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Preface

The purpose of the AHRQ Healthcare Horizon Scanning System is to conduct horizon scanning
of emerging health care technologies and innovations to better inform patient-centered outcomes
research investments at AHRQ through the Effective Health Care Program. The Healthcare
Horizon Scanning System provides AHRQ a systematic process to identify and monitor
emerging technologies and innovations in health care and to create an inventory of emerging
technologies that have the highest potential for impact on clinical care, the health care system,
patient outcomes, and costs. It will also be a tool for the public to identify and find information
on new health care technologies and interventions. Any investigator or funder of research will be
able to use the AHRQ Healthcare Horizon Scanning System to select potential topics for
research.

The health care technologies and innovations of interest for horizon scanning are those that have
yet to diffuse into or become part of established health care practice. These health care
interventions are still in the early stages of development or adoption except in the case of new
applications of already-diffused technologies. Consistent with the definitions of health care
interventions provided by the Institute of Medicine and the Federal Coordinating Council for
Comparative Effectiveness Research, AHRQ is interested in innovations in drugs and biologics,
medical devices, screening and diagnostic tests, procedures, services and programs, and care
delivery.

Horizon scanning involves two processes. The first is identifying and monitoring new and
evolving health care interventions that are purported to or may hold potential to diagnose, treat,
or otherwise manage a particular condition or to improve care delivery for a variety of
conditions. The second is analyzing the relevant health care context in which these new and
evolving interventions exist to understand their potential impact on clinical care, the health care
system, patient outcomes, and costs. It is NOT the goal of the AHRQ Healthcare Horizon
Scanning System to make predictions on the future use and costs of any health care technology.
Rather, the reports will help to inform and guide the planning and prioritization of research
resources.

This edition of the Status Update lists interventions that have been identified and are being
monitored. The next edition will be published in 2—-3 months. We welcome comments on the list,
which may be sent by mail to the Task Order Officer named in this report to: Agency for
Healthcare Research and Quality, 540 Gaither Road, Rockville, MD 20850, or by email to
effectivehealthcare@ahrq.hhs.gov.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H.
Director Director, Center for Outcomes and Evidence
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality

Elise Berliner, Ph.D.

Task Order Officer

Center for Outcomes and Evidence

Agency for Healthcare Research and Quality
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Introduction

The AHRQ Healthcare Horizon Scanning System produces reports and status updates from
its activities. The Status Update is a summary of data elements collected from implementation of
the Horizon Scanning Identification and Monitoring Protocol. Status Updates are produced 4-6
times a year, with each new report superseding the prior version. This Status Update is organized
by into four main topic-status sections and then by priority condition within each section. Topics
are listed in tables pertaining to each AHRQ priority condition. The table of contents provides
links directly to each section’s priority condition tables. Topics that were already in the system
are presented first as “Currently Tracked Interventions,” followed by “Interventions Added Since
Last Update,” followed by “Interventions Tracked but Archived Since Last Update,” and finally,
“Interventions Identified and Not Tracked” during the prior tracking period of more than 2
months. Each table provides the Topic Title, Potential Patient Population, Intervention
Description (including the Developer/Manufacturer[s] and Phase of Development), Potential
Comparators, and Potential Health or Other Impacts.

Criteria for including topics in the Status Update are provided in detail in the “Horizon
Scanning Protocol and Operations Manual,” which is available on the Effective Health Care Web
site (Protocol and Operations Manual). Briefly, broad scanning is performed for each priority
condition to detect “leads” to interventions and innovations. Sets of questions are applied to
determine whether any given intervention addresses an “unmet need” such as a gap in effective
ways to screen, diagnose, treat, monitor, manage, or provide or deliver care for a health condition
or disease. Interventions might be lacking entirely, or existing options may be less than optimal.
Leads that appear to address an unmet need are assigned to horizon scanning analysts and are
assessed for grouping into potential topics. Potential topics are then described according to the
PICO framework: potential patient Population, the Intervention, potential Comparators to the
intervention, and potential Outcomes of interest for the patient population.

During topic nomination meetings, additional criteria are applied to each topic, including
questions about the potential importance of the unmet need, the likelihood of the intervention
being adopted in the United States, the innovativeness of the intervention, and the potential
impact of the intervention on current treatments, sites of care, disparities in care, health care
processes and infrastructure, patient and population health outcomes, understanding of the
disease or condition, clinician and patient training needs, and costs of care. Topics accepted
during topic nomination meetings are then entered into the System for tracking and appear in the
Status Update report as “Currently Tracked Interventions” and “Interventions Added Since Last
Update.”

Some of the accepted topics may also be selected during the meeting for Topic Profile
development. Clinical interventions (i.e., drugs, devices, procedures) that are voted for
advancing to Topic Profile development must be far enough along in development (typically
phase 11 for drugs and phase Il or the equivalent for devices) to have some preliminary efficacy
and safety data available for inclusion in the profile. Topics that are programs or care delivery
innovations may be advanced for Topic Profile development with fewer data available if enough
information is available to describe the care delivery innovation well and if demonstration
projects or pilot studies are under way. The horizon scanning medical librarians and analysts
proceed with more in-depth and topic-specific searching for information on the topics selected
for advancement.

During the process of gathering more information, we sometimes conclude that an
intervention does not, in fact, meet criteria for monitoring. Such topics are listed in the Status
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Update as “Identified but Not Tracked.” Once topic profiles are developed, comments are sought
from up to eight experts with a variety of perspectives and areas of expertise in health care. A
topic may also be archived or retired if aggregated comments from the experts suggest that an
intervention is unlikely to meet an unmet need or to have impact on health outcomes or health
care in the United States. Over time, a topic may be archived because development has ceased,
because it is no longer novel, or because the intervention has diffused past early adoption.

Overall, populating of the horizon scanning system has been ongoing since December 2010.
During that time, more than 13,000 leads have been uploaded into the system and reviewed by
analysts, from which about 1,500 topics have been initially identified and moved through the
system. This Status Update report contains a total of 963 identified interventions being tracked,
of which 60 are new topics entered into the system this reporting period. We archived 30 topics
during this reporting period. The reason for archiving each topic is provided in the respective
tables of archived topics. Three reasons account for the majority of archived topics: expert
commenters saw no potential for high impact in the areas of interest to AHRQ; companies halted
development; or topics that had been tracked met criteria for retiring from the system because
they have diffused since tracking started or were 2 years post-approval by the U.S. Food and
Drug Administration.

In this update, five priority areas comprise about 76.7% of the interventions (including
programs) being tracked. Interventions related to cancer account for 30.3% (292/963) of tracked
topics. The other priority areas with the most tracked topics in descending order of number of
topics are as follows: functional limitations and disability (18.2%, 175/963), infectious diseases
(12.2%, 118/963), cardiovascular diseases (10.4%, 100/963), and diabetes (5.6%, 54/963).

Interventions being tracked in the remaining nine priority conditions (arthritis, dementia,
depression and other mental illness, developmental delays, obesity, peptic ulcer disease and
dyspepsia, pregnancy and childbirth, pulmonary diseases, and substance abuse) plus an
additional area we designate as cross-cutting, account for less than 4% each, or a combined total
of 23.3% (224/963) of topics being tracked in the system. The proportion that topics in each
priority area constitute relative to the total number being tracked has changed by less than two
percentage points from Update to Update since the inaugural Status Update report.

In terms of overall types of interventions, about 85% fall into one of four general categories,
and the proportions of topics in these categories have changed very little since initial reporting,
as well. Slightly more than 62% of topics in the system are a pharmaceutical/biotechnology (i.e.,
drug, vaccine, biologic); about 15% are devices—either implanted or used to deliver treatments
externally; about 6% are technologies intended to screen, diagnose, identify risk, identify gene
mutations, and/or monitor a disease state. About 2% are innovative programs, services, or care
delivery practices. Other categories include medical procedures, alternative/complementary
medicine, surgery, and assistive (i.e., rehabilitative or physical support) technologies, and
information technology, which each constitute less than 3% of the interventions in the system.
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(NeoFuse) for
treatment of
degenerative disc
disease

the lower back has
been diagnosed

Noninvasive treatments are needed to relieve the symptoms of patients who do not
require surgery, would like to prevent the need for surgery, or are at risk of losing
disc height following surgery. Allogeneic adult stem cells combined with hyaluronic
acid (NeoFuse™) are injected into severely damaged intervertebral discs with the
intention of reversing the degenerative process, stimulating regrowth of disc
cartilage, and sustaining normalization of disc pathology, anatomy, and function;
mesenchymal precursor cells are purported to produce the proteoglycans found in
disc cartilage, so the manufacturer hypothesizes that the injection of mesenchymal
stem cells into a degenerated intervertebral disc will lead to replacement of the
proteoglycan of cartilage resulting in a minimally invasive, lower cost therapy for
patients with moderate or severe DDD.

Mesoblast, Ltd., New York, NY

Phase Il trials ongoing

Spinal fusion

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Allogeneic Patients in whom Between 15% and 40% of the population will experience DDD. Although physical Artificial disc Increased activities of
mesenchymal degenerative disc therapy and medication provide a solution in most cases, spinal surgery involving replacement daily living
precursor cells disease (DDD) of either total disc replacement or spinal fusion is heeded by a subset of patients. Discectomy Reduced chronic

lumbar back pain
Reduced use of pain
medications

Atacicept for
treatment of
systemic lupus
erythematosus

Patients in whom
systemic lupus
erythematosus
(SLE) has been
diagnosed

There is no permanent cure for SLE, and current treatments provide only partial
relief of symptoms. Atacicept is a biologic that is purported to decrease the activity
of autoreactive B cells, which may play a key role in the pathogenesis of SLE.
Atacicept is a recombinant protein that consists of domains from the proteins B-
lymphocyte stimulator (BLyS) and a proliferation-inducing ligand (APRIL), which
are involved in the maintenance, proliferation, and antibody production of B cells,
fused to the constant domain of immunoglobulin. Because BLyS and APRIL bind
the TACI (transmembrane activator and calcium-modulating and cyclophilin ligand
[CAML] interactor) receptor, atacicept is also called TAC-lg. Atacicept is purported
to be an antagonist for the TACI receptor. Atacicept is hypothesized to selectively
impair mature B cells and plasma cells more than memory B cells or progenitor
cells. Atacicept is administered subcutaneously, 75 or 150 mg, once weekly.

EMD Serono, Inc., Rockland, MA

Phase II/1ll trial ongoing

Belimumab
Corticosteroids
Cyclophosphamide
Methotrexate

Tumor necrosis factor-
alpha inhibitors
Rituximab

Delayed disease
progression
Reduced symptoms
Fewer flares
Improved quality of
life

Section 1. Currently Tracked Interventions
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Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Autologous Patients in whom Currently no regenerative treatments are approved for patients with OA. Lifestyle modification Reduced pain

conditioned serum
for treatment of

osteoarthritis (OA)
has been

Autologous conditioned serum (ACS) consists of serum collected from the patient
that has components purported to be regenerative or protective—such as

(weight loss, exercise)
Mesenchymal stem-cell

Improved mobility
Improved quality of

osteoarthritis (knee | diagnosed interleukin (IL)-1Ra which is believed to dampen IL-1-mediated inflammation— therapy life
and back) isolated from the sample. The conditioned serum is reinjected into the arthritic Nonsteroidal anti-
joint. By specifically enriching for desired molecules, not simple inflammatory drugs
fractionation/concentration, ACS is purported to have different effects from platelet- | Physical therapy
rich plasma therapy. Platelet-rich plasma
Viscosupplementation
NY Spine Medicine, Schottenstein Pain & Neurology, New York, NY
Pilot studies completed; procedure currently diffusing in the U.S.
Autologous Patients in whom Current conservative therapies for osteoarthritis (OA) target disease symptoms Lifestyle modification Reduced pain
mesenchymal osteoarthritis (OA) such as pain and inflammation; however, they do not address the underlying (weight loss, exercise) Improved mobility

stems cells for
treatment of joint
osteoarthritis

has been
diagnosed

pathology of the disease or halt its progression. Treatment of osteoarthritic joints
with mesenchymal stem cells has the potential to be the first treatment could
restore the large cartilage defects found in patients with OA. Mesenchymal stem
cells are adult stem cells that progenitor cells that retain the ability to differentiate
into a number of cell types, including chondrocytes, which are the cells responsible
for maintaining cartilage. The stem cells can be isolated from several tissues,
including bone marrow, synovium, periosteum, skeletal muscle, and adipose
tissue. When first isolated from the patient, mesenchymal stem cells constitute a
small fraction of the cells present in the sample and must either be concentrated
by centrifugation or be passaged multiple times in vito to expand the mesenchymal
cell population. The condition of the patient may influence the attributes of the
mesenchymal stem cells that are produced, and both patient age and the presence
of OA have been shown to affect the ability of isolated mesenchymal stem cells to
proliferate and differentiate into chondrocytes.

Regenerative Sciences, Inc., Broomfield, CO
Arthritis Treatment Center, Frederick, MD

Trials completed

Mesenchymal stem-cell
therapy

Nonsteroidal anti-
inflammatory drugs
Physical therapy
Platelet-rich plasma
Viscosupplementation

Improved quality of
life

Section 1. Currently Tracked Interventions
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blood, which usually takes place at a community blood bank (e.g., American Red
Cross) or a hospital’s own blood bank. The PRP is re-infused in an outpatient
setting at the desired anatomic site (i.e., knee). PRP contains and releases
(through degranulation) at least 7 different growth factors that are intended to
stimulate bone and soft-tissue healing.

Orthohealing Center, Los Angeles, CA

Phase Il trials ongoing

inflammatory drugs
Physical therapy
Viscosupplementation

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development

Autologous Patients in whom Other than joint replacement and symptom management, effective treatment for Lifestyle modification Decreased pain
platelet-rich plasma | osteoarthritis (OA) OA to restore long-term function is not available. Viscosupplementation provides (weight loss, exercise) Increased mobility
therapy for has been temporary relief and improves short-term function for some patients, but long-term Mesenchymal stem-cell | Improved quality of
treatment of joint diagnosed nonsurgical treatments are needed. Platelet-rich plasma (PRP) therapy involves therapy life
osteoarthritis collection, separation, and concentration of autologous platelets from a patient’s Nonsteroidal anti-

BAFF-targeting
peptibody
blisibimod (A-623)
for treatment of
systemic lupus
erythematosus

Patients in whom
systemic lupus
erythematosus
(SLE) has been
diagnosed

Current SLE treatments provide partial symptomatic relief; treatments with
improved efficacy are needed. B-cell activating factor (BAFF) is a soluble and
membrane-bound growth factor for B cells that has been associated with a wide
range of B-cell mediated autoimmune diseases, including SLE. Blisibimod is
purported to be a broad inhibitor of BAFF; it is purported to be a novel proprietary

fusion protein called a peptibody. Administered weekly via subcutaneous injection.

Anthera Pharmaceuticals, Inc., Hayward, CA

Phase IIb trial ongoing

Belimumab
Corticosteroids
Cyclophosphamide
Methotrexate

Tumor necrosis factor-
alpha inhibitors
Rituximab

Delayed disease
progression
Symptom relief
Improved quality of
life

C-reactive protein
inhibitor (I1SIS-
CRPry) for
reduction of
elevated C-reactive
protein levels
associated with
rheumatoid arthritis

Patients with
elevated C-reactive
protein (CRP) in
whom rheumatoid
arthritis (RA) has
been diagnosed

Elevated CRP levels have been associated with various inflammatory disorders
including RA, cardiovascular disease, and diabetes. ISIS-CRPgy is intended to
directly test whether lowering CRP might benefit patient outcomes in patients with
these disorders; ISIS-CRPgy is a 1st-in-class selective antisense CRP (protein
found in the liver) inhibitor. In a phase | trial, the agent was administered
intravenously and subcutaneously to healthy volunteers and some subjects with
elevated CRPs.

ISIS Pharmaceuticals, Inc., a unit of Johnson & Johnson, New Brunswick, NJ

Phase Il trial ongoing

Corticosteroids
Disease-modifying
antirheumatic drugs:
hydroxychloroquine,
methotrexate,
sulfasalazine
Nonsteroidal anti-
inflammatory drugs
Tocilizumab
Tofacitinib
(investigational)
Tumor necrosis factor-
alpha inhibitors

Reduced CRP levels
Reduced symptoms
Slowed disease
progression

Section 1. Currently Tracked Interventions
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Topic Title

Potential Patient
Population

Intervention
Developer/Manufacturer(s)
Phase of Development

Potential Comparators

Potential Health
or Other Impacts

Epratuzumab for
treatment of
systemic lupus
erythematosus

Patients in whom
systemic lupus
erythematosus
(SLE) has been
diagnosed

There is no permanent cure for SLE, and currently available treatments provide
only partial relief of symptoms, so better treatments are needed. Epratuzumab is a
fully humanized, monoclonal antibody that is purported to bind and modulate the
activity of CD22, an antigen found on B cells purported to prevent autoreactive
responses. Autoreactive B cells are believed to play a major role in SLE
pathogenesis. The drug is administered as a subcutaneous injection once monthly
in clinical trials.

UCB S.A., Brussels, Belgium

Phase Ill trials ongoing

Belimumab
Corticosteroids
Cyclophosphamide
Methotrexate

Tumor necrosis factor-
alpha inhibitors
Rituximab

Delayed progression
of disease

Reduced symptoms
Fewer flares
Improved quality of
life

Fostamatinib
disodium for
treatment of
rheumatoid arthritis

Patients in whom
rheumatoid arthritis
(RA) has been
diagnosed

Fostamatinib disodium, previously referred to as R788, is a spleen tyrosine kinase
inhibitor that reversibly blocks lymphocyte signaling involved in inflammation and
tissue degradation in RA. It is intended for treatment of early stage RA to reduce
swelling and tissue destruction. The drug is taken orally.

Rigel Pharmaceuticals, Inc., South San Francisco, CA

Phase Ill trials ongoing

Corticosteroids
Disease-modifying
antirheumatic drugs:
hydroxychloroquine,
methotrexate,
sulfasalazine
Nonsteroidal anti-
inflammatory drugs
Tocilizumab
Tofacitinib
(investigational)
Tumor necrosis factor-
alpha inhibitors

Decreased
inflammation

Slowed disease
progression
Reduced pain
Improved function
and activities of daily
living

Improved quality of
life

Section 1. Currently Tracked Interventions
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Topic Title

Potential Patient
Population

Intervention
Developer/Manufacturer(s)
Phase of Development

Potential Comparators

Potential Health
or Other Impacts

Interleukin-1-beta
antagonist
canakinumab
(llaris) for
treatment of
systemic juvenile

Patients in whom
systemic juvenile
idiopathic arthritis
(SJIA) has been
diagnosed

Available treatments for SJIA only partially mitigate symptoms and do not prevent
long-term damage associated with the condition. Additionally, prolonged use of
steroids can cause slowed growth and delayed puberty. Canakinumab (llaris™) is
a long-acting, fully human monoclonal antibody against interleukin-1-beta (IL-1-
beta). IL-1-beta is a major mediator of inflammatory responses, which are
purported to play a role in SJIA pathology. Canakinumab is intended to block the

Anakinra
Corticosteroids
Hydroxychloroquine
Methotrexate
Nonsteroidal anti-
inflammatory drugs

Improved adapted
American College of
Rheumatology
pediatric
30/50/70/90/100
disability criteria

(Actemra) for
treatment of
systemic juvenile
idiopathic arthritis

systemic juvenile
idiopathic arthritis
(SJIA) has been
diagnosed

a humanized monoclonal antibody interleukin-6 (IL-6) receptor antagonist. IL-6 is a
proinflammatory cytokine produced by a variety of cell types including
lymphocytes, monocytes, and fibroblasts, as well as synovial and endothelial cells
leading to local production of IL-6 in joints affected by inflammatory processes. IL-6
is purported to upregulate lymphocyte activity, initiate acute phase protein
synthesis, and stimulate hematopoietic precursor cell proliferation and
differentiation. IL-6 can also stimulate osteoclast activity leading to inflammation
and erosion of joint structures. Inhibiting IL-6 activity may relieve symptoms
associated with SJIA. Tocilizumab can be used as monotherapy or in combination
with methotrexate and is administered as an intravenous infusion, 12 or 8 mg/kg of
body weight in patients weighing less than or more than 30 kg, respectively, every
2 weeks.

F. Hoffmann-La Roche, Ltd., Basel, Switzerland

FDA approved for treatment of SJIA Apr 2011 and phase Il trials ongoing

Interleukin-1-beta
antagonist in
development
Methotrexate
Nonsteroidal anti-
inflammatory drugs

idiopathic arthritis inflammatory activity of IL-1-beta. In a clinical trial, canakinumab was administered | Tocilizumab Improved Child
as a single subcutaneous dose, 4 mg/kg of body weight, to patients aged 2-19 Health Assessment
years. Questionnaire clinical
response
Novartis International AG, Basel, Switzerland Decreased Child
Health Questionnaire
Phase Ill trials ongoing; approved for cryopyrin-associated periodic syndromes pain intensity as
assessed on a
100 mm visual
analog scale
Improved quality of
life
Interleukin-6 Patients 2 years of | Available treatments for SJIA only partially mitigate symptoms and do not prevent Anakinra Improved adapted
receptor antagonist | age and older in long-term damage associated with the condition. Additionally, prolonged use of Corticosteroids American College of
tocilizumab whom active steroids can cause slowed growth and delayed puberty. Tocilizumab (Actemra®) is | Hydroxychloroquine Rheumatology

pediatric
30/50/70/90/100
disability criteria
Improved Child
Health Assessment
Questionnaire clinical
response

Decreased Child
Health Questionnaire
pain intensity as
assessed on a

100 mm visual
analog scale
Improved quality of
life
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JAK 1 inhibitor
(GLPG0634) for
treatment of
rheumatoid arthritis

Patients in whom
rheumatoid arthritis
(RA) has been
diagnosed

RA is a chronic inflammatory disease that can cause permanent joint damage,
deformity, and functional disability. New oral new therapies might enhance
treatment adherence and tolerability compared with current biologic therapies.
GLPGO0634 is an oral tyrosine kinase inhibitor purported to act against the Janus
kinase 1 (JAK 1) signaling pathway that is believed to mediate several processes
involved in inflammatory pathways that could contribute to RA pathogenesis. In
trials, GLPG0634 has been administered 100 mg, twice daily, or 200 mg, once
daily.

Abbott Laboratories, Abbott Park, IL
GlaxoSmithKline, Middlesex, UK

Phase Il trial complete; Feb 2012, Galdpagos NV, Mechelen, Belgium, signed
global agreement with Abbott to develop and commercialize GLPG0634

Corticosteroids
Disease-modifying
antirheumatic drugs:
hydroxychloroquine,
methotrexate,
sulfasalazine
Nonsteroidal anti-
inflammatory drugs
Tocilizumab
Tofacitinib
(investigational)
Tumor necrosis factor-
alpha inhibitors

Reduced
inflammation
Improved symptoms
Improved activities of
daily living

Improved quality of
life

JAK 1/2 inhibitor
(LY-3009104) for
treatment of
rheumatoid arthritis

Patients in whom
rheumatoid arthritis
(RA) has been
diagnosed

RA is a chronic inflammatory disease causing polyarthritis with frequent
progression to permanent joint damage, deformity, and functional disability.
Biologic therapies have become standard of care for RA that no longer responds to
disease-modifying antirheumatic drugs (DMARDS); however, biologics must be
administered by intramuscular, subcutaneous, or intravenous injection and are
associated with increased incidence of serious infections, including tuberculosis.
DMARDs with improved efficacy, tolerability, and convenience are needed. LY-
3009104 is an oral Janus kinase 1 (JAK 1) and Janus kinase 2 (JAK 2) inhibitor.
JAK 1 and JAK 2 are involved in mediating the activity of many cytokines involved
in RA pathogenesis; inhibiting these kinases may reduce inflammation and RA
symptoms. It is administered 1-8 mg, once daily, or up to 2 mg, twice daily.

Incyte Corp., Wilmington, DE
Eli Lilly and Co. Indianapolis, IN

Phase IIb completed; results achieved primary endpoints

Corticosteroids
Disease-modifying
antirheumatic drugs:
hydroxychloroquine,
methotrexate,
sulfasalazine
Nonsteroidal anti-
inflammatory drugs
Tocilizumab
Tofacitinib
(investigational)
Tumor necrosis factor-
alpha inhibitors

Improved symptom
scores as measured
by the American
College of
Rheumatology
20/50/70 instruments
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JAK 3 inhibitor
(tofacitinib) for
treatment of
rheumatoid arthritis

Patients in whom
rheumatoid arthritis
(RA) has been
diagnosed

Tofacitinib (CP-690,550) is a selective and potent oral tyrosine kinase inhibitor that
is being investigated as a targeted disease-modifying antirheumatic drug (DMARD)
for treating RA. Tofacitinib inhibits a Janus kinase (JAK 3) signaling pathway
believed to mediate several processes involved in chronic inflammatory diseases,
such as antibody production by B cells, production of rheumatic factor and
activation of T cells. By inhibiting the JAK 3 pathway, tofacitinib may suppress the
inflammatory reactions that are the basis of RA. In recent trials, tofacitinib was
administered in once daily, 20 mg, or twice daily, 1, 3, 5, 10, and 15 mg. A targeted
therapy that might reduce RA-specific inflammatory processes in the way
tofacitinib purports to may provide better symptom control with fewer adverse
events than other DMARDSs or nonsteroidal anti-inflammatory drug-activated anti-
inflammatory pathways.

Pfizer, Inc., New York, NY

Phase Ill trial completed; May 2012, FDA's Arthritis Advisory Committee voted 8-2
to recommend approval as a treatment for adults with moderate to severe active
RA that has not responded adequately to another DMARD. If approved, it would be
the first new oral DMARD for RA in more than 10 years and the first JAK inhibitor
to be approved; FDA decision date is Aug 2012.

Corticosteroids
Disease-modifying
antirheumatic drugs:
hydroxychloroquine,
methotrexate,
sulfasalazine
Nonsteroidal anti-
inflammatory drugs
Tocilizumab
Tofacitinib
(investigational)
Tumor necrosis factor-
alpha inhibitors

Reduced
inflammation
Improved symptoms
Improved activities of
daily living

Improved quality of
life

JAK 3 inhibitor
(VX-509) for
treatment of
rheumatoid arthritis

Patients in whom
rheumatoid arthritis
(RA) has been
diagnosed

RA is a chronic inflammatory disease causing polyarthritis with frequent
progression to permanent joint damage, deformity, and functional disability.
Biologic therapies have become standard of care for RA that no longer responds to
disease-modifying antirheumatic drugs (DMARDSs); however, biologics must be
administered by intramuscular, subcutaneous, or intravenous injection and are
associated with increased incidence of serious infections, including tuberculosis.
DMARDSs with improved efficacy, tolerability, and convenience are needed. VX-509
is an oral Janus kinase (JAK 3) inhibitor. JAK 3 is involved in mediating the activity
of many cytokines involved in RA pathogenesis; inhibiting this kinase may reduce
inflammation and RA symptoms mediated by T cells, B cells, and monocytes. It is
administered 25-150 mg, twice daily.

Vertex Pharmaceuticals, Inc., Cambridge, MA

Phase Il trial completed

Corticosteroids
Disease-modifying
antirheumatic drugs:
hydroxychloroquine,
methotrexate,
sulfasalazine
Nonsteroidal anti-
inflammatory drugs
Tocilizumab
Tofacitinib
(investigational)
Tumor necrosis factor-
alpha inhibitors

Improved symptoms
scores as measured
by American College
of Rheumatology

20/50/70 instruments
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KIT tyrosine kinase
inhibitor masitinib
for treatment of
rheumatoid arthritis

Patients in whom
rheumatoid arthritis
(RA) has been
diagnosed

RA is a chronic inflammatory disease causing polyarthritis with frequent
progression to permanent joint damage, deformity, and functional disability.
Biologic therapies have become standard of care for patients with RA that no
longer responds to disease-modifying antirheumatic drugs (DMARDs). However,
biologics must be administered by injection and are associated with increased
incidence of serious infections, including tuberculosis. DMARDs with improved
efficacy and tolerability as well as convenient dosing are needed. Masitinib is an
orally administered tyrosine kinase inhibitor that is purported to target the activity of
mast cells, which are involved in mediating inflammation in the synovium. Masitinib
purportedly targets mast cells through selectively inhibiting KIT, platelet-derived
growth factor receptor, Lyn, and to a lesser extent, fibroblast growth factor
receptor 3. In clinical trials, masitinib is administered orally, 3 or 6 mg/kg of body
weight, daily.

AB Science S.A., Paris, France

Phase II/lll trial ongoing

Corticosteroids
Disease-modifying
antirheumatic drugs:
hydroxychloroquine,
methotrexate,
sulfasalazine
Nonsteroidal anti-
inflammatory drugs
Tocilizumab
Tofacitinib
(investigational)
Tumor necrosis factor-
alpha inhibitors

Improved symptom
scores as measured
by American College
of Rheumatology
20/50/70 instruments
Improved quality of
life

LX2931 for
treatment of
rheumatoid arthritis

Patients in whom
rheumatoid arthritis
(RA) has been
diagnosed

RA is a chronic inflammatory disease causing polyarthritis with frequent
progression to permanent joint damage, deformity, and functional disability.
LX2931 targets lymphocytes through a novel mechanism of action that may
change current treatment models and paradigms. LX2931inhibits sphingosine-1-
phosphate (S1P) lyase; S1P is involved in several aspects of lymphocyte growth,
migration, and activity. Targeting S1P-lyase is intended to increase retention of
lymphocytes in the lymphoid tissue, thereby preventing them from causing in
inflammation in joints. Administered orally.

Lexicon Pharmaceuticals, Inc., The Woodlands, TX

Phase Il trial completed; results from additional phase Il trial expected 3" quarter
2012

Corticosteroids
Disease-modifying
antirheumatic drugs:
hydroxychloroquine,
methotrexate,
sulfasalazine
Nonsteroidal anti-
inflammatory drugs
Tocilizumab
Tofacitinib
(investigational)
Tumor necrosis factor-
alpha inhibitors

Improved RA
symptoms
Reduced number of
lymphocytes in
circulation
Improved quality of
life
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Phase of Development
Monoclonal Patients in whom RA is a chronic inflammatory disease causing polyarthritis with frequent Corticosteroids Reduced symptoms
antibody rheumatoid arthritis | progression to permanent joint damage, deformity, and functional disability. Disease-modifying Delayed progression
(LY2127399) for (RA) has been LY2127399 is a fully human immunoglobulin G4 monoclonal antibody targeting B- antirheumatic drugs: of disease

treatment of
rheumatoid arthritis

diagnosed

lymphocyte stimulator (BLyS). BLyS plays an important role in stimulating B-
lymphocyte production when the human body is battling infection, but
overproduction can cause production of autoantibodies and initiate autoimmune-
like disease symptoms in mice. By inhibiting the biologic activity of BLyS,
LY2127399 inhibits the stimulation, proliferation, and differentiation of B cells.
Intravenous and injectable formulations are under development for RA.

Eli Lilly and Co., Indianapolis, IN

Phase lll trials ongoing

hydroxychloroquine,
methotrexate,
sulfasalazine
Nonsteroidal anti-
inflammatory drugs
Tocilizumab
Tofacitinib
(investigational)
Tumor necrosis factor-
alpha inhibitors

Improved quality of
life

Monoclonal
antibody
(LY2127399) for
treatment of
systemic lupus
erythematosus

Patients in whom
systemic lupus
erythematosus
(SLE) has been
diagnosed

There is no permanent cure for SLE, and current treatments provide only partial
relief of symptoms. LY2127399 is a monoclonal antibody that acts against B-cell
activating factor (BAFF), a protein related to tumor necrosis factor that promotes
survival of B cells as they exit the bone marrow and also prevents them from
undergoing apoptosis later on. BAFF overexpression was found in diseased brain
and BAFF; referred to as a B cell-targeted therapy. Drug is delivered by
subcutaneous injection every 2 or 4 weeks and taken with standard care.

Eli Lilly and Co., Indianapolis, IN

Phase Il trials ongoing

Belimumab
Corticosteroids
Cyclophosphamide
Methotrexate

Tumor necrosis factor-
alpha inhibitors
Rituximab

Improved SLE
Responder Index
Improved quality of
life
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Nitronaproxen
(Naproxcinod) for
treatment of
osteoarthritis

Patients in whom
osteoarthritis (OA)
has been
diagnosed

Other than joint replacement and symptom management, effective treatment for
OA to restore function long-term is not available. Effective nonsteroidal anti-
inflammatory drugs (NSAIDs) with an improved safety profile are needed to
prevent cardiovascular complications. Nitronaproxen is an NSAID and derivative of
naproxen with a nitroxybutyl ester, making it a nitric oxide (NO) donor.
Nitronaproxen is the 1st-in-class cyclooxygenase inhibiting NO donators
(CINODSs); CINODs are intended to produce analgesic efficacy similar to traditional
NSAIDs, but with less gastrointestinal and cardiovascular side effects because of
the local effects of NO.

NicOx S.A., Sophia Antipolis, France

Phase lll trials completed; manufacturer received FDA response letter to new drug
application (NDA) requesting long-term safety data on cardiovascular effects; Apr
2012, manufacturer met with FDA to discuss additional data required for NDA
resubmission

Celecoxib
Ibuprofen
Naproxen

Increased mobility
Decreased pain
Improved
cardiovascular effects
(i.e., blood pressure)

Off-label
bisphosphonates
for prevention of
revision surgery
after knee or hip
arthroplasty

Patients who have
undergone knee or
hip arthroplasty

Knee or hip replacement revision surgery adds to the cost and risk of
complications of the original surgery. Bisphosphonates are known to inhibit bone
resorption by inhibiting osteoclast activity. Bone remodeling can also be
responsible for the need to perform arthroplasty revision. Patients taking
bisphosphonates are purported to be less likely to need arthroplasty revision
surgery.

Lund University Hospital, Lund, Sweden

Phase Il trial ongoing in hip surgery patients

Standard of care
following arthroplasty

Reduced need for
revision surgery
Improved quality of
life
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Purine nucleoside
phosphorylase
inhibitor Ulodesine
(BCX4208) to
prevent acute gout
flares

Patients in whom
chronic gout has
been diagnosed

Despite new treatment options, some patients do not respond adequately to
current gout therapies; thus, treatments with new mechanisms of action are
needed. Ulodesine (BCX4208) is purported to be a purine nucleoside
phosphorylase inhibitor, which blocks the generation of uric acid precursors and
works upstream of xanthine oxidase inhibitors in the metabolic pathway, thus
representing a new mechanism of action to lower serum uric acid levels and
potentially prevent acute gout flares. Ulodesine is intended to be used in
combination with allopurinol to lower serum uric acid levels. In trials, it is
administered orally, 5-40 mg, once daily.

BioCryst Pharmaceuticals, Inc., Research Triangle, NC

Phase Il trials ongoing

Allopurinol
Febuxostat
Probenecid

Reduced frequency
of gout flares
Reduced serum uric
acid levels
Improved quality of
life

TissueGene-C
allogeneic
chondrocyte
implantation for
treatment of knee
osteoarthritis

Patients in whom
grade 3
degenerative
chronic
osteoarthritis of the
knee has been
diagnosed

Current treatments require a multi-step process to harvest autologous
chondrocytes from the patient, culture them, and reimplant them in the knee; this
process can lead to deposit of fibrocartilage in the patient rather than the normally
endogenous hyaline cartilage (microfracture surgery). The developer asserts a
novel method for inserting a therapeutic growth-factor gene into allogeneic
chondrocyte cells, culturing and stabilizing them, and injecting them into the injured
site in the knee. Treatment is intended to secrete growth-factor proteins to
potentially regenerate and repair tissue. TissueGene-C chondrocytes have been
genetically modified to express transforming growth factor-beta; intended as a
permanent repair and purported to be applicable to major (full-thickness) cartilage
defects rather than just minor (partial-thickness) defects. The biologic can also be
mass produced and used off the shelf.

TissueGene, Inc., Rockville, MD

Phase Il trial ongoing

Autologous chondrocyte
implantation (Carticel)
Microfracture surgery
Mesenchymal stem-cell
therapy

Osteochondral autograft
transfer

Platelet-rich plasma
Viscosupplementation

Decreased knee pain
Improved knee
function

Delayed or avoided
knee replacement
surgery
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Tissue-specific Patients in whom Effective nonsteroidal anti-inflammatory drugs (NSAIDs) with an improved safety Celecoxib Change in rescue
COX-2 inhibitor osteoarthritis (OA) profile are needed to prevent cardiovascular and gastrointestinal (Gl) Ibuprofen medication
CG100649 for has been complications. CG-100649 is purported to be an oral dual inhibitor of COX-2 and Naproxen Improved global
treatment of diagnosed carbonic anhydrase (CA) in red blood cells; by interacting with CA in red blood assessment scores
osteoarthritis cells CG100649 is purported to have a tissue-specific transport mechanism (patient and
designed to deliver sustained levels of drug to inflamed joint tissues, while physician)
maintaining low systemic exposure to cardiovascular, Gl, and renal tissue Improved results for
compared with traditional NSAIDs or COX-2 inhibitors. Administered 2 or 4 mg per Western Ontario and
day, once daily, in trials. McMaster
Universities OA pain
CrystalGenomics, Seoul, South Korea score and OA Index
subscales
Phase IIb trial completed; phase Il program being planned
Urate transport Patients in whom Only 30% to 40% of gout patients respond adequately to the currently available Treatment: Reduced
inhibitor (lesinurad) | hyperuricemia has allopurinol. Lesinurad (RDEA594) is a selective urate transporter inhibitor. Colchicine accumulation of uric

for treatment of
hyperuricemia and
allopurinol-
refractory gout

been diagnosed
and thus are at
high risk for acute
gout

Inhibition leads to uric acid excretion to reduce uric acid and crystal formation to
potentially alleviate symptoms of acute gout.

Ardea Biosciences, Inc., San Diego, CA

Phase Il trials ongoing

Nonsteroidal anti-
inflammatory drugs
Steroids

Prophylaxis:
Allopurinol
Febuxostat
Probenecid

acid and crystal
formation
Reduced acute flares
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Abiraterone (Zytiga)
for treatment of
castration-resistant
prostate cancer

Patients with
metastatic
castration-resistant
prostate cancer

Median overall survival for patients with CRPC is only about 18 months.
Administered in combination with prednisone, abiraterone (Zytiga™) inhibits a
cytochrome P-450 subunit (CYPC17) responsible for a step in the androgen
biosynthetic pathway. CRPC may escape androgen inhibition/removal through

Cabazitaxel
Docetaxel
Enzalutamide (in
development)

Increased overall
survival
Increased
progression-free

(CRPC) autocrine androgen signaling/upregulation of the androgen receptor. Blocking the Sipuleucel-T survival
tumor cell’s ability to produce testosterone and/or further reducing extra-gonadal Improved quality of
androgen generation may inhibit tumor growth. life
Janssen Biotech unit of Johnson & Johnson, New Brunswick, NJ
FDA approved Apr 2011 for treating patients who have previously undergone
treatment with docetaxel; supplemental new drug application submitted to FDA in
Jun 2012 for treating patients who are chemotherapy naive
ADXS11-001 for Patients in whom Advanced cervical cancer is associated with a 5% 1-year survival rate. For patients | Cisplatin Increased overall

treatment of
advanced cervical
cancer

advanced cervical
cancer has been
diagnosed

with advanced cervical cancer, no effective therapies exist, and effective therapies
on inoperable tumors are needed. ADXS11-001 is an immunotherapy comprising
live, attenuated Listeria monocytogenes bacteria that have been engineered to
express the human papillomavirus 16 E7 protein, which is believed to be crucial for
cervical oncogenesis; the recombinant Listeria are purported to be a delivery
vehicle to get E7 into antigen-presenting cells to induce cellular immunity. In clinical
trials, ADXS11-001 has been administered intravenously as 1x10"9, 3.3x10"9 or
1x10710 CFUs (colony-forming units).

Advaxis, Inc., Princeton, NJ

Phase Il trials ongoing

Radiotherapy

survival

Increased
progression-free
survival

Improved quality of
life

Afatinib (BIBW
2992, Tomtovok) for
treatment of breast
cancer

Patients in whom
HER2-positive
breast cancer has
been diagnosed

Afatinib (BIBW 2992, Tomtovok™, previously Tovok) is a small-molecule,
irreversible inhibitor of both epidermal growth factor receptor (EGFR) (HER1) and
HER2 receptor tyrosine kinases; these receptor tyrosine kinases are seen
overexpressed in breast cancers (about 20% of patients). Targeted EGFR-like
receptor inhibition in these cancers has a high relative success rate. Although
multiple receptor tyrosine kinases are available, afatinib is unique in that its
inhibition is irreversible.

Boehringer Ingelheim GmbH, Ingelheim, Germany

Phase Il trials ongoing

Lapatinib plus
capecitabine
Trastuzumab plus
chemotherapy (e.g.,
paclitaxel, docetaxel,
vinorelbine,
capecitabine)
Trastuzumab plus
lapatinib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Afatinib (BIBW
2992, Tomtovok) for
treatment of head
and neck cancer

Patients in whom
head and neck
cancer has been
diagnosed

Afatinib (BIBW 2992, Tomtovok™, previously Tovok) is a small-molecule,
irreversible inhibitor of both epidermal growth factor receptor (EGFR) (HER1) and
HER2 receptor tyrosine kinases. Targeted EGFR-like receptor inhibition in head
and neck cancers has a high relative success rate. Although multiple receptor
tyrosine kinase inhibitors are available, afatinib is unique in that its inhibition is
irreversible.

Boehringer Ingelheim GmbH, Ingelheim, Germany

Phase lll trials ongoing

Cetuximab (Erbitux®)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Afatinib (BIBW
2992, Tomtovok) for
treatment of
nonsmall cell lung
cancer

Patients in whom
nonsmall cell lung
cancer (NSCLC)
has been
diagnosed

Afatinib (BIBW 2992, Tomtovok™, previously Tovok) is a small-molecule,
irreversible inhibitor of both epidermal growth factor receptor (EGFR) (HER1) and
HER?2 receptor tyrosine kinases. EGFR (HER1) and HER?2 receptor tyrosine
kinases are mutated/overexpressed in NSCLC in about 10% of patients; targeted
EGFR-like receptor inhibition in these cancers has a high relative success rate.
Although multiple receptor tyrosine kinase inhibitors are available, Afatinib is unique
in that its inhibition is irreversible.

Boehringer Ingelheim, GmbH, Ingelheim, Germany

One phase Il trial complete and met primary endpoint; additional phase IlI trials
ongoing

First-line NSCLC:
platinum based
chemotherapy
Second- and 3rd-line
NSCLC: docetaxel,
erlotinib, pemetrexed

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Aflibercept (Zaltrap)
for treatment of
metastatic colorectal
cancer

Patients with
metastatic
colorectal cancer
(CRC) that has
recurred after
oxaliplatin-based
chemotherapy

Current 2nd-line and adjunctive treatments for advanced, recurrent CRC have poor
response rates and this patient population has a poor overall prognosis. Aflibercept
(zaltrap™) is a vascular endothelial growth factor (VEGF)-signaling inhibitor that
contains multiple copies of the VEGF receptor extracellular domain designed to
bind VEGF. It is an antiangiogenic agent intended to reduce tumor vascularization,
thereby inhibiting tumor growth. being tested as an adjunct to the standard
chemotherapy treatment of leucovorin, irinotecan, and 5-fluorouracil (5-FU).

Collaboration between Regeneron Pharmaceuticals, Inc., Tarrytown, NY, and
Sanofi, Paris, France

FDA approved Aug 3, 2012 for use with the chemotherapy regimen folinic acid,
fluorouracil and irinotecan (FOLFIRI) for treatment of adults with CRC whose
tumors have progressed after treatment with an oxaliplatin-containing regimen

5-FU-based therapy
plus bevacizumab
FOLFIRI (folinic acid
[leucovorin], 5-FU, and
irinotecan)

FOLFIRI plus cetuximab
or panitumumab
Irinotecan

Irinotecan plus
cetuximab

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Albumin-coupled
doxorubicin (INNO-
206) for treatment of
soft tissue sarcoma

Patients in whom
unresectable soft
tissue sarcoma has
been diagnosed

Patients with soft tissue sarcoma have few treatment options and a poor prognosis.
INNO-206 is a novel formulation of doxorubicin, a chemotherapy compound
approved for use in treating soft tissue sarcoma, intended to provide targeted
delivery of the compound to tumors. In this formulation, doxorubicin is coupled to
albumin via an acid-sensitive linker. Circulating albumin preferentially accumulates
in tumor tissues, which also generate acidic microenvironments. In these acidic
conditions, the linker is cleaved, potentially releasing active doxorubicin locally at
the site of the tumor.

CytRx Corp., Los Angeles, CA

Phase IIb initiated Dec 2011; FDA granted orphan drug status

Doxorubicin

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Algenpantucel-L
(HyperAcute-
Pancreas)
immunotherapy for
pancreatic cancer

Patients in whom
surgically
resectable (stage |
or I1)
adenocarcinoma of
the pancreas has
been diagnosed

Patients in whom pancreatic cancer has been diagnosed have a 5-year survival rate
of about 5%. Algenpantucel-L immunotherapy is a treatment intended to stimulate
an immune response against the patient’s pancreatic cancer cells. The therapy
consists of 2 allogeneic pancreatic cancer cell lines that have been genetically
engineered to express the enzyme alpha (1,3) galactosyl transferase, which marks
the cells with a nonhuman carbohydrate that elicits a strong antibody immune
response. Antibody binding to the cell lines leads to complement-mediated cell
lysis, potentially leading to the uptake of pancreatic cancer antigens and a systemic
immune response against the patient’s cancer. In current clinical trials,
HyperAcute®-Pancreas is being administered by injection in combination with
standard of care postoperative chemotherapy.

NewLink Genetics Corp., Ames, IA

Phase Ill trial ongoing under special protocol assessment with FDA; FDA granted
fast track and orphan drug status

Standard chemotherapy
alone (gemcitabine plus
or minus 5-fluorouracil)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Allogeneic DNA

Patients in whom

Advanced melanoma is associated with a poor prognosis. New, effective treatments

Dacarbazine

Increased overall

immunotherapy stage lll or IV with acceptable safety profile are needed. Allovectin-7® is a DNA-based Interferon survival
(Allovectin-7) for melanoma has immunotherapeutic composed of a lipid encapsulated plasmid expressing human Interleukin-2 Increased
advanced been diagnosed leukocyte antigen (HLA)-B7 and beta2 microglobulin (required to generate a Ipilimumab progression-free
melanoma functional major histocompatibility complex ([MHC] | molecule); designed to Temozolomide survival

stimulate innate and adaptive immune responses against local and distant tumors; Vemurafenib Improved quality of

expression of tumor antigens in the context of the MHC | molecule HLA-B7 life

generates an allogeneic response against tumors; lipid/DNA complexes have

adjuvant activity for the vaccine. It is given as an intratumoral injection on an

outpatient basis.

Vical, Inc., San Diego, CA

Phase Ill trials ongoing; FDA granted orphan drug and fast track status for invasive

and metastatic melanoma
Allogeneic Patients with Perfectly matched bone marrow donors are not available for all patients who could Pooled unexpanded Improved bone
mesenchymal hematologic benefit from transplantation because of the difficulty in identifying perfectly matched | cord blood transplant marrow engraftment
precursor cells for malignancy who donors. Although an exact match is needed for adult marrow transplants to avoid Unexpanded cord blood | rate
treatment of need a bone complications from graft-versus-host disease (GVHD), cord blood causes transplant Improved rate of

hematologic
malignancies

marrow transplant
and for whom no
suitable matched
donor is available

significantly less GVHD; however, the number of stem cells in cord blood is not
large enough to provide complete bone marrow engraftment. The manufacturer is
using an off-the-shelf preparation of mesenchymal precursor cells to expand cord
blood stem cells ex vivo to improve engraftment rates upon introduction to the host.
Because an imperfect match may be tolerated when using cord blood as the donor
source, it may provide a suitable treatment option for many patients.

Mesoblast, Ltd., New York, NY

Pilot studies completed by University of Texas MD Anderson Cancer Center,
Houston; phase 11l trial protocol approved by FDA to begin

neutrophil recovery
Improved rate of
platelet recovery
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Allogeneic tumor cell
vaccine
(belagenpumatucel-
L, Lucanix) for
treatment of
nonsmall cell lung
cancer

Patients with
advanced (stage Ill
or IV) nonsmall cell
lung cancer
(NSCLC) whose
disease has
responded to 1st-
line platinum-based
chemotherapy

Five-year survival rates for patients with advanced NSCLC are less than 15% with
current treatments. Belagenpumatucel-L (Lucanix™) is an allogeneic tumor-cell
vaccine intended to delay disease progression after successful treatment with 1st-
line platinum-based chemotherapy. The vaccine consists of 4 NSCLC cell lines that
are administered intradermally once monthly for up to 2 years. The tumor-cell lines
have been genetically modified to express an antisense version of transforming
growth factor beta 2 (TGFBZ2), which is intended to inhibit the expression of TGFB2.
TGFB2 has been shown to have antagonistic effects on various components of the
immune system, and the developer hypothesizes that its inhibition could enhance
an immune response generated by the tumor-cell vaccine.

NovaRx, San Diego, CA

Phase Il trial ongoing under a special protocol assessment with FDA; FDA granted
fast track status

Watchful waiting after
successful 1st-line
therapy

Maintenance therapy
(various chemotherapy
regimens determined
according to NSCLC

subtype)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

ALN-VSP/RNAI for
treatment of
secondary liver

Patients with liver
metastases from
advanced solid

Metastases to the liver from solid tumors in other parts of the body are difficult to
treat and are associated with a poor prognosis despite available treatment options.
ALN-VSP is an infused RNAI therapeutic that targets 2 genes involved in the

Chemotherapy
Immunotherapy
Intrahepatic

Increased overall
survival
Increased

metastases tumors disease pathway of liver cancer: kinesin spindle protein, which is involved in cancer | microspheres/drug- progression-free
cell proliferation, and vascular endothelial growth factor, which is involved in the eluting beads survival
growth of new blood vessels that feed tumors. Radiation therapy Improved quality of
life
Alnylam Pharmaceuticals, Cambridge, MA
Phase I trial completed
Anaplastic Patients with ALK is an oncogenic tyrosine kinase that was identified in gene fusions that caused | First-line: combination Increased overall

lymphoma kinase
inhibitor (crizotinib,
Xalkori) for
treatment of
nonsmall cell lung
cancer

nonsmall cell lung
cancer (NSCLC)
that harbors a
genetic
rearrangement that
leads to
constitutive
activation of
anaplastic
lymphoma kinase
(ALK)

activation of ALK in lymphoblastoma. Crizotinib (Xalkori®) inhibits ALK (and Met
kinase) activity; in tumors that are driven by constitutive ALK activity, it may reduce
tumor growth/survival.

Pfizer, Inc., New York, NY
FDA approved Aug 2011 for treatment of locally advanced or metastatic NSCLC

that is ALK-positive as detected by an FDA-approved test; additional phase Il trials
ongoing and met primary endpoints

chemotherapy (e.g.,
pemetrexed plus
cisplatin)
Second-line:
chemotherapy(e.qg.,
docetaxel plus
pemetrexed)
Erlotinib

survival

Increased
progression-free
survival

Improved quality of
life
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Androgen receptor
antagonist
(enzalutamide) for
treatment of
castration-resistant
prostate cancer

Patients in whom
castration-resistant
prostate cancer
(CRPC) has been
diagnosed

Most prostate cancer tumors are dependent on androgen signaling for growth and
survival; multiple androgen signaling inhibitors are available (e.qg., bicalutamide,
abiraterone); however, many prostate cancers do not respond to these therapies or
develop resistance. Enzalutamide ( formerly known as MDV3100) is an androgen
receptor antagonist that is purported to inhibit androgen signaling at 3 levels: by
blocking testosterone binding to the androgen receptor, inhibiting nuclear
translocation of the activated androgen receptor, and inhibiting DNA binding of
activated androgen receptor. By more completely inhibiting androgen signaling,
enzalutamide may overcome limitations of current antiandrogen therapies.
Enzalutamide is an oral drug being tested in both chemotherapy-naive patients and
patients who have previously been treated with docetaxel. Enzalutamide is
administered daily, at a dose of 160 mg.

Medivation, Inc., San Francisco, CA
Phase lll trial in patients previously treated with docetaxel was stopped early due to

clear benefit in enzalutamide arm; new drug application submission submitted in
May 2012; phase Ill trial in predocetaxel setting ongoing

Chemotherapy-naive
CRPC:

Abiraterone plus
prednisone
Docetaxel
Sipuleucel-T

Pretreated CRPC:
Abiraterone plus
prednisone
Cabazitaxel

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Angiopoietin 1/2
neutralizing
peptibody
(trebananib, AMG
386) for treatment of
advanced
hepatocellular
carcinoma

Patients with
advanced
hepatocellular
carcinoma (HCC)
who have had no
prior systemic
chemotherapy

Patients with advanced liver cancer have a poor prognosis, and more effective
treatments are needed. Trebananib is a peptibody that binds to the signaling
molecules angiopoietin 1 and angiopoietin 2 and consists of a peptide specific for
angiopoietin 1/2 fused to the Fc region of a human antibody; intended to block the
activation of the TIE2 receptor by angiopoietin 1/2; the angiopoietin/TIE2 pathway
acts in parallel with the vascular endothelial growth factor (VEGF)/VEGF receptor
pathway to promote angiogenesis. The drug represents a novel 1st-in-class
neutralizing inhibitor of angiopoietin 1/2. In clinical trials for HCC, trebananib is
being administered in combination with the multikinase inhibitors sorafenib or
sunitinib to patients who may have been previously treated with locoregional
therapy or systemic cytokine-based therapy.

