommendations to drive public and private
sector change.
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Appendix 1: Data Sources

MEDICAL LITERATURE

The primary source of data for the cost-effectiveness analysis comes from the IRIS
Phase III clinical trial. As the first major clinical trial investigating the use of
Gleevec as a first-line treatment for CML, the IRIS study was initiated in 2001 and
enrolled 1,106 patients who had little or no prior treatment for their disease. The
study treated patients with either Gleevec or IFN and recorded key clinical
outcomes, health care utilization and quality of life. In the case of both IFN and
BMT, this study’s estimates of treatment outcome draw upon several CML medical
literature analyses which cover numerous observational and controlled studies
initiated since 1980.” In addition, four cost-effectiveness analyses of CML
treatment published prior to the advent of Gleevec” were also used as key data
sources.

CLAIMS DATA

Data regarding current clinical practice was obtained from three large health plans.
The data covers patients from four New England states and a range of health
insurance products. Each health plan provided de-identified pharmacy, inpatient,

and outpatient claims data on all patients who have ever had an ICD-9 diagnosis
code for CML.

EXPERT INTERVIEWS AND PANEL DISCUSSION

The primary data sources utilized for the clinical care pathway and the sector-
based Value Analysis were expert interviews, literature review and information
obtained through an eight-member expert panel discussion conducted by NEHI in
November of 2003. Interviews were conducted with nationally recognized experts
on health care and CML treatment, with individuals representing the patient,
provider, payer, manufacturer, policy and research perspectives.




Appendix 2: Clinical Care Pathways

WITH GLEEVEC

Disease Phase

Initial Gleevec Treatment

BMT Consideration

400mg Gleevec (w/dose
escalation up to 600mg)

BMT
Candidate?

No

No GVHD

. No Yes
Chronic
Phase
(85% of
patients)
Initial Gleevec Yes
Failure
BMT Deaths
Post-BMT
,NeW|y N Failures
Diagnosed o
Patients No GVHD
Accelerated or 600mg Gleevec (w/dose BMT
Blast Ph?se escalation up to 800mg) Candidate?
(15% of patients) No '
Initial Gleevec Yes
Failure?

Post-BMT
Failures

Source: NEHI
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WITH GLEEVEC (Continued)

Interferon Alpha

Second Stage GLE

Late Stage Treatment

Patient
response?

Late stage Gleevec
treatment to prevent
disease progression

Disease
Progression?

Experimental therapies|
or palliative care

Yes

— treatment to prevent

Late stage Gleevec

disease progression

Disease
Progression?

Experimental therapies|
or palliative care

Yes
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WITHOUT GLEEVEC

Disease Phase BMT Consideration

Interferon Alpha

Late Stage Treatment

Chronic
Phase
(85% of

patients)

Newly
Diagnosed
Patients

Accel or Blast

BMT
Candidate?

No GVHD

Patient
response?

Post-BMT
Failures

Experimental therapies|
or palliative care

Phase
(15%)
BMT IFN Experimental therapies
Candidate? or palliative care
Patient
response?
BMT Deaths
Post-BMT
Failures
GVHD No GVHD
Source: NEHI
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Appendix 3: Cost-Effectiveness Analysis

COST-EFFECTIVENESS ANALYSIS

METHODS

Cost-effectiveness analysis (CEA) provides a means of determining whether the
benefits of a health care intervention are worth the costs. The net costs and
benefits of a new strategy of treatment relative to the status quo are expressed in a
cost-effectiveness ratio (CER), which can be compared with CERs for other
interventions to gauge the relative value of a change in treatment strategy, such as
a new innovation. Incorporating published literature, expert opinion, and
reasonable estimates, CEA enables the estimation of costs and benefits across a
system of care, incorporating the whole treatment strategy as opposed to solely
viewing single first-line treatments in isolation.

This study conducts two parallel analyses of Philadelphia chromosome-positive
CML patients from the societal perspective, one comparing treatments for chronic
phase patients and another for advanced stage disease (accelerated and blast
phase). This comparison required the simulation of four hypothetical patient
cohorts:

Chronic phase CER: chronic phase patients treated WITH Gleevec
vs.
chronic phase patients treated WITHOUT Gleevec

Accel/blast phase CER: accel/blast patients treated WITH Gleevec
vS.
accel/blast phase patients treated WITHOUT Gleevec

Disease Progression

Based on the clinical pathway developed for CML (Appendix 2), we constructed a
multi-state Markov model that reflected major health states and treatment options.
States and transitions that were not clinically meaningful and those that did not
affect the conclusion of cost-effectiveness were removed from the model. The
model was run at one month cycles and allowed to run to failure (until all
simulated patients died). To estimate the outcomes of treatment and progression
through the model, our analysis utilized data on response and survival from the
published literature. Published response rates were converted into monthly
progression probabilities and incorporated into the model.

Quality of Life and Cost

The benefit of treatment is defined in terms of the length and quality of life for
CML patients undergoing treatment. This benefit is reflected by a measure called
the Quality Adjusted Life Year (QALY), a figure that quantifies patient quality of
life on a scale of 0 (lowest quality) to 1 (highest quality) and uses that number to
assign lower values for years spent in poor health and higher values for years spent
in good health. Utility estimates were reviewed with physician experts. The costs
considered in this analysis include expenditures for health care services (i.e. direct
costs such as the cost of a drug or physician visit).
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To account for uncertainty in all of these estimates, we conducted single variable
sensitivity analyses in which baseline estimates of each factor are varied.

Cost and Utilities

The clearest benefit of Gleevec to society is the superior quality of life for CML
patients. QALY estimates from the literature were derived from either direct
preference elicitation using the Euro-Qol 5D (in the case of IFN in chronic phase
and Gleevec) or physician assignment of utility (BMT and IFN in advanced stage
disease). Since IFN was the commonly measured treatment across studies,
estimates from all previous studies were normalized to the values observed in the
IRIS study. Estimated utilities for each health state are reflected in table below.

Costs were assigned to treatment with IFN and Gleevec based on the IRIS study
and BMT based mainly on the range of values observed by Lee et al. (1996). The
average annual estimated drug cost is $29,844 for Gleevec and $21,235 for IFN.
The IRIS study demonstrates that patients treated with Gleevec average six fewer
physician visits (16 vs. 10), four fewer nurse or therapist visits (six vs. two), and
three fewer days of hospital stay (five vs. two) per year compared with patients on
IFN. This utilization decrease translates into a $4,044 annual savings in medical
services for patients treated with Gleevec. The comparison of costs between
Gleevec and IFN on a comprehensive annual basis (both drug and health care
utilization costs), therefore are $32,724 and $28,159, respectively.

The majority of BMT costs are incurred in the first year of treatment, when the
procedure and highest cost follow-up occur. On average BMT costs an estimated
$196,000 in the first year of treatment and $12,000 each year thereafter.

COSTS AND UTILITIES

Health State / Treatment Cost / Month Utility
Gleevec in Chronic Phase $2,734 0.838
Gleevec in Accelerated or Blast Phase $3,982 0.440
Chronic Phase BMT $150,000 0.000
Accelerated or Blast Phase BMT $200,000 0.000
Post BMT w/o GVHD $983 0.864
Post BMT w/ GVHD $1200 0.785
Interferon in Chronic Phase $2,347 0.781
Interferon in Accelerated or Blast Phase $2,758 0.140

RESULTS AND DISCUSSION

In chronic phase, our model calculated an average health benefit of 5.6 QALYs per
patient, at an increased cost of $264,423 per patient. The cost-effectiveness ratio
for chronic phase patients is $47,504/QALY. For accelerated and blast phase
patients, that amount rises to $87,156/QALY, indicating that the drug is less cost-
effective in late-stage disease.
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To test how sensitive these results are to changes in base case assumptions, such as
cost of treatment or quality of life, we performed sensitivity analyses across a range
of reasonable values. The results in chronic phase were consistent over a wide
variation in assumptions, however the estimate of accelerated and blast phase cost-
effectiveness was highly sensitive to variation from the base case.