Amgen, Inc., Thousand Oaks, CA

Phase Il trial ongoing

Sorafenib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Angiopoietin 1/2
neutralizing
peptibody
(trebananib, AMG
386) for treatment of
HER2-negative
breast cancer

Patients with
metastatic or
unresectable
locally recurrent
HER2-negative
breast cancer; no
prior systemic
chemotherapy

Trebananib is a peptibody that binds to the signaling molecules angiopoietin 1 and
angiopoietin 2 and consists of a peptide specific for angiopoietin 1/2 fused to the Fc
region of a human antibody; intended to block the activation of the TIE2 receptor by
angiopoietin 1/2; the angiopoietin/TIE2 pathway acts in parallel with the vascular
endothelial growth factor (VEGF)/VEGF receptor pathway to promote angiogenesis.
The drug represents a novel 1st-in-class neutralizing inhibitor of angiopoietin 1/2. In
a clinical trial for breast cancer treatment, trebananib is being administered in
combination with the microtubule stabilizer paclitaxel plus or minus the VEGF
inhibitor bevacizumab.

Amgen, Inc., Thousand Oaks, CA

Phase Il trial ongoing

Paclitaxel monotherapy
Paclitaxel plus
bevacizumab

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Angiopoietin 1/2
neutralizing
peptibody
(trebananib, AMG
386) for treatment of
metastatic colorectal
cancer

Patients with
metastatic
colorectal cancer
(CRC) who have
had 1 prior
chemotherapy
regimen

Patients with metastatic CRC have a poor prognosis, and more effective treatment
options are needed. Trebananib is a peptibody that binds to the signaling molecules
angiopoietin 1 and angiopoietin 2 and consists of a peptide specific for angiopoietin
1/2 fused to the Fc region of a human antibody, It is intended to block the activation
of the TIE2 receptor by angiopoietin 1/2; the angiopoietin/TIE2 pathway acts in
parallel with the vascular endothelial growth factor (VEGF)/VEGF receptor pathway
to promote angiogenesis. The drug represents a novel 1st-in-class neutralizing
inhibitor of angiopoietin 1/2. In clinical trials for metastatic CRC, trebananib is being
administered in combination with the cytotoxic chemotherapy regimen FOLFIRI
(folinic acid [leucovorin], 5-fluorouracil, and irinotecan).

Amgen, Inc., Thousand Oaks, CA

Phase Il trials ongoing

FOLFIRI

FOLFIRI plus cetuximab
Irinotecan

Irinotecan plus
cetuximab

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Angiopoietin 1/2
neutralizing
peptibody
(trebananib, AMG
386) for treatment of
metastatic
gastrointestinal
cancer

Patients with
metastatic gastric,
gastroesophageal
junction, or distal
esophageal
adenocarcinoma
who have had no
prior chemotherapy

Patients with metastatic gastrointestinal cancer have a poor prognosis, and more
effective treatments are needed. Trebananib is a peptibody that binds to the
signaling molecules angiopoietin 1 and angiopoietin 2 and consists of a peptide
specific for angiopoietin 1/2 fused to the Fc region of a human antibody. It is
intended to block the activation of the TIE2 receptor by angiopoietin 1/2; the
angiopoietin/TIE2 pathway acts in parallel with the vascular endothelial growth
factor (VEGF)/VEGF receptor pathway to promote angiogenesis. The drug
represents a novel 1st-in-class neutralizing inhibitor of angiopoietin 1/2. In clinical
trials for gastric cancer, trebananib is being administered in combination with
cisplatin and capecitabine.

Amgen, Inc., Thousand Oaks, CA

Phase Il trial results reported mid-2011 for this indication were negative;
development status uncertain

Cisplatin plus
capecitabine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Angiopoietin 1/2
neutralizing
peptibody
(trebananib, AMG
386) for treatment of
ovarian, peritoneal,
and fallopian tube
cancers

Patients with
epithelial ovarian,
primary peritoneal,
or fallopian tube
cancer that is
partially platinum
sensitive or
resistant

Patients with treatment-resistant ovarian, peritoneal, or fallopian tube cancer have a
poor prognosis, and more effective treatments are needed. Trebananib is a
peptibody that binds to the signaling molecules angiopoietin 1 and angiopoietin 2
and consists of a peptide specific for angiopoietin 1/2 fused to the Fc region of a
human antibody. It is intended to block the activation of the TIE2 receptor by
angiopoietin 1/2; the angiopoietin/TIE2 pathway acts in parallel with the vascular
endothelial growth factor (VEGF)/VEGF receptor pathway to promote angiogenesis.
The drug represents a novel 1st-in-class neutralizing inhibitor of angiopoietin 1/2. In
clinical trials for ovarian cancer, trebananib is being administered in combination
with pegylated liposomal doxorubicin or paclitaxel.

Amgen, Inc., Thousand Oaks, CA

Phase Il trials ongoing

Docetaxel

Etoposide
Gemcitabine
Liposomal doxorubicin
Paclitaxel

Topotecan

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Angiopoietin 1/2
neutralizing
peptibody
(trebananib, AMG
386) for treatment of
persistent or
recurrent
endometrial cancer

Patients with
persistent or
recurrent
endometrial cancer
that has not
responded to prior
chemotherapy

Trebananib is a peptibody that binds to the signaling molecules angiopoietin 1 and
angiopoietin 2 and consists of a peptide specific for angiopoietin 1/2 fused to the Fc
region of a human antibody. It is intended to block the activation of the TIE2
receptor by angiopoietin 1/2; the angiopoietin/TIE2 pathway acts in parallel with the
vascular endothelial growth factor(VEGF)/VEGF receptor pathway to promote
angiogenesis. The drug represents a novel 1st-in-class neutralizing inhibitor of
angiopoietin 1/2. In the trial just starting, patients are receiving trebananib
intravenously on days 1, 8, 15, and 21; courses repeat every 28 days if disease has
not progressed and side effects are tolerable.

Amgen, Inc., Thousand Oaks, CA

Phase Il trial ongoing

Carboplatin
Carboplatin/paclitaxel
Cisplatin
Cisplatin/doxorubicin
Cisplatin/doxorubicin/
paclitaxel
Doxorubicin or
liposomal doxorubicin
Hormonal therapy
Ifosfamide/paclitaxel
Paclitaxel

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Angiopoietin 1/2
neutralizing
peptibody
(trebananib, AMG
386) for treatment of
recurrent
glioblastoma
multiforme

Patients in whom
recurrent
glioblastoma
multiforme has
been diagnosed

Patients with glioblastoma multiforme have a poor prognosis, and more effective
treatments are needed. Trebananib is a peptibody that binds to the signaling
molecules angiopoietin 1 and angiopoietin 2 and consists of a peptide specific for
angiopoietin 1/2 fused to the Fc region of a human antibody. It is intended to block
the activation of the TIE2 receptor by angiopoietin 1/2; the angiopoietin/TIE2
pathway acts in parallel with the vascular endothelial growth factor (VEGF)/VEGF
receptor pathway to promote angiogenesis. The drug represents a novel 1st-in-
class neutralizing inhibitor of angiopoietin 1/2. In the clinical trial for glioblastoma,
trebananib is being administered intravenously in combination with the VEGF
inhibitor bevacizumab.

Amgen, Inc., Thousand Oaks, CA

Phase Il trial suspended. Study being transferred to another site.

Bevacizumab
monotherapy
Cyclophosphamide
Nitrosurea
Platinum-based
cytotoxic chemotherapy
Temozolomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Angiopoietin 1/2
neutralizing
peptibody
(trebananib, AMG
386) for treatment of
renal cell carcinoma

Patients in whom
advanced clear cell
carcinoma of the
kidney has been
diagnosed who
have note
undergone prior
systemic
chemotherapy

Trebananib is a peptibody that binds to the signaling molecules angiopoietin 1 and
angiopoietin 2 and consists of a peptide specific for angiopoietin 1/2 fused to the Fc
region of a human antibody; intended to block the activation of the TIE2 receptor by
angiopoietin 1/2; the angiopoietin/TIE2 pathway acts in parallel with the vascular
endothelial growth factor (VEGF)/VEGF receptor pathway to promote angiogenesis;
the drug represents a novel 1st-in-class neutralizing inhibitor of angiopoietin 1/2. In
clinical trials for renal cell carcinoma, trebananib is being administered in
combination with the VEGFR inhibitor sorafenib.

Amgen, Inc., Thousand Oaks, CA

Phase Il trial results reported mid-2011 were negative; further development
uncertain

Sorafenib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Antiangiogenic
multikinase inhibitor
pazopanib (Votrient)
for treatment of soft
tissue sarcomas

Patients with
advanced soft
tissue sarcoma
(excluding
gastrointestinal
stromal tumors
[GIST] and
liposarcomas) who
have undergone
prior systemic
chemotherapy

Doxorubicin is currently the only FDA-approved treatment for soft tissue sarcomas
(excluding GIST and liposarcomas), and no consensus treatment exists for patients
who have progressed on doxorubicin chemotherapy. Pazopanib (Votrient™) is a
multikinase inhibitor that has activity against multiple receptor tyrosine kinases
(vascular endothelial growth factor receptor 1 [VEGFR1], VEGFR2, VEGFR3,
platelet-derived growth factor receptor, c-KIT) and has the potential to inhibit tumor
angiogenesis and growth. Although other multikinase inhibitors (e.g., sorafenib,
sunitinib) have been used off label to treat soft tissue sarcoma, no such compound
has been approved by FDA.

GlaxoSmithKline, Middlesex, UK

FDA approved Apr 2012

No consensus 2nd-line
treatment for soft tissue
sarcoma

Placebo
Sorafenib (off label)
Sunitinib (off label)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Antibody-drug
conjugate (ASG-
5ME) for treatment
of advanced
pancreatic cancer

Patients in whom
advanced
pancreatic cancer
has been
diagnosed

ASG-5ME is an antibody-drug conjugate. The antibody portion is a fully human
antibody specific for SLC44A4 (solute carrier antigen family member), which is
expressed by a large portion of tumors of epithelial origin. This antibody is linked to
a potent antineoplastic drug, monomethyl auristatin E (MMAE, vedotin), via a linker
that can be cleaved by cathepsin upon cellular uptake, releasing the drug. MMAE (a
tubulin polymerization inhibitor) that is too toxic for global delivery, but would be
inactive in the uncleaved configuration.

Agensys, Inc., an affiliate of Astellas Pharma, Inc., Tokyo, Japan
Seattle Genetics, Inc., Bothell, WA

Phase I trial ongoing

Chemotherapy with
gemcitabine or
gemcitabine and
erlotinib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Antibody-drug
conjugate (ASG-
5ME) for treatment
of castration-
resistant prostate
cancer

Patients in whom
castration-resistant
prostate cancer
(CRPC) has been
diagnosed

Median overall survival for patients with CRPC is only about 18 months. ASG-5ME
is an antibody-drug conjugate. The antibody portion is a fully human antibody
specific for SLC44A4 (solute carrier antigen family member), which is expressed by
a large portion of tumors of epithelial origin. This antibody is linked to a potent
antineoplastic drug, monomethyl auristatin E (MMAE, vedotin), via a linker that can
be cleaved by cathepsin upon cellular uptake, releasing the drug. MMAE (a tubulin
polymerization inhibitor) that is too toxic for global delivery, but would be inactive in
the uncleaved configuration.

Agensys, Inc., an affiliate of Astellas Pharma, Inc., Tokyo, Japan
Seattle Genetics, Inc., Bothell, WA

Phase | trial ongoing

Abiraterone
Cabazitaxel
Docetaxel
Enzalutamide (in
development)
Sipuleucel-T

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Antibody-drug
conjugate
(gemtuzumab
ozogamicin) for
treatment of acute
myeloid leukemia

Patients in whom
acute myeloid
leukemia (AML)
has been
diagnosed

With current treatments, the 5-year survival rate for patients with AML ranges from
20% to 70%, depending on disease subtype. Gemtuzumab ozogamicin is a
treatment for AML that conjugates a highly toxic chemotherapy agent to a
monoclonal antibody specific for a cell surface marker expressed on most AML cells
(CD33). The conjugate is intended to preferentially target AML cells with the toxic
chemotherapy. Gemtuzumab ozogamicin is administered intravenously; a variety of
dosing schedules have been reported. During a recently completed phase Il trial,
investigators administered gemtuzumab ozogamicin in combination with a standard
chemotherapy regimen using daunorubicin and cytarabine.

Pfizer, Inc., New York, NY

FDA approved under accelerated approval in 2000 for treatment of AML. Drug was
withdrawn from U.S. market in 2010 after negative study results and high toxicity
observed in postmarket trials. Drug remains available in Europe. European trials
have shown benefit using an altered dosing scheme. Pfizer is analyzing data to
determine whether to make new FDA submissions.

Standard chemotherapy
with daunorubicin and
cytarabine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Antibody-drug
conjugate
(inotuzumab
ozogamicin) for
treatment-resistant
or recurrent non-
Hodgkin’s
lymphoma

Patients with
treatment-resistant
or recurrent CD20-
and CD22-positive
non-Hodgkin’s
lymphoma (NHL)
who are not
candidates

for high-dose
chemotherapy

With current treatment options, patients with recurrent or treatment-resistant NHL
have a poor prognosis. Only 5% to 10% of patients are alive 2 years after
diagnosis. Cases of NHL typically express B-cell cell surface markers such as
CD20 and CD22. Although an anti-CD20 antibody (rituximab) has been used in
treating NHL for several years, an effective treatment targeting CD22 is not yet
available. Inotuzumab ozogamicin is a novel antibody-drug conjugate that couples a
CD22-specific antibody to a highly toxic chemotherapeutic agent. In clinical trials,
inotuzumab ozogamicin (1.8 mg/m2 by intravenous infusion once every 4 weeks) is
being administered as an adjunct to treatment with rituximab.

Pfizer, Inc., New York, NY

Phase Ill trial ongoing

Combination
chemotherapies such
as:
Cyclophosphamide/
etoposide/ prednisone/
procarbazine plus or
minus rituximab
Cyclophosphamide/
etoposide/vincristine/
prednisone plus or
minus rituximab
Etoposide/prednisone/
vincristine/
cyclophosphamide/
doxorubicin plus or
minus rituximab
Gemcitabine/
dexamethasone/
cisplatin plus or minus
rituximab
Lenalidomide plus or
minus rituximab

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Anticarbonic
anhydrase 1X
monoclonal antibody
(girentuximab,
Rencarex) for
treatment of clear
cell renal cell
carcinoma

Patients with clear
cell renal cell
carcinoma
(ccRCC) who have
undergone
nephrectomy and
have no evidence
of residual disease

Although treatment of localized renal cell carcinoma by partial or radical
nephrectomy can be curative, about 20% to 30% of affected patients develop
metastatic disease. Girentuximab (Rencarex®) is a monoclonal antibody specific for
the enzyme carbonic anhydrase IX, which is expressed by a number of tumor types
(including the majority of ccRCCs) but exhibits limited expression in normal tissues.
Girentuximab is under study as a passive immunotherapy for ccRCC, and it may
exert its effects through antibody-dependent cellular cytotoxicity. In the current
clinical trial, girentuximab is administered intravenously once a week for 24 weeks.

Wilex AG, Munich, Germany, in collaboration with Prometheus, Inc., San Diego, CA

Phase Ill trial ongoing; FDA granted fast track status

No currently available
adjuvant therapy for
ccRCC

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Anti-CD200 Patients with Although available chemotherapy treatments are often able to slow the progression | Combination Increased overall

monoclonal antibody | recurrent or of CLL, these treatments are not curative, and recurrent disease often develops. chemotherapies, such survival
(samalizumab) for treatment- Samalizumab is a novel, intravenously administered monoclonal antibody being as: Increased
treatment of chronic | refractory chronic studied for the treatment for CLL. Samalizumab is specific for CD200, and antibody | Alemtuzumab plus or progression-free
lymphocytic lymphocytic binding to CD200 is purported to block CD200’s binding to its cognate receptors. minus rituximab survival
leukemia leukemia (CLL) CD200 activation of CD200 receptors on cells of the immune system appears to Bendamustine/ Improved quality of
downregulate the activity of these immune cells. Multiple cancers including CLL rituximab life
have been shown to upregulate CD200, which may lead to immune tolerance of the | Cyclophosphamide/
cancer. doxorubicin/
vincristine/
Alexion Pharmaceuticals, Inc., Cheshire, CT prednisone/rituximab
Fludarabine/
Phase I/1l trial completed cyclophosphamide/
rituximab, ofatumumab
Pentostatin/
cyclophosphamide/
rituximab
Anti-CS1 Patients in whom Although treatments for multiple myeloma have improved, the median life For stem cell transplant | Increased overall

monoclonal antibody
(elotuzumab) for
treatment of multiple
myeloma

newly diagnosed
multiple myeloma
or
relapsed/refractory
multiple myeloma
has been
diagnosed

expectancy for patients in whom multiple myeloma is diagnosed is only 5-7 years.
Immunotherapeutic options for multiple myeloma are not available. CS1 was
recently identified as a glycoprotein expressed preferentially on multiple myeloma
cells. Elotuzumab is a humanized, monoclonal antibody specific for CS1 that is
purported to have an anticancer effect through antibody-dependent cellular
cytotoxicity. In clinical trials, elotuzumab is being administered as an adjunct to
conventional therapy with a combination of lenalidomide and dexamethasone.

Bristol-Myers Squibb, New York, NY

Phase Il trials ongoing

eligible patients, 1st-line
therapy such as:
Bortezomib/
dexamethasone
Cyclophosphamide/
dexamethasone

For patients ineligible
for stem cell transplant,
1st-line therapy such
as:

Bortezomib/
dexamethasone
Lenalidomide/low-dose
dexamethasone
Melphalan/

prednisone

plus bortezomib

survival

Increased
progression-free
survival

Improved quality of
life
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Phase of Development
Anti-CTLA-4 Patients with Only about 25% of patients with advanced NSCLC respond to standard 1st-line Bevacizumab Increased overall

monoclonal antibody
(ipilimumab, Yervoy)
for treatment of
advanced nonsmall
cell lung cancer

recurrent or
metastatic
nonsmall cell lung
cancer (NSCLC)
who have not
received previous
systemic therapy

therapies such as carboplatin/paclitaxel. Ipilimumab (Yervoy™) is a 1st-in-class,
targeted, anticytotoxic, T-lymphocyte antigen 4 therapy; it is intended to block the
activity of cytotoxic T lymphocyte antigen 4, which could lead to increased antitumor
cytotoxic activity (reduce immune tolerance to tumor cells). As 1st-line NSCLC
treatment in trials, ipilimumab is being administered in combination with carboplatin
and paclitaxel.

Bristol Myers Squibb, New York, NY

Phase Ill trial ongoing

Carboplatin/
paclitaxel
Carboplatin/
pemetrexed
Cisplatin/pemetrexed
Erlotinib

Crizotinib

survival

Increased
progression-free
survival

Improved quality of
life

Anti-CTLA-4
monoclonal antibody
(ipilimumab, Yervoy)
for treatment of
metastatic hormone-
refractory prostate
cancer

Patients in whom
metastatic,
chemotherapy-
naive or docetaxel-
treated castration-
resistant prostate
cancer (CRPC) has
been diagnosed

Men with progressive metastatic CRPC have a poor prognosis and few treatment
options. Ipilimumab (Yervoy™) is a 1st-in-class targeted anticytotoxic T-lymphocyte
antigen 4 therapy; it is intended to block the activity of cytotoxic T-lymphocyte
antigen 4, which could lead to increased antitumor cytotoxic activity (reduce
immune tolerance to tumor cells).

Bristol Myers Squibb, New York, NY

Phase Ill trials ongoing

Abiraterone
Cabazitaxel
Docetaxel
Enzalutamide (in
development)
Sipuleucel-T

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Anti-CTLA-4
monoclonal antibody
(ipilimumab, Yervoy)
for treatment of
metastatic
melanoma

Patients in whom
metastatic
melanoma has
been diagnosed

Few effective treatments exist for metastatic melanoma, particularly for patients in
whom BRAF mutation-negative melanoma has been diagnosed. Ipilimumab
(Yervoy™) is a 1st-in-class targeted anticytotoxic T-lymphocyte antigen 4 therapy; it
is intended to block the activity of cytotoxic T-lymphocyte antigen 4, which could
lead to increased antitumor cytotoxic activity (reduce immune tolerance to tumor
cells).

Bristol Myers Squibb, New York, NY

FDA approved Mar 2011

Dacarbazine
High-dose
interleukin-2
Temozolomide
Vemurafenib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Anti-DLL4 Patients with Although many chemotherapeutic approaches are available for advanced solid Large variety of anti- Increased overall

monoclonal antibody
(demcizumab, OMP-
21M18) for
treatment of cancer

treatment-resistant,
advanced solid
tumors

tumors, treatment is rarely curative, and the cancer typically develops resistance to
therapy and progresses. Demcizumab is a monoclonal antibody specific for delta-
like ligand 4 (DLL4), a protein that has been implicated in the maintenance of
cancer stem cells and promotion of angiogenesis. By inhibiting DLL4, demcizumab
is intended to both target the difficult-to-treat population of tumor-initiating cancer
stem cells in solid tumors and reduce the blood supply to solid tumors.

OncoMed Pharmaceuticals, Inc., Redwood City, CA

Phase | trials ongoing

cancer chemotherapies

survival

Increased
progression-free
survival

Improved quality of
life

Anti-ErbB3
monoclonal antibody
(MM-121) for
treatment of ER- or
PR-positive, HER2-

Patients in whom
estrogen receptor
(ER)- and/or
progesterone
receptor (PR)-

For patients whose breast cancer progresses after treatment with 1st-line
antiestrogen therapy, followup antiaromatase therapy can delay progression in
some but not all patients. MM-121 is a monoclonal antibody specific for the ErbB3
receptor tyrosine kinase. Like its orthologous receptor tyrosine kinases epidermal
growth factor receptor and HER2, ErbB3 is capable of activating signaling pathways

Second-line setting:
Exemestane
Non-steroidal
aromatase inhibitors:
anastrozole, letrozole

Increased overall
survival
Increased
progression-free
survival

negative breast positive, HER2- that control cell growth and proliferation; therefore, its inhibition has the potential to Everolimus Improved quality of
cancer negative breast limit cancer growth and survival. In the 2nd-line setting, MM-121 is being Fulvestrant life
cancer has been administered in combination with the steroidal aromatase inactivator exemestane. Tamoxifen
diagnosed In the neoadjuvant setting, MM-121 is being administered in combination with the Toremifene
taxane paclitaxel. Neoadjuvant setting:
paclitaxel
Merrimack Pharmaceuticals, Inc., Cambridge, MA
Phase Il trials ongoing
Anti-ErbB3 Patients in whom Although anti-EGFR (epidermal growth factor receptor) therapy has improved Erlotinib monotherapy Increased overall

monoclonal antibody
(MM-121) for
treatment of lung
cancer

metastatic
nonsmall cell lung
cancer (NSCLC)
has been
diagnosed

outcomes in EGFR-positive NSCLC, the cancer becomes treatment resistant in
many patients. One demonstrated mechanism of resistance to anti-EGFR therapy is
activation of a related receptor tyrosine kinase ErbB3; therefore, concomitant
targeting of EGFR and ErbB3 may improve outcomes. MM-121 is a monoclonal
antibody inhibitor of ErbB3 that is being tested in combination with the EGFR
inhibitor erlotinib.

Merrimack Pharmaceuticals, Inc., Cambridge, MA, in collaboration with Sanofi,
Paris, France

Phase Il trial ongoing

survival

Increased
progression-free
survival

Improved quality of
life
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Antifolate receptor
monoclonal antibody
(farletuzumab) for
treatment of ovarian
cancer

Patients with
recurrent ovarian
cancer that is
platinum-sensitive,
platinum-resistant,
or platinum-
refractory

Patients with recurrent ovarian cancer have median overall survival times of less
than 2 years and few treatment options. Farletuzumab is a monoclonal antibody
specific for the folate receptor, which is expressed on the majority of ovarian cancer
cells, but not on cells of normal tissues. Farletuzumab is purported to lead to
antibody-dependent cell-mediated cytotoxicity of folate-receptor-expressing cells. In
late-phase clinical trials, farletuzumab is being administered intravenously, once
weekly, at a dose of 1.25 or 2.5 mg/kg of body weight. In platinum-sensitive
disease, farletuzumab is being tested in combination with carboplatin/taxane
doublet therapy. In platinum-resistant/refractory disease, farletuzumab is being
tested in combination with taxane monotherapy.

Morphotek, Exton, PA, a subsidiary of Eisai Co., Ltd., Tokyo, Japan
Phase Il trial in platinum-resistant disease terminated in Dec 2011 after

determination by Independent Data Monitoring Committee that trial was unlikely to
meet primary endpoint; phase Il trial in platinum-sensitive disease ongoing

Platinum-sensitive
ovarian cancer:
Carboplatin plus
paclitaxel
Carboplatin plus
docetaxel or
pegylated liposomal
doxorubicin or
gemcitabine or
topotecan

Cisplatin plus
gemcitabine
Platinum-refractory
ovarian cancer:
Docetaxel
Etoposide
Gemcitabine
Paclitaxel
Pegylated liposomal
doxorubicin
Topotecan

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Anti-GD2
monoclonal antibody
(ch14.18) for
treatment of
neuroblastoma

Patients with high-
risk neuroblastoma
who have
undergone
induction therapy
and autologous
stem cell
transplantation

Current treatments for patients with high-risk neuroblastoma result in 5-year survival
rates of only about 25% to 35%. A monoclonal antibody, ch14.18 is specific for a
tumor-associated disialoganglioside, GD2, that exhibits low levels of expression on
normal tissues (e.g., neurons, skin melanocytes, peripheral sensory nerve fibers). It
is purported to target neuroblastoma cells via antibody-dependent cell-mediated
cytotoxicity. In clinical trials, ch14.18 was administered in combination with
cytokines (granulocyte macrophage colony-stimulating factor and interleukin-2) that
enhance immune response and the standard neuroblastoma maintenance therapy
isotretinoin.

United Therapeutics Corp., Silver Spring, MD, in collaboration with the National
Cancer Institute, Bethesda, MD

Phase Il trial complete; company lists phase Il trials as ongoing but status not
updated in National Clinical Trials database since Aug 2011; orphan drug
designation in U.S. and European Union

Isotretinoin

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Antigen-specific

Patients with stage

Patients in whom stage Ill melanoma has been diagnosed frequently experience

Granulocyte-

Increased overall

treatment of
advanced nonsmall
cell lung cancer

cancer (NSCLC)
that has
progressed after
1st-line systemic
chemotherapy

resistance to epidermal growth factor receptor (EGFR) inhibition. Onartuzumab
(MetMADb) blocks ligand-mediated activation of the MET receptor tyrosine kinase
and is being studied in combination with the EGFR inhibitor erlotinib in treatment of
NSCLC.

F. Hoffmann-La Roche, Ltd., Basel, Switzerland

Phase Il trial ongoing

Tivantinib (c-Met kinase
inhibitor in
development)

cancer B or IIIC disease recurrence after surgical resection of the primary tumor. Current macrophage colony survival
immunotherapeutic cutaneous immunotherapies used in the adjuvant setting have shown little effect on the stimulating factor Increased
(GSK2132231A) for | melanoma that duration of overall survival in this patient population. GSK2132231A is a peptide- Interferon-alpha progression-free
advanced expresses based therapeutic vaccine directed at the cancer-specific antigen MAGE-A3, which Interleukin-2 survival
melanoma melanoma is expressed by a significant proportion of melanomas. It is being tested in the Radiation therapy Improved quality of

antigenic epitope adjuvant setting for treatment of melanoma. In a late-phase clinical trial, life

(MAGE)-A3 GSK2132231A is being administered as a course of 13 injections.

antigen who have

macroscopic lymph | GlaxoSmithKline, London, UK

node involvement

suitable for surgery | Phase Ill trial ongoing
Anti-MET Patients with Met- Patients with advanced/metastatic NSCLC that has progressed following 1st-line Crizotinib Increased overall
monoclonal antibody | positive advanced therapy have a poor prognosis and few treatment options. MET (also known as Docetaxel survival
(onartuzumab, (stage llIb/IV) hepatocyte growth factor receptor) is a receptor tyrosine kinase that regulates cell Erlotinib monotherapy Increased
MetMAD) for nonsmall cell lung growth and survival. MET has been implicated in the development of tumor Pemetrexed progression-free

survival
Improved quality of
life

Anti-PD-1
monoclonal antibody
(CT-011) for
treatment of diffuse
large B-cell
lymphoma

Patients with
diffuse large B-cell
lymphoma
(DLBCL) who have
undergone an
autologous stem
cell transplantation

Although high-dose chemotherapy followed by autologous stem cell transplant is
curative in a subset of patients with DLBCL, a significant proportion of patients have
recurrent disease following this treatment. CT-011 is a monoclonal antibody specific
for PD-1, which is a negative regulator of the immune response that may be
involved in immune tolerance of various cancers.

CureTech, Ltd., Yavne, Israel
Teva Pharmaceutical Industries, Ltd., Petach Tikva, Israel, is investing in the
research

Phase Il trial complete; CT-011 is also being studied for treating colorectal cancer
and melanoma

No consensus
treatment option for
patients post-
autologous stem cell
transplantation

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Anti-placental

growth factor
monoclonal antibody
(TB-403) for
treatment of
glioblastoma

Patients with
recurrent
glioblastoma
multiforme

Current antiangiogenic antibodies (e.g., bevacizumab) are directed against vascular
endothelial growth factor (VEGF); however, other angiogenic signaling growth
factors may be upregulated in cancers and may play a role in resistance to anti-
VEGF treatment. One such angiogenic factor is placental growth factor (PGF). TB-
403 is a humanized monoclonal antibody specific for PGF. In a clinical trial, it is
being administered intravenously in combination with the approved anti-VEGF
antibody bevacizumab.

F. Hoffmann-La Roche, Ltd., Basel, Switzerland, licensed from Biolnvent
International AB, Lund, Sweden

Phase Ib/ll trial ongoing

Bevacizumab
monotherapy
Temozolomide
Tumor-treating fields
therapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Anti-prostate-
specific membrane
antigen antibody
drug conjugate for
treatment of
metastatic
castration-resistant
prostate cancer

Patients with
metastatic
castration-resistant
prostate cancer
(CRPC) that has
progressed on
treatment with
docetaxel

Current median overall survival for patients with docetaxel-resistant CRPC is only
about 15 months. Prostate-specific membrane antigen (PSMA) is an antigen
expressed on the surface of prostate cancer cells. PSMA-antibody drug conjugate
is a conjugate between a PSMA-specific antibody and a highly cytotoxic drug
(monomethyl auristatin E); the linker connecting the drug to the antibody ensures
that the drug is only released upon endocytosis into a target cell, which is mediated
by the binding of the antibody portion of the drug to PSMA.

Progenics Pharmaceuticals, Inc., Tarrytown, NY

Phase I trials ongoing

Abiraterone
Cabazitaxel
Enzalutamide (in
development)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life (e.g., palliation
of pain associated
with metastases)

Anti-telomerase
therapeutic cancer
vaccine (TeloB-Vax)
for treatment of
prostate cancer

Patients in whom
advanced prostate
cancer has been
diagnosed

Patients with advanced prostate cancer have a poor prognosis and few treatment
options. TeloB-Vax is a cancer vaccine that is purported to work by inducing a T-cell
response against human telomerase reverse transcriptase (hTRT), an enzyme
expressed at high levels by many cancers and responsible for allowing cancer cells
to continually divide without undergoing senescence. An hTRT-encoding plasmid is
transduced into patient-derived B cells, which express the antigen for up to 5 days,
potentially eliciting an immune response.

Adamis Pharmaceuticals Corp., San Diego, CA

Phase I trial completed

Abiraterone
Docetaxel
Enzalutamide (in
development)
Sipuleucel-T

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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monoclonal antibody
(ramucirumab) for
treatment of
hepatocellular

hepatocellular
carcinoma (HCC)
whose disease is
Barcelona Clinic

sorafenib, and these patients have a poor prognosis. Ramucirumab is a novel
monoclonal antibody that binds to the extracellular domain of vascular endothelial
growth factor (VEGF) receptor 2 (VEGFR2), which is a receptor tyrosine kinase that
acts as a central mediator of tumor angiogenesis. Currently available inhibitors of

treatment for this patient
population

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Anti-VEGFR2 Patients with No consensus exists on treatment for HCC that has progressed after treatment with | No consensus on Increased overall

survival
Increased
progression-free
survival

monoclonal antibody
(ramucirumab) for
treatment of
metastatic breast
cancer

metastatic or non-
resectable locally
advanced HER2-
negative breast
cancer

cancer have a poor prognosis with current treatment options. Ramucirumab is a
novel monoclonal antibody that binds to the extracellular domain of vascular
endothelial growth factor (VEGF) receptor 2 (VEFGR2), which is a receptor tyrosine
kinase that acts as a central mediator of tumor angiogenesis. Available inhibitors of
the VEGF pathway include a monoclonal antibody specific for VEGF and small-
molecule inhibitors of the kinase activity of VEGFR2 (and other receptor tyrosine
kinases). Therefore, ramucirumab represents a novel mechanism of action for the
inhibition of VEGF pathway signaling. In clinical trials for breast cancer,
ramucirumab is administered intravenously, 10 mg/kg of body weight, once every 3
weeks. Treatment is intended to be used in the 1st-line setting for metastatic or
nonresectable disease.

ImClone Systems subsidiary of Eli Lilly and Co., Indianapolis, IN

Phase Il trial ongoing

docetaxel, paclitaxel)
therapy with or without
capecitabine or
gemcitabine or
bevacizumab or
anthracycline-based
therapy

carcinoma Liver Cancer stage | the VEGF pathway include a monoclonal antibody specific for VEGF and small- Improved quality of
C or stage B and molecule inhibitors of the kinase activity of VEGFR2 (and other receptor tyrosine life
not amenable to kinases). Therefore, ramucirumab represents a novel mechanism of action for the
locoregional inhibition of VEGF pathway signaling. In clinical trials for HCC, ramucirumab is
therapy administered intravenously, 8 mg/kg of body weight, once every 2 weeks.
ImClone Systems subsidiary of Eli Lilly and Co., Indianapolis, IN
Phase Il trials ongoing
Anti-VEGFR2 Patients with Patients with metastatic or non-resectable locally advanced HER2-negative breast Taxane-based (e.g., Increased overall

survival

Increased
progression-free
survival

Improved quality of
life
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Phase of Development
Anti-VEGFR2 Patients in whom Current 2nd-line treatments for metastatic CRC are of limited efficacy, and the Various FOLFIRI-based | Increased overall

monoclonal antibody
(ramucirumab) for
treatment of
metastatic colorectal
cancer

metastatic
colorectal cancer
(CRC) has been
diagnosed

median overall survival of these patients is less than 1 year. Ramucirumab is a
novel monoclonal antibody that binds to the extracellular domain of vascular
endothelial growth factor (VEGF) receptor 2 (VEGFR2), which is a receptor tyrosine
kinase that acts as a central mediator of tumor angiogenesis. Available inhibitors of
the VEGF pathway include a monoclonal antibody specific for VEGF and small-
molecule inhibitors of the kinase activity of VEGFR2 (and other receptor tyrosine
kinases). Therefore, ramucirumab represents a novel mechanism of action for the
inhibition of VEGF pathway signaling. In clinical trials for gastric cancer,
ramucirumab is intravenously administered at a dose of 8 mg/kg of body weight
once every 2 weeks as an adjunct to the standard 2nd-line FOLFIRI (folinic acid
[leucovorin], 5-fluorouracil, and irinotecan) regimen. Treatment is intended for
patients whose disease has progressed after standard 1st-line chemotherapy with
bevacizumab, oxaliplatin, and a fluoropyrimidine.

ImClone Systems subsidiary of Eli Lilly and Co., Indianapolis, IN

Phase Ill trial ongoing

therapies with or without
cetuximab or
panitumumab

survival

Increased
progression-free
survival

Improved quality of
life

Anti-VEGFR2
monoclonal antibody
(ramucirumab) for
treatment of
metastatic gastric
cancer

Patients in whom
metastatic gastric
cancer has been

diagnosed

Patients with gastric cancer that has progressed after 1st-line chemotherapy have a
poor prognosis with median survival times of less than 1 year. Ramucirumab is a
novel monoclonal antibody that binds to the extracellular domain of vascular
endothelial growth factor (VEGF) receptor 2 (VEGFRZ2), which is a receptor tyrosine
kinase that acts as a central mediator of tumor angiogenesis. Available inhibitors of
the VEGF pathway include a monoclonal antibody specific for VEGF and small-
molecule inhibitors of the kinase activity of VEGFR2 (and other receptor tyrosine
kinases). Therefore, ramucirumab represents a novel mechanism of action for the
inhibition of VEGF pathway signaling. In clinical trials for gastric cancer,
ramucirumab is intravenously administered at a dose of 8 mg/kg of body weight,
once every 2 weeks. Treatment is intended for disease that has progressed after
standard 1st-line platinum-based or fluoropyrimidine-based regimens.

ImClone Systems subsidiary of Eli Lilly and Co., Indianapolis, IN

Phase Ill trials ongoing

Various irinotecan-
based single and
combination therapies
Taxane (e.g., docetaxel,
paclitaxel) monotherapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Anti-VEGFR2 Patients in whom Patients with metastatic NSCLC whose disease has progressed after 1st-line Crizotinib Increased overall
monoclonal antibody | metastatic chemotherapy have few treatment options and a median overall survival of less Docetaxel survival
(ramucirumab) for nonsmall cell lung than 1 year. Ramucirumab is a novel monoclonal antibody that binds to the Erlotinib Increased
treatment of cancer (NSCLC) extracellular domain of vascular endothelial growth factor (VEGF) receptor 2 Pemetrexed progression-free
metastatic nonsmall | has been (VEGFR2), which is a receptor tyrosine kinase that acts as a central mediator of survival
cell lung cancer diagnosed tumor angiogenesis. Available inhibitors of the VEGF pathway include a monoclonal Improved quality of
antibody specific for VEGF and small-molecule inhibitors of the kinase activity of life
VEGFR2 (and other receptor tyrosine kinases). Therefore, ramucirumab represents
a novel mechanism of action for the inhibition of VEGF pathway signaling. In clinical
trials for NSCLC, ramucirumab is intravenously administered at a dose of 10 mg/kg
of body weight, once every 3 weeks as an adjunct to standard 2nd-line
chemotherapy with docetaxel. Treatment is intended for patients whose disease
has progressed following 1 round of platinum-based chemotherapy.
ImClone Systems subsidiary of Eli Lilly and Co., Indianapolis, IN
Phase Il trials ongoing
Assay (Progensa Patients The assay is a urine test that is performed after a digital rectal examination; detects | Digital rectal Increased
PCAZ3) to determine | undergoing digital a nonprotein coding messenger RNA, prostate cancer antigen 3, that is highly examination alone sensitivity and
need for repeat rectal examinations | overexpressed in the “vast majority” of prostate cancers. Assay was developed as a | Prostate-specific specificity

prostate biopsy

for prostate cancer
screening

test kit. The FDA indication approved in Feb 2012 is “for use in conjunction with
other patient information to aid in the decision for repeat biopsy in men 50 years of
age or older who have had 1 or more previous negative prostate biopsies and for
whom a repeat biopsy would be recommended by a urologist based on the current
standard of care, before consideration of the assay results. A negative Progensa
PCAS3 assay result is associated with a decreased likelihood of a positive biopsy. A
prostate biopsy is required to diagnose cancer.”

Gen-Probe, Inc., San Diego, CA

FDA approved Feb 2012; Conformité Européene (CE) marked in 2006

antigen blood test
screening

Improved predictive
values

Avoided
unnecessary
followup (i.e.,

biopsy)
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Aurora A kinase
inhibitor (alisertib)
for treatment of
peripheral T-cell
lymphoma

Patients in whom
relapsed/refractory
peripheral T-cell
lymphoma (PTCL)
has been
diagnosed

Current treatment options for relapsed/refractory PTCL are largely palliative and
generate responses in fewer than 50% of patients (with the exception of
brentuximab vedotin for the anaplastic large cell ymphoma [ALCL] subtype).
Alisertib is an Aurora A kinase inhibitor under study for treating PTCL. Aurora A
kinase is an important regulator of the mitotic spindle and is required for
progression through the mitotic phase of the cell cycle. Inhibition of aurora A has
been shown to cause mitotic errors, potentially leading to aneuploidy, apoptosis,
and/or cellular senescence. Alisertib is administered orally, 50 mg, twice daily.

Millennium Pharmaceuticals, Inc., subsidiary of Takeda Pharmaceutical Co., Ltd.,
Osaka, Japan

Phase Il and phase Il trials ongoing

Alemtuzumab
Brentuximab vedotin
(ALCL subtype only)
Bortezomib
Cyclosporine
(angioimmunoblastic T-
cell ymphoma subtype
only)

Denileukin diftitox
Gemcitabine
Pralatrexate

Radiation therapy
Romidepsin

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Autologous dendritic
cell vaccine (BPX-
101) for treatment of
metastatic,
castration-resistant
prostate cancer

Patients in whom
metastatic
castration-resistant
prostate cancer
(CRPC) has been
diagnosed

Median overall survival for patients with CRPC is only about 18 months. BPX-101 is
a novel autologous dendritic-cell therapeutic cancer vaccine that consists of 2 parts:
(1) an antigen consisting of prostate-specific membrane antigen (PSMA), and (2)
transmembrane proteins encoding a chemical induction of dimerization (CID)
construct that allows activation of the CD40 pathway by addition of a chemical
stimulator (AP1903). Dendritic cells (DCs) are isolated from the patient and
transduced with both PSMA antigen and CID construct. On day 1 the DCs are
injected into the patient and purportedly migrate to lymph nodes. On day 2 the
AP1903 activator is added to activate the CD40 pathway in lymph-node resident
DCs. CD40 activity potentiates the generation of cytotoxic T cells and memory B
cells, potentially leading to a more robust immune response.

Bellicum Pharmaceuticals, Inc., Houston, TX

Phase I/1l trial completed

Abiraterone
Cabazitaxel
Docetaxel
Enzalutamide (in
development)
Sipuleucel-T

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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vascularized lymph
node transfer for
mastectomy-
associated
lymphedema

undergone
mastectomy

removed, which often leads to chronic swelling and soreness in the arm
(lymphedema); lymphedema develops within 5 years in up to 40% of women who
have undergone breast cancer surgery in the U.S.; it is considered generally
incurable and can severely restrict activity. Autologous vascularized lymph node
transfer is a microsurgical procedure to treat lymphedema; the excised lymph nodes
are replaced with healthy nodes transplanted from the femoral region of the patient.
The transplanted lymph nodes connect with lymph vessels improving waste filtration
and drainage in the arm. Prior to implantation of the nodes, scar tissue may be
excised to remove blockage of lymph vessels.

Service de Chirurgie Thoracique, Hépital Européen Georges Pompidou, Paris,
France

Procedure appears to be done rarely in U.S.; randomized trial beginning in France

Physical therapy

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Autologous Patients who have During mastectomy, lymph nodes under the arm closest to the affected breast are Compression garments | Ability to stop

physiotherapy
Decreased, or
resolved
lymphedema
assessed by
isotopic
lymphangiography
Improved skin
elasticity
Improved mobility
Resolution of pain

Automated breast
ultrasound for breast
cancer screening of

Women with dense
breast tissue who
are undergoing

The presence of dense breast tissue limits the accuracy of screening
mammography, and screening mammography’s sensitivity for tumors in women
with dense breast tissue is as low as 30% to 50%. Ultrasound imaging has been

Screening
mammography alone
Screening MRI

Increased breast
cancer sensitivity
and specificity

(RCC)

Pfizer, Inc., New York, NY

Phase Il trials ongoing; FDA approved Jan 2012, for RCC that has not responded
to prior treatment

development)

patients with dense screening used for some time in breast imaging; however, it is not routinely used in screening | imaging Improved positive
breast tissue mammography of asymptomatic women in the U.S. The somo.v automated breast ultrasound predictive and
system generates 3-dimensional images of the breast in an automated fashion. The negative values for
system is under study as an adjunct to conventional mammographic screening in breast cancer
women with dense breast tissue.
U-Systems, Inc., Sunnyvale, CA
FDA cleared for diagnostic use; premarket approval application submitted to FDA
for screening indication. In Apr 2012, FDA’s Radiological Devices Panel of the
Medical Devices Advisory Committee recommended approval of the system
Axitinib (Inlyta) for Patients previously | Axitinib is an oral and selective inhibitor of vascular endothelial growth factor Everolimus Increased overall
treatment-resistant treated for (VEGF) receptor 1 (VEGFR1), VEGFR2 and VEGFR3, which appear to have roles Sorafenib survival
advanced renal cell metastatic renal in tumor growth, vascular angiogenesis, and metastatic progression of cancer (the Temsirolimus Increased
carcinoma cell carcinoma spread of tumors). Tivozanib (in progression-free

survival
Improved quality of
life
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Bavituximab for
treatment of
advanced breast
cancer

Patients in whom
advanced breast
cancer has been
diagnosed

Breast cancer remains a leading cause of cancer deaths in women, suggesting the
need for new therapies with novel mechanisms of action. Bavituximab is a
monoclonal antibody directed against phosphatidylserine (PS) exposed on the
surface of cancer cells; PS expression is believed to be immunosuppressive;
bavituximab is thought to bind to PS and block the immunosuppressive signals to
improve immune responses to the tumor; also, as chemotherapy increases the
exposure of PS on tumor blood vessels, bavituximab combined with chemotherapy
may hold potential for synergistic therapeutic effects. Administered intravenously, 6
mg/kg of body weight for up to six 28-day cycles, in combination therapy with
carboplatin and paclitaxel.

Peregrine Pharmaceuticals Inc., Tustin, CA

Phase Il trials completed; investigator-sponsored phase | trial ongoing

Docetaxel
Paclitaxel
Paclitaxel plus
carboplatin

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Bavituximab for
treatment of
advanced nonsmall
cell lung cancer

Patients in whom
locally advanced or
metastatic
nonsmall cell lung
cancer (NSCLC)
has been
diagnosed

Patients with advanced NSCLC have a poor prognosis with few therapeutic options.

Bavituximab is a monoclonal antibody directed against phosphatidylserine (PS)
exposed on the surface of cancer cells; PS expression is believed to be
immunosuppressive; bavituximab is thought to bind to PS and block the
immunosuppressive signals to improve immune responses to the tumor; also, as
chemotherapy increases the exposure of PS on tumor blood vessels, bavituximab
combined with chemotherapy may hold potential for synergistic therapeutic effects.
Administered intravenously 3 mg/kg of body weight, weekly, in combination with
carboplatin and paclitaxel in trials for 1st-line treatment of NSCLC and in
combination with docetaxel in the 2nd-line treatment of NSCLC.

Peregrine Pharmaceuticals Inc., Tustin, CA

Phase Il trials ongoing

Carboplatin
Crizotinib
Docetaxel
Erlotinib
Paclitaxel
Pemetrexed

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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hepatocellular
carcinoma

carcinoma has
been diagnosed

a monoclonal antibody directed against phosphatidylserine (PS) exposed on the
surface of cancer cells; PS expression is believed to be immunosuppressive;
bavituximab is thought to bind to PS and block the immunosuppressive signals to
improve immune responses to the tumor; also, as chemotherapy increases the
exposure of PS on tumor blood vessels, bavituximab combined with chemotherapy
may hold potential for synergistic therapeutic effects. Administered intravenously in
various dose regimens of 0.3—6.0 mg/kg of body weight, weekly for 8 or 12 weeks in
clinical trials as a monotherapy and combination therapy with sorafenib.

Peregrine Pharmaceuticals, Inc., Tustin, CA

Phase I/ll trials ongoing

Bavituximab for Patients in whom Advanced pancreatic cancer has a poor prognosis with few therapeutic options. Gemcitabine Increased overall
treatment of advanced Bavituximab is a monoclonal antibody directed against phosphatidylserine (PS) survival
advanced pancreatic | pancreatic cancer exposed on the surface of cancer cells; PS expression is believed to be Increased
cancer has been immunosuppressive; bavituximab is thought to bind to PS and block the progression-free
diagnosed immunosuppressive signals to improve immune responses to the tumor; also, as survival

chemotherapy increases the exposure of PS on tumor blood vessels, bavituximab Improved quality of

combined with chemotherapy may hold potential for synergistic therapeutic effects. life

Administered 3 mg/kg of body weight, weekly, in combination with gemcitabine in

trials for pancreatic cancer.

Peregrine Pharmaceuticals, Inc., Tustin, CA

Phase Il trials ongoing
Bavituximab for Patients in whom Patients with advanced liver cancer have a poor prognosis with few therapeutic Doxorubicin Increased overall
treatment of hepatocellular options; new therapies with novel mechanisms of action are needed. Bavituximab is | Sorafenib survival

Increased
progression-free
survival

Improved quality of
life
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B-cell lymphoma 2
family inhibitor
(navitoclax) for
treatment of chronic
lymphocytic
leukemia

Patients in whom
chronic
lymphocytic
leukemia (CLL) has
been diagnosed;
may either be
treatment naive or
have relapsed or
refractory disease

Patients in whom CLL has been diagnosed often exhibit disease control with current
therapies; however, these therapies are not curative, and in many patients, the
disease will eventually progress. Inhibition of apoptosis is a hallmark of CLL as well
as other cancers; the prevention of apoptosis may in part be due to the activity of a
family of proteins related to B-cell lymphoma 2 (Bcl-2), which are often
overexpressed in cancer. Navitoclax (ABT-263) is a small-molecule inhibitor of
multiple Bcl-2 family members (Bcl-2, Bcl-xl, Bcl-w); it is being tested as a 1st-line
therapy for CLL in combination with the anti-CD20 monoclonal antibody rituximab.
Administered orally.

Genentech subsidiary of F. Hoffmann-La Roche, Ltd., Basel, Switzerland, in
collaboration with Abbott Laboratories, Abbott Park, IL

Phase Il trial ongoing

Various chemotherapy
regimens such as:
Alemtuzumab
Bendamustine and
rituximab

Chlorambucil with or
without prednisone
Cladribine
Cyclophosphamide and
prednisone with or
without rituximab
Fludarabine,
cyclophosphamide, and
rituximab

Rituximab

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Bevacizumab
(Avastin) for
treatment of ovarian
cancer

Patients in whom
advanced or
recurrent ovarian
cancer has been
diagnosed

Ovarian cancer is the 2nd deadliest cancer after pancreatic cancer; no new 1st-line
treatment options have been made available in the past decade; new treatment
options are needed. Bevacizumab (Avastin®) is a monoclonal antibody on the
market for several other indications; intended to bind vascular endothelial growth
factor (VEGF) and prevent the interaction of VEGF with its receptors (Flt-1 and
KDR) on the surface of endothelial cells. By preventing the interaction of VEGF with
its receptors, bevacizumab prevents the proliferation of endothelial cells and the
formation of new blood vessels needed to nourish growing tumors. Administered 15
mg/kg of body weight, intravenously, every 3 weeks and intended to be used with
platinum-based chemotherapy.

Genentech subsidiary of F. Hoffmann-La Roche, Ltd., Basel, Switzerland

Phase Il trials ongoing; preliminary data from 2 phase Il trials on ovarian cancer in
Dec 2011 did not meet endpoints; but some trials are continuing

Paclitaxel plus
carboplatin

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Biophotonic cervical
screening system
(Luviva Advanced
Cervical Scan) for
detection of cervical
disease in
adolescent females

Females aged 16—
21 years who are
sexually active

Luviva™ consists of a base unit and a single-patient-use calibration disposable
scanner; uses biophotonic technology (hyperspectral imaging spectroscopy) to
identify biochemical and morphologic changes at the cellular level associated with
cervical cancer and precancer painless and minimally invasive. Device gives
screening results immediately.

Guided Therapeutics, Inc., Norcross, GA

Premarket approval (PMA) application under FDA review; in Nov 2011, FDA stated
that no FDA panel review was necessary prior to making a decision; in Jan 2012,
company received a non-approvable letter from FDA regarding the PMA; company
continues to pursue approval and submitted formal response to FDA May 2012

Biopsy

Colposcopy

Human papillomavirus
DNA test

Pap test

Earlier detection of
cervical disease
Improved screening
and followup
adherence
Reduced
unnecessary
referrals to biopsy
and colposcopy

Bispecific T-cell-
engager (BIiTE) anti-
CD19 antibody
(blinatumomab) for
treatment of acute
lymphoblastic
leukemia

Patients in whom
relapsed/
refractory
Philadelphia
chromosome—
negative acute
lymphoblastic
leukemia (ALL) has
been diagnosed
and patients in
whom minimal
residual disease-
positive ALL has
been diagnosed

No new treatments for Philadelphia chromosome—negative relapsed/refractory ALL
have been developed in 30 years; 5-year survival for this patient population is only
7%. Blinatumomab is the most advanced molecule from a novel class of antibody-
based compounds intended to link tumor cells to cytotoxic T cells; the molecule
consists of 2 separate antibody antigen binding domains: (1) specific for CD19, an
antigen expressed by the immature lymphocytes expanded in ALL, and (2) specific
for CD3 a molecule expressed on the surface of cytotoxic T cells; blinatumomab is
purported to lead to tumor apoptosis by bridging an interaction between tumor cells
and T cells.