According to the literature on cost-effectiveness, treatments with a cost-
effectiveness ratio below $100,000/QALY are considered cost-effective, those
between $50,000 and $100,000 are marginally cost-effective, and those below
$50,000/QALY are the most cost-effective. Based on these guidelines Gleevec is
clearly cost-effective for chronic phase CML treatment and marginally cost-
effective in accelerated and blast phase treatment.

For further information on this cost-effectiveness analysis of CML, including a full
sensitivity analysis and list of progression probabilities, contact NEHI.

CHRONIC PHASE SENSITIVITY ANALYSES

Sensitivity in Cost-Effectiveness Ratios ($/QALY)

0 50,000 100,000
Input Varied Baseline Range
Gleevec Cost/Year $32,724 $24,543-$40,905 31,542 N (3,457
Gleevec QALYs 0.854 0.790-0.940 41,075 NN 53 874
Interferon Cost/Year $28,154 $21,119-$47,870 41,706 mmmm 49,975
GLE Annual Mortality 0.5% 0.5%-5.0% 47,504 == 56,000
Cost- Marginally
Effective Cost-Effective




Appendix 4: Experts Interviewed

NEHI is very grateful to each of the experts who generously gave us their time and
provided us with valuable input into our research and analyses.

AMERICAN CANCER SOCIETY
David Rosenthal, M.D., Past President

ANTHEM BLUE CROSS AND BLUE SHIELD EAST
Vincent Maffei, Ph.D., Health Economist

BIOGEN IDEC
Burt Adelman, M.D., Executive Vice President of Development

BRIGHAM AND WOMEN’S HOSPITAL
Grace Chang, M.D., Associate Physician

BROWN UNIVERSITY/MIRIAM HOSPITAL

Alan Rosmarin, M.D., Associate Professor

DALBY & DALBY, LLC
Michael Dalby, Ph.D., Managing Director

DANA-FARBER CANCER INSTITUTE
Joseph Antin, M.D., Chief, Stem Cell Transplant Program

Amy Emmert, Program Administrator, Hematologic Malignancies
Arnold Freedman, M.D., Associate Professor

Stephanie Lee, M.D., M.P.H., Assistant Professor
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Appendix 5: Expert Panelists

On November 5, 2003 the New England Healthcare Institute’s (NEHI) first panel
discussion of the value of emerging health care innovations brought together a
range of experts to discuss the impact of treatment innovation in CML.

NEHI would like to offer special thanks to all participants in our Expert Panel
who so generously gave us their time, feedback and valuable input in our research
and analysis.

Joseph Antin, M.D.

Dr. Antin heads the Stem Cell Transplant Program of the Department of Medical Oncology
at the Dana-Farber Cancer Institute. He is a professor of medicine at Harvard Medical
School and a founding member and president of the American Society of Blood and Marrow
Transplantation.

Harris Berman, M.D.

Dr. Berman is chairman of Tufts School of Medicine's Department of Family Medicine and
Community Health. He had previously served as Chief Executive Officer of Tufts Health
Plan for more than 17 years. Under his leadership, Tufts Health Plan grew in membership
from 60,000 in 1986 to more than 900,000 in 2003, and the plan became one of the first
Health Maintenance Organizations to offer preventive benefits. Prior to his time at Tufts
Dr. Berman was a co-founder, medical director, then executive director of the Matthew
Thornton Health Plan in Nashua, New Hampshire, the first HMO in northern New
England.

Deborah Dunsire, M.D.