Micromet, Inc., Rockville, MD, acquired in Jan 2012 by Amgen, Thousand Oaks, CA

Phase Il trials ongoing; results released May 2012; FDA granted orphan drug status

Relapsed/refractory
ALL:

Anthracyclines
(doxorubicin,
daunorubicin),
Asparaginase
Cyclophosphamide
cytarabine (ara-C)
Epipodophyllotoxins
(etoposide, teniposide)
Vincristine

Minimal residual
disease—positive ALL:
No current standard of
care

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Blocking radiation
exposure of limb-
draining lymph
nodes for prevention
of lymphedema

Patients with early-
stage breast
cancer who are
undergoing
postsurgical
adjuvant radiation
therapy

Lymphedema is a chronic condition that, depending on the treatment regimen,
affects between 5% and 50% of women who have undergone primary treatment for
breast cancer. Whole breast irradiation, which may also target lymph nodes in the
axilla, is a significant risk factor for developing lymphedema. This increased risk
might be mitigated by selectively blocking from exposure to radiation critical lymph
nodes that drain the limb. In a recent clinical trial, limb-draining lymph nodes were
identified by single-photon emission computed tomography and computed
tomography and an intensity-modulated radiation therapy plan was designed to limit
exposure of these nodes; in this trial, patients were limited to those with early stage
breast cancer with negative sentinel lymph node biopsy or only micrometastases to
sentinel lymph nodes.

Mayo Clinic, Rochester, MN

Unphased small trial ongoing

Standard external beam
radiation therapy

Decreased rate of
lymphedema
Decreased radiation
dose to critical
lymph nodes
Equivalent cancer-
related progression-
free survival
Equivalent cancer-
related overall
survival

Improved quality of
life

BLP25 liposome
therapeutic vaccine
(Stimuvax) for
advanced nonsmall
cell lung cancer

Patients in whom
stage IlI
unresectable
nonsmall cell lung
cancer (NSCLC)
has been
diagnosed and who
have undergone
primary
chemoradiotherapy
treatment

Patients with advanced NSCLC have a poor prognosis and the disease often
responds poorly to current chemotherapeutic regimens; new treatment strategies
with novel mechanisms of action are needed. Stimuvax® is a therapeutic vaccine
composed of a 25-amino acid sequence of the mucin-1 (MUC-1) protein, which is
frequently expressed in NSCLC cells, encapsulated in a liposomal formulation; the
vaccine is thought to work by stimulating anti-MUC-1 T cell responses. It is
administered after a single intravenous infusion of 300 mg/m2 of cyclophosphamide
3 days prior to the 1st immunization; then the vaccine is administered in 8
consecutive weekly subcutaneous injections (1,000 mcg Stimuvax); the vaccine is
then administered at 6-week intervals beginning at week 14 until documented
disease progression.

Merck KGaA, Darmstadt, Germany
Oncothyreon, Seattle, WA

Phase lll trials restarted in 2011 after being halted for about a year

No established
maintenance therapy in
the post-
chemoradiotherapy
setting

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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BRAF kinase Patients in whom Dabrafenib (GSK2118436) is an activated BRAF kinase inhibitor. The developer High dose interleukin-2 Increased overall
inhibitor (dabrafenib) | metastatic describes it as “a highly potent and selective adenosine triphosphate competitive Dacarbazine survival
for treatment of melanoma BRAF inhibitor with more than 100-fold selectivity for mutant (mut) BRAF. It displays | Ipilimumab Increased

treatment of
metastatic
melanoma

mutations has
been diagnosed

causes dysregulation of BRAF activity and over stimulation of ERK. This results in
spontaneous generation of melanoma and the proliferation of malignant tissue.
Vemurafenib a potent inhibitor of BRAF, shuts down the ERK signaling pathway
and blocks proliferation of malignant cells carrying the BRAF % mutation. It has
no effect on tumor cells that lack the V60OE mutation.

F. Hoffmann-La Roche Ltd., Basel, Switzerland
Roche Molecular Systems, Inc., Pleasanton, CA

First BRAF inhibitor to be FDA approved; approved Aug 2011 for treating
unresectable or metastatic melanoma with BRAF "°°F mutation as detected by the
test approved at the same time: cobas® 4800 BRAF"**° mutation automated
molecular assay

Temozolomide

metastatic characterized as dose-dependent inhibition of MEK and extracellular signal-regulated kinase Temozolomide progression-free
melanoma having activated phosphorylation in mut BRAF cell lines and tumor regression in xenograft models.” Vemurafenib survival
BRAF mutations Improved quality of
has been GlaxoSmithKline, Middlesex, UK life
diagnosed
Positive results reported in Jun 2012 for phase Ill trial of dabrafenib as a
monotherapy; earlier phase trials ongoing in combination with the MEK inhibitor
trametinib
BRAF kinase Patients in whom Roughly half of all melanomas are caused by the V600E mutation in the gene that High dose Increased overall
inhibitor metastatic encodes BRAF, a protein kinase that activates the extracellular signal-regulated interleukin-2 survival
(vemurafenib, melanoma with kinase (ERK) signaling pathway. Vemurafenib (Zelboraf®) is a small-molecule, Dacarbazine Increased
Zelboraf) for activated BRAF orally administered BRAF serine/threonine kinase inhibitor. The V600E mutation Ipilimumab progression-free

survival
Improved quality of
life
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Brentuximab vedotin
(Adcetris) for
treatment of
recurrent/refractory
anaplastic large cell
lymphoma

Patients in whom
recurrent and/or
chemotherapy-
refractory systemic
CD30-positive
anaplastic large
cell ymphoma
(ALCL) has been
diagnosed

Brentuximab vedotin (Adcetris™, SGN-35 or cAC10-vcMMAE) is a monoclonal
antibody-drug conjugate; monoclonal antibody portion of the drug recognizes the
CD30 antigen present on some ALCLs; drug portion is the highly cytotoxic
monomethyl auristatin E, which inhibits mitosis by blocking tubulin polymerization.
For 2 indications: (1) treating patients with Hodgkin’s lymphoma after failure of
autologous stem cell transplant (ASCT) or after failure of at least 2 prior multi-agent
chemotherapy regimens in patients who are not ASCT candidates, and (2) treating
patients with systemic ALCL after failure of at least 1 prior multi-agent
chemotherapy regimen.

Seattle Genetics, Inc., Bothell, WA

FDA approved Aug 2011, for treating systemic ALCL after failure of at least 1 prior
multi-agent chemotherapy regimen

Allogeneic stem cell
transplantation
ASCT

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Brentuximab vedotin
(Adcetris) for
treatment of
recurrent/refractory
Hodgkin’s
lymphoma

Patients in whom
recurrent and or
radiation/chemo-
therapy-refractory
Hodgkin's
lymphoma has
been diagnosed

Hodgkin’s lymphoma is a CD30-positive hematologic malignancy with limited
salvage therapy options. Brentuximab vedotin (Adcetris, SGN-35 or cAC10-
VCMMAE) is a monoclonal antibody-drug conjugate.

Seattle Genetics, Inc., Bothell, WA

FDA approved Aug 2011, for treating patients with Hodgkin’s lymphoma after failure
of autologous stem cell transplant (ASCT) or after failure of at least 2 prior multi-
agent chemotherapy regimens in patients who are not ASCT candidates. Phase I
trial in patients at high risk of relapse post-ASCT ongoing; phase | trial in patients
with newly diagnosed disease ongoing

Standard of care

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Brussels sprout
extract
(sulforaphane) for
treatment of prostate
cancer

Patients with
recurrent prostate
cancer after radical
prostatectomy or
definitive radiation
therapy

Although hormone therapy for recurrent prostate cancer is known to extend survival
in some patients, the treatment is rarely curative, and the disease typically
progresses to castration-resistant prostate cancer over time. Sulforaphane, a
chemical found in various vegetables, has been purported to have anticancer
activity. One potential mechanism of action ascribed to sulforaphane is histone
deacetylase activity, which can disrupt chromatin structure and may cause DNA
repair inhibition or modification of cell cycle proteins that could impact quickly
dividing cells. Sulforaphane is administered as an oral tablet.

Oregon Health Sciences University, Portland

Phase Il trial ongoing

Androgen deprivation
therapy

Salvage radiation
therapy

Salvage surgery
Watchful waiting

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Bruton tyrosine

Patients in whom

Patients with treatment-resistant B-cell malignancy have a poor prognosis and few

Various cytotoxic

Increased overall

medullary thyroid
cancer has been
diagnosed

(VEGFR2). MET plays key roles in proliferation, migration, invasion, and
angiogenesis; overexpression of the hepatocyte growth factor ligand of MET and
activation of the MET pathway supports tumors; VEGFR2 and MET allow tumors to
overcome hypoxia and stimulate angiogenesis. VEGF and MET also appear to
stimulate osteoclasts and osteoblasts, thus showing potential for treating bone
metastasis. Selective anti-VEGF therapies do not inhibit MET, which may be
responsible for tumor evasiveness and drug resistance in patients who receive
VEGF tyrosine kinase inhibitors, making MET/VEGF co-inhibition an emerging
target in cancer therapy. Administered 25 and 100 mg once daily.

Exelixis, San Francisco, CA
Phase lll trial reported as meeting primary endpoint in Oct 2011; new drug

application submission to FDA expected in 2012; FDA granted orphan drug status
for follicular, medullary, and anaplastic thyroid carcinoma

kinase inhibitor B-cell non- treatment options. Many B-cell malignancies depend on B cell receptor (BCR) chemotherapy regimens | survival
(PCI-32765) for Hodgkin’s signaling for survival. PCI-32765 is a novel kinase inhibitor that is specific for the combined with various Increased
treatment of B-cell lymphoma (chronic | Bruton tyrosine kinase, which is a signaling kinase essential for transduction of the immunotherapeutic progression-free
non-Hodgkin’s lymphocytic BCR signaling pathway. PCI-32765 is administered orally, once daily. drugs survival
lymphomas :s;l;ehn;g/tsi? al Pharmacyclics, Inc., Sunnyvale, CA llir;;proved quality of

lymphoma, diffuse | Phase Il trials ongoing; interim results released Jun 2012

large B-cell

lymphoma, or

mantle cell

lymphoma) has

been diagnosed
Cabozantinib (XL Patients in whom No treatments exist for advanced thyroid cancer that target MET, which may be Radiotherapy Increased overall
184) for treatment of | unresectable, responsible for drug resistance in patients treated with current receptor tyrosine Sorafenib survival
advanced medullary | locally advanced, kinase inhibitors. Cabozantinib is an oral, small-molecule, receptor tyrosine kinase Sunitinib Increased
thyroid cancer or metastatic inhibitor that targets MET and vascular endothelial growth factor (VEGF) receptor 2 | Vandetanib progression-free

survival
Improved quality of
life
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allow tumors to overcome hypoxia and stimulate angiogenesis. VEGF and MET
also appear to stimulate osteoclasts and osteoblasts, thus showing potential for
treating bone metastasis. Selective anti-VEGF therapies do not inhibit MET, which
may be responsible for tumor evasiveness and drug resistance in patients who
receive VEGF tyrosine kinase inhibitors, making MET/VEGF co-inhibition an
emerging target in cancer therapy. Administered 100 mg, once daily, in trials.

Exelixis, San Francisco, CA

Phase Il trial ongoing

Cabozantinib (XL Patients in whom Few treatment options exist for advanced breast cancer, and none of them target Cyclophosphamide Reduced bone
184) for treatment of | advanced or MET, which may be responsible for drug resistance in patients treated with current Doxorubicin metastasis
advanced or recurrent breast receptor tyrosine kinase inhibitors. Cabozantinib is an oral, small-molecule, receptor | Paclitaxel Increased overall
recurrent breast cancer has been tyrosine kinase inhibitor that targets MET and vascular endothelial growth factor survival
cancer diagnosed (VEGF) receptor 2 (VEGFR2). MET plays key roles in proliferation, migration, Increased

invasion, and angiogenesis; overexpression of the hepatocyte growth factor ligand progression-free

of MET and activation of the MET pathway supports tumors; VEGFR2 and MET survival

allow tumors to overcome hypoxia and stimulate angiogenesis. VEGF and MET Improved quality of

also appear to stimulate osteoclasts and osteoblasts, thus showing potential for life

treating bone metastasis. Selective anti-VEGF therapies do not inhibit MET, which

may be responsible for tumor evasiveness and drug resistance in patients who

receive VEGF tyrosine kinase inhibitors, making MET/VEGF co-inhibition an

emerging target in cancer therapy. Administered 100 mg, once daily, in breast

cancer trials.

Exelixis, San Francisco, CA

Phase Il trials ongoing
Cabozantinib (XL Patients in whom Few treatment options exist for advanced HCC, and none of them target MET, Chemotherapy Reduced bone
184) for treatment of | advanced or which may be responsible for drug resistance in patients treated with current Radiation metastasis
advanced or recurrent receptor tyrosine kinase inhibitors. Cabozantinib is an oral, small-molecule, receptor | Sorafenib Increased overall
recurrent hepatocellular tyrosine kinase inhibitor that targets MET and vascular endothelial growth factor survival
hepatocellular carcinoma (HCC) (VEGF) receptor 2 (VEGFR2). MET plays key roles in proliferation, migration, Increased
carcinoma has been invasion, and angiogenesis; overexpression of the hepatocyte growth factor ligand progression-free

diagnosed of MET and activation of the MET pathway supports tumors; VEGFR2 and MET survival

Improved quality of
life

Section 1. Currently Tracked Interventions

47




ARHQ Healthcare Horizon Scanning System Status Report

8-15-2012

Topic Title

Potential Patient
Population

Intervention
Developer/Manufacturer(s)
Phase of Development

Potential Comparators

Potential Health
or Other Impacts

Cabozantinib (XL
184) for treatment of
advanced or
recurrent melanoma

Patients in whom
advanced or
recurrent
melanoma has
been diagnosed

Few treatment options exist for advanced melanoma, and none of them target MET,
which may be responsible for drug resistance in patients treated with current
receptor tyrosine kinase inhibitors. Cabozantinib is an oral, small-molecule, receptor
tyrosine kinase inhibitor that targets MET and vascular endothelial growth factor
(VEGF) receptor 2 (VEGFR2). MET plays key roles in proliferation, migration,
invasion, and angiogenesis; overexpression of the hepatocyte growth factor ligand
of MET and activation of the MET pathway supports tumors; VEGFR2 and MET
allow tumors to overcome hypoxia and stimulate angiogenesis. VEGF and MET
also appear to stimulate osteoclasts and osteoblasts, thus showing potential for
treating bone metastasis. Selective anti-VEGF therapies do not inhibit MET, which
may be responsible for tumor evasiveness and drug resistance in patients who
receive VEGF tyrosine kinase inhibitors, making MET/VEGF co-inhibition an
emerging target in cancer therapy. Administered 100 mg, once daily, in trials.

Exelixis, San Francisco, CA

Phase Il trial ongoing

BCG (bacillus Calmette
Guérin) injection
Carboplatin
Cisplatin
Dacarbazine
Imiquimod
Interferon alpha
Interleukin 2
Ipilimumab
Paclitaxel
Radiation therapy
Surgery
Temozolomide
Vemurafenib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Cabozantinib (XL
184) for treatment of
advanced or
recurrent nonsmall
cell lung cancer

Patients in whom
advanced,
recurrent, or
metastatic
nonsmall cell lung
cancer (NSCLC)
has been
diagnosed

Few treatment options exist for advanced NSCLC, and none of them target MET,
which may be responsible for drug resistance in patients treated with current
receptor tyrosine kinase inhibitors. Cabozantinib is an oral, small-molecule, receptor
tyrosine kinase inhibitor that targets MET and vascular endothelial growth factor
(VEGF) receptor 2 (VEGFR2). MET plays key roles in proliferation, migration,
invasion, and angiogenesis; overexpression of the hepatocyte growth factor ligand
of MET and activation of the MET pathway supports tumors; VEGFR2 and MET
allow tumors to overcome hypoxia and stimulate angiogenesis. VEGF and MET
also appear to stimulate osteoclasts and osteoblasts, thus showing potential for
treating bone metastasis. Selective anti-VEGF therapies do not inhibit MET, which
may be responsible for tumor evasiveness and drug resistance in patients who
receive VEGF tyrosine kinase inhibitors, making MET/VEGF co-inhibition an
emerging target in cancer therapy. Administered 100 mg, once daily, in trials.

Exelixis, San Francisco, CA

Phase Il trial ongoing

Bevacizumab
Cetuximab
Cisplatin
Docetaxel
Erlotinib
Gemcitabine
Paclitaxel
Pemetrexed
Radiotherapy
Surgery
Vinorelbine

Reduced bone
metastasis
Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Cabozantinib (XL
184) for treatment of
advanced or
recurrent primary
ovarian peritoneal or
fallopian tube cancer

Patients in whom
advanced or
recurrent ovarian,
primary peritoneal,
or fallopian tube
carcinoma has
been diagnosed

Few treatment options exist for advanced or recurrent primary ovarian peritoneal or
fallopian tube cancer, and none of them target MET. Cabozantinib is an oral, small-
molecule, receptor tyrosine kinase inhibitor that targets MET and vascular
endothelial growth factor (VEGF) receptor 2 (VEGFR2); MET plays key roles in
proliferation, migration, invasion, and angiogenesis; overexpression of the
hepatocyte growth factor ligand of MET and activation of the MET pathway supports
tumors. VEGFR2 and MET allow tumors to overcome hypoxia and stimulate
angiogenesis; VEGF and MET also appear to stimulate osteoclasts and
osteoblasts, thus showing potential for treating bone metastasis; selective anti-
VEGF therapies do not inhibit MET, which may be responsible for tumor
evasiveness and drug resistance in patients who receive VEGF tyrosine kinase
inhibitors, making MET/VEGF co-inhibition an emerging target in cancer therapy.
Administered 100 mg, once daily, in trials.

Exelixis, San Francisco, CA

Phase Il trial ongoing

Carboplatin
Carboplatin/
docetaxel
Carboplatin/
gemcitabine
Carboplatin/
liposomal doxorubicin
Carboplatin/
paclitaxel

Cisplatin

Cisplatin/
gemcitabine
Docetaxel

Etoposide
Gemcitabine
Liposomal doxorubicin
Paclitaxel

Topotecan

Reduced bone
metastasis
Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Cabozantinib (XL
184) for treatment of
castration-resistant
prostate cancer

Patients with
castration-resistant
prostate cancer
(CRPC) that may
include bone
metastasis

No treatments for CRPC are available that target MET, which may be responsible
for prostate cancer drug resistance in patients treated with current receptor tyrosine
kinase inhibitors. Cabozantinib is an oral, small-molecule, receptor tyrosine kinase
inhibitor that targets MET and vascular endothelial growth factor (VEGF) receptor 2
(VEGFR2). MET plays key roles in proliferation, migration, invasion, and
angiogenesis; overexpression of the hepatocyte growth factor ligand of MET and
activation of the MET pathway supports tumors; VEGFR2 and MET allow tumors to
overcome hypoxia and stimulate angiogenesis. VEGF and MET also appear to
stimulate osteoclasts and osteoblasts, thus showing potential for treating bone
metastasis. Selective anti-VEGF therapies do not inhibit MET, which may be
responsible for tumor evasiveness and drug resistance in patients who receive
VEGF tyrosine kinase inhibitors, making MET/VEGF co-inhibition an emerging
target in cancer therapy. Administered 100 mg, once daily, in trials.

Exelixis, San Francisco, CA

Phase Il and phase Il trials ongoing

Abiraterone
Cabazitaxel
Denosumab
Docetaxel
Enzalutamide (in
development)
Radium-223 (in
development)

Reduced bone
metastasis
Reduced bone pain
Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Carbon ion beam
radiation therapy for
cancer

Patients with
cancer amenable
to treatment with
radiation

The properties of heavy ion beams (e.g., carbon ion) may allow improved
administration of radiation therapy compared with photon or proton beam radiation.
Like proton beams, particles in carbon ion beams lose the majority of their energy
immediately before depositing the energy at a tumor target. This phenomenon is
known as the Bragg peak, which potentially allows planning for targeting the
radiation dose to a specific tissue depth and sparing adjacent tissue. Compared with
protons, the path of heavier carbon ions is less influenced by passage through
overlying tissue and, therefore, the peak of ionizing radiation is tighter, potentially
allowing more precise targeting and delivery. Additionally, heavier particles such as
carbon ions have a more severe impact on atoms within target cells, which produces
more intense cellular damage and can potentially increase the biologic effectiveness
of carbon ion beams relative to proton or photon beams. In particular, the relative
biologic effectiveness of carbon ions purportedly increases with tissue depth,
coinciding with the Bragg peak. Lastly, collisions between carbon ions and atomic
nuclei produce positrons through nuclear fragmentation. The generated positrons
can be imaged using positron emission tomography (PET), potentially allowing
visualization of the delivered dose distribution.

Developers include lon Beam Applications S.A., Louvain-la-Neuve, Belgium, in joint
venture with SAPHYN (SAnté et PHYsique Nucléaire, or Nuclear Health and
Physics, a semi-public company, Caen, France) and financial partners; Siemens AG,
Munich, Germany

Five carbon ion beam facilities are currently operating—3 in Japan, 1 in Germany,
and 1 in China with another planned to open in Germany in 2012. Ten trials are
ongoing or planned in Germany. In the U.S. in 2010, Colorado State University
announced a partnership with the Japanese center to perform carbon ion therapy
research with the aim of bringing carbon ion therapy to the U.S. The University
updated progress of that initiative in Apr 2012, announcing plans develop a cancer
institute that would include plans for carbon ion therapy.

Photon radiation
therapy
Proton radiation
therapy

Increased overall
survival

Increased
progression-free
survival

Decreased
adverse/side effects
from radiation
therapy

Improved quality of
life
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(Kyprolis) for
treatment of multiple
myeloma

recurrent or
treatment-
refractory multiple
myeloma has been
diagnosed

and typically survive for only 6—10 months after diagnosis, so effective treatments
are needed. Carfilzomib (Kyprolis™) is a small-molecule inhibitor of the
proteasome; the proteasome is responsible for the degradation of cellular proteins,
and inhibition of the proteasome can lead to accumulation of unwanted proteins,
cell cycle arrest, and apoptosis. Product labeling states that it is administered
intravenously over 2—10 minutes on 2 consecutive days each week for 3 weeks
(days 1, 2, 8, 9, 15, and 16), followed by a 12-day rest period (days 17-28) with a
recommended cycle 1 dose of 20 mg/m?day and if tolerated increased for cycle 2
and subsequent cycles doses to 27 mg/mzlday.

Onyx Pharmaceuticals, Inc., South San Francisco, CA

FDA granted accelerated approval Jul 2012 for treating patients “with multiple
myeloma who have received at least two prior therapies, including bortezomib and
an immunomodulatory agent, and have demonstrated disease progression on or
within 60 days of completion of the last therapy.”

Cytotoxic
chemotherapies
(bendamustine,
cyclophosphamide,
doxorubicin, melphalan,
vincristine)
Immunomodulatory
drugs (lenalidomide,
thalidomide)
Proteasome inhibitors
(bortezomib)

Steroids
(dexamethasone,
prednisone)

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Carfilzomib Patients in whom Multiple myeloma patients typically respond to current therapy only 11% of the time | Combination therapies Increased overall

survival

Increased
progression-free
survival

Improved quality of
life

CD40 agonist (CP-
870,893) for
treatment of
pancreatic cancer

Patients in whom
unresectable
pancreatic cancer
has been
diagnosed

The 5-year survival rate for patients in whom pancreatic cancer has been
diagnosed is only about 5%; therefore, novel therapies for this condition are
needed. CP-870,893 is an intravenously administered monoclonal antibody that
functions as a CD40 agonist and is intended to stimulate a patient’s immune
response, potentially eliminating the tumor. Although CP-870,893 was originally
intended to activate T cells, preliminary data indicate that the therapy may actually
lead to macrophage activation, which leads to the destruction of supporting tumor
stroma; in current clinical trials, CP-870,893 is being administered in combination
with the standard of care chemotherapy drug gemcitabine.

Pfizer, Inc., New York, NY, in collaboration with University of Pennsylvania,
Philadelphia

Phase | trial complete; 2nd phase | trial registered, not yet recruiting

Gemcitabine
monotherapy
Gemcitabine plus
erlotinib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Phase of Development

Potential Comparators

Potential Health
or Other Impacts

CD56-specific
antibody-drug
conjugate
(lorvotuzumab
mertansine;
IMGN901) for
treatment of multiple
myeloma

Patients in whom
CD56-positive
relapsed or
relapsed/
refractory multiple
myeloma has been
diagnosed

Patients in whom relapsed multiple myeloma has been diagnosed have few
treatment options and median survival of less than 1 year. Lorvotuzumab
mertansine (IMGN901) is a novel antibody-drug conjugate that links the highly
cytotoxic agent mertansine to a monoclonal antibody specific for CD56, a cell
surface marker expressed on multiple cancer types including multiple myeloma; in
current clinical trials, Lorvotuzumab mertansine is being administered as an adjunct
to a conventional cytotoxic chemotherapy regimen of lenalidomide and
dexamethasone.

ImmunoGen, Inc., Waltham, MA

Phase I trial ongoing; FDA granted orphan drug status

Lenalidomide plus
dexamethasone

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

CD56-specific
antibody-drug
conjugate
(lorvotuzumab
mertansine;
IMGN901) for
treatment of small
cell lung cancer

Patients in whom
advanced small
cell lung cancer
(SCLC) has been
diagnosed; may be
chemotherapy
naive or have
received previous
systemic
chemotherapy
treatment

The 5-year survival rate for patients in whom SCLC is diagnosed is only about 15%.

Lorvotuzumab mertansine (IMGN901) is a novel antibody-drug conjugate that links
the highly cytotoxic agent mertansine to a monoclonal antibody specific for CD56, a
cell surface marker expressed on multiple cancer types including small cell lung
cancer. In current clinical trials, lorvotuzumab mertansine is being administered as
an adjunct to a conventional cytotoxic chemotherapy regimen (carboplatin plus
etoposide).

ImmunoGen, Inc., Waltham, MA

Phase I/ll trial ongoing; FDA granted orphan drug status

Carboplatin plus
etoposide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Potential Comparators

Potential Health
or Other Impacts

Chimeric antigen
receptor gene
therapy for
treatment of chronic
lymphocytic
leukemia

Patients in whom
recurrent chronic
lymphocytic
leukemia (CLL) has
been diagnosed

Although CLL can typically be controlled for many years with current chemotherapy
options, these treatments are not curative and disease typically recurs. One
treatment option under study is the use of chimeric antigen receptor (CAR) gene
therapy to genetically modify autologous T lymphocytes to promote T-cell activation,
T-cell proliferation, and immune memory; in a recently reported study, a lentiviral
vector was used to transfect autologous T cells with a CAR transgene that
consisted of 4 parts: (1) an extracellular domain consisting of an antibody variable
chain specific for CD19 (a cell surface marker expressed by CLLs); (2) a hinge
region; (3) a costimulatory domain (in this case a portion of CD137); and (4) CD3-
zeta (a signal transduction component of the T-cell receptor); binding of the
extracellular domain of this recombinant protein to CD19 on target cells induces the
activation of the pathways typically downstream of major histocompatibility complex
activation and CD137 stimulation, activating a persistent immune response against
CD19.

University of Pennsylvania, Philadelphia

Case studies reported

Allogeneic stem cell
transplant

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

c-Met kinase
inhibitor (tivantinib)
for treatment of
hepatocellular
carcinoma

Patients with
unresectable
hepatocellular
carcinoma (HCC)
that has failed to
respond to 1 prior
therapy

In patients who cannot be cured by surgical removal of the tumor, survival rates for
HCC are very low (about 5%) with median survival after diagnosis of only about 6
months. No effective 2nd-line therapy is available for this type of cancer. Tivantinib
(ARQ 197) is a small-molecule inhibitor of the c-Met receptor tyrosine kinase; c-Met
has been implicated in a number of tumor-associated biologic processes (e.qg., cell
dissociation, cell migration, inhibition of apoptosis, cell proliferation). There is no
currently available c-Met inhibitor.

ArQule, Inc., Woburn, MA

Phase Il trial complete with results released Jun 2012; phase Il trials planned

Placebo

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Phase of Development

Potential Comparators

Potential Health
or Other Impacts

c-Met kinase
inhibitor (tivantinib)
for treatment of
metastatic colorectal
cancer

Patients with
metastatic
colorectal cancer
(CRC) with wild-
type KRAS who
have received prior
systemic
chemotherapy

Although many treatment options are available for metastatic CRC, 5-year survival
rates are only about 25%, and more effective treatment is needed. Tivantinib (ARQ
197) is a small-molecule inhibitor of the c-Met receptor tyrosine kinase; c-Met has
been implicated in a number of tumor-associated biologic processes (e.g., cell
dissociation, cell migration, inhibition of apoptosis, cell proliferation). There is no
currently available c-Met inhibitor. For this indication, tivantinib is being
administered in combination with the topoisomerase inhibitor irinotecan and the
anti-EGFR (epidermal growth factor receptor) antibody cetuximab.

ArQule, Inc., Woburn, MA in collaboration with Daiichi Sankyo, Tokyo, Japan

Phase I/ll trial ongoing

Irinotecan plus
cetuximab

CapeOX

Cetuximab
monotherapy

FOLFIRI (folinic acid
[leucovorin], 5-
fluorouracil [5-FU], and
irinotecan)

FOLFIRI plus cetuximab
FOLFOX (folinic acid
[leucovorin], 5-FU,
oxaliplatin)

Irinotecan plus or minus
oxaliplatin
Panitumumab

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

c-Met kinase
inhibitor (tivantinib)
for treatment of
nonsmall cell lung
cancer

Patients in whom
advanced nonsmall
cell lung cancer
(NSCLC) has
progressed or
recurred after
chemotherapy

Patients with advanced NSCLC that has progressed after chemotherapy have a
poor prognosis and few treatment options. Tivantinib (ARQ 197) is a c-Met kinase
inhibitor; c-Met is a receptor tyrosine kinase that has been implicated in the
development of tumor resistance to epidermal growth factor receptor (EGFR)
inhibition. No c-Met inhibitor is currently available. Tivantinib is being studied in
combination with the EGFR inhibitor erlotinib in treatment of NSCLC.

ArQule, Inc., Woburn, MA (developer)
Daiichi Sankyo Co., Ltd., Tokyo, Japan (performing testing)

Phase Ill trials ongoing

Second line
comparators:
Crizotinib
Docetaxel
Erlotinib
Pemetrexed

Third-line comparator:
Erlotinib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Phase of Development

Potential Comparators

Potential Health
or Other Impacts

Combined digital
breast tomography
and diffuse optical
tomography for
diagnosing breast
cancer

Patients who are
undergoing
followup diagnostic
imaging for breast
cancer after a
suspicious result
on mammography
screening

Diffuse optical tomography uses laser technology coupled with optical equipment
software to detect hemoglobin, angiogenesis, and increased metabolism. Several
optical imaging systems are on the market; digital breast tomography uses x-ray
images to create 3-dimensional reconstructions of breast tissue; researchers
hypothesize that using sequential optical/radiographic imaging would improve
detection of breast cancer and improve discrimination between benign and
cancerous lesions based on differential metabolic activities observed in these
tissues.

Multiple manufacturers

Early phase trials

Computed tomography
Digital breast
tomography alone
Diffuse optical
tomography alone

MRI

Standard
mammography
Ultrasound

Increased
sensitivity, leading
to earlier detection
and improved
outcomes
Increased
specificity, leading
to a reduced
number of biopsy
procedures and
their attendant
emotional stress

Computer-assisted
system (Sedasys)
for automated
propofol sedation
during
gastrointestinal
endoscopy
procedures

Patients who are
undergoing
propofol-induced
sedation during
colonoscopy or
upper
gastrointestinal
(GI) procedures

The Sedasys® system integrates physiologic patient monitoring (oxygen saturation,
respiratory rate, heart rate, blood pressure, end-tidal carbon dioxide and patient
responsiveness) with personalized drug delivery (system automatically responds to
signs of over-sedation) for delivery of propofol. The system is intended to enable
nonanesthesiologists (i.e., other physicians or nurses) to administer sedation for
endoscopic Gl procedures.

Ethicon Endo-Surgery unit of Johnson & Johnson, New Brunswick, NJ

Premarket approval (PMA) rejected by FDA Oct 2010; Ethicon appealed and in Mar
2011 FDA agreed to a 2nd review by the Medical Devices Dispute Resolution
Panel, which was scheduled to meet mid-Dec 2011; however, before panel meeting
FDA agreed to undertake a 2nd review of the PMA; Ethicon received an approvable
letter for Sedasys in Mar 2012

Propofol sedation
administered and
monitored by
anesthesiologist

Successful and safe
propofol sedation
without need for an
anesthesiologist
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Potential Patient

Intervention

Potential Comparators

Potential Health

Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Concomitant Patients Although CRC screening methods are widely available and known to be effective in | Primary care physician Increased rate of

colorectal cancer
screening and
annual influenza
vaccination program

recommended for
routine colorectal
cancer (CRC)
screening (i.e.,
between 50 and 75
years of age) who
are receiving
influenza
vaccinations

reducing morbidity and mortality from CRC, adherence with the recommended
screening guidelines is low. In the annual influenza vaccination and CRC screening
(FLU-FOBT) program, nurses in community clinics provide patients seeking annual
influenza vaccinations with fecal occult blood tests (FOBT) for CRC screening.

University of California, San Francisco

Large randomized control trials completed

recommended CRC
screening

adherence with
CRC screening
guidelines
Reduced morbidity
from CRC
Reduced mortality
from CRC
Reduced costs of
care through earlier
intervention
Reduced health
disparities

Cordycepin (OVI-
123) for treatment of
refractory acute
lymphoblastic
leukemia

Patients in whom
refractory negative
acute
lymphoblastic
leukemia (ALL) has
been diagnosed

Many patients with ALL are successfully treated, however patients with refractory
disease (often adults) have few options and disease progresses quickly.
Cordycepin is an adenosine nucleoside analog that is purported to have activity
against terminal deoxynucleotidyl transferase (TdT)-positive cells; expression of
TdT is one of the hallmarks of ALL; although the mechanism of action for
cordycepin remains largely unknown, cordycepin is believed to induce apoptosis in
leukemia cells. Administered intravenously on days 1, 2, and 3 of a 21-day cycle.

OncoVista Innovative Therapies, Inc., San Antonio, TX

Phase I/ll trials ongoing; FDA granted orphan drug status for ALL

Allogeneic bone marrow
transplant
Asparaginase
Chemotherapy
Dasatinib

Imatinib

Nilotinib

Nelarabine

Radiation

Steroids

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Cotara (131 iodine-
chTNT-1/B-linked
monoclonal
antibody) for
treatment of
glioblastoma
multiforme

Patients in whom
glioblastoma
multiforme has
been diagnosed

Glioblastoma multiforme is the most common and most deadly form of brain cancer;
complete surgical resection is generally not possible, and the prognosis is poor;
more effective adjuvant therapies are needed. Cotara consists of a monoclonal
antibody linked to a radioactive isotope, iodine 131, which is intended to bind to the
DNA histone complex that is exposed in dead and dying cells at the center of solid
tumors; intended to target dying cells at the center of tumors, delivering its
radioactive payload there to minimize radiation to healthy surrounding tissue.
Administered as a single interstitial infusion over about 25 hours at a dose of 2.5
mCil/cc.

Peregrine Pharmaceuticals, Inc., Tustin, CA

Phase Il trials completed

Personalized
therapeutic vaccines
(investigational)
Radiotherapy
Temozolomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Intervention
Developer/Manufacturer(s)
Phase of Development

Potential Comparators

Potential Health
or Other Impacts

CP-4126 (CO-101)
for treatment of
advanced pancreatic
cancer

Patients in whom
advanced
pancreatic cancer
has been
diagnosed

CP-4126 is a lipid-conjugated version of the anticancer agent gemcitabine
(nucleoside analog); gemcitabine is a standard chemotherapeutic treatment for
pancreatic cancer; however, many pancreatic cancers do not readily take up
gemcitabine (possibly because they express low levels of the main gemcitabine
transporter). The lipid conjugation purports to overcome this problem by allowing
the nucleoside to cross the lipid bilayer without having to use the transporter.

Clavis Pharma ASA, Oslo, Norway
Clovis Oncology, Boulder, CO

Phase Il trial complete; other phase Il trials ongoing

Gemcitabine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Custirsen (OGX-
011) for treatment of
advanced nonsmall
cell lung cancer

Patients in whom
nonsmall cell lung
cancer (NSCLC)
has been
diagnosed

Custirsen (OGX-011) is an antisense RNA molecule intended for treating advanced,
unresectable NSCLC; given intravenously (IV) in combination with docetaxel: 3
loading doses of custirsen 640 mg IV are given over 2 hours in 5-9 days prior to
day 1 of cycle 1; then custirsen 640 mg IV weekly every 21-day cycle.

OncoGenex Pharmaceuticals, Inc., Bothell, WA
Teva Pharmaceutical Industries, Ltd., Petach Tikva, Israel

Phase Il trials completed; phase IlI trials planned but not yet enrolling

Conventional
chemotherapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Custirsen (OGX-
011) for treatment of
metastatic
castration-resistant
prostate cancer

Patients in whom
castration-resistant
prostate cancer
(CRPC) has been
diagnosed

Median overall survival for patients with CRPC is only about 18 months. Custirsen
(OGX-011) is an antisense RNA molecule designed to reduce expression of
clusterin, a cell survival protein. Custirsen is an injected agent intended as an
adjunct to chemotherapy.

OncoGenex Pharmaceuticals, Inc., Bothell, WA
Teva Pharmaceutical Industries, Ltd., Petach Tikva, Israel

Phase Ill trials (SATURN and SYNERGY) ongoing under FDA special protocol
assessment; FDA granted fast track status

Abiraterone
Cabazitaxel
Docetaxel
Enzalutamide (in
development)
Sipuleucel-T

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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molecule inhibitor of
JAK 1 and JAK 2 for
treatment of
myelofibrosis

myelofibrosis has
been diagnosed

hypothesis is that constitutively active JAK 2 protein drives myelofibrosis pathology
in some cases; inhibiting this causative protein factor of the disease state could
reverse disease course.

YM Biosciences, Mississauga, Ontario, Canada

Phase I/ll trials ongoing

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
CYT387 small- Patients in whom CYT387 is an inhibitor of Janus kinase 1 (JAK 1) and Janus kinase 2 (JAK 2); Ruxolitinib Increased overall

survival

Increased
progression-free
survival

Improved quality of
life (reduced spleen
enlargement, bone
pain, easy bruising,
fatigue)

Cytokine cocktail
(Multikine) immune
therapy for head and
neck cancer

Patients in whom
head and neck
cancer has been
diagnosed

Multikine is a mix of immune stimulators (tumor necrosis factor, interleukin-1, other
cytokines); intended to be delivered before conventional treatment (surgery,
radiotherapy, chemotherapy); manufacturer believes this is when the immune
system is best able to mount an immune response. Cytokine mixture delivered
directly to the tumor and nearby lymph nodes 5 times a week for 3 weeks.

CEL-SCI Corp., Vienna, VA

Phase Ill trial ongoing

Chemoradiation therapy
Surgical resection

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Dendritic cell
vaccine (ICT-107)
for treatment of
glioblastoma
multiforme

Patients in whom
glioblastoma
multiforme has
been diagnosed
and who have
undergone surgical
debulking and
chemoradiation
therapy

Glioblastoma multiforme is difficult to treat, with few effective options. New
therapies that can improve survival and slow disease progression are needed.
Personalized dendritic cell vaccine (ICT-107) is a dendritic cell-based therapeutic
vaccine targeting multiple autologous tumor associated antigens including AIM2,
HER2, gp-100, melanoma antigenic epitope-1, TRP-2, and interleukin-13Raz2 for
the potential intradermal treatment of glioblastoma.

ImmunocCellular Therapeutics Ltd., Los Angeles, CA

Phase Il trial ongoing; FDA granted orphan drug status in 2010

Temozolomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Potential Comparators

Potential Health
or Other Impacts

Denosumab (Xgeva)
for prevention of

Patients in whom
bone metastases

Denosumab (Xgeva®) is a monoclonal antibody that targets the receptor activator
of nuclear factor kappa B ligand, which is involved in cancer-related bone

Pamidronic acid
Zoledronic acid

Delayed skeletal
related events

cancer-related bone | have been destruction. Denosumab is intended to prevent skeletal-related events, including Improved quality of
fractures and pain diagnosed bone fractures and pain from cancer treatment; Xgeva denosumab is a higher dose life

of Prolia denosumab used for osteoporosis.

Amgen, Inc., Thousand Oaks, CA

FDA approved Nov 2010 to help prevent fractures and slow bone disease in

patients with solid tumors
Digital breast Women A limitation of 2-dimensional (2-D) conventional mammography is that the x-ray Standard 2-D digital Increased
tomosynthesis for undergoing routine | images capture information from all tissue constituents along the path from the x- mammography sensitivity and
mammography mammography to ray source to the detector. Therefore, features of the breast may be obscured by specificity
screening screen for breast tissues that are in line with the x-ray path and above or below the feature of interest. Increased predictive

cancer

Digital breast tomosynthesis is x-ray imaging that purports to overcome this
potential pitfall by imaging stabilized breast tissue in multiple angles for a given view
by rotating the x-ray source in an arc around the target tissue. Breast tissue
features that may obscure each other in one angle are shifted relative to one
another in other angles. By combining the information from each beam angle at the
point where it crosses a given depth in the breast under examination, digital breast
tomosynthesis can reconstruct images that represent serial slices through the
breast. Developers propose that this imaging technology will improve
mammographic imaging, potentially resulting in reduced number of recalls for
inconclusive results, reduced number of biopsies, and increased cancer detection.
The 1st commercially available system was the Selenia® Dimensions® 3D System.
This system is a software and hardware upgrade to the existing Selenia Dimensions
2D full-field digital mammography system.

Hologic, Inc., Bedford, MA

FDA approved for marketing Mar 2011

values

Reduced
unnecessary
followup procedures
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Diphtheria toxin
expression vector
(BC-819) for
treatment of
pancreatic cancer

Patients with
locally advanced,
unresectable
pancreatic
adenocarcinoma
that is amenable to
intratumoral
injection under
ultrasound
guidance and
expresses high
levels of H19

Patients in whom pancreatic cancer has been diagnosed have a 5-year survival rate
of only 5%, and effective treatment options are not available. H19 is a noncoding
RNA that is expressed in a wide variety of cancers, including many pancreatic
cancers, but is not actively transcribed in the majority of adult tissues. BC-819 is a
DNA plasmid that encodes the highly cytotoxic diphtheria toxin under the control of
the H19 promoter and is intended to induce the expression of diphtheria toxin
exclusively in H19-expressing cancer cells. In current clinical trials, BC-819 is
administered by intratumoral injection as an addition to the standard systemic
chemotherapy drug gemcitabine.

BioCancell Therapeutics, Inc., Jerusalem, Israel

Phase IIb trial ongoing; FDA granted fast track status

5-Fluorouracil/
leucovorin monotherapy
Gemcitabine
monotherapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Dual ALK and EGFR
kinase inhibitor
(AP26113) for
treatment of
nonsmall cell lung
cancer

Patients with ALK
translocation-
positive nonsmall
cell lung cancer
(NSCLC)

Although the development of an anaplastic lymphoma kinase (ALK) inhibitor has
improved outcomes for the small subset of patients in whom ALK translocation-
positive NSCLC has been confirmed, many patients who initially respond to
currently available ALK inhibitors develop resistance to the therapy. Studies have
identified multiple resistance mechanisms, including mutations to the ALK kinase
domain and activation of the epidermal growth factor receptor (EGFR) signaling
pathway. AP26113 is a novel kinase inhibitor that has the potential to address both
of these resistance mechanisms. AP26113 has activity against both resistant forms
of the ALK kinase and activated forms of the EGFR kinase.

ARIAD Pharmaceuticals, Inc., Cambridge, MA

Phase I/ll trial ongoing

Bevacizumab
Cisplatin
Crizotinib
Erlotinib
Pemetrexed

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Dual p16-INK4a/
Ki-67 staining test
(CINtec PLUS) for
triage of abnormal
cervical cancer
screening results

Patients who have
received an
abnormal cervical
cancer screening
test result (e.g.,
atypical squamous
cells of
undetermined
significance [ASC-
Us], low-grade
squamous
intraepithelial
lesion [LSIL], Pap
negative/human
papilloma virus
[HPV] positive)

The prognostic value of identification of dysplastic lesions of the uterine cervix
cannot be adequately determined by Pap (Papanicolaou) cytology/HPV testing
alone, potentially leading to underdiagnosis or delayed treatment of cervical cancer
and/or excessive colposcopy procedures. Two molecular markers that may aid in
the diagnosis of abnormal Pap results are p16-INK4a (a cell cycle regulator
overexpressed in neoplastic cells) and Ki-67 (a marker of cellular proliferation). The
CINtec PLUS testing kit detects both of these markers as indicators of cell cycle
dysregulation that occurs in transformed cells. In clinical trials, the CINtec PLUS
test kit has been used to triage abnormal Pap results and Pap-negative/HPV-
positive results.

Roche mtm laboratories AG, Heidelberg, Germany

Multiple clinical trials completed as of Sept 2011; Conformité Européene (CE)
marked; device will initially be available in the U.S. as a Class | in vitro diagnostic
product without claims as to an application; the company intends to submit a
premarket approval application

Colposcopy

HPV testing
Watchful waiting with
repeat Pap smears

Increased
sensitivity and
specificity for cases
of CIN2+ in women
exhibiting ASC-US,
LSIL, or Pap-
negative/HPV-
positive

Improved diagnostic
accuracy

Improved quality of
life

EGFRuvlll-directed
immunotherapy
(rindopepimut) for
treatment of
glioblastoma
multiforme

Patients with newly
diagnosed
glioblastoma
multiforme who
have undergone
primary resection
of the bulk tumor

Glioblastoma multiforme typically recurs within 6 months; a splice variant of the
epidermal growth factor receptor (EGFR) that is found predominantly on cancerous
tissues, EGFRVIII represents a potential target antigen for anticancer therapy.
Rindopepimut (CDX-110) is a peptide based vaccine designed to be specific for the
EGFRuvIIl variant; in current clinical trials, rindopepimut is being administered in
combination with the immune stimulant granulocyte macrophage colony-stimulating
factor and standard maintenance chemotherapy (temozolomide).

Celldex Therapeutics, Inc., Needham, MA

Phase lll trial ongoing

Temozolomide alone

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Electrical impedance
scanner (SciBase Il
Electrical
Impedance
Spectrometer) for
melanoma diagnosis

Patients in whom a
suspicious skin
lesion that may be
melanoma has
been identified

Distinguishing melanoma from nonmelanotic skin lesions is difficult and requires a
significant amount of training. The SciBase IIl Electrical Impedance Spectrometer
uses differences in electrical impedance between melanotic tissue and other tissue
types to detect melanoma in an automated fashion; the system consists of an
impedance spectrometer and a disposable probe that has microscopic electrode
spikes that penetrate the skin.

SciBase AB, Stockholm, Sweden

Pivotal trial ongoing (1,200 lesions); FDA premarket approval submission planned
for 2012

Dermatologist diagnosis
MelaFind multispectral
dermatoscope

Increased
sensitivity and
specificity for
melanoma
Improved positive
and negative
predictive values
Reduction in
unnecessary
biopsies

Electro-
immunotherapy
(OncoSec Medical
System) for
treatment of
metastatic
melanoma

Patients in whom
metastatic
melanoma has
been diagnosed

Patients with metastatic melanoma have a median survival time of about 18 months
when treated with current therapies. The OncoSec Medical System™ is an
electroporation device that is intended to enhance the ability of cells to take up
DNA. In clinical trials, it is being used to enhance delivery of a plasmid encoding the
cytokine interleukin-12 (IL-12). Expression of IL-12 by cancer cells could potentially
stimulate a systemic immune response against tumor antigens. In the treatment, IL-
12 plasmid is injected at the tumor site followed by electrical stimulation using the
OncoSec Medical System.

OncoSec Medical, Inc., San Diego, CA

Phase Il trial ongoing

Dacarbazine
High-dose interleukin-2
Ipilimumab
Temozolomide
Vemurafenib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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EndoVe electrical
field generator to
improve
chemotherapy
uptake

Patients
undergoing
chemotherapy for
solid localized
tumors

EndoVe endoscopic device applies a local electrical field to the tumor; hypothesized
to increase the rate at which cells take up chemotherapeutic agents. Its use would
allow use of lower doses of chemotherapeutic agents.

Mercy Hospital, Cork, Ireland

Phase | trial ongoing for rectal cancer

Conventional
chemotherapy
administration

Increased overall
survival
Increased
progression-free
survival
Reduced
chemotherapy
dose, potentially
reducing side
effects

Lower costs
associated with
lower doses of
chemotherapy
Improved quality of
life

Enkephalin (NTDDS
NP2) gene therapy
for chronic cancer
pain

Patients
experiencing
intractable pain
stemming from
metastatic disease

Opioids are the mainstay of treatment for chronic severe cancer pain, but are
associated with many undesired side effects and are potentially addictive.
Enkephalin gene therapy is a nerve targeting drug delivery system that is a herpes
virus-based gene therapy delivery vector; it encodes the natural opioid peptide,
enkephalin, which is intended to lead to expression of enkephalin in peripheral
nerves, thereby interrupting pain signals to the central nervous system to treat
chronic cancer pain; it has potential to have significantly reduced side effects
relative to systemic opioids because of its targeted nature.

Diamyd Medical AB, Stockholm, Sweden

Phase Il trial ongoing

Oral and intravenous
opioid pain medications

Reduced cancer-
related pain
Reduced side
effects from pain
medication
Improved quality of
life
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FLT3 kinase Patients with No FLT3 inhibitors are available for treatment of AML, and patients with recurrent or | Cladribine/cytarabine/ Increased overall

inhibitor (quizartinib)
for treatment of
acute myeloid
leukemia bearing
FLT3 mutations

treatment-
refractory acute
myeloid leukemia
(AML) bearing an
internal tandem
duplication in the
FLT3 gene (ITD-
FLT3)

treatment-refractory AML have no effective treatment options. About 30% of AML
cases bear an activating mutation in the gene encoding the receptor tyrosine kinase
FLT3, which causes constitutive activation of various cell proliferative and
antiapoptotic pathways. Patients whose disease harbors an activating FLT3
mutation have a worse prognosis than patients whose disease does not harbor a
FLT3 mutation. Quizartinib is an orally administered, selective inhibitor of FLT3
kinase activity under study as a treatment for AML.

Ambit Biosciences, San Diego, CA

Phase Il trial ongoing; received fast track status from FDA

granulocyte colony-
stimulating factor plus
or minus mitoxantrone
or idarubicin
Fludarabine/cytarabine/
granulocyte colony
stimulating factor plus
or minus idarubicin
High-dose cytarabine
and anthracycline
Mitoxantrone/
etoposide/cytarabine

survival

Increased
progression-free
survival

Improved quality of
life

Gene-mediated
cytotoxic
immunotherapy for
malignant glioma

Patients in whom
malignant glioma
has been
diagnosed

Median survival of patients diagnosed with malignant glioma is only about 15
months and current treatments are often unsuccessful. Gene-mediated cytotoxic
immunotherapy (GMCI) purportedly leads to direct tumor cytotoxicity as well as a
protective immune response. Treatment consists of an adenovirus vector that
contains a herpes simplex virus (HSV) thymidine kinase gene (Adv-tk); following
injection of the virus into the tumor site, the patient is administered the anti-HSV
drug valacyclovir, which is activated by the tk transgene and produces an active
drug that kills rapidly dividing cells. This, in turn, leads to local cytotoxicity through
local release of activated valacyclovir and the release of tumor antigens that may be
taken up by dendritic cells and produce a systemic immune response. In treating
malignant glioma, GMCI is being administered in combination with radiation therapy
and surgical resection.

Advantagene, Inc., Auburndale, MA

Phase Il completed; data reporting expected late 2012

Chemotherapy
Radiation therapy
Surgical resection
Temozolomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Gene-mediated
cytotoxic
immunotherapy for
pancreatic
adenocarcinoma

Patients in whom
pancreatic
adenocarcinoma
has been
diagnosed

Patients in whom pancreatic cancer has been diagnosed have a 5-year survival rate
of only 5%; therefore, novel treatments for pancreatic cancer are needed. Gene-
mediated cytotoxic immunotherapy (GMCI) is being tested for prevention of
recurrence following conventional therapy; GMCI purports to lead to direct tumor
cytotoxicity as well as a protective immune response. Treatment consists of an
adenovirus vector that contains a herpes simplex virus (HSV) thymidine kinase
gene (Adv-tk); following injection of the virus into the tumor site, the patient receives
the anti-HSV drug valacyclovir, which is activated by the tk transgene and produces
an active drug that kills rapidly dividing cells. This, in turn, leads to local cytotoxicity
through local release of activated valacyclovir and the release of tumor antigens
that may be taken up by dendritic cells and produce a systemic immune response.
In treating pancreatic cancer, GCMI is being administered in combination with
radiation therapy in locally advanced disease and in combination with surgical
resection in surgically resectable disease.