Dr. Dunsire is senior vice president and North American region head of oncology for
Novartis, where she is responsible for all functions that drive the commercial oncology
business in the United States. She serves as a member of the global Oncology Business Unit
Executive Coordinating Committee and the Novartis Pharmaceuticals Corporation
Executive Committee. Dr. Dunsire joined the oncology group in the United States in 1994.
In 1997, she formed and headed the Oncology Business Unit at Novartis Pharmaceuticals
Corporation, taking on all commercial functions, including sales, marketing, new product

commercial planning, scientific field operations, medical affairs and business relations.

Robert Mittman, M.S., M.P.P. (Moderator)

Mr. Mittman is founder of Facilitation, Foresight, Strategy. As an experienced moderator,
he brings a multidisciplinary perspective to emerging technology and health care forecasting
and planning. Mr. Mittman specializes in developing innovative approaches to modeling
and forecasting under conditions of little or conflicting data. He is co-author of The Future
of the Internet in Health Care: A Five-Year Forecast. He was also a contributing author of
the Institute for the Future’s annual Health Care Outlook report and of The Future of
American Health Care, Vol. IV, Transforming the System: Building a New Structure for a
New Century.

Richard Rockefeller, M.D., Ed.M.

Dr. Rockefeller is founder and president of the Health Commons Institute, a group
dedicated to improving shared decision making by patients and doctors through the wise use
of computer technology. He is a clinical instructor of family medicine at Maine Medical

52

NEW ENGLAND HEALTHCARE INSTITUTE



Center-Mercy Hospital and he also serves on numerous national, regional, and state boards,
including the board of directors of Rockefeller University and the U.S. advisory board to
Doctors without Borders.

David Rosenthal, M.D.

Dr. Rosenthal is a past president of the American Cancer Society (ACS) and currently serves
as Director of Harvard University Health Services (HUHS) and professor of medicine at
Harvard Medical School. Dr. Rosenthal has led HUHS since 1990, coordinating the care
and management of 35,000 members of the Harvard University community. As a volunteer
with ACS, Dr. Rosenthal is a representative of organization’s New England Division Board
of Directors, National Board of Directors and National Assembly. He is also an active
member of numerous ACS committees including the national committees on research and

clinical investigation, public issues/public policy, and medical affairs.

Richard Silver, M.D.

Dr. Silver directs the Center for Leukemia and Myeloproliferative Disorders at the Weill
Medical College of Cornell University. He was a principal investigator in the world trials of
Gleevec and was one of the first to use interferon in the treatment of chronic myeloid
leukemia. Dr. Silver was a pioneer in the development of courses to train physicians in the
biopsy of bone marrow and interpretation of the results. Dr. Silver chaired the International
Congress on Myeloproliferative Diseases and Myelodysplastic Syndromes in 2001 and
2003. In 2000, Cornell endowed the Richard T. Silver Distinguished Professorship of
Hematology and Medical Oncology in his honor.

Milton Weinstein, Ph.D.

Professor Weinstein is a renowned expert on the methods of cost-effectiveness analysis in
health care and serves as professor of health policy and management and biostatistics at the
Harvard School of Public Health, and professor of medicine at the Harvard Medical School.
He also directs the Program on Economic Evaluation of Medical Technology in the Harvard
Center for Risk Analysis. His research uses the methodologies of decision analysis,
mathematical modeling and cost-effectiveness analysis to address resource allocation
decisions at the clinical, institutional and societal levels. He has extensive experience in the
evaluation of cancer therapies. Professor Weinstein was co-chairman of the U.S. Panel on
Cost-Effectiveness in Health and Medicine and is a member of the Institute of Medicine and
its committee on priorities for new vaccine development.

Charles Wilson, M.D., M.S.H.A., Sc.D.