Advantagene, Inc., Auburndale, MA

Phase I/ll trial ongoing

Chemotherapy
Chemoradiation therapy
Gemcitabine

Radiation therapy
Surgical resection

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Gene-mediated
cytotoxic
immunotherapy
(ProstAtak) for
prostate cancer

Patients in whom
intermediate to
high-risk localized
prostate cancer
has been
diagnosed

Prostate cancer recurrence rates following front-line treatment range between 10%
and 60% depending on whether tumor pathology indicates that the tumor is low risk
or high risk; therefore, therapies that could reduce this recurrence rate are highly
sought. A gene-mediated cytotoxic immunotherapy (GMCI), ProstAtak™ is being
tested for to prevent recurrence following conventional therapy. GMCI purports to
lead to direct tumor cytotoxicity as well as a protective immune response. The
treatment consists of an adenovirus vector that contains an herpes simplex virus
(HSV) thymidine kinase gene (Adv-tk). Following injection of the virus into the tumor
site, the patient receives the anti-HSV drug valacyclovir, which is activated by the tk
transgene and produces an active drug that kills rapidly dividing cells. This, in turn,
leads to local cytotoxicity through local release of activated valacyclovir and the
release of tumor antigens that may be taken up by dendritic cells and produce a
systemic immune response. In treating prostate cancer, GMCI is being
administered in combination with radiation therapy.

Advantagene, Inc., Auburndale, MA

Phase Ill trial ongoing under FDA Special Protocol Assessment

Androgen deprivation
therapy

Radiation therapy
Surgical resection

Increased overall
survival

Increased disease-
free survival
Improved quality of
life
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Genetic test (Insight
ALK Screen Assay)
for identifying ALK-
activating gene
fusions/mutations in
patients with cancer

Patients with
cancer types driven
by underlying
activated
anaplastic
lymphoma kinase
(ALK) mutations

Genetic test to identify mutations in the ALK gene. Test would allow identification of
patients for whom ALK inhibitory pharmaceuticals (e.g., crizotinib) might be
appropriate.

Insight Genetics, Nashville, TN

Early phase development; available as research-use-only product; partnered with
QIAGEN to produce a companion diagnostic test

Fluorescence in situ
hybridization to identify
chromosomal
translocations/
deletions leading to ALK
fusions
Immunohistochemistry
Variant-specific
polymerase chain
reaction

Informed targeted
therapy for cancer
patients

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Genetic test
(Methylated Septin 9
Plasma DNA Test)
for colorectal cancer
screening

All patients
undergoing routine
colorectal cancer
(CRC) screening

Genetic test (Methylated Septin 9 Plasma DNA Test; RealTime mS9 Colorectal
Cancer Test) screens DNA from plasma samples for a specific methylated version
of the septin 9 gene that is commonly found in CRC.

Epigenomics AG, Berlin, Germany (developer)
Abbott Laboratories, Abbott Park, IL (licensee)

First-generation test kit (Epi proColon) available in Europe; 2nd-generation test kit
(Epi proColon 2.0) was anticipated to be available in Europe in 2011; Epigenomics
will submit the 3rd module of a premarket approval application to FDA in Dec 2012

Colonoscopy
Computed tomographic
colonography

Fecal DNA tests
Sigmoidoscopy

Increased
sensitivity and
specificity
Increased predictive
values

Avoided
unnecessary
followup procedures
Improved
adherence with
colorectal screening
Earlier intervention
for identified cancer

Ghrelin receptor
agonist (anamorelin)
for treatment of
cancer-related
cachexia/anorexia

Patients in whom
cancer-related
cachexia/anorexia
(CRCA) has been
diagnosed

Although a number of treatments have been applied to CRCA, many patients do not
respond to current treatment options. CRCA may limit the ability of patients to
tolerate further treatment and may directly affect survival. CRCA is caused by
metabolic and neurochemical alterations in the body that lead to the loss of the
desire to eat (anorexia) and the wasting of skeletal muscle mass (cachexia).
Ghrelin, through its activity on the growth hormone secretagogue receptor, may
increase appetite and inhibit leptin and proinflammatory cytokine expression.
Anamorelin is an orally administered, ghrelin receptor agonist that has the potential
to address both the appetite and metabolic (e.g., proinflammatory) aspects of
CRCA. In clinical trials it is administered as a daily dose of 100 mg.

Helsinn Healthcare S.A., Lugano/Pazzallo, Switzerland

Phase Il trials ongoing

Anti-cytokine antibodies
Appetite stimulants:
Cannabinoids
Corticosteroids
Cyproheptadine
Progesterone
derivatives

Dietary counseling
Melanocortin
antagonists

Metabolic disturbance
modulators:
Pentoxifylline
Thalidomide

Improved lean body
mass

Improved muscle
strength

Increased body
weight

Increased overall
survival

Improved quality of
life
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Gonadotropin- Women About 25% of women undergoing systemic chemotherapy for conditions such as No standard therapies Decreased rate of
releasing hormone undergoing breast cancer experience premature menopause as a side effect of treatment. No available amenorrhea at 12
analogs for systemic consensus on treatment exists for preventing this side effect. Gonadotropin- months post-
prevention of chemotherapy for releasing hormone analogs (e.g., goserelin, triptorelin) may protect ovarian function chemotherapy
chemotherapy- cancer against the effects of chemotherapy through several mechanisms, including Improved quality of

induced menopause

decreasing the number of primordial follicles entering the relatively chemotherapy-
sensitive differentiation stage; decreasing ovarian perfusion, thereby reducing
ovarian exposure to chemotherapy; upregulating intragonadal antiapoptotic
molecules (e.g., sphingosine-1-phosphate); and protecting ovarian germline stem
cells. In clinical trials, gonadotropin-releasing hormone analogs are administered
concomitantly with standard cytotoxic chemotherapy regimens.

SWOG, Ann Arbor, MI, and International Breast Cancer Study Group IBCSG, Bern,
Switzerland

Phase Il trial complete

life

HER2-dimerization
inhibitor
(pertuzumab,
Perjeta) for
treatment of
metastatic breast
cancer

Patients with
metastatic HER2-
positive breast
cancer who are
receiving 1st-line
trastuzumab and
docetaxel

No curative treatment for patients in whom metastatic breast cancer has been
diagnosed has been identified, and patients with HER2-positive breast cancer
receiving trastuzumab-based chemotherapy have median survival times of only
about 3 years. Trastuzumab is an FDA-approved monoclonal antibody specific for
HER2 that is purported to function by causing a reduction in the level of HER2
protein at the cell surface and by inhibiting proteolytic cleavage and release of the
extracellular domain of HER2. Pertuzumab (Perjeta®) is a novel HER2-specific
monoclonal antibody that binds to a different site on the HER2 extracellular domain;
pertuzumab is purported to function by inhibiting the heterodimerization of HER2
with other HER receptors, which is required for HER2 activation. Originally tested
as a monotherapy with limited benefit, pertuzumab is undergoing studies in
combination with trastuzumab to ascertain whether a more comprehensive
inhibition of HER2 activity can improve outcomes in patients with metastatic breast
cancer.

Genentech subsidiary of F. Hoffmann-La Roche, Ltd., Basel, Switzerland
Phase lll trials ongoing; phase Ill trial in previously untreated, metastatic breast

cancer met primary endpoint Jul 2011; biologics license application submission
accepted for priority review by FDA in Feb 2012; FDA approved Jun 2012

Trastuzumab plus
capecitabine
Trastuzumab plus
docetaxel
Trastuzumab plus
paclitaxel plus or minus
carboplatin
Trastuzumab plus
vinorelbine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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HER2 therapeutic Patients with Although many patients in whom early-stage breast cancer has been diagnosed Aromatase inhibitors Increased overall

cancer vaccine
(NeuVax) for breast
cancer

HER2-positive
early stage breast
cancer. Patients
must be positive for
human leukocyte
antigen (HLA)-A2
and/or HLA-A3.

achieve remission after 1st-line chemotherapy, a significant proportion eventually
have disease recurrence. Although some patients undergo maintenance therapy
with trastuzumab, only patients whose tumors express high levels of HER2 are

eligible for trastuzumab. NeuVax™ is a therapeutic cancer vaccine that combines

an HER2-derived peptide (E75) with the immune stimulant granulocyte macrophage

colony-stimulating factor. The vaccine is designed to induce a cytotoxic T-cell
response against cells expressing HER2. NeuVax is under study as maintenance
therapy for patients whose tumors express low levels of the HER2 protein.

RXi Pharmaceuticals Corp., Worcester, MA

Phase Ill ongoing under FDA special protocol assessment

Tamoxifen

survival

Increased
progression-free
survival

Improved quality of
life

Histamine
dihydrochloride
(Ceplene) for
treatment of acute
myeloid leukemia

Patients with acute
myeloid leukemia
(AML) who are in
remission following
consolidation
chemotherapy

Although many patients in whom AML has been diagnosed will achieve remission
following induction and consolidation chemotherapy, the majority of these patients
will experience disease recurrence. Ceplene® is being studied as a maintenance
therapy to prevent disease recurrence in this setting; it is purported to act as an
immune stimulant, which may activate a T-cell response against leukemia cells. In
clinical trials, it is being administered as an adjunct to the cytokine interleukin-2.
Ceplene is administered as a subcutaneous injection.

EpiCept Corp., Tarrytown, NY
Phase IlI trial completed; new drug application submitted to FDA late 2010 and

rejected; EpiCept is working with FDA to generate a special protocol assessment
for a new phase Ill Ceplene trial; Ceplene is approved for use in EU

No consensus
treatment exists for
postremission patients

Decreased relapse
rate

Increased overall
survival

Improved quality of
life
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Histone deacetylase
6 inhibitor (ACY-
1215) for treatment
of multiple myeloma

Patients with
treatment-resistant
or recurrent
multiple myeloma

Although treatments for multiple myeloma have improved, the median life
expectancy is only 5-7 years. ACY-1215 is a novel histone deacetylase (HDAC)
inhibitor that is specific for HDAC6. Although multiple HDAC inhibitors have come to
market, none are approved for the treatment of multiple myeloma. Additionally,
currently available HDAC inhibitors are pan-HDAC inhibitors, which have inhibitory
activity against a wide range of HDACs. By targeting HDACS6 specifically, ACY-1215

Various
chemotherapies, singly
and/or in various
combinations at
standard or high doses:
Bendamustine

Increased overall
survival

Increased
progression-free
survival

Improved quality of

might avoid some of the toxicity associated with pan-HDAC inhibition. HDACS6 is Bortezomib life
purported to be an appropriate anticancer target because of its function in a protein | Cisplatin
degradation pathway known as the aggresome. Due to their high rate of protein Cyclophosphamide
production, cancer cells produce a large number of aggresome substrates (e.g., Dexamethasone
misfolded proteins) and HDAC6 may lead to the preferential accumulation of toxic Doxorubicin
levels of waste proteins in cancer cells. Etoposide
Lenalidomide
Acetylon Pharmaceuticals, Inc., Boston, MA Thalidomide
Phase I/ll trial ongoing
Histone deacetylase | Patients with Although treatments for multiple myeloma have improved, the median life Various Increased overall

inhibitor
(panobinostat) for
treatment of
relapsed multiple
myeloma

multiple myeloma
whose disease
requires
retreatment
following at least 1
round of
chemotherapy
treatment

expectancy for patients in whom multiple myeloma is diagnosed is only 57 years.
Additionally, as several newer treatments for multiple myeloma have been moved
into the frontline setting as combination therapies, additional salvage treatments are
needed. Histone deacetylase (HDAC) inhibitors are a class of anticancer drugs
whose exact mechanism of action is unclear but might be related to DNA damage
repair inhibition or modification of cell cycle proteins. Although 2 HDAC inhibitors
(vorinostat and romidepsin) have been approved for treatment of cutaneous T-cell
lymphoma, no HDAC inhibitor is currently approved for treatment of multiple
myeloma. In an ongoing registration-phase clinical trial, panobinostat is being tested
in combination with the proteasome inhibitor bortezomib and the glucocorticosteroid
dexamethasone.

Novartis International AG, Basel, Switzerland

Phase Il trial ongoing

chemotherapies, singly
and/or in various
combinations at
standard or high doses:
Bendamustine
Bortezomib

Cisplatin
Cyclophosphamide
Dexamethasone
Doxorubicin

Etoposide
Lenalidomide
Thalidomide

survival

Increased
progression-free
survival

Improved quality of
life
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Histone deacetylase
inhibitor (SB939) for
treatment of
recurrent or
metastatic prostate

Patients in whom
recurrent or
metastatic prostate
cancer (hormone
refractory prostate

SB939 is a broad spectrum histone deacetylase (HDAC) inhibitor, intended to work
against class I, Il, 1ll, and IV HDACs; mechanism of tumor inhibition by HDAC
inhibitors unclear, but may be caused by DNA repair inhibition or modification of cell
cycle proteins.

Abiraterone
Cabazitaxel
Docetaxel
Enzalutamide (in
development)

Increased overall
survival
Increased
progression-free
survival

cancer cancer) has been S*BIO Pte, Ltd., Singapore Sipuleucel-T Improved quality of
diagnosed life
Phase Il trial ongoing
Histone deacetylase | Patients with Although treatments for multiple myeloma have improved, the median life Various Increased overall

inhibitor (vorinostat)
for treatment of
multiple myeloma

multiple myeloma
who have
undergone at least
1 prior round of
chemotherapy

expectancy for patients in whom multiple myeloma is diagnosed is only 5—7 years.
Additionally, as several newer treatments for multiple myeloma have been moved
into the frontline setting as combination therapies, additional salvage treatments are
needed. Histone deacetylase (HDAC) inhibitors are a class of anticancer drugs
whose exact mechanism of action is unclear, but might be related to DNA damage
repair inhibition or modification of cell cycle proteins. Although 2 HDAC inhibitors
(vorinostat and romidepsin) have been approved for treatment of cutaneous T-cell
lymphoma, no HDAC inhibitor is currently approved for treatment of multiple
myeloma. In an ongoing pivotal clinical trial, vorinostat (oral tablets at 400 mg/day)
is being tested in combination with the proteasome inhibitor bortezomib.

Merck & Co. Inc., Whitehouse Station, NJ
Phase IlI trial ongoing; preliminary results released in Dec 2011 indicated that

vorinostat met its primary endpoint of extending progression-free survival, which
was extended by 25 days

chemotherapies, singly
and/or in various
combinations at
standard or high doses:
Bendamustine
Bortezomib

Cisplatin
Cyclophosphamide
Dexamethasone
Doxorubicin

Etoposide
Lenalidomide
Thalidomide

survival

Increased
progression-free
survival

Improved quality of
life
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Hsp90 inhibitor
(ganetespib) for
treatment of
advanced nonsmall
cell lung cancer

Patients with
treatment-resistant,
advanced or
metastatic
nonsmall cell lung
cancer (NSCLC)

Patients with advanced NSCLC that has progressed after prior chemotherapy have
a poor prognosis and few treatment options. Ganetespib is a novel anticancer agent
that acts as an inhibitor of hsp90 activity. Hsp90 is a molecular chaperone that is
responsible for the proper folding and stability of a wide range of proteins in the cell.
In particular, hsp90 has been implicated in maintaining the stability of multiple
mutated proteins with proneoplastic properties including mutated p53, BCR-ABL,
Raf-1, Akt, ErbB2, and hypoxia-inducible factor 1 alpha. In addition, hsp90 has
been shown to increase the activity of proteins known to have a cytoprotective
effect in cells exposed to cytotoxic chemotherapy; therefore, hsp90 inhibition might
act synergistically with cytotoxic agents. In treating NSCLC, ganetespib is being
tested as an adjunct to the cytotoxic agent docetaxel.

Synta Pharmaceuticals Corp., Lexington, MA

Phase II/11l trial ongoing

Docetaxel monotherapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Huachansu for
treatment of
pancreatic cancer

Patients in whom
pancreatic cancer
has been
diagnosed

Patients in whom pancreatic cancer has been diagnosed have few treatment
options and a poor prognosis. Huachansu is a traditional Chinese medicine derived
from Bufo toad venom. The agent is delivered intravenously. It has been approved
in China for use against lung cancer, liver cancer, and pancreatic cancer. In current
clinical trials for pancreatic cancer, huachansu is administered by intravenous
infusion in combination with the standard chemotherapy drug gemcitabine and is
intended for use as part of 1st-line treatment.

University of Texas MD Anderson Cancer Center, Houston

Phase Il trial completed

5-Fluorouracil/
leucovorin
Gemcitabine alone

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Human
papillomavirus
vaccination
(Gardasil) for
prevention of anal
cancer

Males and females
9-26 years of age

The incidence of anal cancer in the U.S. is rising and human papillomavirus (HPV)
infection is associated with 90% of cases. Gardasil® is a quadrivalent HPV vaccine
against HPV types 6, 11, 16, and 18 that has been approved for prevention of
cervical, vulvar, and vaginal cancer.

Merck & Co., Inc., Whitehouse Station, NJ

FDA granted supplemental approval Dec 2010 for preventing anal cancer

Abstinence from anal
intercourse

Abstinence from sexual
activity

Safer sex practices

Decreased rate of
anal intraepithelial
neoplasia
Decreased rate of
anal cancer
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Hypoxia-activated
DNA alkylating
agent (TH-302) for
treatment of
advanced and
metastatic soft
tissue sarcoma

Patients in whom
locally advanced
unresectable or
metastatic soft
tissue sarcoma has
been diagnosed

The disordered growth of tumors often leads to areas of tissues with inadequate
blood supply, leading to hypoxic conditions. These hypoxic areas of tumors are
often refractory to conventional chemotherapy because of the tissues’
inaccessibility to standard drugs and/or slow rate of cell division. TH-302 is a novel
cytotoxic agent that is purported to be preferentially activated in hypoxic conditions.
In its activated form, TH-302 is a potent DNA alkylating agent (dibromo
isophoramide mustard). Selective activation of TH-302 in hypoxic conditions might
target alkylating activity to tumors. In clinical trials for soft tissue sarcoma, TH-302 is
being used as 1st-line therapy in combination with doxorubicin to try to target both
the hypoxic and normoxic regions of the tumor.

Threshold Pharmaceuticals, South San Francisco, CA
Merck & Co., Inc. Whitehouse Station, NJ

Phase Il trial ongoing in soft tissue sarcoma; also under study in other cancer types
including pancreatic cancer; companies signed agreement in Feb 2012 to co-
develop and commercialize TH-302

Doxorubicin
monotherapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

ICE COLD-PCR
amplification for
detection of small
quantities of
mutated DNA

Populations
undergoing
screening for
cancer

Co-amplification at lower denaturing temperature polymerase chain reaction (ICE
COLD-PCR) is an amplification step that can be used before traditional laboratory
screening methods (e.g., Sanger sequencing, TagMan polymerase chain reaction
[PCR], high-performance liquid chromatography [HPLC]). Small amounts of mutant
DNA can be amplified selectively from a background of high concentration wild-type
DNA, such as exists in cancer-derived DNA from patient plasma samples.

Dana-Farber Cancer Institute, Boston, MA
Transgenomic, Omaha, NE

Development studies completed; collaboration with University of Texas MD
Anderson Cancer Center, Houston, initiated’ in Jun 2012, Transgenomic announced
the commercial launch of the ICE COLD-PCR technology

Various methods
including:

Antiprimer quenching
real-time PCR
Denaturing
HPLC/Surveyor™
Ligation-mediated PCR
Matrix assisted laser
desorption/ionization
time-of-flight analysis
Peptide nucleic acid-3-
locked nucleic acids
Sequencing
Restriction fragment
length polymorphism
analysis

Earlier detection of
cancer presence
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Immunomodulator
(Imprime PGG) for
treatment of
advanced colorectal
cancer

Patients in whom
advanced
colorectal cancer
(CRC) has been
diagnosed

Many patients with late-stage CRC are unable to tolerate or do not benefit from
current chemotherapeutic regimens; new therapies to treat advanced CRC are
needed. Imprime PGG® is a novel beta glucan immunomodulator purported to
induce an antitumor response through binding and stimulating neutrophils, which
typically play a major role in innate immune responses, but not antitumor
responses; Imprime PGG is purported to work synergistically with monoclonal
antibody therapy such as cetuximab. Administered 4 mg/kg of body weight injection,
weekly, in each treatment cycle.

Biothera, Eagan, MN

Phase Ill trial ongoing

Cetuximab
monotherapy
Regorafenib (in
development)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Immunotherapy
(Arcelis) for
treatment of renal
cell carcinoma

Patients in whom
renal cell
carcinoma has
been diagnosed

Arcelis™ (formerly AGS-003) is a personalized RNA-loaded dendritic cell
immunotherapy in which dendritic cells from the patient are removed and loaded
with messenger RNA isolated from the patient's tumor, then readministered to the
patient. AGS-003 given in combination with sunitinib.

Argos Therapeutics, Inc., Durham, NC

Phase Ill trial planned

Everolimus
Interferon alpha
Interleukin-2
Sorafenib
Sunitinib
Temsirolimus

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Injected hydrogel
(SpaceOAR) to
protect healthy
tissue during
radiation therapy

Patients
undergoing
radiation therapy
treatment for
cancers that are
adjacent to delicate
healthy structures
(e.g., prostate
cancer)

SpaceOAR™ system (spacing organs at risk) is a hydrogel injected as a liquid that
forms a solid in the body and is intended for use during radiation therapy to distance
organs at risk of collateral radiation damage from the targeted tumor (e.g., displace
the rectum from the prostate).

Augmenix, Inc., Waltham, MA

Phase Il trial ongoing; approved for marketing in EU; May 2011, Varian Medical
Systems, Inc., Palo Alto, CA, invested in Augmenix with option to buy company

Radiation therapy
without normal-tissue
spacer

Reduced radiation-
associated side
effects to healthy
tissue

Integrated positron
emission
tomography and
magnetic resonance
imaging system
(Biograph mMR) for
diagnosis and
monitoring of cancer

Patients in whom
cancer has been
diagnosed

Imaging exams that combine positron emission tomography (PET) with MRI
(Biograph™ mMR) to provide simultaneous acquisition of morphologic, functional,
and metabolic imaging data; intended to take 30 minutes to perform the exam,
compared with 60 minutes or more for sequential PET with MRI exams.

Siemens Healthcare, Malvern, PA

Received FDA 510(k) clearance Jun 2011

Stand-alone MRI and
PET exams

Improved imaging
Improved patient
throughput
Increased patient
satisfaction
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Potential Health
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Integrin antagonist
(cilengitide) for
treatment of

Patients in whom
glioblastoma has
been diagnosed

Median survival of patients with glioblastoma is only about 14 months with current
therapies. Integrins are transmembrane proteins that are widely expressed in both
glioblastomas and tumor vasculature and mediate processes such as cell survival,

Temozolomide plus
radiation therapy

Increased overall
survival
Increased

glioblastoma cell migration, and tumor angiogenesis. Cilengitide is a 1st-in-class, small-molecule progression-free
antagonist of integrins (specifically alpha-v-beta3 and alpha-v-beta5), which may survival
have antiglioblastoma activity. In clinical trials, cilengitide is administered in a twice- Improved quality of
weekly, intravenous dose of 2,000 mg in combination with standard therapy using life
temozolomide and radiation therapy. Treatment is intended for use against newly
diagnosed glioblastoma that exhibits methylation of the methylguanine-DNA
methyltransferase gene (a marker of temozolomide sensitivity).
EMD Serono, Inc., Rockland, MA
Phase Il trial ongoing; also in trials for nonsmall cell lung cancer
Interleukin-3 Patients with Patients with treatment-refractory AML have few treatment options and typically Cladribine/cytarabine/gr | Increased overall

receptor-targeting
biologic conjugate
(SL-401) for
treatment-refractory
acute myeloid
leukemia

treatment-
refractory acute
myeloid leukemia
(AML)

survive for less than a year when disease recurs. SL-401 is a novel biologic
conjugate between interleukin-3 (IL-3) and diphtheria toxin that targets cells
expressing the IL-3 receptor (CD123). The IL-3 receptor has been shown to be
expressed by leukemic cells known as cancer stem cells, which may be highly
resistant to conventional chemotherapy and have high potential to cause
recurrence. SL-401 is intended to target the cancer stem cell component of AML.

Stemline Therapeutics, Inc., New York, NY

Phase I/ll trial complete; FDA granted orphan drug status

anulocyte macrophage
colony-stimulating factor
(GM-CSF) plus or
minus mitoxantrone or
idarubicin

High dose cytarabine/
anthracycline
Fludarabine/
cytarabine/

GM-CSF plus or minus
idarubicin
Mitoxantrone/
etoposide/

cytarabine

survival

Increased
progression-free
survival

Improved quality of
life
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Interleukin-12 gene
therapy (TheraPlas,
EGEN-001) for
recurrent or
persistent ovarian
cancer

Patients in whom
recurrent or
persistent ovarian
or fallopian tube
cancer has been
diagnosed; must
have received at
least 1 round of
treatment with a
platinum-based
cytotoxic
chemotherapy
regimen

Patients in whom advanced ovarian cancer has been diagnosed often have
recurrent disease and a poor prognosis. EGEN-001 (TheraPlas™) is a novel gene
therapy intended to induce the expression of interleukin-12 (IL-12) in tumor cells; IL-
12 expression is purported to lead to 3 antitumor activities: (1)
activation/proliferation of natural killer (NK) cells, leading to an innate immune
response against the tumor; (2) maturation/proliferation of T lymphocytes, leading to
an adaptive immune response against the tumor; and (3) activation of NK cells and
T lymphocytes leading to upregulation of interferon gamma, which has
antiangiogenic properties. EGEN-001 is administered by intraperitoneal catheter to
the local tumor microenvironment.

EGEN, Inc., Huntsville, AL

Phase Il trial ongoing; FDA granted orphan drug status

Carboplatin
Carboplatin/
docetaxel
Carboplatin/
gemcitabine
Carboplatin/
liposomal doxorubicin
Carboplatin/
paclitaxel

Cisplatin

Cisplatin/
gemcitabine
Docetaxel

Etoposide
Gemcitabine
Liposomal doxorubicin
Paclitaxel

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

(NanoKnife) for
treatment of
hepatocellular
carcinoma

hepatocellular
carcinoma (HCC)
that is not
surgically
resectable has
been diagnosed

diagnosed. However, many patients are not eligible for surgical resection because
the location of their tumors is in close proximity to essential structures (e.g., major
blood vessels). The NanoKnife® system uses a novel treatment modality known as
irreversible electroporation in which pulses of high-voltage direct current are applied
to the target tissue using needle-like electrodes, a process that induces the
irreversible formation of nanopores in cellular membranes. The formation of these
nanopores is highly toxic to cells, leading to cell death via an apoptosis-like
process. Unlike other local ablation technologies (e.g., radiofrequency [RF] ablation,
cryotherapy), irreversible electroporation does not suffer “heat sink” effects and can
leave the extracellular structure of large blood vessels intact, potentially allowing
local ablation of tumors in close proximity to vessels while retaining vessel patency.
In treatment of HCC, irreversible electroporation is performed in a minimally
invasive laparoscopic procedure.

AngioDynamics, Latham, NY
Phase Il trial ongoing; cleared by FDA through the 510(k) process for the surgical

ablation of soft tissue; under investigational device exemption status for a
premarket approval application for this indication

Topotecan
Irreversible Patients in whom Surgical resection and/or ablation of locally advanced tumors is the only potentially Cryotherapy Increased overall
electroporation early-stage curative treatment option for patients in whom hepatocellular cancer has been RF ablation survival

Increased clinical
downstaging to
surgically
resectable tumor
Improved adverse
event profile
Improved quality of
life
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(ruxolitinib, Jakafi)
for treatment of
myelofibrosis

myelofibrosis
(primary
myelofibrosis, post-
polycythemia vera
myelofibrosis, or
post essential
thrombocythemia
myelofibrosis) has
been diagnosed

activity of both JAK 2 and JAK 1. Half of myelofibrosis cases bear an activating
mutation in JAK 2; therefore, its inhibition is a key target.

Incyte Corp., Wilmington, DE, in collaboration with Novartis International AG, Basel,
Switzerland

FDA approved Nov 2011; 1% quarter 2012 sales from product launch suggest rapid
acceptance by physicians and patients

Off-label treatments are
only palliative

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Irreversible Patients in whom Surgical resection and/or ablation of locally advanced tumors is the only potentially Cryotherapy Increased overall
electroporation locally advanced curative treatment option for patients in whom pancreatic cancer has been RF ablation survival
(NanoKnife) for pancreatic cancer diagnosed. However, many patients are not eligible for surgical resection because Increased rate of
treatment of that is not the location of their tumors is in close proximity to essential structures (e.g., major clinical downstaging
pancreatic cancer resectable by blood vessels). The NanoKnife® system uses a novel treatment modality known as to surgically tumor
surgery has been irreversible electroporation in which pulses of high voltage direct current are applied Improved adverse
diagnosed to the target tissue using needle-like electrodes, a process that induces the event profile
irreversible formation of nanopores in cellular membranes. The formation of these Improved quality of
nanopores is highly toxic to cells, leading to cell death via an apoptosis-like life
process. Unlike other local ablation technologies (e.g., radiofrequency [RF] ablation,
cryotherapy), irreversible electroporation does not suffer “heat sink” effects and can
leave the extracellular structure of large blood vessels intact, potentially allowing
local ablation of tumors in close proximity to vessels while retaining vessel patency.
In treatment of pancreatic cancer, irreversible electroporation is performed in a
minimally invasive laparoscopic procedure.
AngioDynamics, Latham, NY
Phase Il trial ongoing; cleared by FDA through the 510(k) process for the surgical
ablation of soft tissue; in trials for various cancer applications under premarket
approval process
JAK 1/2 inhibitor Patients in whom Janus kinase (JAK) inhibitor (INCB018424, ruxolitinib, Jakafi™) that inhibits kinase None Increased overall

survival

Increased
progression-free
survival

Improved quality of
life
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JAK 2 inhibitor Patients in whom Few treatment options are available for myelofibrosis. Janus kinase 2 (JAK 2) Ruxolitinib Increased overall
(pacritinib) for myelofibrosis has appears to play a central role in the majority of myelofibrosis pathophysiology; survival
treatment of been diagnosed therefore, inhibition of JAK 2 is seen as a promising intervention for myelofibrosis, Increased
myelofibrosis as demonstrated by the recent marketing approval of a dual Janus kinase 1 (JAK progression-free
1)/JAK 2 inhibitor (ruxolitinib, Jakafi™) for this indication. Pacritinib is a novel JAK survival
kinase inhibitor that is selective for JAK 2, potentially altering the drug’s efficacy Reduced spleen
and/or side effect profile. Pacritinib is administered orally, once daily. size
Improved quality of
S*BIO Pte, Ltd., Singapore life
Phase Il trial complete
Kinase inhibitor Patients in whom ENMD-2076 is a kinase inhibitor that targets aurora A (cell cycle progression) and Carboplatin Increased overall
(ENMD-2076) for ovarian cancer has | angiogenic kinases vascular endothelial growth factor receptor 2, Flt-3, and Carboplatin/ survival
platinum-based been diagnosed fibroblast growth factor receptor 3 (tumor vascularization). docetaxel Increased
treatment-resistant Carboplatin/ progression-free
ovarian cancer EntreMed, Inc., Rockville, MD gemcitabine survival
Carboplatin/ Improved quality of
Phase Il trial ongoing; FDA granted orphan drug status liposomal doxorubicin life
Carboplatin/
paclitaxel
Cisplatin
Cisplatin/
gemcitabine
Docetaxel
Etoposide
Gemcitabine

Liposomal doxorubicin
Paclitaxel
Topotecan
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KRN5500 for Patients with Current pain management medications are not always effective in controlling NSAIDs Reduced pain
treatment of chronic | chronic cancer chronic cancer pain, and their long-term use carries significant side effects (e.g., Opioid analgesics Improved quality of
cancer pain pain, especially constipation, nausea, possible opioid addiction, kidney damage, gastrointestinal life

chemotherapy-
induced
neuropathic pain

bleeding associated with nonsteroidal anti-inflammatory drugs [NSAIDs]). KRN5500
is a novel spicamycin derivative that was originally identified as a potential cancer
treatment, a compound that could induce differentiation of myeloid leukemia cells.
Although KRN5500 did not exhibit efficacy against leukemia, 1 patient with chronic
neuropathic pain from previous cancer treatments experienced significant relief
from that pain. Additional studies of KRN500 for pain have been undertaken.

DARA BioSciences, Inc., Raleigh, NC

Phase Il trial completed; FDA granted fast-track status

Lansoprazole
(PrevOnco) for
treatment of
advanced
unresectable
hepatocellular

Patients in whom
advanced
unresectable
hepatocellular
carcinoma has
been diagnosed

PrevOnco™ incorporates lansoprazole, a proton-pump inhibitor (commonly
marketed antiulcer compound); incorporates proprietary NexACT drug delivery
technology, which is designed to reduce by 7 times the dose needed. The drug has
shown strong anticancer activity in mice bearing human liver tumors; taken orally.

Apricus Biosciences, Inc., San Diego, CA

Doxorubicin
Sorafenib

Increased overall
survival

Increased
progression-free
survival

Improved quality of

carcinoma life

Phase Il trial special protocol assessment under discussion with FDA; FDA granted

orphan drug status
Levonorgestrel- Females with Intrauterine device (Mirena®) is a levonorgestrel (a progestogen)-release Radical hysterectomy Preserved fertility
release intrauterine endometrial intrauterine device, plus gonadotropin-releasing hormone. It has shown some with similar clinical
device (Mirena) for hyperplasia or efficacy against endometrial cancer and precancers in preliminary studies. outcome to surgery
uterus-sparing stage 1A
treatment of endometrial cancer | Bayer AG, Leverkusen, Germany
endometrial who wish to

hyperplasia and
early endometrial
carcinoma

preserve fertility

Multiple trials ongoing
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Liposomal small
interfering RNA
formulation targeting
protein kinase N3 for
treatment of cancer

Patients in whom
advanced solid
malignancies have
been diagnosed

The activity of the phosphoinositide 3-kinase (PI3K) pathway is known to be
upregulated in a wide range of cancer types. Preclinical studies have demonstrated
that protein kinase N3 (PKN3) functions downstream of PI3K in tumor growth and
endothelial cell migration; therefore, it might be a suitable target for an antitumor
and antiangiogenic therapy. Atu027 is a preparation of small, interfering RNAs
(siRNAs) packaged in a liposomal delivery mechanism. SiRNAs contained in
Atu027 are intended to reduce levels of PKN3 messenger RNA, potentially reducing
PKN3 activity and inhibiting tumor growth and/or angiogenesis. Atu027 is
administered by intravenous infusion.

Silence Therapeutics, plc, London, UK

Phase | trial ongoing

Various
chemotherapeutic
regimens

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Liposome
encapsulated
irinotecan (MM-398)
for treatment of
pancreatic cancer

Patients with
treatment-
refractory,
metastatic
pancreatic cancer

Only about 25% of patients with metastatic pancreatic cancer have disease that
responds to 1st-line therapy with gemcitabine; patients have a poor prognosis with
current 2nd-line treatment options. MM-398 (PEP-02) is a novel formulation of the
topoisomerase 1 inhibitor irinotecan that encapsulates the drug in liposomal
particles and is intended to be used as a 2nd-line treatment. Liposomal
encapsulation of irinotecan has 3 potential benefits: (1) liposomal particles may
preferentially accumulate in tumor tissues because of increased porosity of tumor
vasculature; (2) liposomes may provide slow release of the active drug, potentially
increasing duration of exposure to therapeutic dose; and (3) irinotecan is
hydrolyzed to a relatively inert form in aqueous solutions and liposomal
encapsulation might protect the drug from this hydrolysis. In clinical trials, MM-398
is being administered by intravenous infusion as a monotherapy.

Merrimack Pharmaceuticals, Inc., Cambridge, MA

Phase Ill trial ongoing; FDA granted orphan drug status for 2nd-line treatment of
pancreatic cancer

Capecitabine
Capecitabine/
oxaliplatin

FOLFOX (folinic acid
[leucovorin], 5-
fluorouracil, oxaliplatin)
Gemcitabine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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encapsulated
vincristine (Margibo)
for treatment of
acute lymphoblastic
leukemia

Philadelphia-
chromosome-
negative acute
lymphoblastic
leukemia (ALL)
who are
experiencing their
2nd or 3rd relapse

The microtubule-assembly inhibitor vincristine is a mainstay of ALL treatment both
in the frontline and salvage settings. However, the effectiveness of vincristine is
limited by the inability to maintain therapeutic levels of the drug for long periods of
time and the inability to further escalate the dose because of toxicity. Margibo® is a
novel liposomal formulation of vincristine that is purported to allow the slow release
of vincristine over a period of time, potentially maintaining therapeutic levels of
vincristine and improving efficacy.

Talon Therapeutics, Inc., San Mateo, CA

Phase Il trial complete in salvage setting; phase Il trial ongoing in frontline setting;
new drug application submitted to FDA; FDA’s Oncology Drugs Advisory Committee
recommended approval in Mar 2012; FDA granted Margibo orphan drug status for
treatment of ALL in the salvage setting

regimens including:
combinations of
vincristine, steroids, and
anthracyclines;
asparaginase and
methotrexate;
high-dose cytarabine

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Liposome Adult patients with Adult patients with recurrent ALL have a poor prognosis and few treatment options. | Various chemotherapy Increased overall

survival

Increased disease-
free survival
Improved quality of
life

Liver
chemosaturation
drug/device
combination
(melphalan-
Chemosat) for
treatment of
melanoma
metastases to the
liver

Patients with ocular
or cutaneous
melanoma that has
metastasized to the
liver

Liver cancer is largely refractory to standard systemic chemotherapy; although
targeted chemotherapy delivery options are available for treatment of liver cancer
(e.g., hepatic artery delivered chemotherapy, trans-arterial chemoembolization),
systemic side effects preclude the use of maximum chemotherapy doses. The
Chemosat® system is a delivery method that introduces a chemotherapy drug
(melphalan) through the hepatic artery and removes the drug by filtering blood
exiting the liver through the venous system. In this way, high doses of
chemotherapy can be delivered while sparing the patient systemic side effects.
Adjunctive therapy to treat the primary melanoma and nonhepatic metastases may
also be administered.

Delcath Systems, New York, NY

Phase IlI trial completed; FDA returned new drug application (NDA) in Feb 2011
asking for further safety data; pre-NDA held with FDA in Jan 2012 and company
intended to refile NDA in 2nd quarter 2012; Conformité Européene (CE) marked for
liver cancer

Hepatic artery-delivered
chemotherapy
Trans-arterial
chemoembolization

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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identification of
positive margins
during breast cancer
lumpectomy

by pathology results several days after the initial operation. The MarginProbe®
System enables intraoperative identification of cancer-positive margins in excised
tissues thereby allowing the surgeon to resect additional tissue during the same
surgical procedure; the system uses radiofrequency spectroscopy to discern
differences in the electromagnetic signature of cancerous cells relative to normal
tissue.

Dune Medical Devices, Inc., Framingham, MA
Pivotal trial completed; premarket approval application submitted May 2011; FDA

granted expedited review; FDA’s General & Plastic Surgery Devices advisory panel
voted 10-1 to approve the MarginProbe System; system is available in Europe

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
MarginProbe Patients Successful breast lumpectomy requires that the margins of a resected tumor be No currently marketed Reduced number of
System for undergoing breast free of cancerous tissue; however, with current standard of care, up to 30% of comparator in the U.S. re-excision
intraoperative lumpectomy patients undergo a 2nd lumpectomy because cancer-positive margins are identified surgeries performed

Improved rate of
complete surgical
resection (e.g., no
positive margin)

Marine depsipeptide
(plitidepsin) for
treatment of
relapsed/refractory
multiple myeloma

Patients with
multiple myeloma
who have
undergone at least
3 treatments,
including
bortezomib- and
lenalidomide-based
regimens

Although treatments for multiple myeloma have improved, the median life
expectancy for patients in whom multiple myeloma is diagnosed is only 5—7 years.
Additionally, as several newer treatments for multiple myeloma have been moved
into the frontline setting as combination therapies, additional salvage treatments are
needed. Plitidepsin is a cyclodepsipeptide that demonstrated anticancer activity in
preclinical studies and was isolated from the tunicate Aplidium albicans. The
purported mechanism of action of plitidepsin is the induction of cell cycle arrest and
apoptosis through the induction of oxidative stress, activation of Racl, and the
sustained activation of Jun-N terminal kinase and p38 mitogen-activated protein
kinase. In a late-stage clinical trial for treatment of multiple myeloma, plitidepsin is
being administered by infusion at a dose of 5 mg/m? in combination with orally
administered dexamethasone.

PharmaMar subsidiary of Grupo Zeltia, Madrid, Spain

Phase Il trial ongoing

Various chemotherapy
regimens such as:
Bendamustine/
bortezomib
Bortezomib/
dexamethasone
Cyclophosphamide/
lenalidomide/
dexamethasone
Dexamethasone/
cyclophosphamide/
etoposide/cisplatin
High-dose
cyclophosphamide
Lenalidomide/
dexamethasone
Thalidomide/
dexamethasone

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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MEK inhibitor Patients in whom The mitogen-activated protein kinase (MAPK)/extracellular signal-regulated kinase Standard Increased overall
(selumetinib) for advanced solid (ERK) pathway is a central regulator of cellular responses to growth signals. chemotherapeutic survival
treatment of cancers have been | Aberrant activity of this pathway has been implicated in the development of many regimens Increased

advanced solid
tumors

diagnosed

cancer types. The MAPK kinase (MEK) is a protein kinase that plays a role in this
pathway by controlling activation of ERK; therefore, inhibition of MEK activity could
inhibit cancer cell growth and/or survival. However, no MEK inhibitor is currently
available. Selumetinib (AZD6244, ARRY-886) is an orally administered, MEK
inhibitor under study for the treatment of various cancers, including ovarian cancer,
colorectal cancer, melanoma, nonsmall cell lung cancer, and hepatocellular
carcinoma.

AstraZeneca, London, UK

Phase Il trials ongoing

progression-free
survival

Improved quality of
life

MEK inhibitor
(trametinib) for
treatment of
advanced
melanoma with
activating BRAF
mutation

Patients with stage
lllc or IV malignant
cutaneous
melanoma that
harbors an
activating BRAF
mutation

Patients with metastatic melanoma have a poor prognosis with current treatments
yielding a 5-year survival rate of less than 10%. Melanomas harboring activating
BRAF mutations are driven in part by activation of the mitogen-activated protein
kinase (MAPK)/extracellular signal-regulated kinase (ERK) pathway of which MEK
is a member; trametinib (GSK1120212) is an inhibitor of MEK 1 and MEK 2, which
may have antineoplastic activity in tumors dependent on MAPK/ERK pathway
activation.

GlaxoSmithKline, Middlesex, UK

Phase lll trial as a monotherapy versus standard chemotherapy was reported to
have met its primary endpoint in early 2012; phase |l trial ongoing in patients
previously treated with a BRAF inhibitor; phase Il trial ongoing in combination with
the BRAF inhibitor dabrafenib

High dose interleukin-2
Dacarbazine
Ipilimumab
Temozolomide
Vemurafenib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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(trametinib) for
treatment of
pancreatic cancer

metastatic
pancreatic cancer
has been
diagnosed

of care (gemcitabine chemotherapy), and the prognosis for these patients is very
poor. The survival and proliferation of many cancers is maintained in part by
activation of the mitogen-activated protein kinase (MAPK)/extracellular signal-
regulated kinase (ERK) pathway of which MEK is a member; trametinib
(GSK1120212) is an inhibitor of MEK 1 and MEK 2, which may have antineoplastic
activity in tumors dependent on MAPK/ERK pathway activation. In a current clinical
trial, trametinib is administered in combination with gemcitabine.

GlaxoSmithKline, Middlesex, UK

Phase Il trial ongoing

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
MEK inhibitor Patients in whom Only about 5% of patients with pancreatic cancers respond to the current standard Gemcitabine alone Increased overall

survival

Increased
progression-free
survival

Improved quality of
life

Microtubule
destabilizing agent
(ombrabulin) for
treatment of soft
tissue sarcoma

Patients with
advanced soft
tissue sarcoma
who have
undergone prior
systemic
chemotherapy with
anthracycline (e.g.,
doxorubicin) and
ifosfamide

Doxorubicin is the only FDA-approved treatment for soft tissue sarcomas (excluding
gastrointestinal stromal tumors and liposarcomas), and no consensus on treatment
exists for patients whose disease has progressed during doxorubicin-based
chemotherapy. Ombrabulin (AVE8062) is a novel, small-molecule agent that is
purported to function through the depolymerization of microtubules. Although the
exact antitumor mechanism of ombrabulin is unclear, it is thought to act as a
vascular targeting agent that preferentially disrupts existing tumor vasculature,
leading to ischemia and subsequent tumor necrosis. In a late-phase trial,
ombrabulin is being administered by intravenous infusion in combination with
cisplatin.

Sanofi, Paris, France

Phase Ill trial ongoing

Pazopanib
Sorafenib (off label)
Sunitinib (off label)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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or Other Impacts

Mitochondrial
metabolism
disruptor (CPI-613)
for treatment of
various cancers

Patients in whom
an advanced
malignancy, in
particular
pancreatic cancer
or acute myeloid
leukemia (AML),
has been
diagnosed

The metabolic activity of cancer cells is altered significantly compared with
noncancerous cells; therefore, therapies targeting aspects of cellular metabolism
specific to cancer cells may be effective against a wide range of cancer types. CPI-
613 is a novel, lipoic acid derivative that is purported to function by leading to the
inhibition of a mitochondrial enzyme (pyruvate dehydrogenase) that is essential for
conversion of pyruvate to acetyl coenzyme A (acetyl-CoA). Cancer cells may be
particularly sensitive to this disruption because the metabolic state of cancer cells
downregulates both pyruvate dehydrogenase activity and other metabolic pathways
that could provide a source of acetyl-CoA (e.qg., fatty acid metabolism).

Cornerstone Pharmaceuticals, Inc., Cranbury, NJ

Phase | trial ongoing in hematologic malignancies; phase I/ll trial ongoing in
pancreatic cancer; FDA granted orphan drug status for AML and pancreatic cancer

Various chemotherapy
regimens

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Mobile telemedicine
for cervical
screening

Patients in rural
areas in need of
routine cervical

screening

Females living in rural areas face barriers to access to cervical screening; options to
improve rates of routine screening are needed. Visual inspection of the cervix with
application of 4% acetic acid (VIA) is an inexpensive alternative to cytology-based
screening; in remote, resource-limited areas, photographic inspection with acetic
acid can be performed by a clinician, who sends photographic images of a patient’s
cervix treated with 4% acetic acid and taken using a mobile phone; images are
transmitted by MMS to a regional medical center for evaluation by a trained health
care practitioner for signs of disease.

Department of Dermatology, University of Pennsylvania, Philadelphia

Pilot study conducted in Gaborone, Botswana

Pap (Papanicolaou)
screening
VIA

Reduced cost of
care

Increased rate of
cervical cancer
screening
Reduced rates of
cervical disease
Increased
screening
adherence
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estrogen-receptor-
positive breast
cancer

positive breast
cancer that has
progressed after
1st-line hormone
therapy

inhibitor of the protein mammalian target of rapamycin (mTOR), which is a central
regulator of cell growth. Inhibition of mMTOR by everolimus has been demonstrated
to be effective in the treatment of multiple cancer types (e.g., renal cell carcinoma,
astrocytoma); however, its use in breast cancer treatment has not yet been
approved. In the current clinical trial, everolimus is being administered in
combination with the 2nd-line hormone therapy exemestane.

Novartis International AG, Basel, Switzerland

FDA approved Jul 2012 for treatment of postmenopausal women with advanced
hormone receptor-positive, HER2-negative breast cancer (advanced HR+ breast
cancer) in combination with exemestane after failure of treatment with letrozole or
anastrozole

Modified HER2/neu Patients with Despite numerous 1st-line treatment options for breast cancer, many women Trastuzumab Increased overall
peptide (AE37) HER2/neu experience disease recurrence; therefore, there is a need for a treatment that could survival
therapeutic vaccine expression who kill residual tumor cells missed by 1st-line treatments or destroy recurrent disease. Increased
to prevent recurrent | have completed AE37 is a modified peptide vaccine directed against the HER2/neu receptor, which progression-free
breast cancer treatment of lymph- | is overexpressed in about 30% of breast cancers; the peptide can be displayed by survival
node-positive major histocompatibility complex (MHC) class Il and, therefore, could activate Reduced breast
breast cancer or helper T cells, which could improve establishment of long-term immunity; the cancer recurrence
high-risk lymph- peptide has been madified with a 4-amino acid sequence called the li-Key, which Improved quality of
node-negative may improve class || MHC presentation by enabling the AE37 peptide to displace life
breast cancer with antigens from class Il MHC and present the HER2/neu derived peptide.
no evidence of
remaining disease Antigen Express, Inc., Worchester, MA
Phase lIb trial ongoing
mTOR inhibitor Patients with For patients whose breast cancer progresses following treatment with 1st-line Exemestane Increased overall
(everolimus, Afinitor) | metastatic antiestrogen therapy, followup antiaromatase therapy may delay progression; monotherapy survival
for treatment of estrogen-receptor- | however, not all patients respond. Everolimus (Afinitor®) is a small-molecule Increased

progression-free
survival

Improved quality of
life
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mTOR inhibitor
(everolimus, Afinitor)
for treatment of
pancreatic
neuroendocrine
tumors

Patients with
surgically
unresectable
pancreatic
neuroendocrine
tumors (PNETS)
that have
progressed within
the past year

Patients with PNETs have few treatment options, and existing treatments are of
limited efficacy. The mammalian target of rapamycin (mTOR)/phosphoinositide 3-
kinase pathway is a central regulator of cell growth, cell proliferation, cell death, and
cell migration. Inhibition of mMTOR has exhibited anticancer activity in a number of
disease settings. Everolimus (Afinitor) is an mTOR inhibitor FDA approved for
treatment of renal cell carcinoma and subependymal giant cell astrocytomas. It is
proposed for treatment of PNETS. In clinical trials of patients with PNETSs,
everolimus was administered in a daily, oral dose of 10 mg.

Novartis International AG, Basel, Switzerland

FDA approved May 2011 for treatment of PNETs

5-Fluorouracil
Capecitabine
Dacarbazine
Doxorubicin
Streptozocin
Sunitinib
Temozolomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

MUCL1 therapeutic
vaccine (CVac) for
ovarian cancer

Patients with
ovarian cancer who
are in 1st or 2nd
remission after
cytoreduction and
chemotherapy

No maintenance therapies are currently approved to preserve remission in ovarian
cancer treatment. CVac™ is an autologous dendritic cell-based vaccine that is
primed with mucin-1 (a tumor antigen) coupled to mannan (a sugar derivative that
acts as an immune stimulant). The vaccine is intended to induce an immune
response to ovarian cancer cells, preventing or slowing recurrence.

Prima BioMed, Ltd., Melbourne, Australia

Phase II/11l trial ongoing

Bevacizumab
Paclitaxel

Increased of overall
survival

Increased
progression-free
survival

Improved quality of
life

MUC1 therapeutic
vaccine (TG4010)
for nonsmall cell
lung cancer

Patients with
chemotherapy-
naive nonsmall cell
lung cancer
(NSCLC) who are
mucin-1 (MUC-1)-
positive

Only about 25% of patients with NSCLC respond to standard 1st-line therapies
such as carboplatin/paclitaxel. TG4010 is a therapeutic cancer vaccine
administered by subcutaneous injection; it comprises a viral vector encoding both a
tumor antigen (MUC-1) and an immune stimulant (interleukin-2); about 60% of
NSCLC tumors express MUC-1. Patients’ tumors must be MUC-1-positive, and
patients must have normal levels of natural killer cells at the time of treatment
initiation. In current clinical trials, TG4010 is being administered in combination with
standard of care cytotoxic chemotherapy.

Transgene SA, Cedex, France

Phase IIb/lll trial ongoing; FDA granted fast track status

Melanoma antigenic
epitope-A3 therapeutic
vaccine in development
Paclitaxel/carboplatin

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Multikinase inhibitor

Patients in whom

Patients with HCC that cannot be surgically resected have few treatment options

Sorafenib alone

Increased overall

(dovitinib) for
treatment of
metastatic renal cell
carcinoma

metastatic renal
cell carcinoma
(RCC) previously
treated with both
vascular
endothelial growth
factor (VEGF)
targeted therapy
(e.g., axitinib,
bevacizumab,
pazopanib,
sunitinib, tivozanib)
and mTOR inhibitor
therapy (e.g.,
everolimus,
ridaforolimus,
temsirolimus)

rapamycin (mTOR) inhibitor therapies has not been treatable, and patients have a
poor prognosis. Dovitinib is a novel multikinase inhibitor that inhibits the activity of
multiple tyrosine kinases including VEGF receptors, platelet-derived growth factor
receptors, and fibroblast growth factor receptors (FGFRs). Dovitinib’s activity
against FGFR differentiates it from multikinase inhibitors currently available for
treatment of RCC. Research has demonstrated that signaling through FGFR may
be a mechanism by which resistance to VEGF-targeted therapy occurs; therefore,
simultaneous inhibition of the VEGF and FGF pathways may generate responses in
disease that is refractory to VEGF-targeted therapy.

Novartis International AG, Basel, Switzerland

Phase Il trial ongoing

(brivanib) for hepatocellular and a poor prognosis. Brivanib is a novel multikinase inhibitor that inhibits the TACE alone survival
treatment of carcinoma (HCC) activity of multiple tyrosine kinases including vascular endothelial growth factor Increased
hepatocellular has been (VEGF) receptors and fibroblast growth factor receptors (FGFRs). Brivanib’s activity progression-free
carcinoma diagnosed against FGFRs differentiates it from multikinase inhibitors currently available for survival

treatment of HCC. Research has demonstrated that signaling through FGFR may Improved quality of

be a mechanism by which resistance to VEGF-targeted therapy occurs; therefore, life

simultaneous inhibition of the VEGF and fibroblast growth factor pathways may

have synergistic anticancer effects. In late-stage clinical trials, brivanib is

administered orally, 800 mg, daily. Brivanib is under study in 3 HCC indications: 1st-

and 2nd-line chemotherapy after treatment with sorafenib and adjunctive therapy

with transarterial chemoembolization (TACE).

Bristol-Myers Squibb, New York, NY

Phase Ill trials ongoing; phase Ill trial in the 2nd-line setting failed to meet its

primary endpoint; however, additional phase IlI trials continue
Multikinase inhibitor | Patients with Metastatic RCC that has progressed after VEGF-targeted and mammalian target of | Sorafenib Increased overall

survival

Increased
progression-free
survival

Improved quality of
life
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Multikinase inhibitor
(lenvatinib) for
treatment of
differentiated thyroid
cancer

Patients with
differentiated
thyroid cancer that
is resistant to
radioiodine therapy

Differentiated thyroid cancer (e.g., papillary, follicular) comprises the majority of
diagnosed thyroid cancers. Although many differentiated thyroid cancers are treated
successfully with radioiodine, patients with disease that is resistant to radioiodine
have few treatment options and a poor prognosis. Lenvatinib is a small-molecule
multikinase inhibitor with activity against multiple tyrosine kinases involved in
signaling pathways that regulate cell growth, cell proliferation, and angiogenesis
(e.g., vascular endothelial growth factor receptors 2 and 3). In a late-phase clinical
trial, lenvatinib is being administered as a once-daily dose of 24 mg, taken in an oral
tablet.

Eisai Co., Ltd., Tokyo, Japan

Phase Ill trial ongoing

Pazopanib (off label)
Sorafenib (off label)
Sunitinib (off label)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Multikinase inhibitor
(masitinib) for
treatment of
activating c-KIT
mutation-positive,
metastatic
melanoma

Patients with non-
resectable or
metastatic
melanoma that
harbors an
activating mutation
in the c-KIT gene

A subset of melanomas harbor an activating mutation in the c-KIT gene, which
encodes a receptor tyrosine kinase (mast/stem cell growth factor receptor, KIT,
CD117). In particular, between 10% and 20% of acral and mucosal melanomas
harbor activating c-KIT mutations. Although KIT kinase inhibitors have been
developed for other cancers dependent on KIT activity (e.g., imatinib for treating
gastrointestinal stromal tumors), currently no KIT kinase inhibitor is approved for
treatment of c-KIT mutation-positive melanoma. Masitinib is an orally administered,
kinase inhibitor with activity against KIT as well as platelet-derived growth factor
receptors, the intracellular kinase Lyn, and to a lesser extent, fibroblast growth
factor receptor 3. Masitinib is under study as a monotherapy for treating melanoma.

AB Science S.A., Paris, France

Phase Ill trial ongoing

Dacarbazine
Interleukin-2
Ipilimumab
Nilotinib (in
development)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Multikinase inhibitor
(midostaurin) for
treatment of acute
myeloid leukemia
bearing FLT3
mutations

Patients with newly
diagnosed acute
myeloid leukemia
(AML) bearing an
internal tandem
duplication in the
FLT3 gene (ITD-
FLT3)

The presence of activating FLT3 mutations in AML is associated with a poor
prognosis, and patients identified as having disease bearing such a mutation more
often experience disease recurrence after initial therapy. Midostaurin is a small-
molecule kinase inhibitor that has activity against FLT3 and additional tyrosine
kinases (e.g., c-KIT). Addition of midostaurin’s anti-FLT3 activity to conventional
1st-line therapy (cytarabine and daunorubicin) might improve response rates and
decrease recurrence. Treatment is intended for patients younger than 60 years of
age who are able to tolerate high-dose cytarabine consolidation therapy. In a late-
stage clinical trial, midostaurin is given in a twice-daily oral dose for 2 weeks.
Patients are administered midostaurin following both induction therapy with
cytarabine and daunorubicin and consolidation therapy with high-dose cytarabine.

Novartis International AG, Basel, Switzerland

Phase Il trial ongoing

Cytarabine/
daunorubicin

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Multikinase inhibitor
(nilotinib, Tasigna)
for treatment of
activating c-KIT
mutation-positive,
metastatic
melanoma

Patients with non-
resectable or
metastatic
melanoma who
harbor an
activating c-KIT
mutation

A subset of melanomas harbor an activating mutation in the c-KIT gene, which
encodes a receptor tyrosine kinase (mast/stem cell growth factor receptor, KIT,
CD117). In particular, between 10% and 20% of acral and mucosal melanomas
harbor activating c-KIT mutations. Although KIT kinase inhibitors have been
developed for other cancers dependent on KIT activity (e.g., imatinib for treatment
of gastrointestinal stromal tumor), currently no KIT kinase inhibitor is approved for
treatment of c-KIT mutation-positive melanoma. Nilotinib (Tasigna®) is an orally
administered, tyrosine kinase inhibitor approved for the treatment of Philadelphia
chromosome—positive chronic myelogenous leukemia. In addition to inhibiting the
Philadelphia chromosome—encoded BCR-ABL, nilotinib also has activity against KIT
and a number of additional kinases. Nilotinib is under study as a monotherapy for
treating melanoma.

Novartis International AG, Basel, Switzerland

Phase Il trials ongoing

Dacarbazine
Interleukin-2
Ipilimumab
Masitinib (in
development)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Multikinase inhibitor
(nintedanib,
Vargatef) for
chemotherapy-
resistant ovarian
cancer

Patients in whom
chemotherapy-
naive treatment-
resistant ovarian
cancer has been
diagnosed

A significant fraction of patients with ovarian cancer have disease that is resistant or
refractory to current 1st-line treatments. Nintedanib (Vargatef™) is a tyrosine kinase
inhibitor that has activity against vascular endothelial growth factor receptor,
platelet-derived growth factor receptor, and fibroblast growth factor receptor
tyrosine kinases, which regulate tumor growth and angiogenesis. In late-phase
clinical trials, nintedanib is being tested as an adjunct to the conventional 1st-line
therapy of intravenous carboplatin plus paclitaxel. Nintedanib is administered as an
oral tablet, twice daily.

Boehringer Ingelheim GmbH, Ingelheim, Germany

Phase Ill trial ongoing

Intraperitoneal
carboplatin/paclitaxel
Intravenous
carboplatin/paclitaxel

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Multikinase inhibitor
(nintedanib;
Vargatef) for
treatment-resistant
nonsmall cell lung
cancer

Patients with
nonsmall cell lung
cancer (NSCLC)
whose disease has
progressed during
or after 1st-line
systemic
chemotherapy

The 5-year survival rate for patients in whom NSCLC has been diagnosed is less
than 15%, and patients whose disease progresses following 1st-line chemotherapy
have few treatment options. Nintedanib is a tyrosine kinase inhibitor that has activity
against vascular endothelial growth factor receptor, platelet-derived growth factor
receptor, and fibroblast growth factor receptor tyrosine kinases, which regulate
tumor growth and angiogenesis. In late-phase clinical trials, nintedanib is being
tested as an adjunct to conventional 2nd-line therapies (pemetrexed monotherapy
or docetaxel monotherapy). Nintedanib is administered as an oral tablet, twice daily.

Boehringer Ingelheim GmbH, Ingelheim, Germany

Phase Il trials ongoing

Various combination
therapies including:
Bevacizumab
Carboplatin
Crizotinib

Docetaxel

Erlotinib
Pemetrexed

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Multikinase inhibitor
(pazopanib,
Votrient) to prevent
recurrence of
ovarian cancer after
successful 1st-line
therapy

Patients with stage
[I-1V ovarian
cancer, fallopian
tube, or primary
peritoneal
carcinoma who
have undergone
surgical debulking
and successful
treatment with
platinum
agent/taxane
combination
therapy

Patients in whom ovarian cancer is diagnosed often respond to 1st-line treatment
with cytoreduction and chemotherapy; however, a large number of these patients
will experience disease recurrence, and therapies intended to prolong remission are
needed. Pazopanib (Votrient™) is a tyrosine kinase inhibitor with activity against
multiple kinases including vascular endothelial growth factor (VEGF) receptor 1
(VEGFR1), VEGFR2, VEGFR3, platelet-derived growth factor receptor-alpha/beta,
and c-KIT. Inhibition of these kinases may limit tumor angiogenesis and/or tumor
growth. In late-phase clinical trials, pazopanib is administered as an oral tablet, at a
dose of 800 mg/day, for up to 2 years.

GlaxoSmithKline, London, UK

Phase Il trial ongoing; FDA approved for renal cell carcinoma

Bevacizumab may be
used as maintenance
therapy after
bevacizumab-containing
treatment regimens
Paclitaxel

Watchful waiting

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Multikinase inhibitor | Patients with Patients with GIST whose disease progresses after imatinib and sunitinib therapy Sorafenib Increased overall
(regorafenib) for advanced/ have few treatment options and a poor prognosis with approximate progression-free survival
treatment of metastatic survival and overall survival times of 100 and 300 days, respectively. Regorafenib is Increased
gastrointestinal gastrointestinal an inhibitor of multiple tyrosine kinases, including the pro-angiogenic kinases progression-free
stromal tumors stromal tumors vascular endothelial growth factor receptor 2 and TIE-2 (as well as RAF, RET, and survival
(GIST) that KIT); inhibition of both primary angiogenic kinase pathways is a novel combination Improved quality of
progressed in multikinase inhibitor drugs (e.g., imatinib, sunitinib). life
following treatment
with imatinib and Bayer AG, Leverkusen, Germany
sunitinib
Phase Il and phase I trials ongoing; In Feb 2011, FDA granted orphan drug status
for GIST; in Apr 2012, Bayer announced that regorafenib had improved survival in a
phase Il trial
Multikinase inhibitor | Patients with In patients who cannot be cured by surgical removal of the tumor, survival rates for Placebo Increased overall

(regorafenib) for
treatment of
hepatocellular
carcinoma

unresectable
hepatocellular
carcinoma (HCC)
that has
progressed after
treatment with the
multikinase
inhibitor sorafenib

HCC are very low (about 5%) with median survival after diagnosis of only about 6
months. No 2nd-line therapy is available after sorafenib. Regorafenib is an inhibitor
of multiple tyrosine kinases, including the pro-angiogenic kinases vascular
endothelial growth factor receptor 2 and TIE-2 (as well as RAF, RET, and KIT);
inhibition of both primary angiogenic kinase pathways is a novel combination in
multikinase inhibitor drugs (e.g., sunitinib).

Bayer AG, Leverkusen, Germany

Phase Il trial ongoing

survival

Increased
progression-free
survival

Improved quality of
life
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Multikinase inhibitor
(regorafenib) for
treatment of
metastatic colorectal
cancer

Patients with
metastatic
colorectal cancer
(CRC) as both a
1st-line treatment
in combination with
standard cytotoxic
chemotherapy
(FOLFOX) and as
a salvage
treatment after all
available
treatments have
been tried

Many treatment options are available for 1st-line treatment of metastatic CRC, but
5-year survival rates are only about 25%. No multikinase inhibitors have been
approved for use in metastatic CRC. Regorafenib is an inhibitor of multiple tyrosine
kinases, including the pro-angiogenic kinases vascular endothelial growth factor
receptor 2 and TIE-2 (as well as RAF, RET, and KIT); inhibition of both primary
angiogenic kinase pathways is a novel combination in multikinase inhibitor drugs
(e.g., sunitinib).

Bayer AG, Leverkusen, Germany
Phase Il trial for salvage therapy was reported as having met its primary endpoint

in Oct 2011; FDA granted regorafenib fast-track status for this indication; phase Il
trial for 1st-line therapy ongoing

First-line therapy
comparators include:
FOLFOX (folinic acid
[leucovorin], 5-
fluorouracil [5-FU],
oxaliplatin) alone
FOLFOX plus targeted
therapy (e.g.,
bevacizumab,
cetuximab,
panitumumab)

Other cytotoxic
chemotherapy regimens
plus or minus targeted
therapy (e.g., CapeOX,
FOLFIRI, [leucovorin, 5-
FU, and irinotecan],
5-FU/leucovorin,
capecitabine,
FOLFOXIRI [FOLFIRI
plus oxaliplatin])

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Multikinase inhibitor
(regorafenib) for
treatment of renal
cell carcinoma

Patients in whom
metastatic or
unresectable renal
cell carcinoma
(RCC) has been
diagnosed

No curative treatments are currently available for unresectable/metastatic RCC, and
this drug represents a new treatment option with a novel multikinase inhibitory
profile. Regorafenib inhibits multiple tyrosine kinases, including the pro-angiogenic
kinases vascular endothelial growth factor receptor and TIE-2 (as well as RAF,
RET, and KIT); inhibition of both primary angiogenic kinase pathways is a novel
combination in multikinase inhibitor drugs (e.g., sunitinib).

Bayer AG, Leverkusen, Germany

Phase Il trial ongoing

Axitinib
Bevacizumab plus or
minus interferon
Everolimus
High-dose interleukin-2
Pazopanib
Sorafenib

Sunitinib
Temsirolimus
Tivozanib (in
development)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Multikinase inhibitor
(sunitinib, Sutent) for
treatment of
pancreatic
neuroendocrine
tumors

Patients with
surgically
unresectable
pancreatic
neuroendocrine
tumors (PNETS)
that have
progressed within
the past year

Patients with PNETs have few treatment options and existing treatments are of
limited efficacy. Like many tumors, PNETs depend on receptor tyrosine kinase
activity to drive angiogenic and mitogenic processes. PNETs have been shown to
express a range of receptor tyrosine kinases that could mediate these processes,
such as certain platelet-derived growth factor receptors, vascular endothelial growth
factor receptors, and stem-cell factor receptors. Sunitinib (Sutent®) is an orally
administered, small-molecule inhibitor of the kinase activity of these receptors. In
clinical trials it was administered at a daily dose of 37.5 mg.

Pfizer, Inc., New York, NY

FDA approved May 2011 for treatment of PNETs

5-Fluorouracil
Capecitabine
Dacarbazine
Doxorubicin
Everolimus
Streptozocin
Temozolomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Multispectral
dermoscope
(MelaFind) to
identify melanoma in
suspect lesions

Patients in whom
pigmented skin
lesions are present
requiring diagnosis

Computer-controlled multispectral dermatoscope (MelaFind®) uses light to image
skin through a thin layer of liquid (alcohol or oil) to try to make lesion structures
visible under the skin surface; a digital camera inside the probe captures images
and differentiates pigmented skin lesions to try to determine melanoma risk using
algorithms.

MELA Sciences, Inc., Irvington, NY

FDA approved Nov 2011 “for use on clinically atypical cutaneous pigmented lesions
with 1 or more clinical or historical characteristics of melanoma, excluding those
with a clinical diagnosis of melanoma or likely melanoma. MelaFind is designed to
be used when a dermatologist chooses to obtain additional information for a
decision to biopsy. MelaFind should NOT be used to confirm a clinical diagnosis of
melanoma.” Conformité Européene (CE) marked Sept 2011.

Biopsy

Physician observation
of skin lesions
(dermoscope)

Increased
sensitivity and
specificity
Reduced number of
biopsies performed
on suspect lesions
Earlier detection of
suspect lesions
Increased overall
survival

Improved quality of
life
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Multi-targeted
kinase inhibitor
(ponatinib) for
treatment of chronic
myelogenous
leukemia or
Philadelphia-
chromosome-
positive acute
lymphoblastic
leukemia

Patients in whom
chronic
myelogenous
leukemia (CML) or
Philadelphia
chromosome-—
positive negative
acute
lymphoblastic
leukemia (ALL) has
been diagnosed

Patients with treatment-refractory CML or ALL generally have a poor prognosis,
rapidly progressing disease, and few treatment options, so new therapies are
needed. The translocation leading to the Philadelphia chromosome mutation is a
hallmark of CML and activates several proteins and enzymes that accelerate cell
division and destabilize the genome; some ALL cells also carry this mutation (more
frequently in adults, who are harder to treat); ponatinib is a next-generation BCR-
ABL tyrosine kinase inhibitor rationally designed to be effective against common
mutations conferring resistance to current BCR-ABL tyrosine kinase inhibitors.
Administered orally, 45 mg, once daily.

Ariad Pharmaceuticals, Inc., Cambridge, MA
Phase Il trials ongoing; regulatory filing for accelerated approval based on phase Il

trial data anticipated in 2012; FDA granted orphan drug status for CML and
Philadelphia chromosome—positive ALL

Dasatinib
Imatinib
Nilotinib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Necitumumab for
treatment of
advanced nonsmall
cell lung cancer

Patients in whom
advanced
squamous
nonsmall cell lung
cancer (NSCLC)
has been
diagnosed

Advanced NSCLC has a high mortality rate and patients have a poor prognosis;
new therapies that can improve survival are needed. Necitumumab is a monoclonal
antibody antagonist directed against the epidermal growth factor (EGF) receptor
protein, which may downregulate tumor activity; necitumumab may competitively
inhibit the binding of EGF and other ligands, such as transforming growth factor-
alpha, and block activation of receptor-associated kinases, resulting in inhibition of
cell growth and induction of apoptosis; necitumumab may also mediate antibody-
dependent cellular cytotoxicity; may be administered as an 800 mg intravenous
infusion on days 1 and 8 of every 3-week cycle; may be used in combination with
gemcitabine-cisplatin. The drug is in a similar class as cetuximab, which is used for
treatment of many cancers but is not labeled for treatment of NSCLC.

Eli Lilly and Co., Indianapolis, IN
Bristol-Myers Squibb Co., Princeton, NJ

Phase Il trials ongoing

Cetuximab (off label)
Erlotinib
Panitumumab

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Off-label human
papillomavirus
vaccination
(Gardasil and
Cervarix) to prevent
head and neck
cancer

Persons engaging
in oral sexual
activity and kissing

Oncogenic human papillomavirus (HPV) strains can cause cervical and anal
cancer, as well as other cancers including head and neck cancer; between 1984
and 1989, only 16% of oropharyngeal cancers were linked to HPV; between 2000
and 2004, HPV was responsible for 75% of oropharyngeal cancers; if current trends
continue, oropharyngeal cancer in men will surpass incidence of cervical cancer in
2025. Both commercially available HPV vaccines (Gardasil®, Cervarix®) contain
virus-like particles for oncogenic HPV types 16 and 18 which are responsible for the
majority of HPV associated cancers; HPV vaccines may be used off label for the
prevention of head and neck cancers due to HPV 16 or 18 despite the current lack
of data and no apparent attempt to generate data on this indication by vaccine
manufacturers.

Gardasil, Merck & Co., Inc., Whitehouse Station, NJ; Cervarix, GlaxoSmithKline,
Middlesex, UK

Both vaccines FDA approved for preventing cervical cancer

Abstinence

No vaccination
Safer sex-practices
Selective choice of
partners

Reduced incidence
of head and neck
cancers and
precancers

Off-label metformin
for treatment of
breast cancer

Patients in whom
breast cancer has
been diagnosed.

Retrospective studies of patients with diabetes taking metformin and preclinical
studies of in vitro cell lines and in vivo cancer models have demonstrated that
metformin may have antineoplastic properties. Metformin may exert its effects
through activation of AMP-activated protein kinase, which functions to limit
downstream components of the mammalian target of rapamycin pathway.
Additionally, metformin's actions in reducing circulating insulin levels may be
antineoplastic due to the potential growth stimulating activity of insulin. Metformin is
being studied in multiple breast cancer settings and could represent a novel
treatment with a relatively low side effect profile.

Phase Il trials ongoing in neo-adjuvant setting; phase lll trial ongoing in adjuvant
setting to prevent recurrence; phase /Il trials ongoing in metastatic disease

Various chemotherapy
regimens

Various hormone
therapies

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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treated with statins had a reduced incidence of precancerous colon polyps;
therefore, rosuvastatin is believed to have potential as a chemopreventive agent for
colon cancer.

Under study by National Surgical Adjuvant Breast and Bowel Project, Pittsburgh,
PA, and the National Cancer Institute, Bethesda, MD

Phase Ill trial ongoing

Compounds under
investigation include:
Aspirin

Calcium supplements
Curcumin
Nonsteroidal anti-
inflammatory drugs
Omega-3 fatty acids

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Off-label Patients who have Patients who undergo curative resection of stage | or Il colon cancers have a 50% There is no commonly Reduced
rosuvastatin to had a stage | or Il recurrence rate within the 1st 3 years after surgery, making a chemopreventive used chemopreventive recurrence rate of
prevent colon colon cancer agent for this patient population highly sought. Retrospective studies of clinical trials | agent for colorectal adenomatous
cancer recurrence surgically resected | assessing the use of statins for cardiovascular applications suggested that patients cancer polyps

Increased overall
survival

Off-label zoledronic
acid (Zometa) for
treatment of breast
cancer

Postmenopausal
women with stage
[/l breast cancer
who have
undergone surgery
and/or surgical
resection

Zoledronic acid (Zometa®) is a bisphosphonate used to prevent skeletal fractures in
cancer patients at risk for fracture from bone metastases; recent studies suggest
that the drug may also treat the primary cancer, improve overall survival, and
reduce cancer recurrence rates in women with low estrogen levels (e.g., post-
menopausal patients). Given that the drug is commercially available, its off-label
use for this may be an option exercised by oncologists.

Novartis International AG, Basel, Switzerland

Two phase Ill trials completed; 1 trial (ABCSG-12) reported positive results;
however, a 2nd (AZURE) trial observed a benefit only in post-menopausal women.
Based on AZURE trial results, Novartis decided not to pursue expanded label for
zoledronic acid; however, physicians may prescribe off label; additional phase I
trials of zoledronic acid for breast cancer are ongoing

Chemotherapy
Hormone therapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Off-label zoledronic
acid (Zometa) for
treatment of early
stage multiple
myeloma

Patients in whom
early stage multiple
myeloma has been
diagnosed

Zoledronic acid is a bisphosphonate used to prevent skeletal fractures in cancer
patients, including those in whom multiple myeloma is diagnosed. Recent studies
suggest that Zometa® confers increased overall survival in patients with multiple
myeloma, which may support off-label use. In a trial, the drug was given with and
without thalidomide. Zoledronic acid dose was 4 mg2 intravenously on day 1 every
84 days for 1 year and once per year thereafter.

Mayo Clinic, Rochester, MN, in collaboration with National Cancer Institute

Phase Ill trial (NCT00432458) completed Apr 2012

Chemotherapy
Hematopoietic stem-cell
transplantation
Medicines:

Alendronate

Etidronate

Oral clodronate (trial
comparator)
Pamidronate

Other bisphosphonates

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Potential Comparators

Potential Health
or Other Impacts

Oncolytic reovirus
(Reolysin) for
treatment of

Patients with
advanced or
metastatic KRAS

Oncolytic reovirus (Reolysin®) is intended to treat various cancers and cell
proliferative disorders, including CRC; Reolysin replicates specifically in cells that
have activated RAS; 50% of CRCs are believed to have activated RAS. Given in

Folinic acid
(leucovorin), 5-
fluorouracil, and

Increased overall
survival
Increased

advanced KRAS mutant colorectal combination with folinic acid (leucovorin), 5-fluorouracil, and irinotecan combination. | irinotecan progression-free
mutant colorectal cancer (CRC) who Irinotecan survival
cancer have undergone Oncolytics Biotech, Inc., Calgary, Alberta, Canada Improved quality of
prior treatment with life
an oxaliplatin- Phase | trial ongoing
based
chemotherapy
regimen
Oncolytic reovirus Patients in whom Oncolytic reovirus (Reolysin®) is intended to treat various cancers and cell Gemcitabine Increased overall

(Reolysin) for
treatment of
advanced pancreatic
cancer

advanced
pancreatic cancer
has been
diagnosed

proliferative disorders, including pancreatic cancer for which no effective options are
available. Reolysin replicates specifically in cells that have activated RAS. Activated
RAS is seen in 90% of pancreatic cancers. Administered intravenously in
combination with gemcitabine.

Oncolytics Biotech, Inc., Calgary, Alberta, Canada

Phase Il trials ongoing

Gemcitabine plus
cisplatin or oxaliplatin
Gemcitabine plus
erlotinib

Gemcitabine plus a
fluoropyrimidine

survival

Increased
progression-free
survival

Improved quality of
life

Oncolytic reovirus
(Reolysin) for
treatment of
platinum-resistant
head and neck
cancer

Patients in whom
platinum-resistant
head and neck
cancer has been
diagnosed and who
have undergone
first-line treatment
with a platinum-
based
chemotherapy
regimen

Reolysin® is an oncolytic reovirus being developed to treat various cancer and cell
proliferative disorders; replicates specifically in cells that have activated RAS, which
may play a role in more than 2/3 of all cancers; administered in combination with
paclitaxel and carboplatin.

Oncolytics Biotech, Inc., Calgary, Alberta, Canada

Phase Il trial ongoing

5-fluorouracil
Bleomycin

Cisplatin or carboplatin
Cisplatin or carboplatin
plus paclitaxel or
docetaxel

Cisplatin plus 5-
fluorouracil

Docetaxel
Gemcitabine
Ifosfamide
Methotrexate
Paclitaxel

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Oncolytic reovirus
(Reolysin) for
treatment of
recurrent or
persistent ovarian
cancer

Patients in whom
recurrent or
persistent ovarian,
fallopian tube, or
primary peritoneal
cancer has been
diagnosed

Reolysin® is a formulation of oncolytic reovirus being developed for treating various
cancers and cell proliferative disorders; has been shown to replicate specifically in
cells that have activated RAS; activating mutations of RAS and its upstream
elements may play a role in more than 2/3 of all human cancers, including most
metastatic disease.

Oncolytics Biotech, Inc., Calgary, Alberta, Canada

Phase Il trial ongoing

Carboplatin
Carboplatin/
docetaxel
Carboplatin/
gemcitabine
Carboplatin/
liposomal doxorubicin
Carboplatin/
paclitaxel

Cisplatin

Cisplatin/
gemcitabine
Docetaxel

Etoposide
Gemcitabine
Liposomal doxorubicin
Paclitaxel

Topotecan

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Oncolytic reovirus
(Reolysin) for
treatment-refractory
solid tumors in
children

Pediatric patients
in whom relapsed
or refractory solid
tumor has been
diagnosed

Reolysin® is a formulation of oncolytic reovirus being developed for treating various
cancers and cell proliferative disorders. It has been shown to replicate specifically in
cells that have activated RAS. Activating mutations of the RAS and its upstream
elements may play a role in more than 2/3 of all human cancers, including most
metastatic disease. Reolysin is being examined in combination with
cyclophosphamide in pediatric patients with relapsed or refractory solid tumors.

Oncolytics Biotech Inc., Calgary, Alberta, Canada

Phase I trial ongoing

Chemotherapy
Radiation
Surgery

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Oncolytic virus
(Cavatak) for
treatment of late-
stage melanoma

Patients with
advanced (stage
llic or IV)
melanoma who
have undergone no
more than 1
systemic therapy

Although the availability of treatments such as BRAF inhibitors and anti-CTLA4
antibodies has improved outcomes for patients with advanced melanoma, these
patients still have few treatment options and a poor prognosis. Cavatak™ is a
preparation of coxsackievirus A21. Preclinical research indicated that melanoma
cells upregulate a cell-surface molecule, ICAM-1, a viral receptor that may promote
preferential infection of tumor cells. Cavatak™ is intended to treat melanoma
through direct lysis of virally infected tumor cells, thereby generating an immune
response to tumor antigens. In clinical trials, Cavatak is administered by
intratumoral injection.

Viralytics, Ltd., Pymble, New South Wales, Australia

Phase Il trial ongoing

Dacarbazine
Ipilimumab
Temozolomide
Vemurafenib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Oncolytic virus (JX-
594) for treatment of
nonresectable
hepatocellular
carcinoma

Patients in whom
nonresectable
hepatocellular
carcinoma has
been diagnosed

Less than 20% of liver cancer can be treated surgically, and effective treatments
are needed for the nonsurgical patients. JX-594 is a genetically modified vaccinia
virus with 2 genetic modifications: (1) the viral thymidine kinase gene is deleted, so
the virus is dependent on host thymidine kinase for replication—sufficient levels are
found in tumor cells; and (2) a gene encoding colony-stimulating factor is added. It
is proposed to marshal an immune response to infected cells; vaccinia virus also
has natural tropism to tumor cells. Therapeutic effects are mediated by immune
response and by tumor cell/tumor vasculature cell lysis caused by the viral life
cycle.

Jennerex Biotherapeutics, Inc., San Francisco, CA

Phase Il trials ongoing

Sorafenib
Transcatheter arterial
chemoembolization
(cisplatin, doxorubicin)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

OncoVex GM-CSF
for treatment of
advanced
melanoma

Patients in whom
advanced
melanoma has
been diagnosed

Patients with advanced melanoma have a poor prognosis and few treatment
options, suggesting a need for novel treatment options. OncoVex granulocyte
macrophage colony-stimulating factor (GM-CSF; talimogene laherparepvec) is an
oncolytic virus; the virus is purported to replicate only in tumor cells; OncoVex is
engineered to lyse tumors cells and express tumor-specific antigens and GM-CSF,
which help to generate tumor specific immune responses for additional benefit.
Administered up to 4 mL of 1078 pfu/mL/per intratumoral injection in trials.

Amgen, Inc., Thousand Oaks, CA

Phase Il trial ongoing

Dacarbazine
Interleukin-2
Ipilimumab
Temozolomide
Vemurafenib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Orteronel (TAK 700)
for treatment of
castration-resistant
prostate cancer

Patients in whom
castration-resistant
prostate cancer
(CRPC) has been
diagnosed

Median overall survival for patients with CRPC is only about 18 months. Many
prostate tumors remain dependent on androgens for growth and survival;, new
treatments that can disrupt the production of bioactive androgens may provide
effective tumor therapy. Orteronel (TAK 700) is a steroid 17-alpha-hydroxylase
inhibitor; this enzyme is involved in the formation of dehydroepiandrosterone
(DHEA) and androstenedione, which may ultimately be metabolized into
testosterone; testosterone is required for the growth of many prostate tumors;
orteronel may be used in chemotherapy-naive patients or after docetaxel, in
combination with prednisone.

Millennium Pharmaceuticals, Inc., Cambridge, MA

Phase Ill trials ongoing

Abiraterone
Cabazitaxel
Docetaxel
Enzalutamide (in
development)
Sipuleucel-T

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

P53 activator (APR-
246) for treatment of
hematologic
malignancies or
prostate cancer

Patients with a
hematologic
malignancy or
prostate cancer

P53 is a tumor-suppressor gene that plays a prominent role in promoting apoptosis.
The loss of p53 function is associated with many cancer types; however, no therapy
attempting to restore p53 function is currently available. APR-246 is a small, peptide
molecule that has been shown to promote restoration of the transcriptional activity
of mutated p53, potentially restoring p53 function and apoptosis of cancer cells.

Aprea AB, Solna, Sweden

Phase I/l trial completed

Various cancer
therapies

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Pan-RAF inhibitor
(MLN-2480) for
treatment of
metastatic
melanoma

Patients in whom
metastatic
melanoma has
been diagnosed

The identification of activating BRAF mutations in about 50% of melanomas, and
the demonstrated antimelanoma activity of BRAF inhibitors has implicated the
centrality of RAF kinase activity in the pathogenesis of melanoma. Although
targeting BRAF has demonstrated significant anticancer activity, its activity is limited
to the subset of melanomas with activating BRAF mutations, and the majority of
these cancers develop resistance to BRAF inhibition. Pan-RAF inhibition might
allow targeting of a wider range of melanomas and/or overcome some of the
resistance mechanisms associated with BRAF inhibition.

Millennium Pharmaceuticals, Inc., subsidiary of Takeda Pharmaceutical Co., Ltd.,
Osaka, Japan, in collaboration with Sunesis Pharmaceuticals, South San Francisco,
CA

Phase I trial ongoing

Dacarbazine
Ipilimumab
Temozolomide
Vemurafenib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Partial wave Patients at high Partial wave spectroscopy is proposed as a new microscopy technique that is No screening equivalent | Increased
spectroscopy for risk of developing intended to increase the resolution of detection down to “nanoscale.” It is purported currently available sensitivity and
lung cancer lung cancer (e.g., to enable detection of subtle changes in cellular architecture in noncancerous tissue | Other tests for lung specificity
screening smokers, ex- located at a distance from cancerous lesion (known as “field carcinogenesis”). cancer screening: Increased predictive
smokers) Chest radiograph value

Northwestern University, Chicago, IL

Preliminary validation study completed on 135 smokers

Computed tomography
Sputum cytology

Avoided
unnecessary testing
Earlier intervention
and treatment
Increased overall
survival

Pegylated arginine
deiminase (ADI-
PEG 20) for
treatment of
hepatocellular
carcinoma

Patients with
advanced
hepatocellular
carcinoma (HCC)
whose disease has
failed to respond to
1 prior course of
systemic therapy

For patients who cannot be cured by surgical removal of the tumor, survival rates
for HCC are very low (about 5%), with median survival after diagnosis of only about
6 months. ADI-PEG 20 is a pegylated preparation of arginine deiminase, which acts
by depleting the essential amino acid arginine from the bloodstream; research has
demonstrated that the cells of many tumor types are unable to autonomously
synthesize arginine and, therefore, tumor cells are preferentially affected by the loss
of arginine supply in the blood. It is administered through intramuscular injection on
outpatient basis.

Polaris Pharmaceuticals, Inc., San Diego, CA

Phase Il trial initiated under FDA special protocol assessment; FDA granted orphan
drug status

Placebo

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Pegylated human
recombinant
hyaluronidase
(PEG-PH20) for
treatment of
pancreatic cancer

Patients with
metastatic
pancreatic cancer
and no prior
treatment

Only about 25% of patients with metastatic pancreatic cancer have disease that
responds to 1st-line therapy with gemcitabine; effective treatments are needed for
those whose disease does not respond. PEG-PH20 is a formulation of the enzyme
hyaluronidase, which functions to degrade the hyaluronan (HA) component of the
extracellular matrix. HA is a gel-like substance that is a component of normal
tissues of the body (e.g., skin, cartilage), but it also forms a layer on the surface of
tumors, which may limit exposure of the tumor to therapeutic compounds. PEG-
PH20 is purported to temporarily degrade HA, potentially increasing the efficacy of
chemotherapy. In clinical trials for treatment of pancreatic cancer, PEG-PH20 is
being administered in combination with the standard chemotherapy drug
gemcitabine.

Halozyme Therapeutics, San Diego, CA

Phase I/ll trial ongoing

5-Fluorouracil/
leucovorin
Gemcitabine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Peptide vaccine
(FPI-01) to prevent
relapse or delay
progression of acute
myeloid leukemia

Patients with acute
myeloid leukemia
(AML) who have
achieved complete
remission after
standard 1st-line
therapy

Although many patients respond to 1st-line chemotherapy for AML and achieve a
complete remission, about 80% of these patients eventually experience disease
relapse. FPI-01 is a therapeutic cancer vaccine that is intended to prevent relapse
or prolong the interval to disease relapse. The vaccine is based on multiple
peptides derived from the protein product of the Wilms’ Tumor-1 (WT-1) gene,
which is overexpressed in many cancer types including AML. Vaccine is delivered
subcutaneously.

Formula Pharmaceuticals, Inc., Berwyn, PA

Phase Il trial ongoing

No AML maintenance
comparator available

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Peptide-cytokine
complex (NGR-
hTNF) for treatment
of advanced
nonsmall cell lung
cancer

Patients in whom
advanced or
recurrent nonsmall
cell lung cancer
has been
diagnosed

NGR-hTNF (human tumor necrosis factor) is a peptide-cytokine complex; the NGR
peptide binds preferentially to tumor vasculature, and TNF can induce an immune
cell reaction/apoptosis. Being tested in combination with conventional
chemotherapy regimens.

MolMed, S.p.A., Milan, Italy

Phase Il trial ongoing

Standard chemotherapy
regimens including:
Cisplatin/gemcitabine
plus or minus
bevacizumab
Cisplatin/paclitaxel or
docetaxel plus or minus
bevacizumab
Cisplatin/pemetrexed
plus or minus
bevacizumab

Crizotinib

Erlotinib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Peptide-cytokine
complex (NGR-
hTNF) for treatment
of advanced or
metastatic
hepatocellular
carcinoma

Patients in whom
advanced or
metastatic
hepatocellular
carcinoma has
been diagnosed

NGR-hTNF (human tumor necrosis factor) is a peptide-cytokine complex; the NGR
peptide binds preferentially to tumor vasculature, and TNF can induce an immune
cell reaction/apoptosis.

MolMed, S.p.A., Milan, Italy

Phase Il trial completed

Chemoembolization
Standard systemic
chemotherapy:
Gemcitabine/oxaliplatin
Sorafenib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Peptide-cytokine
complex (NGR-
hTNF) for treatment
of malignant pleural
mesothelioma

Patients with
malignant pleural
mesothelioma who
have undergone
treatment with
pemetrexed and

NGR-hTNF (human tumor necrosis factor) is a peptide-cytokine complex; NGR
peptide binds preferentially to tumor vasculature and TNF may induce an immune
cell reaction/apoptosis, thereby destroying tumors.

MolMed, S.p.A., Milan, Italy

Pemetrexed plus
cisplatin as 1st-line
treatment

Single-agent
chemotherapy as a 2nd-
line treatment (e.g.,

Increased overall
survival

Increased
progression-free
survival

Improved quality of

complex (NGR-
hTNF) for treatment
of metastatic
colorectal cancer

metastatic
colorectal cancer
has been
diagnosed that has
not responded to
standard treatment

peptide binds preferentially to tumor vasculature, and TNF can induce an immune
cell reaction/apoptosis. Being tested in combination with oxaliplatin-based
chemotherapy.

MolMed, S.p.A., Milan, Italy

Phase Il trials completed

capecitabine
Regorafenib (in
development)

cisplatin Phase IlI trial ongoing in 2nd-line setting; phase Il trial ongoing in 1st-line setting; doxorubicin, life
received patent from European Patent Office in Jun 2012 gemcitabine,
vinorelbine)
Peptide-cytokine Patients in whom NGR-hTNF (human tumor necrosis factor) is a peptide-cytokine complex; the NGR Oxaliplatin/ Increased overall

survival

Increased
progression-free
survival

Improved quality of
life
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Peptide-cytokine

Patients in whom

NGR-hTNF (human tumor necrosis factor) is a peptide-cytokine complex; the NGR

Standard 2nd-line

Increased overall

of soft tissue
sarcomas

tissue sarcoma has
been diagnosed

doxorubicin.
MolMed, S.p.A., Milan, Italy

Phase Il trial ongoing

complex (NGR- metastatic ovarian peptide binds preferentially to tumor vasculature, and TNF can induce an immune chemotherapies: survival
hTNF) for treatment | cancer has been cell reaction/apoptosis. Being tested in combination with doxorubicin. Docetaxel Increased
of metastatic ovarian | diagnosed that is Doxorubicin progression-free
cancer refractory to MolMed, S.p.A., Milan, Italy Etoposide survival
platinum-based Gemcitabine Improved quality of
chemotherapy Phase Il trial ongoing Tamoxifen life
Topotecan
Peptide-cytokine Patients in whom NGR-hTNF (human tumor necrosis factor) is a peptide-cytokine complex; the NGR Doxorubicin Increased overall
complex (NGR- metastatic small peptide binds preferentially to tumor vasculature, and TNF can induce an immune monotherapy survival
hTNF) for treatment | cell lung cancer cell reaction/apoptosis. Being tested in combination with doxorubicin. Increased
of metastatic small has been progression-free
cell lung cancer diagnosed that is MolMed, S.p.A., Milan, Italy survival
refractory to Improved quality of
standard Phase Il trial completed life
chemotherapy
Peptide-cytokine Patients in whom NGR-hTNF (human tumor necrosis factor) is a peptide-cytokine complex; the NGR Doxorubicin Increased overall
complex (NGR- locally advanced or | peptide binds preferentially to tumor vasculature, and TNF can induce an immune monotherapy survival
hTNF) for treatment | metastatic soft cell reaction/apoptosis. Being tested as monotherapy or in combination with Increased

progression-free
survival

Improved quality of
life
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Peptide-loaded
dendritic cell vaccine
(SL-701) for
treatment of
recurrent glioma

Patients in whom
expressing human
leukocyte antigen
(HLA)-A2 positive
high-grade
recurrent glioma
has been
diagnosed

Median survival of patients with malignant glioma is about 15 months, and current
treatments are often ineffective. SL-701 is a therapeutic cancer vaccine that
consists of autologous dendritic cells preloaded with a set of HLA-A2-restricted
peptides derived from glioma associated antigens (EphA2, interleukin-13 R alpha2,
YKL-40, and gp100). The vaccine is administered in combination with an
immunostimulant (Poly ICLC).

Stemline Therapeutics, Inc., New York, NY

Phase I/ll trial completed; trial results released

Bevacizumab
Bevacizumab plus
irinotecan,
BCNU/CCNU,
temozolomide
Cyclophosphamide
Nitrosourea
Nitrosourea wafer
Combination PCV
(CCNU, procarbazine,
and vincristine)
Platinum-based
chemotherapy
Temozolomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Perifosine (KRX-
0401) for treatment
of chronic
lymphocytic
leukemia

Patients in whom
chronic
lymphocytic
leukemia (CLL) has
been diagnosed

Many patients with CLL do not achieve an initial treatment response, and most
patients eventually relapse, demonstrating the need for new and effective
treatments. Perifosine (KRX-0401) is an oral anticancer agent that inhibits Akt
activation in the phosphatidylinositol-3-kinase pathway by interfering with the
membranes of cancer cells, through disruption of “lipid rafts”; other key signal
transduction pathways can also be affected, including c-Jun amino-terminal kinase
(INK), limiting cell growth and proliferation; perifosine may be administered 50 mg,
orally, twice a day, for a maximum of six 28-day cycles as a single oral agent and in
combination with novel therapies.

Aeterna Zentaris, Inc., Quebec, Quebec, Canada; all license rights reverted back to
Aeterna Zentaris from Keryx Biopharmaceuticals, Inc., New York, NY, in May 2012

Phase Il trial ongoing

Chemotherapy
Prednisolone
Rituximab

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Perifosine (KRX-
0401) for treatment
of multiple myeloma

Patients in whom
multiple myeloma
has been
diagnosed

Perifosine (KRX-0401) anticancer agent inhibits Akt activation in the
phosphoinositide 3-kinase pathway; also affects other key signal transduction
pathways, including c-Jun amino-terminal kinase (JNK); intended for treating
several tumor types. Administered as a single oral agent and in combination with
standard multiple myeloma therapies.

Aeterna Zentaris, Inc., Quebec, Quebec, Canada; all license rights reverted back to
Aeterna Zentaris from Keryx Biopharmaceuticals, Inc., New York, NY, in May 2012

Phase Ill trials ongoing for multiple myeloma under FDA special protocol
assessment

Various
chemotherapeutic
regimens, including:
Bendamustine
Bortezomib
Bortezomib and
dexamethasone
Bortezomib,
lenalidomide, and
dexamethasone
Bortezomib and
liposomal doxorubicin
Cyclophosphamide,
bortezomib, and
dexamethasone
Cyclophosphamide,
lenalidomide, and
dexamethasone
Dexamethasone,
cyclophosphamide,
etoposide, and cisplatin
Lenalidomide and
dexamethasone
Thalidomide and
dexamethasone

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Phosphatidylinositol-
3-kinase inhibitor
(GDC-0941) for
treatment of breast
cancer

Postmenopausal
women with
estrogen receptor
(ER)-positive,
metastatic breast
cancer that is
resistant to
aromatase inhibitor
therapy

Women with ER-positive, metastatic breast cancer that is resistant to aromatase
inhibitor therapy have a poor prognosis (median survival of less than a year) and
few treatment options. Phosphoinositide 3-kinases (PI3Ks) are a family of kinases
that function in a signal transduction pathway controlling multiple cellular activities
related to cancer (e.g., apoptosis, angiogenesis, cell growth and proliferation, cell
migration, and metastasis). Aberrant PI3K activity has been identified in multiple
cancer types. GDC-0941 is an inhibitor of PI3K activity that is under study as an
adjunct to treatment with the ER antagonist fulvestrant.

Genentech subsidiary of F. Hoffmann-La Roche, Ltd., Basel, Switzerland

Phase Il trial ongoing

Fulvestrant
monotherapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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therapy (Cevira
System) with
hexaminolevulinate
ointment for
treatment of cervical
intraepithelial
neoplasia

low-grade cervical
intraepithelial
neoplasia has been
diagnosed

cause damage to surrounding healthy tissue and to cause side effects such as
posttreatment infections. The Cevira System® consists of a photosensitive drug
(hexaminolevulinate ointment), which preferentially accumulates in diseased tissue.
The disposable device is fitted inside the vaginal cavity so that it remains in contact
with the cervix while it delivers treatment over a period of 10 hours. A cup holds the
ointment against the cervix and once the ointment is absorbed, a few hours later, a
light source within the cup emits light at a specific wavelength continuously over
several hours to deliver the therapy.

Photocure ASA, Oslo, Norway, in collaboration with Sagentia, Ltd., Cambridge, UK

Phase lIb trial ongoing

Laser therapy

Loop electrosurgical
excision

Surgical conization

Phosphatidylinositol- | Patients in whom Patients with CRPC have few treatment options and median overall survival is less Docetaxel Increased overall
3-kinase inhibitor symptomatic than 2 years. Phosphoinositide 3-kinases (PI3Ks) are a family of kinases that survival
(PX-866) for castration-resistant | function in a signal transduction pathway controlling multiple cellular activities Increased
treatment of prostate cancer related to cancer (e.g., apoptosis, angiogenesis, cell growth and proliferation, cell progression-free
castration-resistant (CRPC) has been migration, and metastasis). Aberrant PI3K activity has been identified in multiple survival
prostate cancer diagnosed cancer types. PX-866 is a derivative of the well-characterized PI3K inhibitor Improved quality of

wortmannin. Like wortmannin, PX-866 irreversibly inhibits all 4 class | PI3Ks; life

however, it has been modified to improve its stability, toxicity profile, and biologic

activity. PX-866 is administered orally and is under study as a 1st-line monotherapy

in clinical trials for treatment of symptomatic CRPC.

Oncothyreon, Inc., Seattle, WA

Phase Il trial ongoing
Photodynamic Patients in whom Current treatment options for cervical intraepithelial neoplasia have the potential to Cryotherapy Complete lesion

eradication
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Photodynamic
therapy with Tookad

photosensitive agent

for treatment of
localized prostate
cancer

Patients in whom
localized low-risk
prostate cancer
has been
diagnosed

Current treatment of localized prostate cancer can adversely affect surrounding
healthy tissue and also lead to debilitating temporary and long-term side effects or
complications. Tookad is a photosensitive agent that can be excited by a specific
wavelength of light to release energy that can cause local necrosis. In a
photodynamic therapy procedure using Tookad, the drug is injected by needle into
the prostate. After the drug diffuses into the prostate, laser light is used to excite the
drug, potentially leading to destruction of targeted prostate tissue while sparing
surrounding healthy tissue.

Steba Biotech S.A., Cedex, France

Phase Ill trial ongoing

Radiation therapy
Radical prostatectomy
Watchful waiting

Increased overall
survival

Increased
progression-free
survival

Fewer therapy-
related side effects
Improved quality of
life

P13 kinase delta
isoform inhibitor
(GS-1101) for
treatment of chronic
or small lymphocytic
leukemia

Patients in whom
chronic
lymphocytic
leukemia or small
lymphocytic
leukemia have
been diagnosed

GS-1101 (formerly CAL-101) inhibits the activity of a novel target: phosphoinositide
3-kinase (PI3K) delta, which is a kinase that promotes cell survival, cell division,
and cell growth. The delta isoform of Class | PI3K is only expressed in the blood,
and targeted inhibition could treat blood-based cancers without side effects on
nonblood tissues. Under study in combination with rituximab.

Gilead, San Dimas, CA

Phase Il trial ongoing

Cyclophosphamide,
doxorubicin, vincristine
and prednisolone
Fludarabine with
cyclophosphamide
Fludarabine,
cyclophosphamide, and
rituximab

Fludarabine with
rituximab

Rituximab

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Poly ADP-ribose
polymerase inhibitor
(iniparib) for
treatment of
metastatic nonsmall
cell lung cancer

Patients in whom
treatment-naive
stage IV metastatic
nonsmall cell lung
cancer (NSCLC)
has been
diagnosed

The 5-year survival rate for patients with stage IV NSCLC is less than 10%, and
effective treatments are needed. Iniparib is intended to inhibit poly adenosine
diphosphate (ADP)-ribose polymerase (PARP), which functions in 1 type of DNA
repair. It has been observed that cancers are often deficient in a 2nd type of DNA
repair, and loss of both types of DNA repair is hypothesized to result in cancer cell
lethality in response to DNA damage. No PARP inhibitors are currently on the
market. Iniparib is being administered in combination with a DNA damage inducing
chemotherapy regimen (gemcitabine, carboplatin).

BiPar Sciences, San Francisco, CA
Sanofi, Paris, France

Phase Il trial ongoing

Cytotoxic chemotherapy
(e.g., gemcitabine,
carboplatin) alone

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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chemotherapy-
induced severe
veno-occlusive
disease

disease has been
diagnosed

antithrombotic, anti-ischemic, and anti-inflammatory activities. Study investigators
have suggested that the drug may increase survival of endothelial cells and
preserve the function of microvasculature. In a phase lll trial, the drug was
administered at daily doses of 20 or 40 mg/kg of body weight.

Gentium S.p.A., Villa Guardia, Italy

Phase Ill trial complete. FDA granted orphan drug and fast track status;

Gentium submitted new drug application to FDA in Jul 2011; FDA issued a refuse to
file response and the company withdrew the application in Aug 2011, stating that it
will work to address the issues and resubmit

Transfusion

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Polydisperse Patients receiving Veno-occlusive disease is a side effect of the high-dose chemotherapy that is used | Analgesia Increased overall
oligonucleotide chemotherapy in as part of hematopoietic stem cell transplantation procedures. Severe veno- Diuresis survival
(defibrotide) for whom severe occlusive disease has a mortality rate approaching 100% with current treatments. Renal replacement Improved quality of
treatment of veno-occlusive Defibrotide is an orally administered, polydisperse oligonucleotide with local therapy life

Positron emission
tomography-based
tumor hypoxia
imaging to inform
personalization of
cancer treatment

Patients in whom a
solid tumor has
been diagnosed

Tumor cells may adapt to hypoxic conditions in such a way that renders them less
susceptible to the effects of radiation therapy and/or chemotherapy. Therefore, the
identification of hypoxic tumor regions might allow the physician to adapt the
radiation therapy or chemotherapeutic dose to more efficiently target tumor cells.
Several agents that could potentially allow identification of hypoxic regions of
tumors through the use of positron emission tomography (PET) imaging are under
development.

Alberta Health Services, Edmonton, Alberta, Canada (FAZA)
Siemens AG, Munich, Germany (HX4)

University of Wisconsin, Madison (Cu-ATSM)

Washington University, St. Louis, MO (Cu-ATSM)

Phase Il trials ongoing

No currently available in
vivo hypoxia imaging
technology

Concurrence with
immunohistochemic
al markers of
hypoxia (e.g., HIF1-
alpha, CA-IX)
Improved
prognosticating and
treatment decision
making

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Positron emission Patients The availability novel diagnostic tools that could allow detection of tumor response Circulating Tumor Cell Correlation between
tomography imaging | undergoing early during treatment could allow earlier modification of ineffective treatments. detection EarliTest result and

agent (F18-ML10,
EarliTest) for

treatment for solid
tumors

EarliTest™ is a positron emission tomography (PET) imaging agent (F18-ML10)
that specifically labels cells undergoing a process of apoptosis that is often the

Fluorodeoxyglucose
computed tomography

tumor response
Correlation between

assessing tumor result of anticancer treatments. By directly monitoring the cellular outcome of imaging EarliTest result and
response to therapy, the product is purported to give an earlier indication of whether a therapy is | MRI improved patient
treatment having an antitumor effect. PET imaging outcomes (e.g.,
overall survival,
Aposense, Ltd., Petach Tikva, Israel progression-free
survival)
Phase Il trials ongoing
Progesterone Patients with Cushing’s syndrome is caused by chronic exposure to elevated levels of the Ketoconazole (off label) | Improved
receptor antagonist endogenous hormone cortisol. Endogenous Cushing’s syndrome is caused by the body’s Metyrapone (off label) symptoms of
(mifepristone, Cushing’s production of high levels of cortisol or a cortisol precursor (adrenocorticotrophic Mitotane (off label) Cushing’s
Korlym) for syndrome who hormone) typically by pituitary, adrenal, or ectopic endocrine tumors. Although syndrome (e.g.,
treatment of experience some tumors can be successfully treated by surgery or radiation therapy or both, diabetes, glucose
endogenous persistent patients who are ineligible for these treatments or who have persistent elevation of intolerance,

Cushing’s syndrome

hypercortisolemia
after surgery or
radiation therapy or
whose tumor is
ineligible for
surgery or radiation
therapy

cortisol following treatment had no FDA-approved medical options for treatment.
Mifepristone (Korlym™) acts to block the cortisol receptor, potentially ameliorating
the effects of elevated cortisol levels. Mifepristone is an oral medication that was
taken once daily in clinical trials.