Dr. Wilson is professor emeritus of neurosurgery at the University of California, San
Francisco (UCSF), a senior fellow at the Institute for the Future and a senior advisor at the
Health Technology Center. For 25 years he served as chairman of the Department of
Neurosurgery and director of the Brain Tumor Research Center at UCSF. He has authored
600 scientific publications and is a member of the Institute of Medicine. He serves on the
governing board of the Tulane University Health Sciences Center and Tulane University’s
board of administrators. At the Institute for the Future, his areas of expertise are emerging
medical technologies and the impact of genomic medicine on health and health care. At the
Health Technology Center he works to create forecasts of future medical technologies and

the impact of their introduction into the health care system.
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Appendix 6: Glossary

Glossary entries are from the National Cancer Institute (NCI) Dictionary. The
NCI dictionary can be found online at: http://www.nci.nih.gov/dictionary

accelerated phase

Refers to chronic myelogenous leukemia that is progressing. The number of immature,
abnormal white blood cells in the bone marrow and blood is higher than in the chronic
phase but not as high as in the blast phase.

blast

An immature blood cell.

blast crisis
The phase of chronic myelogenous leukemia in which the number of immature, abnormal
white blood cells in the bone marrow and blood is extremely high. Also called blast phase.

blast phase
The phase of chronic myelogenous leukemia in which the number of immature, abnormal
white blood cells in the bone marrow and blood is extremely high. Also called blast crisis.

bone marrow
The soft, sponge-like tissue in the center of most large bones. It produces white blood cells,
red blood cells, and platelets.

bone marrow transplantation

A procedure to replace bone marrow that has been destroyed by treatment with high doses
of anticancer drugs or radiation. Transplantation may be autologous (an individual's own
marrow saved before treatment), allogeneic (marrow donated by someone else), or syngeneic
(marrow donated by an identical twin).

cancer

A term for diseases in which abnormal cells divide without control. Cancer cells can invade
nearby tissues and can spread through the bloodstream and lymphatic system to other parts
of the body. There are several main types of cancer. Carcinoma is cancer that begins in the
skin or in tissues that line or cover internal organs. Sarcoma is cancer that begins in bone,
cartilage, fat, muscle, blood vessels, or other connective or supportive tissue. Leukemia is
cancer that starts in blood-forming tissue such as the bone marrow, and causes large
numbers of abnormal blood cells to be produced and enter the bloodstream. Lymphoma is
cancer that begins in the cells of the immune system.

cell differentiation
The process during which young, immature (unspecialized) cells take on individual
characteristics and reach their mature (specialized) form and function.

chemotherapy
Treatment with anticancer drugs.

chromosome
Part of a cell that contains genetic information. Except for sperm and eggs, all human cells
contain 46 chromosomes.

chronic myelogenous leukemia

CML. A slowly progressing disease in which too many white blood cells (not lymphocytes)
are made in the bone marrow. Also called chronic myeloid leukemia or chronic granulocytic
leukemia.

chronic phase

Refers to the early stages of chronic myelogenous leukemia or chronic lymphocytic
leukemia. The number of mature and immature abnormal white blood cells in the bone
marrow and blood is higher than normal, but lower than in the accelerated or blast phase.

complete blood count
CBC. A test to check the number of red blood cells, white blood cells, and platelets in a
sample of blood. Also called blood cell count.
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cytarabine
Also known as Ara-C. An anticancer drug that belongs to the family of drugs called
antimetabolites.

cytogenetics
The study of chromosomes and chromosomal abnormalities.

differentiation

In cancer, refers to how mature (developed) the cancer cells are in a tumor. Differentiated
tumor cells resemble normal cells and tend to grow and spread at a slower rate than
undifferentiated or poorly differentiated tumor cells, which lack the structure and function
of normal cells and grow uncontrollably.