Corcept Therapeutics, Menlo Park, CA

FDA approved Feb 2012 to control hyperglycemia in adults with endogenous
Cushing’s syndrome

hypertension)

Section 1. Currently Tracked Interventions

110




ARHQ Healthcare Horizon Scanning System Status Report

8-15-2012

Topic Title

Potential Patient
Population

Intervention
Developer/Manufacturer(s)
Phase of Development

Potential Comparators

Potential Health
or Other Impacts

Prophage series G-
200 therapeutic
vaccine for gliomas

Patients diagnosed
with primary or
recurrent brain and
central nervous
system cancers
(gliomas)

Prophage (vitespen and HSPPC-96) is a cancer vaccine that is derived from
antigens displayed by the patient’s individual tumor. A tumor sample is collected
and sent to the laboratory, where workers coimmunoprecipitate the antigens with
heat shock protein GP96. These antigens are delivered in weekly/biweekly
injections in an attempt to stimulate an immune response against residual cancer
cells. Under development for both adults and pediatric patients.

Agenus, Inc., Lexington, MA

Phase Il trials ongoing in adults; phase | trial planned for pediatric brain cancers;
FDA granted orphan drug status

Bevacizumab
Bevacizumab plus
irinotecan,
BCNU/CCNU,
temozolomide
Combination PCV
(CCNU, procarbazine,
and vincristine)
Cyclophosphamide
Nitrosourea
Nitrosourea wafer
Platinum-based
chemotherapy
Temozolomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

ProstVac immune
therapy for
castration-resistant
prostate cancer

Patients in whom
castration-resistant
prostate cancer
(CRPC) has been
diagnosed

Men with progressive metastatic, CRPC often have a poor prognosis and few
treatment options. No currently available viral vector vaccine is available.
ProstVac® is a prime-boost immune therapy strategy using fowlpox and vaccinia
viral vectors encoding prostate specific antigen and 3 immune costimulatory
molecules; the patient's immune system is primed using the vaccinia virus followed
by multiple fowlpox vector boosts. Given in 1 prime step and then weekly injections
to generate an immune response.

BN ImmunoTherapeutics, Mountain View, CA

Phase Ill trial ongoing

Abiraterone
Enzalutamide (in
development)
Sipuleucel-T

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Protein kinase C-
beta inhibitor
(enzastaurin) for
treatment of diffuse
large B-cell
lymphoma

Patients with
diffuse large B-cell
lymphoma
(DLBCL) who have
achieved complete
remission after R-
CHORP (rituximab,
cyclophosphamide,
doxorubicin
hydrochloride,
vincristine sulfate,
prednisone)
chemotherapy

The majority of patients in whom DLBCL is diagnosed achieve complete remission

following 1st-line therapy; however, disease recurs in about 25% to 30% of patients.

Enzastaurin is a small-molecule inhibitor of protein kinase C beta (PKC-beta) that is
being studied as maintenance therapy to prevent DLBCL recurrence. PKC family
members play a central role in a diverse range of cellular functions including the
passage of signals from receptor tyrosine kinases controlling cell growth, cell
survival, and endothelial cell migration. Inhibition of PKC-beta by enzastaurin is
hypothesized to limit tumor growth and survival and angiogenesis. Enzastaurin is
being administered in a daily oral dose of 500 mg in a phase IlI trial.

Eli Lilly and Co., Indianapolis, IN

Phase Il trial ongoing

No currently employed
maintenance therapy
for DLBCL

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Psilocybin for
treatment of anxiety
in patients with
advanced cancer

Patients with
advanced cancer
who are not
responsive to
conventional
anxiety and mood
therapies

Moderate dose (0.2 mg/kg of body weight) is intended to reduce anxiety and pain
for up to 6 months without adverse psychological or physiological events.

Various organizations, including New York University and Los Angeles Biomedical
Research Institute

Trial ongoing and estimated to complete in 2014

Conventional
depression/anxiety drug
therapy

Psychotherapy

Reduced anxiety
Reduced need for
pain medication
Improved quality of
life

Radiofrequency
ablation of
liposomal-
encapsulated
doxorubicin
(ThermoDox) for
treatment of
hepatocellular

Patients in whom
hepatocellular
carcinoma (HCC)
has been
diagnosed

ThermoDox™ is a heat-labile liposomal encapsulation of the chemotherapeutic
agent doxorubicin. When radiofrequency (RF) energy is applied to the target tissue,
it induces local hyperthermia (39.5° to 42° C), which releases the agent locally.

Celsion Corp., New York, NY

Phase Ill trial ongoing; National Cancer Institute recommended phase Il trial as
priority for HCC; granted orphan drug status by FDA Mar 2009

RF tumor ablation alone
Surgical resection
Transcatheter arterial
chemoembolization

Decreased need for
liver transplantation
Reduced side
effects

Increased overall
survival

Increased
progression-free

carcinoma using
positron emission
tomography

treatment for renal
cell carcinoma

potentially be used in the diagnosis of ccRCC and to monitor ccRCC treatment
efficacy and screen patients for ccRCC recurrence and metastasis. Redectane is
administered by intravenous infusion.

Wilex AG, Munich, Germany

Phase Il trial complete

carcinoma survival
Improved quality of
life

Radiolabeled Patients with CG250 is a monoclonal antibody specific for carbonic anhydrase IX, a protein thatis | CT imaging alone Increased

antibody (I-124- uncharacterized expressed by the majority of clear cell renal cell carcinomas (ccRCCs) and few sensitivity and

¢G250, Redectane) renal masses; normal tissues. Redectane® is a modified version of cG250 that incorporates a specificity for

for detection of clear | patients radioisotope that can be visualized by positron emission tomography (iodine-124). ccRCC

cell renal cell undergoing In combination with computed tomography (CT), imaging using Redectane could
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Radiopharmaceu-
tical (tilmanocept)
for sentinel lymph
node detection

Selected patients
undergoing
surgical resection
of primary breast,
melanoma, or head
and neck tumors

The radiopharmaceuticals currently used to detect tumor-site draining lymph nodes
for sentinel lymph node biopsy have several shortcomings, such as slow injection-
site clearance, a relatively long half-life, and significant lymph node pass-through.
Tilmanocept (Lymphoseek®) is a novel radiopharmaceutical preparation that is
intended to improve on these by using a technetium-99 radiolabel. This radiolabel is
coupled to a macromolecule that contains multiple units of mannose, which bind to
the surface of dendritic cells and macrophages present in lymph nodes.
Tilmanocept is administered by injection prior to the procedure.

Navidea Biopharmaceuticals (formerly NeoProbe), Dublin, OH

Phase lll trials complete. In Oct 2011, FDA accepted new drug application for
review; FDA decision date set for Sep 10, 2012

Technetium sulfur
colloid

Vital blue dye (e.g.,
isosulfan blue)

Increased sentinel
node detection
sensitivity and
specificity
Improved patient
outcomes
Optimized
treatment selection

Radium-223
(Alpharadin) for
treatment of bone
metastases
associated with solid
tumors

Patients in whom
bone metastases
associated with
advanced
hormone-refractory
metastatic prostate
cancer have been
diagnosed

Bone metastases occur in late stages of the majority of solid tumors and are
associated with significant morbidity and mortality; however, few treatments
specifically targeting bone metastases are available. Alpharadin® is a preparation
of radium-223, an alpha-particle-emitting isotope that has a natural affinity for bone;
Alpharadin purportedly accumulates in the bone where it preferentially attacks
tumors rather than bone marrow because of the short distance over which alpha
particles are cytotoxic. Alpharadin is administered in multiple intravenous doses.

Algeta ASA, Oslo, Norway, in collaboration with Bayer HealthCare
Pharmaceuticals, Wayne, NJ

Phase Il trial complete; new drug application submission to FDA expected in 2012;
granted fast track status by FDA

Standard therapy plus
denosumab or
cabozantinib (in
development)
Standard therapy with
and without alpharadin

Increased overall
survival

Increased
progression-free
survival

Increased rate of
alkaline
phosphatase
normalization
Reduced pain from
bone metastases
Improved quality of
life
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Raman Patients in whom a | Available methods for melanoma screening have significant false positive rates that | Dermatologist visual Increased

spectroscopy device
(Verisante Aura) for
melanoma
screening

suspicious skin
lesion has been
identified

lead to a large number of biopsy procedures on benign skin lesions. The Verisante
Aura device provides the user with a binary outcome regarding whether an assayed
lesion should be biopsied. The device analyses suspicious lesions using a
noninvasive method based on Raman spectroscopy, which is purported to detect
biochemical differences between benign and malignant lesions.

Verisante Technology, Inc., Vancouver, British Columbia, Canada

1,000 lesion clinical trial completed; approved for marketing approval in Canada
and EU; company stated plans to pursue FDA approval in 2012

screening
MelaFind multispectral
dermatoscope

sensitivity and
specificity for lesion
detection
Increased positive
and negative
predictive values
Reduced
unnecessary
biopsies

Improved quality of
life

Retroviral replicating
vector (Toca-511)
for treatment of
high-grade glioma

Patients in whom
recurrent high-
grade glioma
(e.q.,
glioblastoma
multiforme,
anaplastic
astrocytoma) has
been diagnosed

These patients have limited treatment options and a poor prognosis. Toca-511 is a
novel, virus-based treatment for cancer that consists of a retrovirus that stably inserts
itself in the genome of dividing cells. The virus has been genetically modified to
encode the enzyme cytosine deaminase, which can convert the antifungal prodrug
flucytosine (5-FC) to the anticancer agent 5-fluorouracil (5-FU). Following
intratumoral injection of the viral vector, an extended-release formulation of 5-FC
(toca-FC) is administered systemically. This combination is intended to generate high
levels of 5-FU in cancer cells transfected by the viral vector encoding cytosine
deaminase.

Tocagen, Inc., San Diego, CA

Phase I/ll trial ongoing

Bevacizumab
Bevacizumab plus
irinotecan,
BCNU/CCNU,
temozolomide
Temozolomide
Nitrosourea
Nitrosourea wafer
Combination PCV
(CCNU, procarbazine,
and vincristine)
Cyclophosphamide
Platinum-based
chemotherapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Rexin-G for
chemotherapy-
resistant metastatic
pancreatic cancer

Patients with
gemcitabine-
resistant,
metastatic
pancreatic cancer

Patients with gemcitabine-resistant pancreatic cancer have a very poor prognosis
and few treatment options. Rexin-G is a viral vector that encodes a dominant
negative version of cyclin G1. Cyclin G1 is a central mediator of cell cycle
progression, and its inhibition leads to cell-cycle arrest and apoptosis. The viral
vector is targeted to cancerous sites by the incorporation of a collagen-binding
peptide into the viral coat. Collagen is preferentially exposed on cells involved in
rearrangement associated with tumor invasion, angiogenesis, and stroma formation.

Epeius Biotechnologies, San Marino, CA

Phase lll trial planned; FDA granted fast-track status

Fluoropyrimidine-based
chemotherapy (e.g.,
FOLFIRINOX
[leucovorin, 5-FU,
irinotecan, and
oxaliplatin])

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Rexin-G for Patients with Patients with chemotherapy-resistant, recurrent or metastatic soft tissue sarcoma Pazopanib Increased overall
chemotherapy- chemotherapy- have limited therapeutic options when their disease fails to respond to currently survival
resistant sarcoma resistant, recurrent | available chemotherapy. Rexin-G is a viral vector that encodes a dominant negative Increased

or metastatic soft
tissue sarcoma

version of cyclin G1. Cyclin G1 is a central mediator of cell-cycle progression, and
its inhibition leads to cell cycle arrest and apoptosis. The viral vector is targeted to
cancerous sites by the incorporation of a collagen-binding peptide into the viral
coat. Collagen is preferentially exposed on cells involved in rearrangement
associated with tumor invasion, angiogenesis, and stroma formation.

Epeius Biotechnologies, San Marino, CA

Phase I/l trial complete; phase IlI trial planned

progression-free
survival

Improved quality of
life

Selective estrogen
receptor alpha
agonist (Capesaris)
for treatment of
advanced prostate
cancer

Patients in whom
advanced prostate
cancer has been
diagnosed

Current treatment of advanced prostate cancer uses medical or surgical castration
to reduce testosterone. However, current mechanisms of antiandrogen therapy
result in significant side effects such as bone loss and hot flashes, which may lead
to patient morbidity or poor treatment adherence. Capesaris™ (GTx-758) is a novel
antiandrogen therapy that acts as a selective estrogen receptor-alpha agonist to
achieve castration levels of testosterone through feedback inhibition of the pituitary
and hypothalamus without causing bone loss and hot flashes.

GTX, Inc., Memphis, TN
Phase Il trial completed; additional phase Il trials were put on hold by FDA in Feb

2012 because of reports of increased rates of venous thromboembolic events or
blood clots; GTx issued a response to FDA in Apr 2012

Bilateral orchiectomy
Luteinizing-hormone-
releasing hormone
agonists

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Small-molecule drug
conjugate
(vintafolide) for
treatment of
platinum-resistant
ovarian cancer

Patients with
platinum-resistant
ovarian cancer who
have undergone 1
or 2 rounds of
platinum-based
chemotherapy

Patients in whom platinum-resistant ovarian cancer has been diagnosed have a
poor prognosis and few treatment options. Vintafolide (EC145) is a novel, small-
molecule drug conjugate that uses a peptide linker to couple a targeting ligand to a
cytotoxic agent. In vintafolide, the targeting ligand is specific for the folate receptor,
which is expressed on the majority of ovarian cancer cells, but not on cells of
normal tissue. Based on this difference, the cytotoxic drug linked to the folate
receptor targeting ligand might be preferentially delivered to malignant cells.
vintafolide is administered intravenously and is being studied in combination with
pegylated liposomal doxorubicin.

Endoctye, Inc., West Lafayette, IN, in collaboration with Merck & Co., Inc.,
Whitehouse Station, NJ

Phase Il trial ongoing

Docetaxel
Etoposide
Gemcitabine
Paclitaxel

Pegylated liposomal
doxorubicin
Topotecan

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

SNSO01-T for
treatment-refractory
multiple myeloma

Patients in whom
treatment-
refractory multiple
myeloma has been
diagnosed

SNSO01-T is a novel therapeutic intended to sensitize cancer cells to apoptotic
signals by targeting eukaryotic translation initiation factor 5A1; elF5A1 functions as
a shuttle protein, selectively translocating mRNAs from the nucleus to cytosolic
ribosomes for translation. elF5A1 exists in two forms: a pro-apoptotic form and an
anti-apoptotic form, which is generated by post-translational modification. SNSO01-T
consists of 2 nucleic acid-based molecules: (1) a plasmid that drives expression of
a pro-apoptotic form of elF5A1 that has been modified to prevent its post-
translational modification to the antiapoptotic form and (2) an antisense molecule
that inhibits expression of endogenous elF5A1, which normally serves as the
precursor to anti-apoptotic elF5A1. By altering the balance of pro-apoptotic and
anti-apoptotic elF5A1, SNSO01-T is purported to promote cell death over cell growth
and cell survival. In clinical trials, SNSO1-T is administered by intravenous infusion,
twice weekly.

Senesco Technologies, Inc., New Brunswick, NJ

Phase I/ll trial ongoing; FDA granted orphan drug status

Various
chemotherapeutic
regimens, including:
Bendamustine
Bortezomib
Bortezomib and
dexamethasone
Bortezomib,
lenalidomide, and
dexamethasone
Bortezomib and
liposomal doxorubicin
Cyclophosphamide,
bortezomib, and
dexamethasone
Cyclophosphamide,
lenalidomide, and
dexamethasone
Dexamethasone,
cyclophosphamide,
etoposide, and cisplatin
Lenalidomide and
dexamethasone
Thalidomide and
dexamethasone

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Sotatercept (ACE-
011) for treatment of
chemotherapy-
induced anemia

Patients in whom
anemia following
chemotherapy has
been diagnosed

Anemia is one of the most common and debilitating complications of cancer
chemotherapy, often significantly reducing the number of red blood cells (RBCs)
and preventing RBC production. Anemia is commonly treated with therapies
targeting the erythropoietin pathway; however, therapies targeting this pathway
have exposed patients to increased risk of tumor stimulation and progression, as
well as increased risk of thrombosis. ACE-011 is a soluble form of the activin
receptor type IIA (ActRIIA), and it inhibits signaling of several members of the
transforming growth factor-beta protein super family, responsible for stimulation of
RBC production, cell type differentiation, bone formation, and inhibition of tumor
growth and metastasis. ACE-011 is administered via subcutaneous injection, every
42 days, up to 4 doses/cycles at 15, 30, or 45 mg.

Celgene Corp., Summit, NJ, in collaboration with Acceleron Pharma, Inc.,
Cambridge, MA

Phase II/11l trial ongoing

Erythropoiesis
stimulating agents

Decreased risk of
thrombosis and
tumor stimulation
Increased
hemoglobin levels
Reduced fatigue
and inflammation
Improved quality of
life

Stool DNA
molecular test for
colorectal cancer
screening

All patients
undergoing routine
colorectal cancer
(CRC) screening

Genetic test (Cologuard™) screens DNA for genetic mutations and epigenetic
modifications commonly found in CRCs; 4-gene plus 1 biomarker test performed on
stool samples. This test kit is the next generation of the ColoSure™ test, which
looked for epigenetic modification in only 1 genetic locus.

Exact Sciences Corp., Madison, WI

Clinical trial ongoing (phase unstated)

Colonoscopy
Computed tomographic
colonography

Fecal occult blood
testing

Sigmoidoscopy

Increased
sensitivity and
specificity for
precancerous
lesions and CRC
Improved positive
and negative
predictive values
Reduced
unnecessary
followup for
screening
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Survivin antisense
inhibitor
(LY2181308) for
treatment of
metastatic nonsmall
cell lung cancer

Patients with
treatment-resistant,
metastatic
nonsmall cell lung
cancer (NSCLC)

Patients with advanced NSCLC that has progressed after chemotherapy have a
poor prognosis and few treatment options. LY2181308 is an antisense drug that
targets the messenger RNA of survivin, a protein that is overexpressed specifically
in a number of cancers. Survivin (BIRC5) has been shown to inhibit the activation of
pro-apoptotic caspases. Inhibition of survivin may increase caspase activity and
lead to cancer-cell apoptosis. In the current clinical trial, LY2181308 is being
administered intravenously as an adjunct to the standard 2nd-line chemotherapy
drug docetaxel.

Eli Lilly and Co., Indianapolis, IN (licensed from ISIS Pharmaceuticals, a unit of
Johnson & Johnson, New Brunswick, NJ)

Phase Il trial ongoing

Combination therapy:
Bevacizumab, cisplatin,
docetaxel, pemetrexed
Monotherapy for
appropriately selected
patients:

Crizotinib

Erlotinib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Survivin peptide
vaccine (DPX-
Survivac) to prevent
recurrence of
ovarian cancer

Patients with stage
llc-IV ovarian
cancer who have
undergone
successful
debulking surgery
and treatment with
carboplatin/
paclitaxel

Patients in whom ovarian cancer has been diagnosed often relapse following
successful initial treatment of their disease; therefore, maintenance therapies that
prolong the time to recurrence or prevent recurrence are needed. DPX-Survivac is a
novel peptide vaccine that consists of survivin peptides in a lipid-based depot
formulation (DepoVax™). Survivin is a tumor-associated antigen that has been
shown to be overexpressed in multiple cancers including ovarian cancer. In clinical
trials, DPX-Survivac is being administered in 3 injected doses in combination with or
without a low dose of cyclophosphamide (intended to act as an immune stimulant).

Immunovaccine, Inc., Halifax, Nova Scotia, Canada

Phase I/ll trial ongoing

Bevacizumab
Paclitaxel

Increased overall
survival

Increased
recurrence-free
survival

Improved quality of
life

Talactoferrin alfa for
treatment of
nonsmall cell lung
cancer

Patients with
nonsmall cell lung
cancer (NSCLC)
who are
undergoing 1st-line
chemotherapy;
patients with
treatment-resistant
NSCLC

Talactoferrin alfa is a derivative of lactoferrin, a modulator of the immune response
and is intended to stimulate the immune system in an effort to destroy the tumor.
Talactoferrin alfa is under study in the 1st-line setting in combination with
carboplatin and paclitaxel and under study in the 3rd-line setting as a monotherapy.

Agennix AG, Heidelberg, Germany

Phase Ill trials ongoing

First-line comparator:
carboplatin and
paclitaxel alone
Third-line comparator:
standard of care

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Targeted cytotoxic
(AEZS-108) for
treatment of
luteinizing-hormone-
releasing hormone-
receptor-positive
cancers

Patients in whom
luteinizing-
hormone-releasing
hormone (LHRH)
receptor-
expressing cancer
has been
diagnosed,
including ovarian,
endometrial,
prostate, or bladder
cancer

Cytotoxic chemotherapy such as doxorubicin has proven anticancer effects;
however, efficacy is inhibited by dose-limiting toxicities on normal tissues. AEZS-
108 is a conjugate between a LHRH analog and doxorubicin. The LHRH analog
targets cells that express the LHRH receptor, which includes the cells of many
cancer types. Compared with naked doxorubicin, AEZS-108 is purported to
preferentially target LHRH receptor-expressing cells, potentially sparing normal
tissue from the toxic effects of the conjugated chemotherapeutic agent. In trials, the
agent is being given as an intravenous infusion in doses of 128, 160, 210, or 267
mg/m?, every 3 weeks, up to 6 treatment cycles.

AEterna Zentaris, Inc., Quebec, Quebec, Canada

Phase Il trials ongoing; pivotal trial in endometrial cancer anticipated to be initiated
in 2012

Doxorubicin

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Tasquinimod for
treatment of
castration-resistant
prostate cancer

Patients in whom
castration-resistant
prostate cancer
(CRPC) has been
diagnosed

Advanced prostate tumors can become resistant to androgen-deprivation therapy;
new treatments with novel mechanisms of action are needed to limit the growth of
advanced CRPC. Tasquinimod is a novel oral antiangiogenic compound that is
intended to restrict blood flow to prostate tumors thus inhibiting growth; tasquinimod
which may also exert antitumor effects. Administered at doses of 0.25, 0.5, or 1.0
mg/day.

Active Biotech, AB, Lund, Sweden

Phase Il trial ongoing

Abiraterone
Enzalutamide (in
development)
Orteronel (in
development)
Sipuleucel-T

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Telomerase inhibitor
(imetelstat) for
treatment of
nonsmall cell lung
cancer

Patients in whom
advanced/
metastatic
nonsmall cell lung
cancer (NSCLC)
has been
diagnosed whose
disease has not
progressed after
treatment with
platinum-based
cytotoxic
chemotherapy with
or without the
addition of biologic
therapy with
bevacizumab

Patients with advanced/metastatic NSCLC have a poor prognosis and disease often
recurs or progresses following initial treatment. One cause of disease recurrence
may be the existence of “cancer stem cells,” which are typically refractory to
cytotoxic chemotherapy and have the potential to regenerate tumors following
cessation of cytotoxic chemotherapy. One hallmark of cancer stem cells is the
expression of an enzyme called telomerase that is essential for maintaining the
fidelity of chromosome termini (telomeres), which typically degrade after repeated
cell divisions. Imetelstat is an oligonucleotide that binds the active site of
telomerase, inhibiting its activity. Imetelstat is under study as a maintenance
therapy following a successful cytotoxic chemotherapy regimen and may be
administered in combination with the antiangiogenic monoclonal antibody
bevacizumab.

Geron Corp., Menlo Park, CA

Phase Il trial ongoing

Bevacizumab
Observation

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Tengion neo-urinary
conduit for
postcystectomy
urinary diversion

Patients who have
undergone a
cystectomy
(bladder removal),
usually as
treatment for
bladder cancer

Tengion Neo-Urinary Conduit™ obtains a fat-cell sample from the patient prior to
cystectomy and in the laboratory, a biodegradable scaffold is used to grow a
smooth muscle tube from the fat cell sample. The tube is used to divert urine from
the ureters to the outside the body after bladder removal.

Tengion, Inc., East Norriton, PA

Phase | trial ongoing

lleal conduit urinary
diversion (uses a
portion of the intestine
as the urinary conduit)
Studer’s ileal
neobladder (uses a
portion of the intestine
to form a bladder-like
pouch that is controlled
by abdominal muscles)

Successful routing
of urine outside the
body without
disrupting the
gastrointestinal tract

Tesetaxel (oral
taxane) for
treatment of
advanced cancers

Patients in whom
advanced gastric
cancer, melanoma,
prostate cancer,
breast cancer, or
bladder cancer has
been diagnosed

Current microtubule stabilizing taxanes (e.g., docetaxel, paclitaxel) are administered
by intravenous infusion and have been associated with infusion site reactions.
Tesetaxel would be the 1st orally administered taxane; other oral taxanes are in
development but not as far along. Additionally, preclinical studies suggested that
tesetaxel could evade a common mechanism by which cancer cells develop taxane
resistance and, therefore, could potentially be used to treat taxane-resistant
cancers.

Genta, Inc., Berkeley Heights, NJ

Phase Il trials ongoing

Conventional (injected)
taxanes:

Docetaxel

Paclitaxel

Reduced taxane-
administration-
related adverse
events

Increased overall
survival
Increased
progression-free
survival
Improved quality of
life
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Tivozanib (AV-951)
for treatment of
advanced or
metastatic breast
cancer

Patients in whom
advanced or
metastatic breast
cancer has been
diagnosed that is
refractory to
standard
chemotherapy

Tivozanib (AV-951) is a quinoline-urea—derived vascular endothelial growth factor
(VEGF) receptor (VEGFR) inhibitor that inhibits several tyrosine kinases. The
theoretical basis for VEGFR inhibitors in the treatment of solid tumors is that VEGF
is a key mediator of normal and tumor-induced angiogenesis, or the proliferation
and survival of endothelial cells, and vascular permeability. When VEGFRs are
activated by VEGF, endothelial cells migrate and proliferate, resulting in the
formation of new tumor vasculature. If the VEGF pathway is disrupted, a tumor can
no longer trigger the development of its own blood supply, thereby impeding the
tumor’s growth and dissemination. The drug is being studied in combination with
paclitaxel. It is administered orally.

AVEO Pharmaceuticals, Inc., Cambridge, MA

Phase I/ll trial complete

Paclitaxel alone

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Tivozanib (AV-951)
for treatment of
advanced renal cell
carcinoma

Patients in whom
advanced primary
renal cell
carcinoma has
been diagnosed

Tivozanib (AV-951) is a quinoline-urea—derived vascular endothelial growth factor
(VEGF) receptor (VEGFR) inhibitor that inhibits several tyrosine kinases. The
theoretical basis for VEGFR inhibitors in the treatment of solid tumors is that VEGF
is a key mediator of normal and tumor-induced angiogenesis, or the proliferation
and survival of endothelial cells, and vascular permeability. When VEGFRs are
activated by VEGF, endothelial cells migrate and proliferate, resulting in the
formation of new tumor vasculature. If the VEGF pathway is disrupted, a tumor can
no longer trigger the development of its own blood supply, thereby impeding the
tumor’s growth and dissemination. It is given orally.

AVEO Pharmaceuticals, Inc., Cambridge, MA
Phase lll trial ongoing; in Jan 2012, the company reported that tivozanib met its

primary endpoint of improving progression-free survival; FDA new drug application
filing anticipated in 2012

Everolimusinterleukin-2
Sorafenib

Sunitinib

Temsirolimus

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Tivozanib (AV-951)
for treatment of
metastatic nonsmall
cell lung cancer

Patients in whom
recurrent advanced
or metastatic
nonsmall cell lung
cancer (NSCLC)
has been
diagnosed that is
refractory to
standard
chemotherapy

Tivozanib is a quinoline-urea—derived vascular endothelial growth factor (VEGF)
receptor (VEGFR) inhibitor that inhibits several tyrosine kinases. It is being
investigated for the treatment of NSCLC. The theoretical basis for VEGFR inhibitors
in the treatment of solid tumors lies in the fact that VEGF is a key mediator of
normal and tumor-induced angiogenesis, or the proliferation and survival of
endothelial cells, and vascular permeability. When VEGFRs are activated by VEGF,
endothelial cells migrate and proliferate, resulting in the formation of new tumor
vasculature. If the VEGF pathway is disrupted, a tumor can no longer trigger the
development of its own blood supply, thereby impeding the tumor’s growth and
dissemination. The agent is given in oral formulation, dosed in cycles of once daily
for several weeks, followed by 1 week off treatment.

AVEO Pharmaceuticals, Inc., Cambridge, MA

Phase I/ll trial complete

Palliative care

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Topoisomerase |
inhibitor-polymer
conjugate (NKTR-
102) for treatment-
resistant, metastatic
breast cancer

Patients with
metastatic breast
cancer whose
disease has
progressed after 2
systemic
chemotherapy
regimens including
anthracycline-,
taxane-, and
capecitabine-
containing
regimens

Patients with metastatic breast cancer that has progressed on anthracycline-,
taxane-, and capecitabine-containing regimens have few treatment options and a
poor prognosis. NKTR-102 is a novel formulation of the topoisomerase | inhibitor
irinotecan. Although approved for treatment of colorectal cancer, irinotecan is not
currently indicated for treatment of breast cancer. NKTR-102 is a modified version
of irinotecan in which the drug is linked to a macromolecule core. The linkage is
purported to render the drug inert in the bloodstream and allow the slow release of
the drug as the linkages are metabolized in the patient. Slow release extends the
time during which the patient’s disease is exposed to therapeutic levels of the drug,
thus limiting exposure to high levels of the drug at the time of infusion. Additionally,
the large drug-polymer conjugate may preferentially accumulate in tumor tissues
because of the increased permeability of tumor vasculature.

Nektar Therapeutics, San Francisco, CA

Phase Il trial ongoing

Eribulin
Gemcitabine
Ixabepilone
Pemetrexed
Vinorelbine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Transferrin targeted
anticancer agent
(NKP-1339) for
treatment of
metastatic cancer

Patients in whom
metastatic cancer
has been
diagnosed

Many metastatic cancers are unresponsive to current treatments, and new
treatments are needed. NKP-1339 is a novel cancer drug that targets the body’s
natural iron transporter (transferrin), the receptor for which is highly expressed on
cancer cells because of these cells’ elevated iron requirements. NKP-1339 is
injected in an inert form that mimics transferrin and binds to the transferrin receptor.
Upon binding, the receptor/drug complex is internalized and the drug becomes
activated upon exposure to the redox state of the cytosol. The activated drug leads
to the production of free radicals, which potentially lead to apoptosis.

Niiki Pharma, Inc., Hoboken, NJ

Phase | portion of phase I/l trial complete

Various anticancer
therapies

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Trastuzumab
emtansine for
treatment of breast
cancer

Patients in whom
metastatic HER2-
positive breast
cancer has been
diagnosed

Trastuzumab emtansine (formerly trastuzumab-DM1) is a combination of a HER2-
specific antibody (trastuzumab, Herceptin) and a cytotoxic microtubule inhibitor
(DM1, mertansine). This combination is intended to enable preferential delivery of a
highly cytotoxic agent to cells expressing HER2 to produce the same (or better)
results as HER2 inhibition plus chemotherapy, but with reduced side effects.

F. Hoffmann-La Roche Ltd., Basel, Switzerland
Phase Il trials ongoing; company reported that trastuzumab emtansine met its

primary endpoint of improving progression-free survival in the 2nd-line setting; full
results from this trial anticipated in late 2012

Lapatinib-based
chemotherapy regimens
Trastuzumab-based
chemotherapy regimens

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

TroVax for treatment
of hormone-
refractory prostate
cancer

Patients in whom
metastatic,
hormone-refractory
prostate cancer
has been
diagnosed

Novel cancer therapies for hormone-refractory prostate cancer that may increase
treatment efficacy and survival are needed. TroVax® is a modified vaccinia Ankara
virus vector encoding the oncofetal antigen 5T4 intended to induce cellular immune
responses to tumors; oncofetal antigen 5T4 is expressed by many solid tumors. In
current trial, TroVax is given in combination with the chemotherapy drug docetaxel.

Oxford BioMedica, Oxford, UK

Phase Il trial ongoing (was halted in development for renal cell carcinoma in 2009)

Docetaxel alone

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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TRU-016 for Patients in whom Many patients with CLL do not achieve an initial treatment response, and most Combination Increased overall
treatment of chronic | chronic patients eventually relapse, demonstrating the need for new and effective chemotherapies, such survival
lymphocytic lymphocytic treatments. TRU-016 is a CD37-directed small modular immunopharmaceutical as: Increased
leukemia leukemia (CLL) has | protein intended to treat CLL; TRU-016 uses a different mechanism of action from Alemtuzumab plus or progression-free
been diagnosed currently available monoclonal antibodies used to treat CLL (e.g., rituximab, minus rituximab survival
alemtuzumab) and may be used alone or in combination with chemotherapy Bendamustine/rituximab | Improved quality of
(bendamustine) and/or other targeted therapeutics. Cyclophosphamide/ life
doxorubicin/vincristine/
Emergent BioSolutions, Inc., Rockville, MD prednisone/rituximab
Fludarabine/
Phase I/ll trials ongoing cyclophosphamide/
rituximab/ofatumumab
Pentostatin/
cyclophosphamide/
rituximab
Tryptophan Patients in whom Patients with carcinoid tumors that are not amenable to surgical resection have few | Chemotherapy (e.g., Decreased rate of

hydroxylase inhibitor
(telotristat etiprate,
LX1032) for
treatment of
neuroendocrine
tumor-associated
carcinoid syndrome

metastatic
neuroendocrine
tumor-associated
carcinoid syndrome
has been
diagnosed

treatment options to control disease symptoms, and not all patients respond to
current therapies. A hallmark of many carcinoid tumors is the overproduction of
serotonin, which leads to complications such as severe diarrhea, flushing, and
cardiac damage. Telotristat etiprate (LX1032) is intended to reduce systemic
serotonin levels by inhibiting an enzyme involved in the synthesis of serotonin,
tryptophan hydroxylase.

Lexicon Pharmaceuticals, Inc., The Woodlands, TX

Phase Il trials completed; FDA granted fast track status

capecitabine,
dacarbazine, 5-
fluorouracil,
temozolomide)
Interferon alpha
Octreotide

bowel movements
Decreased 5-HIAA
levels

Decreased rate of
flushing episodes
Improved quality of
life (e.g., less pain,
discomfort)

Tumor-treating fields
therapy (NovoTTF-
100L device) for
nonsmall cell lung
cancer

Patients in whom
stage lllb-IV
nonsmall cell lung
cancer has been
diagnosed

The system delivers tumor-treating fields (local alternating electrical fields) to the
target tumor site. Electrical fields are purported to interfere with charged molecules
that are involved the cell’'s mitotic processes. The therapy is delivered in conjunction
with chemotherapy.

NovoCure Ltd., Haifa, Israel

Phase I/Il trial complete; company states it is preparing a phase Ill trial program to
obtain FDA approval for investigational device exemption status to conduct the trial

Chemotherapy alone
Radiation therapy/
chemotherapy
Surgical resection/
chemotherapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Tumor-treating fields
therapy (NovoTTF-
100L device) for
recurrent
glioblastoma

Patients in whom
recurrent
glioblastoma has
been diagnosed

The system delivers tumor-treating fields (local alternating electrical fields) to the
target tumor site. Electrical fields are purported to interfere with charged molecules
that are involved the cell’s mitotic processes. The therapy is delivered in conjunction
with chemotherapy.

NovoCure Ltd., Haifa, Israel

FDA approved for recurrent glioblastoma Apr 2011; phase Ill trial in newly
diagnosed glioblastoma ongoing

Bevacizumab
Bevacizumab plus
irinotecan,
BCNU/CCNU,
temozolomide
Combination PCV
(CCNU, procarbazine,
and vincristine)
Cyclophosphamide
Nitrosourea
Nitrosourea wafer
Platinum-based
chemotherapy
Temozolomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Ultra-low-molecular-
weight heparin
(semuloparin) for
prevention of
venous
thromboembolism in
patients undergoing
chemotherapy

Patients who are at
high risk for venous
thromboembolism
(VTE) who are
undergoing
chemotherapy
treatment for
cancer

Up to 20% of patients in whom cancer has been diagnosed experience a VTE, and
the risk of VTE is further increased in patients undergoing chemotherapy treatment.
However, no treatments are currently approved by FDA for thromboprophylaxis in
this setting (i.e., thromboprophylaxis is recommended only for cancer patients
undergoing major surgery and/or hospitalized or critically ill). The potential benefits
of thromboprophylaxis in this setting have not been firmly established. Semuloparin
is an ultra-low-molecular-weight heparin that has exhibited high anti-factor Xa and
minimal residual anti-factor lla (thrombin) activities and is proposed for use in
patients receiving chemotherapy at risk of VTE. In a clinical trial, semuloparin given
by subcutaneous injection, 20 mg, daily.

Sanofi, Paris, France
Phase Il trial completed; biologics license application submitted to FDA Sept 2011;

In Jun 2012, FDA'’s Oncologic Drugs Advisory Committee voted 14-1 (with 1
abstention) against recommending approval of semuloparin

Low-molecular-weight
heparin
No treatment

Decreased rate of
thromboembolytic
events

Improved safety
profile (e.g., fewer
bleeding events)
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Urine test (PSP94)
for prostate cancer

Men undergoing
routine prostate

PSP94 (microseminoprotein-beta, inhibin-like peptide, prostate secretory protein) is
expressed in normal prostate tissue; however, studies have shown that its levels

Digital rectal
examination

Increased
sensitivity and

screening cancer screening are reduced in cancerous prostate cells; test kit is an enzyme-linked Prostate-specific specificity for
(generally men immunosorbent assay-based urine assay to detect reduced levels of PSP94. antigen screening screening
older than 50 years Improved predictive
of age) Miraculins, Inc., Winnipeg, Manitoba, Canada values
Avoided
Kit was made available as a research-use-only reagent in Aug 2010; company unnecessary
plans to develop a commercially available diagnostic test kit biopsies
Better treatment
planning
Improved quality of
life
Urocidin for Patients in whom Urocidin™ is a mycobacterial cell wall/DNA preparation proposed to create a Bacillus Calmette- Increased overall

treatment of
nonmuscle-invasive
bladder cancer

nonmuscle-
invasive bladder
cancer (cancer on
the surface of the
bladder) has been
diagnosed

localized immune response (mechanism of action unclear). Administered by
transurethral catheter directly into the bladder.

Bioniche Life Sciences, Inc., Belleville, Ontario
Endo Pharmaceuticals, Chadds Ford, PA (licensee in U.S.)

Phase II/11l trial ongoing

Guérin treatment
Cystectomy

survival

Increased
progression-free
survival

Avoidance of
cystectomy
Improved quality of
life

Vaccine (BiovaxID)
for treatment of
indolent follicular
non-Hodgkin’s
lymphoma

Patients in whom
indolent follicular
non-Hodgkin’s
lymphoma has
been diagnosed
and who are in
their first complete
remission

Personalized cancer vaccine (BiovaxID®) works by producing B-cell hybridomas
from the patient's cancer cells. Cancer-specific antibody idiotype is amplified,
isolated, and conjugated to an immunostimulant; then readministered with
granulocyte macrophage colony-stimulating factor in attempt to induce anti-idiotypic
response to the lymphoma tumor.

Biovest International, Inc., Tampa, FL

Phase Il trial complete; FDA granted orphan drug status

Watchful waiting

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Vaccine (BiovaxID)
for treatment of
mantle cell
lymphoma

Patients in whom
mantle cell
lymphoma has
been diagnosed

Personalized cancer vaccine (BiovaxID®) works by producing B-cell hybridomas
from patient's cancer cells; cancer-specific antibody idiotype is amplified, isolated,
and conjugated to an immunostimulant, then readministered with granulocyte
macrophage colony-stimulating factor, in an effort to induce anti-idiotypic response
to the lymphoma/tumor.

Biovest International, Inc., Tampa, FL

Phase Il trial complete; FDA granted orphan drug status

Chemotherapy
Lymphocyte
transplantation
Monoclonal antibodies
Radioimmunotherapy
(ibritumomab and
tositumomab)
Radiation

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Vaccine (GI-4000)

Patients with

Patients in whom pancreatic cancer has been diagnosed who have undergone

5-Fluorouracil/

Increased overall

A3-positive nonsmall
cell lung cancer

has been
diagnosed that
expresses the
melanoma
antigenic epitope
(MAGE)-A3
biomarker

marker as an adjuvant to conventional chemotherapy.
GlaxoSmithKline, Middlesex, UK

Phase Ill trial ongoing

for treatment of surgically surgical resection of the primary tumor have median survival of about 2 years with leucovorin survival
pancreatic cancer resectable current adjuvant chemotherapy options. GI-4000 is a novel immune therapy that Gemcitabine Increased
harboring activating | pancreatic cancer targets pancreatic cancers harboring an activating mutation in the RAS gene, which progression-free
RAS mutations that expresses an is present in the majority of pancreatic cancers. GI-4000 is composed of heat-killed survival
activated form of yeast cells that have been genetically modified to express a tumor-specific antigen; Improved quality of
RAS in the case of GI-4000, activated RAS. The modified yeast cells are purportedly life
taken up by antigen-presenting cells of the immune system and elicit a cytotoxic T-
cell response targeted to antigens derived from activated RAS produced by cancer
cells. In clinical trials, GI-4000 is administered subcutaneously in combination with
the 1st-line standard adjuvant chemotherapy drug gemcitabine.
Globelmmune, Inc., Louisville, CO
Phase Il trial ongoing
Vaccine Patients in whom MAGE-A3 is an antigen that is expressed by a variety of tumor cells, in particular Surgery Increased overall
(GSK1572932A) for | nonsmall cell lung about 20% of NSCLCs. GSK1572932A is a MAGE-A3 peptide vaccine that is Various chemotherapies | survival
treatment of MAGE- | cancer (NSCLC) intended to be given to patients who have tumors that express the MAGE-A3 Radiation therapy Increased

progression-free
survival

Improved quality of
life
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Vaccine (IMA901)
for treatment of
renal cell carcinoma

Patients in whom
renal metastatic
and/or locally
advanced renal cell
carcinoma (RCC)
has been
diagnosed

RCC is typically highly resistant to conventional chemotherapy/radiation therapy;
therefore, there are few treatment options for patients with RCC. IMA901 is a
rationally designed therapeutic cancer vaccine comprised of 10 different tumor-
associated peptides that are found to be highly overexpressed in the majority of
patients who have RCC. Immunization is intended to induce cellular immune
responses against renal tumors, and IMA901 is purported to have a stable, off-the-
shelf formulation. The vaccine is administered intradermally with granulocyte
macrophage colony-stimulating factor and sunitinib as a 1st-line therapy.

Immatics Biotechnologies GmbH, Tubingen, Germany

Phase Ill trial ongoing

Sunitinib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Vaccine
(tertomotide, GV-
1001) for treatment
of pancreatic cancer

Patients in whom
pancreatic cancer
has been
diagnosed

Advanced pancreatic cancer has a 5-year survival rate of about 5% with few
therapeutic options. Tertomotide (GV-1001) is a therapeutic peptide vaccine against
telomerase, a protein responsible for adding telomeres, noncoding DNA at the ends
of chromosomes, which help to determine the life span of cells; overexpression of
telomerase can lead to immortalization of cells and oncogenesis; tertomotide is
purported to induce cellular immune responses against telomerase. Tertomotide is
administered intradermally in combination with granulocyte macrophage colony-
stimulating factor on days 1, 3, and 5 in week 1, once weekly in weeks 2, 3, 4, and
6, and then once a month in the absence of disease progression or unacceptable
toxicity; patients may also be concurrently treated with gemcitabine.

KAEL-GemVax Co., Ltd., Seoul, South Korea

Phase Il trial ongoing (data expected 2nd half of 2012)

5-fluorouracil/leucovorin
Gemcitabine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Vaccine (TVI-Brain-
1) for treatment of
recurrent glioma

Patients in whom
recurrent stage 1V
glioma has been
diagnosed

A personalized vaccine (TVI-Brain-1) consisting of irradiated cancer cells derived
from the patient and administered with granulocyte macrophage colony-stimulating
factor; “precursor killer T cells” are generated after the 1st administration of the
vaccine; then vaccine-induced killer T cells are collected from the patient's blood for
additional priming at the manufacturer's laboratory and reinfused intravenously into
the patient’s bloodstream.

TVAX Biomedical, LLC, Lenexa, KS

Phase Il trial ongoing

Bevacizumab
Bevacizumab plus
irinotecan,
BCNU/CCNU,
temozolomide
Combination PCV
(CCNU, procarbazine,
and vincristine)
Cyclophosphamide
Nitrosourea
Nitrosourea wafer
Platinum-based
chemotherapy
Temozolomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Vandetanib
(Caprelsa) for
treatment of
metastatic medullary
thyroid cancer

Patients in whom
metastatic
medullary thyroid
cancer has been
diagnosed

No treatments are currently approved for metastatic medullary thyroid cancer, which
has a 28% rate of survival for 5 years. Vandetanib (Caprelsa®) is a tyrosine kinase
inhibitor with activity against various growth factors: vascular endothelial growth
factor receptor, epidermal growth factor receptor, and recombined in transfection
(RET); about 25% of medullary thyroid cancer is caused by a mutation in the RET
proto-oncogene. Taken orally, once daily.

AstraZeneca, London, UK

FDA approved Apr 2011

Chemotherapy (off
label)
Radiotherapy
Surgery

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

VGX-3100 for
treatment of high-
grade cervical
dysplasia

Patients in whom
human
papillomavirus
(HPV) 16 or 18-
attributed high-
grade cervical
dysplasia (cervical
intraepithelial
neoplasia [CIN] 2
or 3) has been
diagnosed

Current HPV preventive vaccines do not treat women already infected with HPV
16/18, the main cause of cervical cancer, or who have confirmed CIN; surgical
excision is the usual treatment and noninvasive alternatives are needed. VGX-3100
is a therapeutic DNA vaccine encoding regions of HPV 16 and 18, E6 and E7
proteins, which are believed to be important in oncogenesis; intended to elicit
cellular immune responses against the 2 most common HPV types associated with
cervical cancer to lead to regression of high-grade precancerous lesions. VGX-3100
is given as a 1 mL intramuscular injection followed by electroporation at day 0,
week 4, and week 12.

Inovio Pharmaceuticals, Inc., Blue Bell, PA

Phase Il trial ongoing

Colposcopy/excision
Imiquimod

Increased CIN
regression rate
Increased HPV
clearance rate
Reduced incidence
of cervical cancer
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Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Vismodegib Patients in whom No systemic treatment was approved for treatment of basal cell carcinoma prior to No other currently Increased overall
(Erivedge) for advanced/ approval of vismodegib, and patients with advanced/metastatic disease that is not approved systemic survival
treatment of basal metastatic basal amenable to surgical resection have few treatment options. Activation of the treatment option Increased

junction cancer

junction cancer that
is not amenable to
surgical resection
has been
diagnosed

signaling. If trials are successful, this could be the 1st hedgehog pathway inhibitor
to be approved for this condition. In an ongoing gastric cancer trial, vismodegib is
administered in combination with the FOLFOX (folinic acid [leucovorin], 5-
fluorouracil, oxaliplatin) cytotoxic chemotherapy regimen.

National Cancer Institute, Bethesda, MD, and New York Cancer Consortium

Phase Il trial ongoing

cell carcinoma cell carcinoma has | hedgehog signaling pathway, which is normally silenced following early available progression-free
been diagnosed development, has been implicated in the development and survival of a large survival
percentage of basal cell carcinomas. Vismodegib (GDC-0449) is an inhibitor of the Improved quality of
protein Smoothened, which is essential for transducing hedgehog signaling. life
Genentech subsidiary of F. Hoffmann-La Roche, Ltd., Basel, Switzerland
Phase Il trials ongoing; FDA approved Jan 2012, based on phase Il results for
locally advanced and metastatic cancer; approval includes black box warning of
potential risk of death or severe birth defects to unborn fetus
Vismodegib (GDC- Patients in whom Aberrant hedgehog pathway activation has been implicated in the development of Doxorubicin Increased overall
0449) for treatment metastatic or chondrosarcomas, a cancer with few treatment options. No hedgehog pathway survival
of chondrosarcoma unresectable inhibitors are currently available. Vismodegib (GDC-0449) is an inhibitor of the Increased
locally advanced protein Smoothened, which is essential for transducing hedgehog signaling. If trials progression-free
chondrosarcoma are successful, this could be the 1st hedgehog pathway inhibitor to be approved for survival
has been this condition. Improved quality of
diagnosed life
National Cancer Institute, Bethesda, MD, and Institute Bergonié, Bordeaux Cedex,
France
Phase Il trial ongoing
Vismodegib (GDC- Patients in whom Hedgehog signaling is involved in normal gut epithelial homeostasis; however, FOLFOX chemotherapy | Increased overall
0449) for treatment advanced gastric aberrant hedgehog signaling may lead to carcinogenesis of the gut epithelium. No alone survival
of gastric or cancer or hedgehog pathway inhibitors are currently available. Vismodegib (GDC-0449) is an Increased
gastroesophageal gastroesophageal inhibitor of the protein Smoothened, which is essential for transducing hedgehog progression-free

survival
Improved quality of
life

Section 1. Currently Tracked Interventions

130




ARHQ Healthcare Horizon Scanning System Status Report

8-15-2012

Topic Title

Potential Patient
Population

Intervention
Developer/Manufacturer(s)
Phase of Development

Potential Comparators

Potential Health
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Vismodegib (GDC-
0449) for treatment
of locally advanced
prostate cancer

Patients with
locally advanced
prostate cancer
who are
undergoing neo-
adjuvant hormone
therapy prior to
radical
prostatectomy

Aberrant hedgehog signaling has been implicated in the development of some
prostate adenocarcinoma; however, no hedgehog pathway inhibitors are currently
available. Vismodegib (GDC-0449) is an inhibitor of the protein Smoothened, which
is essential for transducing hedgehog signaling. If trials are successful, this could be
the 1st hedgehog pathway inhibitor to be approved for this condition.

National Cancer Institute, Bethesda, MD

Phase Il trial ongoing

Neoadjuvant hormone
therapy alone

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Vismodegib (GDC-
0449) for treatment
of medulloblastoma

Patients in whom
recurrent or
treatment
refractory
medulloblastoma
has been
diagnosed

Activation of the hedgehog signaling pathway, which is normally silenced following
early development, has been implicated in the development and survival of up to a
3rd of medulloblastomas; however, no hedgehog pathway inhibitors are currently
available. Vismodegib (GDC-0449) is an inhibitor of the protein Smoothened, which
is essential for transducing hedgehog signaling. If trials are successful, this could be
the 1st hedgehog pathway inhibitor to be approved for this condition.

Genentech subsidiary of F. Hoffmann-La Roche, Ltd., Basel, Switzerland
Curis Pharmaceuticals, Lexington, MA
National Cancer Institute, Bethesda, MD

Phase Il trials ongoing

Various chemotherapy
regimens (high-dose
cyclophosphamide plus
or minus etoposide;
etoposide;
temozolomide plus or
minus 13-cis retinoic
acid)

High-dose
chemotherapy plus
autologous stem cell
reinfusion

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Vismodegib (GDC-
0449) for treatment
of multiple myeloma

Patients with
multiple myeloma
who have
previously been
treated by
autologous stem
cell transplant

The hedgehog signaling pathway has been implicated in the maintenance of a
population of cells (“cancer stem cells”) that drive the proliferation of lymphocytes
that underlies the multiple myeloma phenotype. No hedgehog pathway inhibitors
are currently available. Vismodegib (GDC-0449) is an inhibitor of the protein
Smoothened, which is essential for transducing hedgehog signaling. If trials are
successful, this could be the 1st hedgehog pathway inhibitor to be approved for this
condition.

National Cancer Institute, Bethesda, MD, and Johns Hopkins Medicine’s Sidney
Kimmel Comprehensive Cancer Center, Baltimore, MD

Phase Ib trial ongoing

Bortezomib
Lenalidomide/
thalidomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Vismodegib (GDC-
0449) for treatment
of pancreatic cancer

Patients in whom
recurrent or
metastatic
pancreatic cancer
has been
diagnosed or in
whom pancreatic
ductal
adenocarcinoma
has been
diagnosed and who
are undergoing
surgical resection

Aberrant hedgehog signaling has been implicated in the development of pancreatic
cancer. hedgehog signaling may promote tumor growth in a paracrine manner
through signaling to the tumor stroma or may play a role in the maintenance of
pancreatic “cancer stem cells.” Vismodegib (GDC-0449) is an inhibitor of the protein
Smoothened, which is essential for transducing hedgehog signaling. If trials are
successful, this could be the 1st hedgehog pathway inhibitor to be approved for this
condition.

National Cancer Institute, Bethesda, MD, and University of Chicago, Chicago, IL
Johns Hopkins Medicine’s Sidney Kimmel Comprehensive Cancer Center,
Baltimore, MD

Cambridge University Hospitals NHS Foundation Trust, Cambridge, UK
National Cancer Institute, Bethesda, MD, and University of Michigan Cancer
Center, Ann Arbor

Phase Il trials ongoing

Gemcitabine
Gemcitabine plus
cisplatin or oxaliplatin
Gemcitabine plus
erlotinib

Gemcitabine plus a
fluoropyrimidine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Vismodegib (GDC-
0449) for treatment
of recurrent
glioblastoma
multiforme

Patients with
recurrent
glioblastoma
multiforme who
have undergone
surgical resection
of the recurrent
tumor

Aberrant hedgehog pathway activation has been implicated in maintaining the
features of glioblastoma multiforme that resemble “cancer stem cells,” which are
largely resistant to conventional chemotherapy treatments. No hedgehog pathway
inhibitors are currently available. Vismodegib (GDC-0449) is an inhibitor of the
protein Smoothened, which is essential for transducing hedgehog signaling. If trials
are successful, this could be the 1st hedgehog pathway inhibitor to be approved for
this condition.