GIST
Gastrointestinal stromal tumor. A type of tumor that usually begins in cells in the wall of
the gastrointestinal tract. It can be benign or malignant.

graft-versus-host disease
GVHD. A reaction of donated bone marrow or peripheral stem cells against the recipient's
tissue.

hematologist
A doctor who specializes in treating blood disorders.

imatinib mesylate
A drug that is being studied for its ability to inhibit the growth of certain cancers. It
interferes with a portion of the protein produced by the bcr/abl oncogene. Also called
Gleevec and STI571.

interferon

A biological response modifier (a substance that can improve the body's natural response to
infections and other diseases). Interferons interfere with the division of cancer cells and can
slow tumor growth. There are several types of interferons, including interferon-alpha, -beta,
and -gamma. The body normally produces these substances. They are also made in the
laboratory to treat cancer and other diseases.

intravenous
Injected into a blood vessel.

leukemia
Cancer that starts in blood-forming tissue such as the bone marrow, and causes large
numbers of blood cells to be produced and enter the blood stream.

morbidity
A disease or the incidence of disease within a population. Morbidity also refers to adverse
effects caused by a treatment.

mutation

Any change in the DNA of a cell. Mutations may be caused by mistakes during cell division,
or they may be caused by exposure to DNA-damaging agents in the environment. Mutations
can be harmful, beneficial, or have no effect. If they occur in cells that make eggs or sperm,
they can be inherited; if mutations occur in other types of cells, they are not inherited.
Certain mutations may lead to cancer or other diseases.

myelogenous

Having to do with, produced by, or resembling the bone marrow. Sometimes used as a
synonym for myeloid; for example, acute myeloid leukemia and acute myelogenous
leukemia are the same disease.

oncogene

A gene that normally directs cell growth. If altered, an oncogene can promote or allow the
uncontrolled growth of cancer. Alterations can be inherited or caused by an environmental
exposure to carcinogens.

oncologist

A doctor who specializes in treating cancer. Some oncologists specialize in a particular type
of cancer treatment. For example, a radiation oncologist specializes in treating cancer with
radiation.
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palliative care

Care given to improve the quality of life of patients who have a serious or life-threatening
disease. The goal of palliative care is to prevent or treat as early as possible the symptoms of
the disease, side effects caused by treatment of the disease, and psychological, social, and
spiritual problems related to the disease or its treatment. Also called comfort care,
supportive care, and symptom management.

phase I trial

The first step in testing a new treatment in humans. These studies test the best way to give a
new treatment (for example, by mouth, intravenous infusion, or injection) and the best dose.
The dose is usually increased a little at a time in order to find the highest dose that does not
cause harmful side effects. Because little is known about the possible risks and benefits of
the treatments being tested, phase I trials usually include only a small number of patients
who have not been helped by other treatments.

phase II trial

A study to test whether a new treatment has an anticancer effect (for example, whether it
shrinks a tumor or improves blood test results) and whether it works against a certain type
of cancer.

phase III trial

A study to compare the results of people taking a new treatment with the results of people
taking the standard treatment (for example, which group has better survival rates or fewer
side effects). In most cases, studies move into phase III only after a treatment seems to work
in phases I and II. Phase III trials may include hundreds of people.

Philadelphia chromosome

An abnormality of chromosome 22 in which part of chromosome 9 is transferred to it. Bone
marrow cells that contain the Philadelphia chromosome are often found in chronic
myelogenous leukemia.

polymerase chain reaction
PCR. A laboratory method used to make many copies of a specific DNA sequence.

preclinical study
Research using animals to find out if a drug, procedure, or treatment is likely to be useful.
Preclinical studies take place before any testing in humans is done.

progression
Increase in the size of a tumor or spread of cancer in the body.

progression-free survival

One type of measurement that can be used in a clinical study or trial to help determine
whether a new treatment is effective. It refers to the probability that a patient will remain
alive, without the disease getting worse.

remission

A decrease in or disappearance of signs and symptoms of cancer. In partial remission, some,
but not all, signs and symptoms of cancer have disappeared. In complete remission, all signs
and symptoms of cancer have disappeared, although cancer still may be in the body.

white blood cell

WBC. Refers to a blood cell that does not contain hemoglobin. White blood cells include
lymphocytes, neutrophils, eosinophils, macrophages, and mast cells. These cells are made by
bone marrow and help the body fight infection and other diseases.
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