National Cancer Institute, Bethesda, MD

Phase Il trial ongoing

Bevacizumab
Bevacizumab plus
irinotecan,
BCNU/CCNU,
temozolomide
Combination PCV
(CCNU, procarbazine,
and vincristine)
Cyclophosphamide
Nitrosourea
Nitrosourea wafer
Platinum-based
chemotherapy
Temozolomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Vosaroxin for
treatment of
relapsed or
refractory acute
myeloid leukemia

Patients in whom
acute myeloid
leukemia (AML)
has been
diagnosed

For patients with relapsed AML, the only potentially curative treatment is a
hematopoietic stem cell transplant; however, in some patients, disease relapses
after transplantation, or they are not candidates or cannot find a suitable donor.
Vosaroxin is a 1st-in-class, anticancer quinolone derivative; during normal
topoisomerase activity, the enzyme cleaves and then re-ligates double-strand
breaks to maintain DNA topology during replication; vosaroxin is purported to
intercalate into DNA and inhibit topoisomerase Il activity that results in replication-
dependent, site-selective double-strand breaks in DNA leading to G2 arrest and
apoptosis; compared with other topoisomerase Il inhibitors, vosaroxin is not a P-
glycoprotein substrate, evading the most common mechanism for multidrug
resistance. It may be used in combination with cytarabine. It is given as an
intravenous infusion, 90 mg/m? for days 1 and 4 for induction and 70 mg/m? for all
other cycles.

Sunesis Pharmaceuticals, Inc., South San Francisco, CA

Phase Il trial ongoing

Cladribine, cytarabine,
and granulocyte colony-
stimulating factor (GM-
CSF) plus or minus
mitoxantrone or
idarubicin

Clofarabine, cytarabine,
and GM-CSF

Etoposide and
cytarabine plus or
minus mitoxantrone
Fludarabine, cytarabine,
and GM-CSF plus or
minus idarubicin
High-dose cytarabine
and GM-CSF plus or
minus anthracycline

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Zanolimumab for
treatment of
cutaneous T-cell
lymphomas

Patients in whom
treatment-
refractory
cutaneous T-cell
lymphoma
(mycosis fungoides
or Sezary
syndrome) has
been diagnosed

Patients whose disease has progressed following 2nd-line treatment have a poor
prognosis and few treatment options. The malignant T cells of the majority of
cutaneous T-cell lymphomas express CD4. Zanolimumab is a CD4-specific
monoclonal that acts by downregulating T-cell activation/proliferation to deplete
these malignant T cells from the patient. In trials, eligible patients must have
disease that progressed following treatment with bexarotene and 1 additional
systemic therapy.

Emergent BioSolutions, Rockville, MD (acquired from TenX BioPharma,
Philadelphia, PA)

Phase Il trials complete

Denileukin diftitox
Photopheresis
Vorinostat

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Adenosine Adults in whom The efficacy of clopidogrel varies because it is a pro-drug. It must be metabolized to Clopidogrel Reduced incidence of
diphosphate receptor | acute coronary become active, which can lead to variable platelet inhibition, and that in turn can Prasugrel heart attacks and
antagonist (ticagrelor, | syndrome has increase a patient’s risk of bleeding, stent thrombosis, and ischemia. Ticagrelor Ticlopidine strokes
Brilinta) for treatment | been diagnosed (Brilinta™) is an orally administered blood thinner (to reduce clumping of platelets and Increased overall
of acute coronary clotting, prevent heart attacks, prevent strokes). Potentially the first reversibly binding survival
syndrome oral adenosine diphosphate (ADP) receptor antagonist, and similar to the action of the Reduced side effects
thienopyridines prasugrel, clopidogrel, and ticlopidine, ticagrelor blocks ADP compared with other
receptors of subtype P2Y12. It differs from other antiplatelet drugs because it has a antiplatelet drugs
different binding site from ADP; it is an allosteric antagonist, and the blockage is
reversible. Also, the drug is not activated by the liver, so, researchers believe, it might
work better for patients with genetic variants of the enzyme cytochrome P-450 2C19.
AstraZeneca, London, UK
FDA approved for acute coronary syndrome Jul 2011; approval included labeled
warning that states not to take it with a daily aspirin dose of more than 100 mg
Allogeneic Patients in whom Current therapy for HF is not disease-modifying and addresses only symptoms; stem Pharmacotherapy Slowed, halted, or
mesenchymal heart failure (HF) cell therapy is proposed as a potential treatment to regenerate the heart muscle, and (e.g., angiotensin- reversed HF

precursor stem cell
therapy (Revascor)
for treatment of heart
failure

has been
diagnosed

thereby its function, in several ways. Revascor™ is an allogeneic, adult mesenchymal
precursor stem cell product intended to be an off-the-shelf product that can be
administered as a single injection delivered through a minimally invasive cardiac
catheterization procedure; intended effects include rebuilding blood vessels and heart
muscle.

Cephalon, Inc., acquired by Teva Pharmaceutical Industries, Ltd., Petach Tikva,
Israel, in Oct 2011
Mesoblast Ltd., Melbourne, Australia

Phase Il trial ongoing

converting enzyme
inhibitors, angiotensin
Il receptor blockers,
beta blockers, digoxin,
diuretics)

Implantable medical
devices (cardiac
rhythm therapy
devices, implantable
cardioverter
defibrillators, left
ventricular assist
devices)

Surgery

progression
Improved left-
ventricular ejection
fraction

Increased survival
Reduced hospital
admissions for HF
treatment

Improved activities of
daily living

Improved quality of life

Section 1. Currently Tracked Interventions

134




ARHQ Healthcare Horizon Scanning System Status Report

8-15-2012

Topic Title Potential Patient Intervention Potential Potential Health
Population Developer/Manufacturer(s) Comparators or Other Impacts
Phase of Development
Allogeneic Patients in whom No regenerative therapies are currently approved for MIl. Prochymal® consists of Pharmaceutical Increased ejection

precultured adult
bone marrow—derived
mesenchymal stem
cells (Prochymal) for
cardiac repair after
myocardial infarction

recent myocardial
infarction (MI) has
been diagnosed

allogeneic bone marrow—derived human mesenchymal stem cells intended to
preserve and improve cardiac function following an acute MI; manufacturer has
developed a specific “expansion” process for these cells, which are intended to be
used “off the shelf,” and delivered intravenously within 10 days of a patient's 1st MI.

Osiris Therapeutics, Inc., Baltimore, MD

Phase Il trial ongoing

therapy (e.g., beta
blockers)

fraction

Increased left
ventricular volume
Improved cardiac
function

Decreased
cardiovascular events
Improved quality of life

Altitude training using
a portable altitude
simulation chamber
for treatment of heart
failure

Patients in whom
heart failure (HF)
has been
diagnosed

Despite medical therapy, many patients with HF often experience suboptimal quality
of life, exercise performance, and skeletal-muscle strength. Clinicians use a portable
altitude simulation chamber to expose patients to normobaric hypoxia for 10 sessions
over several weeks. The machine filters oxygen molecules from the air to mimic the
oxygen level at an altitude of 1,500 meters, which is intended to help the body
acclimatize, making delivery of oxygen to muscle tissue more efficient. In a pilot
clinical trial, researchers used simulators manufactured by Hypoxico, Inc. (New York,
NY), which are currently available for purchase by consumers.

Montefiore Medical Center, Bronx, NY

Pilot trial completed

High altitude
environment
Pharmacotherapy
(e.g., angiotensin-
converting enzyme
inhibitors, angiotensin
Il receptor blockers,
beta blockers, digoxin,
diuretics)

Improved oxygen-
delivery efficiency
Improved exercise
performance
Decreased morbidity
and mortality
Improved quality of life

Anacetrapib for lipid
management in
coronary artery
disease

Patients in whom
coronary artery
disease has been
diagnosed or who
are at risk of
developing the
disease

Cholesterol ester transfer protein inhibitor intended to raise high-density lipoprotein by
100% and reduce low-density lipoprotein, improving lipid profile; precursor was
torcetrapib; stopped development because of high rate of cardiovascular adverse
events; anacetrapib has been reported to not raise blood pressure of subjects in
clinical trials thus far.

Merck & Co., Inc., Whitehouse Station, NJ

Phase lll trials ongoing; company anticipates filing new drug application with FDA
after 2015

Lifestyle changes
Pharmacotherapy
(e.g., statins)

Reduced risk of heart
attack

Improved
cardiovascular
outcomes
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Apo-B synthesis Patients in whom Outcomes with current medication for FH are suboptimal; mipomersen represents a Extracorporeal Reduced LDL levels
inhibitor heterozygous or new mechanism-of-action/drug class for this disease state. Mipomersen (Kynamro™) | apheresis Improved
(mipomersen, homozygous is a 1st-in-class apolipoprotein (Apo)-B synthesis inhibitor; intended to decrease Pharmacotherapy cardiovascular
Kynamro) for familial production of apo-B (structural protein for atherogenic lipids, such as low-density (e.g., statins) outcomes

treatment of familial
hypercholesterolemia

hypercholesterol-
emia (FH) has
been diagnosed

lipoprotein C [LDL-C]), and reduce LDL-C (bad cholesterol) by preventing its
formation. Drug is delivered via weekly self-administered injection.

Genzyme Corp., a subsidiary of Sanofi, Paris, France
ISIS Pharmaceuticals, Inc., a unit of Johnson & Johnson, New Brunswick, NJ

Phase Ill trials completed; new drug application (NDA) filed with FDA in Mar 2011 for
homozygous FH; FDA requested additional 12-month data before NDA filing for
heterozygous FH; this trial is ongoing

Improved long-term
health outcomes
Improved quality of life

APOCIlIrx for
treatment of
hypertriglyceridemia

Patients in whom
hypertriglycerid-
emia has been
diagnosed

APOCIlIrx is an antisense drug that inhibits production (liver) of apolipoprotein C-IlI
(apo-C-Ill); lower production of apo-C-Ill is linked to lower triglycerides and low-
density lipoprotein-cholesterol levels, increased high-density lipoprotein levels and a
lower risk of cardiovascular disease. The new drug is intended to avoid side effects of
current triglyceride-lowering medications.

ISIS Pharmaceuticals, Inc., a unit of Johnson & Johnson, New Brunswick, NJ

Phase Il trial ongoing

Pharmacotherapy
(e.g., fenofibrates)

Reduction in
triglycerides
Reduced
cardiovascular risk
Improved metabolic
syndrome

Autologous bone
marrow—derived cells
(Ixmyelocel-T) for
treatment of critical
limb ischemia

Patients in whom
critical limb
ischemia (CLI) has
been diagnosed

Outcomes for patients with CLI are poor, and many patients require amputation. This
intervention represents a novel treatment modality for this condition. Tissue repair cell
(Ixmyelocel-T) technology consists of bone marrow extracted from the patient,
expanded over the course of 12 days at the manufacturer’s facility using the

company’s proprietary process, and reinfused into the patient 14 days after extraction.

The formulation includes monocytes, macrophages (intended to destroy dead tissue,
stimulate regeneration, and reduce inflammation), mesenchymal stem cells (intended
to promote angiogenesis), and endothelial progenitor cells (intended to promote blood
vessel lining and generate cardiovascular tissue).

Aastrom Biosciences, Inc., Ann Arbor, Ml

Phase Il trial ongoing

Percutaneous
angioplasty and
stenting
Pharmacotherapy
(e.g., cilostazol and
pentoxifylline)
Surgery

Tissue regeneration
Improved circulation
Reduced need for
amputation

Reduced morbidity and
mortality
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Autologous bone Patients who need | No regenerative therapies are available for patients experiencing cardiac damage Pharmaceutical Myocardial tissue

marrow—derived
mesenchymal stem
cells for myocardial
repair after infarction

cardiac repair after
myocardial
infarction (MI)

secondary to MI; 20% of Mis are severe enough to cause ventricular remodeling,
which leads to heart failure. Autologous mesenchymal (or mononuclear, which
includes mesenchymal and hematopoietic cells) stem cells are harvested from
patient’s own bone marrow, enriched, then injected/infused into patients (e.g.,
transendocardial or arterial delivery) at some point after their MI.

Under development by several entities including University of Miami, FL; Amorcyte,
Allendale, NJ; and National Heart Lung and Blood Institute, Bethesda, MD

Phase I/ll trials ongoing

management (e.g.,
beta blockers)

regeneration
Improved cardiac
function

Reduced
cardiovascular events
Improved quality of life

Autologous heart
stem cell
transplantation for
postmyocardial
infarction
revascularization

Patients who have
experienced a
heart attack within
the past month

A biopsy performed under local anesthesia is done to harvest cardiac cells from the
patient. The harvested heart stem cells are cultured and reintroduced to the patient’s
coronary arteries.

Various cardiovascular research institutions in U.S. and Europe

More than 30 randomized controlled trials completed and published worldwide as of
2012

Coronary artery
bypass surgery
Percutaneous
coronary interventions
Medical management

Reduced mortality and
morbidity (major
adverse cardiac
events)

Improved activities of
daily living

Reduced need for
coronary reintervention
Improved quality of life

Autologous stem cell
therapy (C-Cure) for
heart failure

Patients in whom
severe heart
failure has been
diagnosed

Stem cell product (C-Cure®) is derived from the patient’'s own bone marrow and (in
vitro, before transplantation) cultured to become cardiac lineage cells intended to
improve heart function.

Cardio3 BioSciences, Mont-Saint-Guibert, Belgium

Phase lll trial planned for 1st half of 2012

Cardiac rhythm
therapy devices
Pharmacotherapy
(e.g., angiotensin-
converting enzyme
inhibitors, angiotensin
Il receptor blockers,
beta blockers, digoxin,
diuretics)

Implanted cardioverter
defibrillator

Surgery

Increased left
ventricular ejection
fraction and other heart
function outcomes
Improved activities of
daily living

Improved quality of life
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Phase of Development
Biased angiotensin Il | Patients in whom Current drugs for acute HF are associated with life-threatening safety risks. Diuretics Improved symptoms

type 1 receptor ligand
(TRV120027) for
treatment of acute
heart failure

acute heart failure
(HF) has been
diagnosed

TRV120027 is a beta-arrestin biased angiotensin Il type 1 receptor ligand with a new
mechanism of action; it stimulates beta-arrestin recruitment and activates several
kinase pathways, potentially eliciting a different pharmacologic effect from unbiased
agonists; intended to have minimal effects on heart rate and reduced mean arterial
pressure, while increasing the slope of end-systolic pressure-volume relationship and
preserving cardiac stroke volume; 1st in biased ligand class to be tested in humans.
Administered intravenously.

Trevena, Inc., King of Prussia, PA

Phase I/1l trial completed

Inotropic agents
Vasodilators

Improved
hemodynamics
Improved clinical
status

Improved long-term
outcomes

Increased survival
Improved quality of life

Biodegradable
scaffold (IK-5001) for
support
postmyocardial
infarction

Patients at risk of
heart failure (HF)
or ventricular
remodeling after
acute myocardial
infarction

IK-5001, also called a bioabsorbable cardiac matrix, is a partially cross-linked,
alginate-based, liquid polymer intended to provide physical support to the heart. It is
being investigated to prevent ventricular remodeling and congestive heart failure after
an acute myocardial infarction. It is intended to dissipate and be excreted through
kidney after 6 weeks. Injected at site of occlusion or distal to site after
revascularization of occluded vessel.

BioLineRx, Ltd., Jerusalem, Israel, licensed to lkaria, Hampton, NJ

Phase Il multicenter international trial ongoing

Pharmacotherapy (to
prevent HF)

Improved left ejection
fraction

Slowed progression of
HF

Improved activities of
daily living

Improved survival

Bioresorbable
vascular scaffold
(Absorb) for
treatment of critical
limb ischemia

Patients in whom
below-the-knee
critical limb
ischemia (CLI) has
been diagnosed

Outcomes for patients with CLI are poor, and many patients require amputation. This
intervention represents a novel approach to treatment. Absorb bioresorbable vascular
scaffold is made of a biocompatible polylactide polymer scaffold that elutes
everolimus. It is intended to provide support to the vessel, then dissolve over the
course of 2 years. The company purports that because the device is not permanent,
natural vessel function may be restored.

Abbott Laboratories, Abbott Park, IL

U.S. trial ongoing; approved in Europe in 2011

Other bioabsorbable
scaffolds in
development
Percutaneous
angioplasty and
stenting
Pharmacotherapy
(e.g., cilostazol and
pentoxifylline)
Surgery

Decreased pain
Improved circulation
and mobility

Reduced need for
amputation

Improved quality of life
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Phase of Development
Bromodomain Patients with sub- | Treatment of HDL as a single target is not available. RVX-208 is an orally available Pharmacotherapy Improved HDL levels

inhibitor (RVX-208)
for treatment of
dyslipidemia

optimal high-
density lipoprotein
(HDL) levels
(dyslipidemia)

small molecule, first-in-class inhibitor of the bromodomain and extraterminal domain
(BET) proteins. RVX-208 is said to act on BET proteins, including BRD4, which leads
to increased transcription of the ApoA-I gene followed by production of more ApoA-I
protein.

Resverlogix, Calgary, Alberta, Canada

Phase IIb trials ongoing

(e.g., statins)

Decreased plaque
burden

Improved
cardiovascular
outcomes

Cardiac contractility
modulation
(Optimizer system)
for treatment of heart
failure

Patients in whom
heart failure (HF)
has been
diagnosed

Optimizer™ system delivers nonexcitatory electrical signals during the absolute
refractory period (between beats) to produce more forceful contraction during
heartbeat; intended as adjunct to optimal medical therapy.

Impulse Dynamics, N.V., Willemstad, Netherlands Antilles

Confirmatory trial ongoing

Implanted pacemakers
and/or defibrillators
Pharmacotherapy
(e.g., angiotensin-
converting enzyme
inhibitors, angiotensin
Il receptor blockers,
beta blockers, digoxin,
diuretics)

Symptom relief
Improved 6-minute
walk test

Fewer hospital
admissions

Delayed progression of
HF

Delayed need for
ventricular assist
devices

Improved quality of life

Cardiac pacing
system (Revo) for
patients who may
require future
magnetic resonance
imaging

Patients with
pacemakers who
need to undergo
MRI scanning

Revo MRI™ SureScan® pacing system is intended for patients who may need to
undergo MRI in the future. Pacemaker implants had previously been a
contraindication for MRI because of potential risks of malfunction during MRI. Revo
includes hardware modifications that are designed to reduce/eliminate pacemaker
hazards produced by MRI environment. Pacemaker includes a feature that sets
device into appropriate mode for MRI environment.

Medtronic, Inc., Minneapolis, MN

FDA approved Feb 2011

Other pacemakers
might be safe for use
with MRI, under
certain conditions

Ability for physicians to
use MRI for patients
who require
pacemaker therapy
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Catheter-based renal | Patients in whom The Symplicity® catheter system is intended to accomplish renal denervation through | Pharmacotherapy Controlled
denervation uncontrolled a minimally invasive procedure. The device is used to affect the output of the (e.g., angiotensin hypertension without
(Symplicity System) hypertension has sympathetic nerves outside the renal artery walls. The system consists of a converting enzyme medications

for treatment-
resistant
hypertension

been diagnosed

proprietary generator and flexible catheter that is inserted through the femoral artery
and threaded into the renal artery near each kidney. Once in place, the catheter tip
delivers low-power radiofrequency energy to deactivate surrounding sympathetic
nerves. Renal denervation does not involve a permanent implant. Renal sympathetic
nerves are believed to often cause chronic hypertension.

Medtronic, Inc., Minneapolis, MN

Phase Ill trial SYMPLICITY HTN-3 ongoing

inhibitors, angiotensin
Il receptor blockers,
beta blockers)

Renal artery stents

Controlled blood
pressure to reduce
incidence of blindness,
heart attacks, kidney
failure, and stroke

Catheter-delivered Patients with Although many options exist for treating varicose veins, treatments are sought that Laser Improved healing of

biodegradable varicose veins offer shorter intervention time than other methods and offer faster recovery phase Radiofrequency wounds

adhesive (Sapheon who are eligible than surgery, thermal, or chemical treatments. Sapheon Closure System™ consists of | ablation Improved blood flow

Closure System) for for treatment a catheter to deliver biodegradable adhesive that is intended to treat varicose veins Sclerotherapy Prevention of blood

treatment of varicose by closing off and destroying the target vein or veins. Support stockings clots

veins Surgery (vein Reduced pain
Sapheon, Inc., Santa Rosa, CA stripping) Restored functional

capacity (walking)

Pilot trial completed in United States; Conformité Européene (CE) marked Sept 2011

CER-001 for Patients in whom Treatment for high-density lipoprotein (HDL) levels alone (as a single target) is not Pharmacotherapy Improved HDL levels

treatment of acute
coronary syndrome

acute coronary
syndrome has
been diagnosed

available. CER-001 is an HDL mimetic that consists of a recombinant human
apolipoprotein A (Apo-A-I, the major structural protein of HDL) and phospholipids;
HDL is responsible for reverse cholesterol transport, and the drug is intended to
mobilize cholesterol, thus reducing atherosclerotic plaque burden. Administered as a
weekly infusion for 6 weeks in clinical trials.

Cerenis Therapeutics, Inc., Ann Arbor, Ml

Phase Il trial ongoing

(e.g., statins)

Improved heart
function
Fewer cardiac events
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Cholesteryl ester Patients in whom Despite available treatments, CVD remains the leading cause of mortality worldwide. Pharmacotherapy Improved HDL profile

transfer protein
inhibitor (evacetrapib)
for prevention of
cardiovascular events

cardiovascular
disease (CVD)
has been
diagnosed

Evacetrapib is a cholesteryl ester transfer protein (CETP) inhibitor that is intended to
raise functional high-density lipoprotein (HDL) by modulating CETP activity through a
mechanism that is purported to differ from other CETP inhibitors in development.
CETP is a plasma protein responsible for lipid transport. Also known as LY2484595.

Eli Lilly and Co., Indianapolis, IN

Phase Il trial complete

Sclerotherapy

Reduced
cardiovascular
morbidity and mortality
Improved quality of life

Dabigatran (Pradaxa)
for prevention of
thrombosis
associated with atrial
fibrillation

Patients in whom
nonvalvular atrial
fibrillation (AF) has
been diagnosed

For this population, warfarin (Coumadin®, a vitamin K antagonist) is the anticoagulant
routinely used long-term to prevent blood clots that cause stroke or pulmonary
embolism. Warfarin use is associated with high risk of bleeding and appropriate
dosing is a challenge; its use requires daily/weekly monitoring of clotting parameters
and dose adjustment as needed. Dabigatran (Pradaxa®) represents a new
mechanism of action/new drug class for this disease state; recently approved by FDA
for prevention of stroke in patients with AF as an oral direct thrombin inhibitor
intended to reduce risk of stroke by reducing blood clot formation. According to
prescribing information, treatment does not require blood monitoring or related dose
adjustments and has no recommended dietary restrictions.

Boehringer Ingelheim GmbH, Ingelheim, Germany

FDA approved Oct 2010

Available
pharmacotherapy
(e.g., warfarin)

Reduced blood clotting
Reduced need for
monitoring clotting
parameters

Reduced stroke
incidence

Improved long-term
outcomes

Dual natriuretic
peptide receptor
agonist (Cenderitide)
for treatment of
postacute
decompensated heart
failure

Patients in whom
acute
decompensated
heart failure
(ADHF) has been
diagnosed

According to the American Heart Association, more than 1.2 million patients are
admitted for ADHF annually; about 40% of these patients are re-admitted within 90
days, so novel interventions are needed to prevent a recurrence of acute symptoms.
Cenderitide is a chimeric natriuretic peptide receptor agonist that is intended to offer
dual mechanisms of action, which may provide a unique therapeutic window to relieve
symptoms of heart failure (HF). Intended to be administered in a continuous
subcutaneous pump for 90 days to provide symptomatic relief in the outpatient
setting, which could contribute to a reduction in postacute hospitalizations and
persistent improvement in cardio-renal functions.

Nile Therapeutics, Inc., San Mateo, CA

Phase | trial ongoing, expected completion in 1st quarter 2012; FDA granted fast track
status; company is seeking “post-ADHF” indication with this drug

Diuretics
Natrecor

Reduced hospital
readmissions
Reduced HF symptom
burden

Improved
cardiovascular
outcomes
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Electrical stimulation Patients in whom Electrical stimulation of carotid baroreceptors through a pulse generator inserted Pharmacotherapy Reduced hypertension

of carotid
baroreceptors (Rheos
System) for treatment
of drug-resistant
hypertension

severe, drug-
resistant
hypertension has
been diagnosed

subcutaneously (CVRx Rheos® System), which delivers electrical signals to
baroreceptors in both carotid arteries in the neck through carotid sinus leads.

CVRYX, Inc., Minneapolis, MN

Phase I/l trials ongoing

(e.g., angiotensin
converting enzyme
inhibitors, angiotensin
Il receptor blockers,
beta blockers)

Reduced stoke
incidence

Reduced
cardiovascular events
Improved quality of life

Elinogrel for
prevention of heart
attack and stroke and
treatment of acute
coronary syndrome

Patients in whom
acute coronary
syndrome has
been diagnosed

Elinogrel is a reversible, direct-acting oral and intravenous P2Y12 ADP receptor
antagonist. It is a novel small-molecule, antiplatelet compound that inhibits the ADP
receptor (P2Y12) on platelets to block platelet aggregation and prevent thrombosis. It
is the only compound in this class with both oral and intravenous (1V) formulations,
and it could potentially be used for acute and chronic indications. The IV formulation
is intended to provide immediate onset and high levels of platelet inhibition. Elinogrel
requires no metabolism for activation (similar to Brilinta™); as a result, elinogrel
avoids the issue of delayed action and wide interpatient variability seen with
thienopyridines (e.qg., clopidogrel [Plavix®] and prasugrel [Effient®]). The developer
claims that elinogrel’s ability to compete directly with ADP for the P2Y12 binding site
may favorably affect the balance of its influence on thrombosis (low ADP state)
versus hemostasis/bleeding (high ADP state), leading to a better risk-benefit ratio.

Portola Pharmaceuticals, Inc., South San Francisco, CA
Novartis International AG, Basel, Switzerland

Phase Il trial for IV and oral formulations completed; phase Il trials planned to begin
2012

Pharmacotherapy
(e.g., prasugrel)

Fewer side effects
from anticlotting
medication regimen
Reduced stroke
incidence

Reduced heart attack
incidence

Increased survival
Improved quality of life

Factor IXa inhibitor
and active control
agent (REG2
System) for
prevention of venous
thromboembolism

Patients in whom
risk for venous
thromboembolism
(VTE) has been
diagnosed

Treatment for VTE is associated with limitations, including limited oral treatment
alternatives to warfarin for patients with severe renal impairment and the inability to
fully reverse the effects of available pharmacotherapy. The REG2 system consists of
a subcutaneously administered direct coagulation factor IXa inhibitor, called RB0O06,
which is involved in the clotting cascade and is intended to prevent blood clot
formation, and an intravenously administered active control for RB006, called RB007,
which is intended to provide predictable reversal of RB006 anticoagulation.

Regado Biosciences, Inc., Basking Ridge, NJ

Phase | trial completed

Available
pharmacotherapy
(e.g., warfarin)

Reversal of
anticoagulation
Increased survival
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Factor Xa inhibitor Patients with Apixaban (Eliquis™, BMS-562247-01) is an oral, highly selective coagulation factor Available Reduced DVT events
(apixaban; Eliquis) for | nonvalvular atrial Xa inhibitor intended to reduce the risk of stroke in patients with AF and to prevent or pharmacotherapy Reduced stroke

prevention of stroke,
and systemic
embolism

fibrillation (AF) at
risk for deep vein
thrombosis (DVT),
pulmonary
embolism (PE), or
stroke

treat venous thromboembolism (VTE).

Bristol-Meyers Squibb, New York, NY, in joint development with Pfizer, Inc., New
York, NY

New drug application filed and granted priority review; Jun 26, 2012, FDA issued a
complete response letter (CRL) for preventing stroke and systemic embolism in
patients with nonvalvular AF. In the CRL, the agency asked for more information on
data management and verification from the phase Il Aristotle study. Approved May
2011 by European Medicines Agency for VTE prevention after knee or hip
replacement surgery

(e.g., warfarin)

incidence
Reduced PE events

Factor Xa inhibitor
(betrixaban) for
prevention of deep
vein thrombosis or
pulmonary embolism

Patients at high
risk of thrombosis

Betrixaban is a direct coagulation factor Xa inhibitor and has the potential to be used
in patients with severe renal impairment (excluding dialysis patients); betrixaban
keeps prothrombin from converting to thrombin to decrease clot formation; it is
primarily eliminated unchanged in the bile so it is metabolized through cytochrome
450 enzyme system.

Portola Pharmaceuticals, San Francisco, CA

Phase Il trial planned for 2012

Available
pharmacotherapy
(e.g., warfarin)

Prevention of
thrombosis
Prevention of
pulmonary embolism
Decreased stroke
events

Factor Xa inhibitor
(edoxaban) for
prevention of
thromboses

Patients at risk for
venous
thromboembolism
(VTE) or with atrial
fibrillation (AF)-
related stroke

Edoxaban is an agent in a new class of anticoagulants designed to inhibit coagulation
factor Xa (FXa), which is known to be an important component of the coagulation
cascade. It is intended to be administered orally, once daily.

Daiichi Sankyo Co., Ltd., Tokyo, Japan

Phase lll trial ongoing for VTE indication; phase Il trial completed for AF indication;
received approval in Japan in Apr 2011 for preventing VTE after major orthopedic
surgery; in the U.S., manufacturer is seeking indications only for VTE and preventing
stroke in patients with AF

Available
pharmacotherapy
(e.g., other FXa
inhibitors, dabigatran,
warfarin)

Reduced thrombosis
rate

Reduced stroke
incidence

Reduced pulmonary
embolism incidence
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Factor Xa inhibitor Patients in whom Otamixaban is a reversible, direct selective coagulation factor Xa (FXa) inhibitor that Available Reduced morbidity and
(otamixaban) for acute coronary the manufacturer purports has a fast onset of action and a short half-life and may not pharmacotherapy mortality

treatment of acute
coronary syndrome

syndrome (ACS)
has been
diagnosed

require anticoagulation monitoring or dose adjustments for certain populations.
Sanofi, Paris, France

Phase Il trial ongoing

(e.g., other FXa
inhibitors, dabigatran,
warfarin)

Reduced need for
monitoring or adjusting
anticoagulant dose

Factor Xa inhibitor
(rivaroxaban, Xarelto)
for prevention of
deep vein thrombosis

Patients who have
undergone hip or
knee replacement

Rivaroxaban (Xarelto®) is a member of a new class of anticoagulants that are
designed to inhibit factor Xa (FXa), which is known to be an important component of
the coagulation cascade. It is administered orally, once daily at 10 mg dose for 35
days after hip replacement and 12 days after knee replacement for preventing deep
vein thrombosis.

Janssen Pharmaceuticals Inc., a unit of Johnson & Johnson, New Brunswick, NJ

FDA approved Jul 2011

Available
pharmacotherapy
(e.g., other FXa
inhibitors, dabigatran,
warfarin)

Reduced morbidity and
mortality

Reduced thrombotic
events

Factor Xa inhibitor
(rivaroxaban, Xarelto)
for prevention of
stroke in patients with
nonvalvular atrial
fibrillation

Patients in whom
with non-valvular
atrial fibrillation
(AF) has been
diagnosed

Rivaroxaban (Xarelto®) is a member of a new class of anticoagulants that are
designed to inhibit factor Xa (FXa), which is known to be an important component of
the coagulation cascade. It is administered orally, once daily, and is approved to
reduce the risk of stroke in people who have abnormal heart rhythm (nonvalvular
atrial fibrillation).

Janssen Pharmaceuticals Inc., a unit of Johnson & Johnson, New Brunswick, NJ

FDA approved Nov 2011

Available
pharmacotherapy
(e.g., other FXa
inhibitors, dabigatran,
warfarin)

Reduced stroke
incidence

Reduced morbidity and
mortality

Factor Xa inhibitor
(rivaroxaban, Xarelto)
for treatment of acute
coronary syndrome

Patients in whom
acute coronary
syndrome has
been diagnosed

Rivaroxaban (Xarelto®) is a coagulation factor Xa (FXa) inhibitor; keeps prothrombin
from converting to thrombin, decreasing clot formation. Compared with previously
available pharmaceuticals, it might offer fewer drug interactions, and might not require
frequent blood checks. It is an oral medication taken daily.

Janssen Pharmaceuticals Inc., a unit of Johnson & Johnson, New Brunswick, NJ

In Jun 2012, FDA denied approval and issued a complete response letter requesting
more data; Janssen is considering its next steps

Available
pharmacotherapy
(e.g., other FXa
inhibitors, dabigatran,
warfarin)

Reduced morbidity and
mortality

Reduced thrombotic
events

Section 1. Currently Tracked Interventions

144




ARHQ Healthcare Horizon Scanning System Status Report

8-15-2012

Topic Title Potential Patient Intervention Potential Potential Health
Population Developer/Manufacturer(s) Comparators or Other Impacts
Phase of Development
Factor Xl inhibitor Patients at risk of Some currently available anticoagulation agents carry a high risk of bleeding, or Available Reduced incidence of
(ISIS-FXIRX) for aberrant blood clot | require ongoing monitoring and dose adjustments. This agent represents a novel pharmacotherapy aberrant clot formation

anticoagulation

formation

mechanism of action for patients at risk of aberrant blood clot formation. ISIS-FXIRX
is intended to inhibit factor XI, a clotting factor that is a component of the coagulation
pathway. High levels of factor Xl are a risk factor for clots. Because of its position in
the coagulation pathway, this agent may be associated with minimal risk for bleeding.

ISIS Pharmaceuticals, Inc., a unit of Johnson & Johnson, New Brunswick, NJ

Phase | trial completed; phase Il study planned for 2012

(e.g., dabigatran,
factor Xa inhibitors,
warfarin)

Reduced thrombosis
rate

Reduced stroke
incidence

Reduced pulmonary
embolism incidence
Reduced morbidity and
mortality

Fibrin-specific
plasminogen
activator
(desmoteplase) for
treatment of ischemic
stroke

Patients in whom
acute stroke has
been diagnosed

Although stroke is a leading cause of death in the U.S., only 1 drug, tissue
plasminogen activator (tPA), is approved for neuroprotection. It is effective only when
administered within a narrow window of symptom onset, and only a very small
percentage of patients experiencing an acute stroke receive tPA because most do not
present for treatment within the necessary timeframe. Desmoteplase is a chemical
derived from the saliva of vampire bats that catalyzes the conversion of plasminogen
to plasmin, the enzyme responsible for breaking down fibrin blood clots. Structurally,
the chemical is similar to tPA, but has much higher fibrin selectivity and, therefore,
does not cause systemic plasminogen activation and fibrinogen depletion.

H. Lundbeck a/s, Valby, Denmark

One phase lll trial completed; other phase 1l trials ongoing

tPA therapy

Increased blood flow to
the brain

Reversed damage
Improved stroke-
related outcomes

Freedom driver
system for Total
Artificial Heart as
bridge to heart
transplantation

Patients with
nonreversible
biventricular
failure who are
candidates for
heart
transplantation

The temporary Total Artificial Heart (TAH) functions in place of ventricles/valves by
pumping blood to both the pulmonary and systemic circulation. This TAH is
distinguished from prior TAHs by its portable driver (Freedom® driver) that is intended
to allow patients to recover and remain at home, rather than remaining hospitalized.

SynCardia Systems, Inc., Tucson, AZ
TAH was FDA approved in 2004; clinical trial investigating use of Freedom driver

system ongoing under FDA investigational device exemption trial status; expected to
be completed in 2012

TAH used with in-
hospital driver

Restored mobility
Possible recovery at
home (reduction in
hospitalization costs)
Extended survival for
patients awaiting heart
transplantation
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Frontal near-infrared Hospitalized About 1/3 of patients who are hospitalized for stroke treatment experience another CT perfusion scan Reduced exposure to

spectroscopy for
monitoring stroke
recurrence

patients who are
being treated for
stroke

stroke while in the hospital. Current methods for monitoring whether another stroke is
occuring require either a computed tomography (CT) scan with a contrast medium or
an invasive procedure that requires an oxygen probe to be inserted into the brain.
Frontal near-infrared spectroscopy is a patch-like device that is placed onto the
patient’s forehead. According to researchers, it acts similarly to a pulse oximeter
(used on a finger to monitor patient’s oxygen saturation during surgery), measuring
blood oxygen in the brain by emitting near-infrared light that penetrates the scalp and
underlying brain tissue.

Mayo Clinic, Jacksonville, FL

Small pilot trial completed

Oxygen probe

radiation

Reduced need for
invasive monitoring
procedures
Timelier stroke
intervention
Reduced morbidity
from stroke

Gene therapy
(Mydicar) for heart
failure

Patients in whom
heart failure (HF)
has been
diagnosed
(additional trials
needed to identify
appropriate
candidate
population)

Genetically targeted enzyme replacement therapy (Mydicar®) as adjunct to treat HF.
Intended to correct or replace faulty genes, restore levels of key proteins, and restore
the heart's pumping capacity.

Celladon Corp., La Jolla, CA
Targeted Genetics Corp., Seattle, WA

Phase Il trial ongoing; received FDA fast track status Dec 2011

Pharmacotherapy
(e.g., angiotensin-
converting enzyme
inhibitors, angiotensin
Il receptor blockers,
beta blockers, digoxin,
diuretics)

Improved left
ventricular ejection
fraction

Improved
cardiovascular
outcomes (reduction in
cardiovascular events)
Improved quality of life

Glial growth factor 2
for treatment of heart
failure

Patients in whom
heart failure (HF)
has been
diagnosed

Existing medications for HF treatment primarily aim to modify the workload of the
heart, rather than promote ventricular repair. Glial growth factor 2 is a neuregulin (part
of a family of proteins) believed to act directly on cardiomyocytes to repair tissue
damage from heart disease, thereby improving contractility. Administered as single
intravenous infusion.

Acorda Therapeutics, Hawthorne, NJ

Phase | trial ongoing

Pharmacotherapy
(e.g., angiotensin-
converting enzyme
inhibitors, angiotensin
Il receptor blockers,
beta blockers, digoxin,
diuretics)

Increased ventricular
repair

Improved cardiac
output

Improved
cardioprotection
Improved long-term
cardiac outcomes
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Human monoclonal Patients in whom BI-204 is a human monoclonal antibody that specifically targets oxidized form Pharmacotherapy Prevent plaque

antibody (BI-204) for
treatment of coronary
artery disease

coronary artery
disease (CAD)
has been
diagnosed

(apoB100) of a low-density lipoprotein that has been linked to increased inflammatory
processes leading to plaque formation in blood vessel walls, leading to CAD.

Biolnvent International AB, Lund, Sweden
Genentech subsidiary of F. Hoffmann-La Roche, Ltd., Basel, Switzerland

Phase Il trial ongoing

(e.g., statins)

formation

Reduced existing
plagues

Prevent breakdown of
unstable plaques
Reduced cardiac
events in high-risk
patients

Icatibant (Firazyr) for
treatment of acute
hereditary
angioedema

Patients 18 years
of age or older in
whom acute
hereditary
angioedema
(HAE) has been
diagnosed

HAE is a genetic disorder caused by dysfunction or deficiency of the plasma protein
C1 inhibitor (C1INH). C1INH is an inhibitor of the C1 protease that is responsible for
activating the complement pathway in the immune system. If C1INH is deficient, the
immune system reacts with an inflammatory response that leads to swelling. Unlike
bradykinin beta-receptor-1, bradykinin beta-2 receptors do not appear to be involved
in chronic inflammatory diseases but may mediate acute inflammatory processes.
Icatibant (Firazyr®) is a peptidomimetic drug consisting of 10 amino acids and is a
selective and specific antagonist of bradykinin beta-2 receptors. Administered by
subcutaneous injection.

Shire Pharmaceuticals, plc, Dublin, Ireland

FDA approved Aug 2011 for treating acute attacks of HAE

Antihistamines
C1-INH (concentrate
from donor blood)
Fresh-frozen plasma
Pain relievers and
fluids given
intravenously

Faster symptom relief
of primary symptom
Reduced severity of
symptoms

Reduced mortality

Implantable cardiac
monitor for detecting
myocardial infarction

Patients at high
risk of myocardial
infarction (MI)

Implantable electronic device designed to warn patients of an impending M,
measures electrical changes in the heart.

Angel Medical Systems, Shrewsbury, NJ

Phase Il trial ongoing

Conventional, external
MI detection
technologies

Patient report

Earlier detection of
impending heart attack
Prevention of heart
damage

Increased overall
survival
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Injectable biopolymer
(Algisyl-LVR) for
prevention or
treatment of heart
failure

Patients in whom
an enlarged left
ventricle (from
mitral valve
regurgitation,
ischemia, dilated
cardiomyopathy
and/or other
disorders) has
been diagnosed

No treatments are available to reverse the progression of heart failure (HF). Algisyl-
LVR™ is a polysaccharide biopolymer made from marine algae; it is intended to be
injected (during open heart surgery) directly into myocardium in the left ventricle and
to thicken upon injection, forming gel-like bodies that remain in heart muscle as
permanent implants; intended to thicken heart muscle wall, reduce chamber size,
decrease local muscle wall stress, allow for reshaping of dilated ventricle; material is
inert (i.e., does not interact with the human immune system).

Cardio Polymers, now part of LoneStar Heart, Inc., Laguna Hills, CA

Phase II/1ll trial ongoing

Drug therapy to
prevent HF

Increased left ejection
fraction

Reduced progression
of HF

Reduced regression of
HF

Improved
cardiovascular
outcomes

Improved quality of life

Intravenous
methamphetamine
HCI for
neuroprotection
during stroke

Patients
experiencing an
acute ischemic
stroke

Only 1 drug, tissue-plasminogen activator (tPA) is approved for this indication, but is
effective only when administered within the 1st 3 hours of symptom onset, and only a
very small percentage of patients experiencing an acute stroke receive tPA.
Methamphetamine is currently marketed in pill form for attention deficit disorder with
hyperactivity. Abuse of methamphetamine is known to cause arterial injury, stroke,
brain hemorrhage and death at high doses. The manufacturer has created new low-
dose version and new route of administration (intravenous injection). The company
claims that preclinical models have shown neuroprotection for up to 12 hours. Itis
believed to exert its effects by inhibiting apoptosis (programmed cell death) and
upregulating anti-inflammatory cytokines, as well as downregulating proinflammatory
cytokines, through dopaminergic pathways.

Sinapis Pharma, Inc., Jacksonville, FL

Phase | trial completed; phase Il trial planned to begin by late 2011, but not yet
registered

tPA

Improved poststroke
neuron survival
Improved patient
outcomes
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Ivabradine for
treatment of heart
failure

Patients with
symptomatic (New
York Heart
Association class
[I-1V) chronic
heart failure (HF)
and systolic
dysfunction who
are on stable
background
therapy and in a
normal sinus
rhythm

Ivabradine is an oral selective inhibitor of hyper-polarization-activated cyclic-
nucleotide-gated funny current involved in pacemaking and responsiveness of the
sinoatrial node; intended to slow heart rate and allow more time for blood to flow to
the heart.

Servier, Neuilly sur Seine, France

Phase Il trial (sponsored by IRCCS San Raffaele) ongoing; approved in EU in 2005
as Procoralan

Beta blockers
Calcium channel
blockers

Reduced HF
hospitalizations
Reduced coronary
events

Reduced incidence of
myocardial infarction
Improved quality of life

JVS-100 for
treatment of critical
limb ischemia

Patients in whom
critical limb
ischemia has been
diagnosed

No regenerative or disease-modifying therapies are available to treat this condition,
and this drug has that potential. JVS-100 is an agent that encodes stromal-cell
derived factor 1 (SDF-1). SDF-1 recruits endothelial progenitor cells to site of injury,
thereby potentially inducing neovascularization and angiogenesis (sustained vessel
formation necessary for adult tissue to become fully revascularized, particularly after
ischemia); natural SDF-1 expression lasts for less than a week so natural stem cell
homing signals fade quickly.

Juventas Therapeutics, Cleveland, OH

Phase Il trial ongoing

Endovascular
intervention

Med

ication to reduce

contributing factors

(e.0.

pain

, cholesterol) or

Surgical intervention

Reduced pain
Improved blood flow
Reduced need for
amputation

Improved functional
ability

Improved quality of life

Lecinoxoid anti-
inflammatory agent
(VB-201) for
treatment of
atherosclerosis

Patients in whom
atherosclerosis
has been
diagnosed

C-reactive protein (CRP) is an established biomarker for cardiovascular disease.
However, current agents used to prevent cardiovascular disease do not always
effectively control CRP levels, allowing patients to remain at high risk for
cardiovascular events. VB-201 is a member of a new drug class, called Lecinoxoids,
that act as anti-inflammatory agents. Although the drug’s specific mechanism of action
has not been described, the manufacturer states that the agent acts as a specific,
targeted, oral controller medication for inflammatory diseases. The agent is intended
to reduce CRP levels, potentially reducing patient risk for cardiovascular events.

VBL Therapeutics, Tel Aviv, Israel

Phase Il trial completed

Pharmacotherapy

(e.0.

, statins)

Reduced risk for
cardiovascular events
Reduced morbidity
Reduced mortality from
heart attack
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Left ventricular assist
device (HVAD) as
bridge to
transplantation for
end-stage heart
failure

Patients with end-
stage heart failure
(HF) who are
eligible for heart
transplantation

HeartWare is developing a left ventricular assist device (LVAD) for treatment of
advanced HF. The device (HVAD™) propels blood centrifugally from the center of a
spinning disc, which is suspended by magnetics and blood; smaller than currently
marketed devices, it can be implanted directly in left ventricle and surrounding space
(does not require abdominal surgery to create pocket). The device is implanted with
less invasive surgery which could enable more patients to be candidates for the
devices and at earlier stages of disease progression.

HeartWare International, Inc., Framingham, MA

U.S. multicenter late-phase clinical trial under FDA investigational device exemption
status ongoing; Conformité Européene (CE) marked in 2009

Optimal medical
management
Other LVADs

Total artificial heart

Improved survival
Improved quality of life
prior to transplant
Reduced incidence of
internal bleeding
compared with
continuous-flow
devices

Low-dose tPA for
treatment of
intraventricular
hemorrhage

Patients in whom
intraventricular
hemorrhage has
been diagnosed

The agent tissue plasminogen activator (tPA) is a thrombolytic (clot-busting drug) long
used for treatment of stroke; it may be useful to treat intraventricular hemorrhage clots
that form once bleeding has been stopped; current strategy is to remove the clots with
intraventricular catheter, which can clog and take days. Use of tPA could offer a less
invasive, faster treatment option.

Johns Hopkins University, Baltimore, MD

Phase Il trial ongoing

Intraventricular
catheter alone

Improved clot
evacuation

Decreased time to clot
evacuation

Improved
cardiovascular
outcomes
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Membrane active
chelator (DP-b99) for
neuroprotection
during acute stroke

Patients
experiencing an
acute ischemic
stroke

Only 1 drug, tissue plasminogen activator (tPA), is FDA approved for this indication,
but tPA is effective only when administered within the 1st 3 hours of symptom onset,
and only a very small percentage of patients experiencing an acute stroke receive
tPA. When a cell is deprived of oxygen, the ability of membranes to control ion flux is
disrupted, resulting in the loss of metal ion homeostasis, which can significantly impair
cell or organ function and eventually lead to cell death. DP-b99 is a lipophilic chelator
of calcium, zinc, and copper ions; it is intended to sequester metal ions only within
and near cell membranes. The manufacturer claims it can bind to pathological levels
of metal ions, making it useful for the suppression of cell damage in stroke patients.
The technology is based on lipid modification of metal ion chelators, which sequester
metal ions in all aqueous environments, causing potential toxic effects. The modified
version binds metal ions selectively, which makes it potentially safer and is intended
to increase treatment window to 9 hours. DP-b99 is delivered via intravenous infusion.

D-Pharm, Ltd., Rehovot, Israel
Phase Il trial suspended by trial steering committee in Jan 2012; investigations are

being performed to determine whether study will continue; FDA granted fast track
status

tPA

Improved poststroke
neuron survival
Faster recovery
Reduced need for
rehabilitation services

Metabolic regulator
(ETC-1002) for
treatment of
dyslipidemia

Patients with
cardiovascular
disease (CVD), or
in whom a risk for
CVD has been
diagnosed

Despite available treatments, CVDs are still a leading cause of morbidity and
mortality. Current therapies for these conditions primarily target an individual risk
factor (e.g., low-density lipoprotein levels [LDLs]). According to its manufacturer, ETC-
1002 is a small-molecule, metabolic regulator of imbalances in lipid and carbohydrate
metabolism and inflammation. The manufacturer states that the agent is intended to
inhibit fatty acid and cholesterol synthesis, as well as enhance fatty acid oxidation.
Therefore, it may improve multiple risk factors (potentially addressing the underlying
causes of metabolic diseases). It is taken orally, once daily.

Esperion Therapeutics, Inc., Plymouth, MI

Phase Il trial completed

Pharmacotherapy
(e.g., statins)

Improved LDL profile
Reduced incidence of
cardio-metabolic
disease

Increased overall
survival

Improved quality of life
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Mitochondrial pore
modulator (TRO-
40303) to prevent
reperfusion injury
after heart attack

Patients receiving
cardiac
reperfusion after
heart attack or
coronary bypass
surgery

Experimental studies show that reperfusion injury accounts for as much as 50% of the
final size of a myocardial infarct in patients having a heart attack; protecting the heart
during reperfusion of ischemic areas is therefore, important; as oxygen is
reintroduced into an ischemic area after heart attack or heart bypass surgery, oxygen
free radicals are generated, resulting in cellular damage in the form of swelling and/or
contracture; this leads to what is termed a “no-reflow phenomenon”; this effect limits
recovery of some heart cells and is believed to contribute to irreversible injury of other
heart cells. TRO-40303 targets mitochondria to protect cells from apoptosis; intended
to prevent reperfusion injury that occurs in virtually all patients when ischemic tissue
in the heart is reperfused after a heart attack or coronary artery bypass surgery. It is
administered intravenously.

Trophos S.A., Marseille, France

Phase Il ongoing

Angioplasty and
stenting
Fibrinolytic therapy

Reduced myocardial
cell death

Improved
cardiovascular function
Increased survival

Mitochondrial-
targeted compound
(Bendavia) for
treatment of ischemia
reperfusion injury

Patients
experiencing
ischemia
reperfusion injury
during reperfusion
post-myocardial
infarction and
coronary bypass
surgery

As oxygen is reintroduced into an ischemic area after heart attack or heart bypass
surgery, oxygen free radicals are created, resulting in cellular damage in the form of
swelling and/or contracture. This leads to what is termed a "no-reflow phenomenon.”
This effect limits recovery of some heart cells and is believed to contribute to
irreversible injury of other heart cells. Bendavia™ is a compound that targets
mitochondria to protect cells from undergoing cellular death. It is intended to prevent
reperfusion injury that occurs in virtually all patients as ischemic tissue in the heart is
being reperfused after a heart attack or coronary artery bypass surgery.

Stealth Peptides, Inc., Newton Centre, MA

Phase Il ongoing.

Angioplasty and
stenting
Fibrinolytic therapy

Improved electron
transport efficiency
Maintained
mitochondrial
respiration and
adenosine
triphosphate levels
Prevented
mitochondrial swelling
and depolarization
Reduced apoptosis
Improved
cardiovascular
outcomes
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Mobile phone Patients in need of | Access to ECG machines is limited in some rural or emergency rescue locations; Standard ECG Increased access to
electrocardiography an patients are required to visit health care facilities for ECG readings, and “portable” machines ECG technology
(iPhoneECG) electrocardiogram | ECG machines still require 12 leads. The iPhoneECG is a slim device in a case that Portable ECG Reduced morbidity
(ECG) who have fits over an iPhone (also available as the iCard, which sticks to the back of any mobile | machines from heart conditions
access to a mobile | device, including iPads) and has low-power electrodes on the case that are pressed monitored by ECG
device against the fingers or chest of a patient to display full ECG and heart rate. Device is Reduced health
intended to record and upload the reading onto a server, which converts it to a PDF disparities
for analysis by a medical professional; manufacturer intends device to be used to aid
diagnosis of heart blockage or unstable heartbeat, or to monitor heart rate during
exercise or stress reduction techniques. The manufacturer claims that the device will
work in any location with wireless coverage.
AliveCor, Seattle, WA
Premarket notification for 510(k) clearance from FDA in progress
MTP inhibitor Patients in whom Outcomes with current medication for HoOFH are suboptimal. Lomitapide represents a | Extracorporeal Reduced low-density
(lomitapide) for homozygous novel class of medication, a microsomal triglyceride transfer protein inhibitor (MTP-I) apheresis lipoprotein levels
treatment of familial hyper- that is intended to lower both cholesterol and triglycerides. MTP is a lipid transfer Liver transplant Improved
homozygous familial cholesterolemia protein that is required for moving lipid molecules from their site of synthesis, so Pharmacotherapy cardiovascular
hypercholesterolemia | (HoFH) has been inhibiting MTP prevents both hepatic very-low-density lipoproteins and intestinal (e.q,. statins) outcomes

diagnosed

chylomicron secretion (from food/diet) that, in turn, lowers plasma lipids. Lomitapide is
intended to replace statins. Taken orally.

Aegerion Pharmaceuticals, Inc., Cambridge, MA

Pivotal phase Il trial ongoing; FDA granted orphan drug status; company filed new
drug application with FDA Mar 2012

Improved quality of life
Improved long-term
health outcomes
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Myosin activator Patients in whom Currently available ionotropic pharmacotherapy for HF increases contractility without Pharmacotherapy Prolonged systole

(omecamtiv mecarbil)
for treatment of heart
failure

heart failure (HF)
has been
diagnosed

prolonging systole, which increases oxygen demand, thereby exacerbating

myocardial ischemia and the risk for adverse events. Omecamtiv mecarbil is a myosin

activator intended to prolong systole in the heart. The manufacturer claims the agent
can increase the duration of systole without changing the rate of left ventricular
pressure development, thereby increasing stroke volume and cardiac output. The
agent is being developed as both oral and intravenous formulations, for use as both
inpatient and outpatient therapy.

Cytokinetics, Inc., South San Francisco, CA

Phase Il trials ongoing

(e.g., beta blockers)

Improved heart
efficiency

Reduced adverse
events

Improved quality of life
Reduced morbidity and
mortality

Nitroxyl donor (CXL-
1020) for treatment of
acute
decompensated heart
failure

Patients in whom
acute
decompensated
heart failure (HF)
has been
diagnosed

CXL-1020 is a proprietary nitroxyl donor intended to enhance heart contractility
(inotropy) and relaxation (lusitropy) and peripheral vasodilation without increasing
heart rate or myocardial oxygen consumption. Administered intravenously.
Cardioxyl Pharmaceuticals, Inc., Chapel Hill, NC

Phase Il completed.

Diuresis (for fluid
removal)
Vasodilation (for
preload and afterload
reduction)

Other intravenous
inotropic agents
(dobutamine,
milrinone)

Improved symptoms,
hemodynamics, and
clinical status of
patients with acute
decompensated HF

Off-label minocycline
with tPA for treatment
of stroke

Patients in whom
acute ischemic
stroke has been
diagnosed

Minocycline, a tetracycline antibiotic, is given with tissue plasminogen activator (tPA)
to reduce stroke-associated inflammatory factors and bleeding.

Georgia Health Sciences University, Augusta

Phase I/11 trial completed

tPA alone

Reduced bleeding in
stroke

Improved overall
outcomes
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Off-label sildenafil
(Viagra) to improve
pediatric exercise
tolerance after
Fontan surgery for
heart defect

Pediatric patients
with exercise
intolerance after
undergoing
Fontan operation
to correct heart
defect

No medical therapies have demonstrated a benefit in improving exercise tolerance in
patients who have undergone a Fontan operation. The Fontan procedure is a
palliative surgery for patients who have a single pumping ventricle; a staged
reconstruction of the heart and the major blood vessels whereby the veins that usually
bring blood back to the heart are connected directly to the pulmonary arteries; this
creates a “new” circulatory system, in which blood from the body bypasses the heart
and flows directly to the lungs; importantly, blood flow through the lungs is passive
(not pumped) and the efficiency of flow through the cardiovascular system is related
to the resistance to blood flow in the vessels of the lungs, or pulmonary vascular
resistance (PVR). Sildenafil (Viagra®) is a phosphodiesterase type 5 inhibitor that has
potent selective vasodilatory effects on pulmonary vasculature; may decrease PVR,
resulting in increased pulmonary blood flow. It does not appear that company that
makes this drug is seeking a labeled indication change.

Pfizer, Inc., New York, NY (manufacturer)
Pennsylvania State University, Pennsylvania State Hershey Medical Center, Hershey
(investigator)

Phase IV trial ongoing

Exercise training

Improved PVR
Improved pulmonary
blood flow

Improved cardiac filling
Increased stroke
volume

Improved cardiac
output response to
exercise

Increased exercise
tolerance

Increased time to
transplant

Improved quality of life

Oxygenated
pegylated
hemoglobin (MP40OX)
for treatment of
hemorrhagic shock

Patients in whom
trauma-related
oxygen
deprivation
(hemorrhagic
shock) has been
diagnosed

Standard of care for hemorrhagic shock is limited because treatments do not reach
capillaries or ischemic tissues; many patients treated with optimal care for traumatic
injuries still experience organ dysfunction and failure; treatments are needed to
improve the perfusion and oxygenation capabilities of standard of care. MP40OX is
oxygenated, pegylated hemoglobin that is intended to prevent the premature release
of oxygen in the vascular system and to open capillary beds for perfusion and
targeted oxygen delivery; it is designed to be at a certain optimal oxygen affinity,
diffusion potential, and molecular size so it has the potential to perfuse capillaries and
delivery oxygen to tissues at risk for ischemia; intended for use as an adjunctive
treatment to standard of care (transfused blood or packed red blood cells).

Sangart, Inc., San Diego, CA; MP40X’s development is part of a Dec 2010
cooperative research and development agreement (CRADA) with the U.S. Navy

Phase IIb trial ongoing

Fluid replacement
alone

Improved perfusion of
capillaries and
oxygenation of
ischemic tissues
Resolution of
hemorrhagic shock
Reduced rate of organ
failure

Improved survival
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PAR-1 antagonist
(atopaxar) for
prevention of
atherothrombosis

Patients in whom
a risk of
atherothrombosis
has been
diagnosed

Current standard of care, DAPT, for reducing ischemic events in patients with
atherothrombotic disease is associated with limitations, including the risk of bleeding
and the possibility of recurrent thrombotic events. These agents do not modulate
thrombin, a potent receptor for platelet activation. Atopaxar (E555) represents a new
mechanism of action for this disease state and is a protease-activated receptor 1
(PAR-1) antagonist. Thrombin mediates its effects though PAR-1 on the platelet
surface, so inhibition of PAR-1 may represent a viable approach for reducing platelet
activation, without causing prolongation of bleeding time (because other thrombin-
mediated effects associated with hemostasis are not affected). Administered orally,
once daily.

Eisali, Inc., Tokyo, Japan

Phase Il trials completed

Aspirin
Clopidogrel

Reduced platelet
aggregation

Fewer ischemic events
Improved bleeding
rates

Reduced mortality

PCSK®9 inhibitor
(REGN727/
SAR236553) for
treatment of
hypercholesterol-
emia

Patients in whom
hypercholesterol-
emia has been
diagnosed

This drug represents a new mechanism of action for hypercholesterolemia treatment.
REGN727/SAR236553 is a proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitor. PCSK9 is a protein involved in regulating circulating low-density lipoprotein
(LDL) levels through degradation of the LDL receptor; therefore, pharmacologic
inhibition of PCSK9 might decrease circulating LDL levels. Intended to be
administered subcutaneously.

Sanofi, Paris, France
Regeneron Pharmaceuticals, Inc., Tarrytown, NY

Phase Ill trial ongoing

Pharmacotherapy
(e.g., statins)

Improved lipid levels
Reduced morbidity
Reduced mortality
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Pediatric ventricular Pediatric patients Adult heart-assist devices are too large to be used in children with end-stage HF. ECMO Increased recovery of

assist device (Excor)
for pediatric end-
stage heart failure

in whom heart
failure (HF) has
been diagnosed,
and who are in
need of
mechanical
support as a
bridge to cardiac
transplantation

While awaiting transplant, the standard of care in this population is extracorporeal
membrane oxygenation (ECMO), in which a pump circulates blood through an
artificial lung back into the bloodstream. This technique is not approved and is
associated with many limitations, including high incidence of complications when used
for long-term support, high risk of stroke, and need for anticoagulation therapy. ECMO
also requires immobilization of the patient, limiting rehabilitation. The Excor® Pediatric
Ventricular Assist Device (VAD) is designed to support pediatric patients (newborns to
teenagers) and to bridge patients awaiting heart transplantation for days to several
months, until a donor heart becomes available. The device is a paracorporeal,
pulsatile VAD, with blood pumps located outside the body and connected to the heart
and blood vessels via cannulas. The device can be used for single or double ventricle
assistance.

Berlin Heart GmbH, Berlin, Germany

FDA approved Dec 2011; designated an orphan product

native heart (when
used as destination
therapy)

Increased overall
survival

Reduced adverse
events compared with
ECMO

PerClot blood-clotting
agent for
perioperative and
postoperative
hemostasis

Surgical patients
at risk of
perioperative and
postoperative
hemorrhage

Hemostatic agent (PerClot®) in form of absorbable powder used adjunctively when
control of bleeding from capillary, venous, or arteriolar vessels by pressure, ligature,
and other conventional means is either ineffective or impractical.

Cryolife, Inc., Atlanta, GA

Company filed investigational device exemption application with FDA in Apr 2011 to
begin U.S. trials ongoing; has marketing approval in Europe

Conventional
hemostatic techniques
(e.g., fibrin sealants,
mechanical
hemostasis) used
during surgery

Adequate, timely
hemostasis
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Percutaneous Patients in whom Percutaneous annuloplasty for functional mitral valve repair is a surgical approach Optimal medical Reduced risk of
annuloplasty functional mitral intended to achieve the therapeutic result of open surgical annuloplasty though a management cardiac events
(Carillon Mitral regurgitation has less-invasive, catheter-based technique. The Carillon® Mitral Contour System™ Minimally invasive Reduced mitral
Contour System) for been diagnosed comprises a thin, flexible metal bridge or tether with a self-expanding anchor at each surgery regurgitation

functional mitral valve

repair

end. The device is delivered to the coronary sinus by a catheter inserted in the jugular
vein at the neck. This tension around the mitral valve annulus is intended to squeeze
the mitral leaflets together to close the gap that may have developed due to heart
enlargement. Typically, the entire catheter is removed if the placement of nitinol
tension rods does not reduce mitral regurgitation.

Cardiac Dimensions, Inc., Kirkland, WA
Several trials ongoing, FDA granted investigational device exemption status for

clinical trial in 2005; trial ongoing, but not registered with National Clinical Trials
database. Approved for marketing in Europe in 2009

Open surgery

Reduced operative
morbidity

Reduced mortality
Improved quality of life

Percutaneous left Patients with atrial | Intended to block left atrial appendage opening and prevent clots from entering Long-term Reduction in stroke
atrial appendage fibrillation who are | general circulation. anticoagulation risk

occlusion not good surgical therapy

(Watchman) for candidates Atritech, Inc., Plymouth, MN, acquired by Boston Scientific Corp., Natick, MA

prevention of atrial

fibrillation-associated Phase Il trial ongoing

stroke

Phospholipase A2 Patients with Despite available pharmacotherapy, coronary artery disease remains the leading Pharmacotherapy Improved plaque

inhibitor (darapladib)

for treatment of
atherosclerosis

atherosclerosis
who are at high
risk for myocardial
infarction

cause of death in the U.S. This intervention represents a novel mechanism of action
for the treatment of atherosclerosis. Darapladib is a lipoprotein-associated
phospholipase A2 (LP-PLA2) inhibitor that is being investigated as a treatment for
atherosclerosis. LP-PLA2 plays a role in atherosclerotic development and
progression. Its levels predict cardiovascular risk, and it has been suggested that it is
involved in determining plaque stability. By inhibiting LP-PLA2, this agent may help
improve atherosclerosis, stabilize unstable plaques, and reduce cardiovascular risk.

GlaxoSmithKline, Middlesex, UK

Phase Ill trials ongoing

(e.g., statins)

stability

Reduced
atherosclerosis
Reduced morbidity and
mortality
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Pipeline Embolization
Device for treatment
of brain aneurysms

Patients in whom
giant or wide-
necked brain
aneurysms, in the
internal carotid
artery from the
petrous to

the superior
hypophyseal
segments, have
been diagnosed

Pipeline™ Embolization Device is a self-expanding, microcatheter-delivered,
cylindrical mesh “flow diversion” device intended to divert blood flow away from the
aneurysm sac and assist in reconstruction of the parent artery while leaving the side
vessels open. Approved for the “endovascular treatment of adults (22 years of age or
older) with large or giant wide-necked intracranial aneurysms in the internal carotid
artery from the petrous to the superior hypophyseal segments.”

ev3 Neurovascular, Menlo Park, CA

FDA approved Apr 2011; continued followup for 5 years of individuals in the pivotal
clinical cohort and continued access cohort required

Endovascular coiling
Stent-assisted coiling
Surgical clipping or
bypass

Prevented rupture of
brain aneurysms
Reduced mortality form
aneurysm

Placenta-derived cell
therapy (PLX-PAD)
for critical limb
ischemia

Patients with
critical limb
ischemia (CLI)
including pain at
rest and tissue
necrosis, Fontaine
class IlI-IV

Treatment is needed for patients with CLI whose CLI is not responding to medical or
surgical interventions; these patients are at risk of amputation. Placenta-derived cell
therapy (PLX-PAD) for peripheral artery disease consists of mesenchymal-like
stromal cells derived from a full-term placenta; PLX-PAD cells originate from the
human placenta harvested after a caesarean section and cultured in a bioreactor
(PluriX™). Delivered by intramuscular injection to a patient’s limb with the intent to
improve blood flow.

Pluristem Therapeutics, Inc., Haifa, Israel

Phase | trial ongoing; phase II/111 trial planned

Pharmacotherapy
(e.g., cilostazol and
pentoxifylline)
Percutaneous
angioplasty and
stenting

Surgery

Less pain

Increased amputation-
free survival rate
(amputations and
death)

Improved quality of life
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Pneumatic abdominal | Soldiers on the For soldiers on the battlefield with inguinal bleeding, no products are available that Clamps Improved bleeding
aortic tourniquet battlefield with can effectively stop the blood flow but also remain stable and in place during patient Conventional control
(AAT) for treatment of | inguinal transport. The Institute of Surgical Research has identified this unmet need tourniquet Reduced morbidity
inguinal hemorrhage hemorrhage (uncompressible hemorrhage that is not treatable by a tourniquet in the leg, groin and Knee pressing Reduced mortality

on the battlefield

inguinal region) as its priority for battlefield care, because of the extremely high
morbidity and mortality associated with this condition. The Abdominal Aortic
Tourniquet (AAT™) is a pneumatic circumferential tourniquet that is placed around the
body at the navel level, tightened, and inflated into the abdomen until it occludes the
aorta and stops the bleeding. The product differs from currently available options
because they (conventional tourniquets, knee pressing, clamps) aren’t designed to
tighten around a person’s midsection, and the aortic artery is located under several
inches of flesh, next to the spine.

Compression Works, LLC., Birmingham, AL (manufacturer)
Speer Operational Technologies, LLC, Greenville, SC (distributor)

FDA granted 510(k) clearance Oct 2011, after expedited review

Point-of-care
autologous bone
marrow for treatment
of critical limb
ischemia

Patients with
critical limb
ischemia (CLI)
who are not
eligible for
revascularization
surgery

Treatment is needed for patients with CLI whose disease is not responding to medical
or surgical interventions; these patients are at risk of amputation. The Magellan ®
MARO1™ system enables the production of a concentrate of aspirated bone marrow
at the patient's bedside that yields an injectable tissue rich in platelets, hematopoietic
stem cells, and mesenchymal stem cells (key cells in tissue repair); intervention will
evaluate administration of concentrated bone marrow injections (using the 510[k]
cleared Magellan MAROL1 technology) at the bedside; injected concentrate intended to
improve perfusion in ischemic tissue in affected limbs of patients with CLI who are not
candidates for revascularization surgery.

Arteriocyte, Inc., Cleveland, OH

Phase | trial ongoing under investigational device exemption status

Percutaneous
angioplasty and
stenting
Pharmacotherapy
(e.g., cilostazol and
pentoxifylline)
Surgery

Increased amputation-
free survival rate
(amputations and
death)

Improved quality of life
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Polymer strands
(cPAX system) for
treatment of giant
and wide-neck
cerebral aneurysms

Patients, 22 years
of age or older,
with a wide-
necked large and
giant sized
cerebral aneurysm
10 mm or larger
that requires use
of adjunctive
assist-devices
such as stents or
balloons

Large, giant and wide-neck cerebral aneurysm remain the most difficult to treat, and
conventional platinum coils have been suboptimal. CPAX is polymeric strand
delivered into the aneurysm using a technique similar to currently available platinum
coil technologies (endovascular embolization); the difference is that cPAX is a soft
polymeric material designed to achieve more complete filling of the giant or wide-neck
aneurysm than is possible with currently available platinum coils; translucency of its
polymeric material allows for noninvasive computed tomography and MRI scans with
little or no artifact for more accurate patient assessment and followup.

NeuroVasx, Inc., Maple Grove, MN

FDA approved under humanitarian device exemption in Apr 2011

Endovascular
embolization-
detachable coils
(spirals of platinum
wire)

Microvascular clipping
(clothespin-like clip on
the aneurysm’s neck)
Occlusion of artery
that leads to the
aneurysm

Decreased incidence
of ruptured aneurysm
(about 27,000
individuals per year in
the U.S.)

Reduced incidence of
hemorrhagic stroke,
vasospasm (the
leading cause of
disability or death
following a burst
aneurysm)
Short-term and/or
permanent brain
damage

Decreased mortality

Positron emission
tomography imaging
agent (11C-
metomidate) for
diagnosis of
hyperaldosteronism

Patients with
diagnosed
hypertension that
may be secondary
to
hyperaldosteron-
ism

Up to 9% of patients with hypertension have a condition called hyperaldosteronism
(Conn’s syndrome). In these patients, adenomas on the adrenal glands release
excessive amounts of aldosterone, a hormone that is known to raise blood pressure.
The gold standard for diagnosing hyperaldosteronism is an invasive and technically
challenging procedure called adrenal vein sampling. 11C metomidate is a
radiopharmaceutical intended for use with positron emission tomography (PET) as a
noninvasive option to diagnose this condition. Because 11C-metomidate has been
shown to accumulate in Conn’s adenomas and nowhere else, researchers think it can
be used with PET imaging to help identify patients with hyperaldosteronism
adenomas. This radiopharmaceutical is used with PET imaging in the U.S. to aid
diagnosis of adrenal tumors.

University of Cambridge, Cambridge, UK

Pilot trial completed

Adrenal vein sampling

Improved
hyperaldosteronism
diagnosis

Improved management
of hyperaldosteronism-
associated
hypertension
Decreased morbidity
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Potassium binder
(RLY5016) for
prevention of
hyperkalemia

Patients in whom
heart failure (HF)
or HF with
underlying renal
impairment has
been diagnosed

Renin-angiotensin-aldosterone-system-inhibitor drugs cannot be used in HF patients
and renal impairment because of concerns about hyperkalemia; an effective drug
therapy would allow better management of patients with HF; current agents are poorly
tolerated and cause bowel necrosis. RLY5016 is a novel potassium binder (orally
absorbed resin; high capacity cation binder) that is intended to lower serum
potassium, thereby preventing hyperkalemia in patients with HF or HF and renal
impairment; appears to be better tolerated and potentially has twice the potassium-
binding capacity compared with current agents.

Relypsa, Santa Clara, CA

Phase Il trial completed

Other potassium
binders (e.g., sodium
polystyrene sulfonate)

Improved side effect
profile

Decreased incidence
of hyperkalemia
Optimal medical
management of HF
Improved long-term
cardiac outcomes

Recombinant
neuregulin-1
(Neucardin) for
treatment of chronic
heart failure

Patients in whom
heart failure (HF)
has been
diagnosed

No disease-modifying treatments for HF exist; only the symptoms are treated.
Neucardin™ (rhNRG-1) represents a potential disease-modifying approach to
treatment; it is a recombinant peptide fragment of human neuregulin-1 (NRG-1);
NRGL1 is a tyrosine kinase receptor agonist (member of the endothelial growth factor
[EGF] family) and is known to activate multiple intracellular signaling pathways in
cardiomyocytes, including mitogen-activated protein kinase pathway (associated with
protein synthesis and muscle hypertrophy) and PI3K-Akt-mTOR (mammalian target of
rapamycin) pathway (associated with prosurvival effects and activation of cellular
metabolism); the NRG signaling cascade is challenged by stress factors and has
limited ability to compensate for myocardial cell loss, so rhNRG-1 is intended to aid in
development, differentiation, and function of myocardial cells.

Zensun (Shanghai) Sci & Tech Co., Ltd., Shanghai, China

Phase Ill terminated; Zensun to replace with another study design

Pharmacotherapy
(e.g., angiotensin-
converting enzyme
inhibitors, angiotensin
Il receptor blockers,
beta blockers, digoxin,
diuretics)

Increased cell survival
Improved cell
metabolism

Increased cell
proliferation

Improved symptoms
Improved morbidity
and decreased
mortality
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Robotic system Patients PCI, as it is currently performed, is associated with procedural challenges, radiation Manually performed Improved procedural
(CorPath 200) for undergoing exposure, and spinal strain for interventional cardiologists. CorPath™ 200 is a PCI visualization
remotely controlled percutaneous console or cockpit with radiation shielding placed several feet from patient that allows Reduced radiation
percutaneous coronary the physician to use robotic-assisted tools to place coronary guidewire and exposure
coronary intervention | intervention (PCI) stent/balloon catheters. The physician does not have to wear a lead shield apron Reduced physician
during PCI; system is intended to fixate and hold devices to enable the cardiologist spinal strain
(while seated) to control contrast injection and manipulate the guidewire; intended to Reduced physician
enhance visualization, minimize fatigue, and protect against exposure to radiation and fatigue

back strain. According to manufacturer, improved control of contrast injection and
visualization of angiography may also reduce the volume of contrast media and
radiation dose administered to the patient.

Corindus Vascular Robotics, Inc., Natick, MA

Phase Il completed; company pursuing FDA 510(k) clearance

Increased number of
PCI procedures
performed

Improved patient
safety

School-wide
electrocardiogram
screening (Young
Hearts for Life) for
cardiac abnormalities
in students

Students in high
school or college,
who may or may
not participate in
organized sports

More than 1,000 young adults die from sudden cardiac death annually in the U.S. The
Young Hearts for Life Cardiac Screening Program is intended to provide free
electrocardiograms (ECGs) to all high school students (who choose to participate) to
identify students at risk for sudden cardiac death; screenings are conducted during
the school day, usually during physical education classes, and echocardiograms are
available on site at no cost for selected students who have an inconclusive screening
ECG (intended to give additional information regarding whether further evaluation is

American Heart
Association-
recommended
screening that includes
physical examination
and family and
personal medical

Increased detection of
potential cardiac
abnormalities

Earlier diagnosis of
abnormalities
Reduced incidence of
sudden cardiac death

necessary); ECGs are interpreted by volunteer cardiologists; parents receive test history Increased costs from
results about 3 weeks after the screening and are instructed to follow up with primary screening general
care physician if necessary. student population who
would otherwise not be
Midwest Heart Foundation, Lombard, IL screened by ECG
As of Jul 2012, screenings had been provided to more than 74,000 students.
Selective serotonin-4 | Patients in whom SER101 is a 5-HT4 (serotonin) antagonist; 5-HT4 receptors have been discovered on | Pharmacotherapy Increased cardiac

antagonist
(RO1160367,
SER101 ) for
treatment of heart
failure

heart failure has
been diagnosed

muscle cells in failing cardiac ventricles and failing cardiac ventricle expresses 5-HT4
receptors as a response to the serious condition.

Serodus ASA, Oslo, Norway (licensee)
F. Hoffmann-La Roche, Basel, Switzerland (developer)

Phase | trial completed

(e.g., angiotensin-
converting enzyme
inhibitors, angiotensin
Il receptor blockers,
beta blockers, digoxin,
diuretics)

output

Improved
cardioprotection
Improved long-term
cardiac outcomes
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Phase of Development
Standardized Patients in whom Current guidelines recommend that patients with STEMI receive fibrinolysis within 30 Current STEMI Reduced door-in-to-

protocol and
integrated system
(RACE Project) for
treatment and
transfer of patients
with ST-elevated
myocardial infarction

an ST-elevated
myocardial
infarction (STEMI)
has been
diagnosed

minutes, and primary percutaneous coronary intervention (PCI) within 90 minutes, of
symptom onset, yet fewer than half of patients receive this care within the
recommended time frame. Additionally, only 4% of patients who are transferred to a
2nd (PCl-capable) hospital are treated within the 90-minute time frame. Reperfusion
of Acute Myocardial Infarction in North Carolina Emergency Departments (RACE)
Project: Statewide initiative to identify and overcome barriers to recommended rapid
reperfusion times by establishing optimal regional systems of care (with parallels to
existing trauma systems). Goal is to improve both the rate and speed of STEMI care
though specific interventions with a systemic approach. PCI and non-PCI hospitals
are assessed to determine barriers to rapid reperfusion, and customized plans for
improvement are developed. Interventions include: educational symposia (on topics
such as electrocardiogram (ECG) interpretation, STEMI recognition, treatment
options), placing ECG and transmittal equipment on EMS transport vehicles, and
establishing a single telephone number to access transfer to a PCI hospital. Transfer-
specific interventions include: leaving patient on the original stretcher and creating
system-compatible intravenous (IV) tubing and pumps, and/or eliminating the need for
IV pumps (e.g., through administration of IV bolus of unfractionated heparin).

Sponsored by North Carolina Chapter of the American College of Cardiology

Pilot study with 436 patients at 55 hospitals completed; data available

practices (vary
between hospitals)

door-out time
Reduced time to
treatment
Improved
cardiovascular
morbidity
Improved mortality
outcomes

Stromal cell-derived
factor-1 (JVS-100) for
treatment of heart
failure

Patients in whom
heart failure (HF)
has been
diagnosed

About 5.4 million Americans have HF, and because of the lack of regenerative
treatments, the vast majority of patients will die within 8 years of 1st diagnosis. JVS-
100 (also called ACRX-100) is an agent that encodes stromal-cell derived factor 1
(SDF-1); SDF-1 recruits endothelial progenitor cells to site of injury or ischemia,
thereby potentially inducing neovascularization and angiogenesis (sustained vessel
formation necessary for adult tissue to become fully revascularized, particularly after
ischemia). Natural SDF-1 expression lasts for less than a week, so natural stem cell
homing signals fade quickly. In clinical trial, agent is being injected directly into the
myocardium as a single dose at multiple sites through a percutaneous, left ventricular
approach using a needle injection catheter.

Juventas Therapeutics, Inc., Cleveland, OH

Phase Il trial ongoing

Pharmacotherapy
(e.g., angiotensin-
converting enzyme
inhibitors, angiotensin
Il receptor blockers,
beta blockers, digoxin,
diuretics)

Increased
neovascularization and
angiogenesis
Reduced symptom
burden

Disease regression or
slowed disease
progression
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Subcutaneous Patients with This subcutaneous implantable cardioverter defibrillator’s (S-ICD®) wires do not Other implantable Quicker recovery after
implantable cardiomyopathy connect to the heart and reduce risk of wires bending and causing unnecessary defibrillators implantation

cardioverter
defibrillator (S-ICD
System) for treatment
of cardiomyopathy

who are at risk for
sudden cardiac
arrest

shocks; no imaging equipment required for placement.

Cameron Health, Inc., San Clemente, CA (Boston Scientific Corp., Natick, MA,
announced in Mar 2012 it was exercising its option to acquire Cameron Health)

Premarket approval application submitted to FDA Jan 2012; FDA granted expedited
review status; on Apr 26, 2012, FDA Circulatory System Devices advisory panel voted
7-1 for efficacy and 8-0 for safety in favor of approval; Conformité Européene (CE)
marked in 2009

Reduced risk of
unnecessary shocks
Reduced risk of
failures to shock
Improved quality of life

Transcatheter aortic
valve (CoreValve)
implantation for
treatment of severe
aortic stenosis

Patients in whom
severe aortic
stenosis (AS) has
been diagnosed

AS occurs in about 4% to 5% of people aged 75 years or older and more than
300,000 people are estimated to have the condition worldwide; causes of severe AS
include buildup of calcium deposits on the aortic valve, prior radiation therapy, certain
medications, and/or a history of rheumatic fever; an estimated 30% of all patients with
symptomatic severe AS are not suitable candidates for valve replacement performed
as an open heart surgery procedure. The transcatheter aortic valve (CoreValve®)
procedure uses fluoroscopic guidance to replace the native aortic heart valve without
open heart surgery; an 18 French diameter catheter is used for delivery of a self-
expanding nitinol frame stent with a porcine pericardial tissue valve.

Medtronic, Inc., Minneapolis, MN
Two pivotal U.S. trials begun in 2011 under FDA investigational device exemption

status; late-phase and postmarket international trials completed; Conformité
Européene (CE) marked in 2007; available outside U.S. in 34 countries

Open surgery
Optimal medical
management

Other transcatheter
aortic valves

Improved cardiac
function

Increased survival
Improved quality of life
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Transcatheter aortic
valve (Sapien)
implantation for
treatment of severe
aortic stenosis

Patients with
severe calcific
aortic stenosis
who are
considered to be
high-risk or non-
operable for
conventional open
heart valve
replacement
surgery

Sapien transcatheter aortic valve is a tissue valve deployed into the heart using a
minimally invasive transcatheter-based procedure (transfemoral or transapical) to try
to repair a severely stenotic aortic valve.

Edwards Lifesciences, Irvine, CA

FDA approved Nov 2011 for “transfemoral delivery in patients with severe
symptomatic native aortic valve stenosis who have been determined by a cardiac
surgeon to be inoperable for open aortic valve replacement and in whom existing co-
morbidities would not preclude the expected benefit from correction of the aortic
stenosis.” In Jun 2012, FDA'’s Circulatory System Devices Panel voted 12-0 to
recommend an expanded indication for patients with symptomatic severe aortic
stenosis who are at high operative risk.

Optimal medical
management
Open surgery
Other transcatheter
aortic valves

Accurate valve
replacement

Avoided open surgery
Decreased
rehospitalization for
heart failure
Decreased mortality
Improved quality of life

Transcatheter mitral
valve repair
(MitraClip) for
treatment of mitral
regurgitation

Patients with
degenerative
mitral valve
disease with
prolapse who are
not good
candidates for
open surgical
repair

Minimally invasive transcatheter approach requires transseptal puncture to access the
left heart chambers; in lieu of sutures, a flexible metal clip covered in polyester fabric
(MitraClip®), is used. Intended for patients whose valve disease originates mainly
from the center of the valve.

Evalve, Inc., Menlo Park, CA (being acquired by Abbott Laboratories, Abbott Park, IL)

Phase Il trial ongoing; Conformité Européene (CE) marked in 2008

Open surgical mitral
valve repair
Pharmacotherapy

Improved quality of life
for patients who are
not good surgical
candidates
Reduction in mitral
regurgitation and
associated
cardiovascular
outcomes
Decreased cost
because of slowing
disease progression
Decreased cost
compared with open
surgery
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Transcatheter Pediatric patients Interventional cardiac catheterization procedure using the Sapien stent valve to Open heart surgery Accurate deployment

pulmonary valve
(Sapien) implantation
for treatment of
pulmonary valve
disease

in whom a
malformed
pulmonary valve
has been
diagnosed

replace a defective or worn-out pulmonary valve.
Edwards Lifesciences, Irvine, CA

Clinical trial ongoing under FDA investigational device exemption status; company
intends to seek humanitarian device exemption from FDA

of valve

Avoided open surgery
Reduced hospital stay
Reduced pain
Reduced
bleeding/transfusion
Quicker recovery and
return to normal
activity

Improved quality of life

Ultrasound (ClotBust-
ER) for treatment of
acute ischemic stroke

Patients in whom
acute ischemic
stroke has been
diagnosed

Transcranial ultrasound is a new treatment for ischemic stroke. However, technical
challenges are associated with administration of transcranial ultrasound, and
sonographers capable of detecting occluded cerebral artery segments are available
only in specialized stroke centers or emergency departments (EDs). An unmet need
exists to extend this therapy to smaller EDs. ClotBust™-ER is an ultrasound device
that employs multiple transducers operating at 2 MHz, and it is intended to deliver
therapeutic ultrasound energy to the vessel occlusion in the brain to treat ischemic
stroke in patients eligible for intravenous thrombolytic therapy. The system includes
multiple ultrasound transducers, which are mounted on an adjustable head frame to
administer therapeutic ultrasound in the principal regions in which the majority of
vessel occlusions in the brain occur. Because the transducers self-align based on
anthropometric landmarks, they do not need to be aimed by a trained sonographer.

Cerevast Therapeutics, Inc., Redmond, WA

Phase I/l trial completed; phase Il trial registered, but not yet recruiting

Sonographer-
administered
ultrasound

Tissue plasminogen
activator therapy

Improved clot lysis
Reduced stroke-
related morbidity and
mortality

Urocortin 2 for
treatment of heart
failure

Patients in whom
heart failure has
been diagnosed

Urocortin 2 (infusion) is intended to mimic the effect of the newly discovered protein
urocortin 2, which selectively stimulates the corticotropin-releasing factor receptor,
thereby improving cardiac output with minimal increase in heart rate; new mechanism
of action for cardioprotection by regulating calcium cycling enzymes/channels in heart
muscle cells.

Neurocrine Biosciences, Inc., San Diego, CA

Trials ongoing (conducted by Centre for Cardiovascular Sciences at The University of
Edinburgh, UK, through a British Heart Foundation grant)

Pharmacotherapy
(e.g., angiotensin-
converting enzyme
inhibitors, angiotensin
Il receptor blockers,
beta blockers, digoxin,
diuretics)

Increased cardiac
output

Improved
cardioprotection
Improved long-term
cardiac outcomes
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Vagus nerve
stimulation
(CardioFit) for
treatment of
congestive heart
failure

Patients in whom
severe congestive
heart failure (HF)
has been
diagnosed

CardioFit® vagus nerve stimulation is an implantable device intended to improve
heart-pumping capacity in patients with severe congestive HF.

BioControl Medical, Yehud, Israel

Phase Il trial ongoing

Heart transplantation
Minimally invasive
heart surgery
Pharmacotherapy
(e.g., angiotensin-
converting enzyme
inhibitors, angiotensin
Il receptor blockers,
beta blockers, digoxin,
diuretics)

Ventricular assist
devices

Improved left
ventricular ejection
fraction

Improved 6-minute
walk test

Reduced need for
medication

Improved quality of life

Vasoactive intestinal
peptide analog
injection (Vasomera)
for treatment of
hypertension

Patients in whom
hypertension has
been diagnosed

Many factors contribute to patient nonadherence with hypertension treatment;
therefore, hypertension often remains uncontrolled or poorly controlled, contributing to
a patient’s risk for cardiovascular events. Also, current hypertension medications are
associated with undesirable side effects and safety concerns. Vasomera™ is an
analog of vasoactive intestinal peptide, a naturally occurring 28-amino-acid peptide
that acts as a vasodilatory neuropeptide. This agent is delivered via injection, and the
manufacturer purports that its long-acting properties may allow for once-weekly
dosing.

PhaseBio Pharmaceuticals, Inc., Malvern, PA

Phase | trial ongoing

Pharmacotherapy
(e.g., angiotensin
converting enzyme
inhibitors, angiotensin
Il receptor blockers,
beta blockers)

Improved control of
hypertension

Reduced risk for
cardiovascular events
Reduced morbidity
Reduced mortality from
hypertension

Wireless cardiac
resynchronization
therapy (WICS) for
treatment of heart
failure

Patients in whom
heart failure has
been diagnosed

Currently approved cardiac resynchronization therapy (CRT) using pacemakers or
defibrillators requires implantation of leads, 1 of which is threaded to the heart’s left
ventricle in a technically challenging process associated with risk of lead failure and
infection. Because of these limitations, many patients who are appropriate candidates
for CRT do not receive the therapy. The WiCS® Wireless Cardiac Stimulation device
is intended to deliver CRT wirelessly to address some of this risk and also pace the
left ventricle in a way that better mimics the natural activation and mechanical
contraction pattern of the heart.

EBR Systems, Inc., Sunnyvale, CA
Cambridge Consultants, Ltd., Cambridge, UK

Phase | trial ongoing

Biventricular pacing
with leads

Improved cardiac
pacing

Reduced need for
reoperation because of
lead failure

Shortened implantation
procedure time
Reduced morbidity
Reduced mortality
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Wireless monitoring
system (Champion)
for management of
heart failure

Patients in whom
moderately severe
heart failure (HF)
has been
diagnosed

In hospitalized patients, catheters placed temporarily within the heart to monitor left
atrial pressure are the gold standard for tracking blood movement (hemodynamics)
and worsening HF. However, no devices are available for monitoring ambulatory
patients. About 1/3 of patients with HF who have been discharged from the hospital
are readmitted within 30 days, usually for worsening signs and symptoms of
congestion. This congestion is caused by increases in intracardiac and pulmonary
artery pressures, which are apparent several days to weeks before the onset of
worsening signs, symptoms, and hospital admission. Thus, researchers suggest,
monitoring these pressures might reduce the risk of readmission to hospital. The
Champion device is a self-contained, paper-clip-sized device placed in the pulmonary
artery during a catheter-based procedure. A patient holds the external electronics
module over the chest to wirelessly power the sensor and collect pressure data using
radiofrequency energy. The handheld unit then transmits data to the CardioMEMS
Champion Web site, which the physician monitors. This device may potentially give
clinicians more timely access to changes in symptoms and/or physiologic parameters,
allowing them to quickly adjust medications and potentially reduce HF-related
hospitalizations. This would be the 1st FDA-approved, permanent monitor implant for
this indication.

CardioMEMS, Inc., Atlanta, GA

Premarket approval application submitted to FDA; Dec 2011 advisory panel voted 6-4
to not recommend approval because of potential bias in the trial design

Weight monitoring (for
fluid retention)
Symptom monitoring

Improved clinician
access to changes in
patient symptoms
Earlier medical
intervention
Reduced HF-related
hospitalizations
Improved morbidity
and mortality

Table 4. AHRQ Priority Condition: 04 Dementia (including Alzheimer’s): 22 Interventions

Topic Title Potential Patient Intervention Potential Potential Health
Population Developer/Manufacturer(s) Comparators or Other Impacts
Phase of Development

Anavex 2-73 for Patients in whom Anavex 2-73 acts as a sigma-1 receptor agonist and has muscarinic cholinergic Available Delayed memory loss

treatment of Alzheimer’s effects and affects modulation of endoplasmic reticulum stress to prevent oxidative pharmacotherapy Delayed cognitive

Alzheimer’s disease (AD) has stress and apoptosis; intended to alleviate neurotoxicity and cognitive deficits. (e.g., donepezil, decline

disease been diagnosed galantamine, Longer maintenance

Anavex Life Sciences Corp., Hoboken, NJ memantine, of independent living

Phase I trial completed; phase Il trial planned for late 2012

rivastigmine)
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Anti-a-beta Patients in whom Currently, no disease-modifying agents for AD are available, though several are in Available Reduced a-beta load
monoclonal Alzheimer’s development. Anti-a-beta (also known as MABT5102A) is a humanized monoclonal pharmacotherapy in brain
antibody for disease (AD) has antibody intended to be used for passive immunotherapy against beta amyloid (a- (e.g., donepezil, Slowed progression of
treatment of been diagnosed beta, main constituent of a-beta plaques); it is intended to promote clearance of a- galantamine, AD
Alzheimer’s beta protein from damaged sites of the brain; according to the manufacturer, the memantine, Increased survival
disease agent binds both monomeric and oligomeric forms of a-beta, inhibits a-beta rivastigmine) Improved quality of
aggregation, and promotes a-beta disaggregation. In clinical trials, being life
administered in both subcutaneous and intravenous formulations.
Genentech subsidiary of F. Hoffmann-La Roche, Ltd., Basel, Switzerland
Phase Il trials ongoing
Antiamyloid Patients in whom Current drug therapy for AD has nonspecific antibodies that interact with many other | Available Decreased a-beta 40
monoclonal Alzheimer’s brain processes; there is a need for therapy to reduce toxicity or presence of beta pharmacotherapy load in brain
antibody disease (AD) has amyloid (a-beta) without creating other side effects. Ponezumab is a human (e.g., donepezil, Slowed disease
(ponezumab) for been diagnosed monoclonal antibody intended to promote clearance of a-beta protein from damaged | galantamine, progression
treatment of sites of the brain while minimizing adverse effects that may result from less-specific memantine, Improved cognitive

Alzheimer’s binding (i.e., monoclonal antibody to bind specifically to a-beta, but not to amyloid rivastigmine) function
disease precursor protein also); it recognizes and binds to the free carboxy terminal amino Improved memory
acids 33—40 of the a-beta 1-40 peptide; also called PF-04360365. Increased ability to
live independently
Pfizer, Inc., New York, NY longer
Improved quality of
Phase Il trials completed life
AZD1446 for Patients in whom AZD1446 is a selective modulator of alphadbeta2. Available Delayed progression
treatment of Alzheimer’s pharmacotherapy of AD symptoms
Alzheimer’s disease (AD) has Targacept, Inc., Winston-Salem, NC, with AstraZeneca, London, UK (e.g., donepezil, Delayed need for
disease been diagnosed galantamine, intensive assistance
Phase Il trial completed; additional phase Il trial planned memantine, with activities of daily

rivastigmine)

living

Improved quality of
life

Improved functional
capacity
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Beta-amyloid Patients in whom No disease-modifying treatments for AD are approved or available. CAD-106 is an Available Reduced a-beta load
immunotherapy mild to severe active immunization targeting beta amyloid (a-beta), which is thought to contribute to | pharmacotherapy in brain
(CAD-106) for Alzheimer’s AD progression. CAD-106 is intended to induce a-beta-specific antibodies without (e.g., donepezil, Regression or slowing
Alzheimer’s disease (AD) has stimulating a-beta-reactive T cells. The stimulation effect has been a safety concern galantamine, of disease
disease been diagnosed with earlier attempts at immunotherapy for this population. In preclinical studies, the memantine, progression
vaccine was shown to reduce amyloid burden in the brain. Administered via rivastigmine) Reduced morbidity
subcutaneous injection. and mortality
Improved quality of
Novartis International AG, Basel, Switzerland life
Phase Il clinical trials ongoing; filing planned for after 2015
Beta-amyloid Patients in whom No disease-modifying treatments for AD are currently available. Gantenerumab is a Available Slowed disease
monoclonal Alzheimer’s fully human anti beta-amyloid antibody. It has been shown to pass the blood-brain- pharmacotherapy progression, or
antibody (RG1450, | disease (AD) has barrier purportedly with a high capacity to bind to amyloid plaques in the brain. The (e.g., donepezil, regression
gantenerumab) for | been diagnosed drug purportedly binds to amyloid plaques to clear them by a process called galantamine, Reduced morbidity
treatment of phagocytosis. In clinical trials, gantenerumab is given as an intravenous infusion memantine, Improved quality of

Alzheimer’s
disease

every 4 weeks up to 7 times.
F. Hoffmann-La Roche, Ltd., Basel, Switzerland

Phase Il trial ongoing

rivastigmine)

life

Beta-amyloid
monoclonal
antibody
(solanezumab,
LY2062430) for
treatment of
Alzheimer’s
disease

Patients in whom
Alzheimer’s
disease (AD) has
been diagnosed

Current treatments for AD treat symptoms only and are not effective for many
patients. Current treatments also have no effect on disease progression.
Solanezumab is a fully human anti-beta-amyloid (a-beta) antibody that binds
specifically to soluble a-beta and is intended to draw the peptide away from the brain
through the blood to promote clearance of a-beta protein from damaged sites in the
brain.

Eli Lilly and Co., Indianapolis, IN

Two phase Il completed (EXPEDITION; EXPEDITION II)

Available
pharmacotherapy
(e.g., donepezil,
galantamine,
memantine,
rivastigmine)

Decreased a-beta
load in brain
Slowed or halted
disease progression
Improved memory
and cognition
Improved survival
Improved quality of
life
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Exebryl-1 for Patients in whom No disease-modifying treatments for AD are approved or available. Exebryl-1 inhibits | Available Delayed or halted
treatment of mild to moderate beta amyloid (a-beta) protein aggregate formation in the brain and disaggregates pharmacotherapy progression of AD
Alzheimer’s Alzheimer’s amyloid plaques already present; it targets both a-beta and tau protein (specificity (e.g., donepezil, Preservation of
disease disease (AD) has toward tau protein aggregates) and is intended to slow AD progression. galantamine, coghnitive ability and
been diagnosed memantine, memory

ProteoTech, Inc., Kirkland, WA
Tasly Pharmaceuticals, Inc., Rockville, MD

Phase | trial ongoing

rivastigmine)

Gamma secretase
inhibitor (BMS-
708163) for
treatment of
Alzheimer’s
disease

Patients in whom
Alzheimer’s
disease (AD) has
been diagnosed

Currently, no disease-modifying treatments for AD exist. BMS708163 inhibits cutting
of amyloid precursor protein by gamma secretase, which in turn prevents the
creation of beta amyloid (a-beta) 42, thought to contribute to the pathophysiology of
AD. According to the manufacturer, does not disrupt the Notch signaling pathway.
Administered as oral capsules.

Bristol-Myers Squibb, New York, NY

One phase Il trial completed, 1 phase Il trial ongoing for different AD stage

Available
pharmacotherapy
(e.g., donepezil,
galantamine,
memantine,
rivastigmine)

Reduced a-beta load
Slowing of disease
progression, or
regression

Improved long-term
outcomes

Improved quality of
life

Gamma secretase
inhibitor (EVP-
0962) for treatment
of Alzheimer’s
disease

Patients in whom
Alzheimer’s
disease (AD) has
been diagnosed

No disease-modifying treatments for AD are approved in the U.S. EVP-0962 is a
selective gamma secretase modulator with potential disease-modifying capability.
Gamma secretase is an enzyme involved in the processing of beta amyloid, which
contributes to amyloid plaques in the brain, which are believed by some to have a
role in the pathophysiology of AD. According to the manufacturer, it does not affect
the Notch signaling pathway and, therefore, may offer a better safety profile than
other gamma secretase modulators.

EnVivo Pharmaceuticals, Watertown, MA

Phase I trial ongoing

Available
pharmacotherapy
(e.g., donepezil,
galantamine,
memantine,
rivastigmine)

Slowed disease
progression, or
regression
Improved long-term
outcomes
Improved quality of
life
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Handheld event-
related potential/
quantitative
electroencephalo-
graphy system
(Cognision) for
diagnosis of
Alzheimer’s
disease

Patients in whom a
diagnosis of
Alzheimer’s
disease (AD) is
suspected

No means are available to definitively diagnose AD (prior to autopsy), and a
significant gap exists between AD onset and the point at which treatment begins.
There is an unmet need for diagnostic/screening tools that can detect the condition
before significant loss of memory, cognition, and activities of daily living occur.
Cognision™ System is a device intended to provide objective assessment of
cognitive function via noninvasive technology using electrodes attached to a hat-like
frame, which is placed on the head. The system is designed to measure auditory
event-related potentials (ERPs); according to the manufacturer, ERPs are generated
in response to auditory stimuli and can accurately measure the cognitive
performance of a patient’s brain before overt AD symptoms are present; patient data
are located into central data bank, which analyzes data and classifies the patient’s
brainwaves based on similarities to known neurologic risk profiles.

Neuronetrix, Inc., Louisville, KY

Trial ongoing (no phase listed)

Cerebrospinal fluid
tests
Neuropsychological
test battery
Positron emission
tomography scans

Improved ability to
diagnose, rule out,
and/or screen for AD
Earlier intervention
Improved outcomes
Improved quality of
life

on physician recommendation.
Baxter International, Inc., Deerfield, IL

Phase Il trial ongoing

rivastigmine)

Insulin sensitizer Patients in whom No disease-modifying treatments for AD are approved or available.MSDC-0160 is a Available Delay or halt in
(MSDC-0160) for mild Alzheimer’s novel insulin sensitizer that modulates mitochondrial metabolism. Research has pharmacotherapy progression of AD
treatment of disease (AD) has suggested that that loss of mitochondrial function and decline in brain glucose (e.g., donepezil, Improved long-term
Alzheimer’s been diagnosed metabolism may contribute to the pathology of AD. Intended to be administered galantamine, outcomes
disease orally, 150 mg/daily. memantine, Improved quality of
rivastigmine) life

Metabolic Solutions Development Co., LLC, Kalamazoo, MI

Phase I trial completed; the manufacturer received a $773,000 grant from the

Alzheimer’s Drug Discovery Foundation to conduct a pilot phase lla trial for this

indication
Intravenous Patients in whom No effective treatments for slowing the progression of AD are available. Intravenous Available Reduced a-beta load
Immunoglobulin mild to moderate immunoglobulin (IVIG) infusion is approved for treatment of many immune disorders; | pharmacotherapy in brain
for treatment of AD has been in patients with AD, IVIG is intended to clear beta amyloid (a-beta) from the brain, (e.g., donepezil, Halted or slowed
Alzheimer’s diagnosed thereby blocking a-beta's detrimental effects on the brain. Dosing is still being galantamine, disease progression
disease determined, but will be administered as an infusion, every 2 or 4 weeks, depending memantine, Improved quality of

life
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Nicotine patch for

Patients in whom

MCI may be a precursor to Alzheimer’s disease (AD). No medications are approved

No approved

Improved cognitive

treatment of mild mild cognitive for MCI, and treatments approved for AD are not encouraged in this population. medications performance
cognitive impairment (MCI) Nicotine replacement therapy has been shown to improve outcomes in patients with Improved clinical
impairment has been AD, and now researchers are looking at it to improve outcomes in patients with MCI. status
diagnosed The rationale for using this treatment in this population is that patients with AD have Delayed progression
a reduced number of nicotinic receptors. to AD
Reduced morbidity
University of Vermont, Burlington Reduced mortality
Trial completed
Off-label Patients in whom MCI may be a precursor to Alzheimer’s disease (AD). No medications are approved No approved Improved cognitive
atomoxetine mild cognitive for MCI. Atomoxetine (Strattera®) is an oral selective norepinephrine reuptake medications performance
(Strattera) for impairment (MCI) inhibitor (SNRI) that is approved for improving attention span and decreasing Delayed progression
treatment of mild has been impulsiveness and hyperactivity in children and adults with attention-deficit to AD
coghnitive diagnosed hyperactivity disorder. SNRIs increase brain levels of norepinephrine, which controls Reduced morbidity
impairment behavior. Researchers hypothesize that these properties may have some use in
treating MCI. This drug class has been studied in patients with dementia, but not yet
in patients with MCI. It does not appear that Strattera’s manufacturer is seeking a
labeled indication change.
Eli Lilly and Co., Indianapolis, IN (manufacturer)
Emory University, Atlanta, GA, with the National Institute on Aging, Bethesda, MD
(investigators)
Phase Il trial ongoing.
Off-label Patients in whom No disease-modifying treatments for AD are approved or available. Bexarotene is a Available Reduced a-beta load
bexarotene Alzheimer’s retinoid X receptor agonist that is approved for treating cutaneous T-cell lymphoma, pharmacotherapy in brain
(Targretin) for disease (AD) has under the brand name Targretin®. The drug acts to induce, via transcription, (e.g., donepezil, Regression or slowing
treatment of been diagnosed apolipoprotein E (Apo-E) expression. Apo-E is known to facilitate beta-amyloid (a- galantamine, of disease
Alzheimer’s beta) clearance from the brain (a-beta is a substance associated with AD). For this memantine, progression
disease off-label use, researchers have administered the drug orally in a murine model of AD. | rivastigmine) Reduced morbidity

Targretin’s manufacturer does not appear to be seeking a labeled indication change.

Eisai Co., Ltd., Tokyo, Japan (manufacturer)
Case Western Reserve University School of Medicine, Cleveland, OH (investigator)

Preclinical trial completed; drug can be prescribed off label in the U.S.

and mortality
Improved quality of
life
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Topic Title Potential Patient Intervention Potential Potential Health
Population Developer/Manufacturer(s) Comparators or Other Impacts
Phase of Development

Off-label intranasal | Patients in whom No disease-modifying interventions for AD are currently available. This intervention Available Slowed disease
insulin for Alzheimer’s represents a new mechanism of action for the treatment of AD. Insulin is known to pharmacotherapy progression, or
treatment of disease (AD) has play a role in normal brain function, modulating glucose utilization in the (e.g., donepezil, regression
Alzheimer’s been diagnosed hippocampus, facilitating memory at optimal levels, modulating levels of beta amyloid | galantamine, Improved memory
disease (a-beta), and providing neuroprotection for synapses against a-beta. Patients with memantine, Improved long-term

AD have reduced levels of insulin and insulin activity. Insulin cannot be delivered
peripherally, because of the risk for hypoglycemia or induction and/or exacerbation of
peripheral insulin resistance. Therefore, researchers have begun delivering insulin
intranasally (branded insulin, delivered via a nasal drug delivery device),
administered at 20 U or 40 IU total dose, twice daily. It does not appear that the
insulin manufacturers are pursuing a labeled indication change.

HealthPartners Research Foundation, Minneapolis, MN
University of Kansas, Lawrence
University of Washington, Seattle

Phase Il trials ongoing

rivastigmine)

outcomes
Improved quality of
life

Positron emission
tomography
imaging agent
(AZD4694) to aid
diagnosis of
Alzheimer’s
disease

Patients in whom
Alzheimer’s
disease (AD) is
suspected

No definitive method exists for diagnosing AD in a living person. Diagnosis is made
on the basis of clinical signs and symptoms, sometimes aided by positron emission
tomography (PET) using a contrast agent. AZD4694 is a fluorine-18 labeled precision
radiopharmaceutical candidate intended for use as a contrast agent during PET
scans. Because the agent binds to beta amyloid, it may aid clinicians in diagnosing
AD. Some researchers believe amyloid plaques in the brain have a role in the
pathophysiology of AD.

AstraZeneca, London, UK

Phase Il trial completed; Phase | trial ongoing

Blood tests and other
biomarkers

Clinical exam and
history

Other F18 agents
(e.g., florbetapir,
flutemetamol,
Pittsburgh Compound
B)

More accurate
diagnosis

Earlier intervention for
care planning
Delayed disease
progression

Improved quality of
life

Positron emission
tomography
imaging agent
(florbetapir F18,
Amyvid) for
detecting beta-
amyloid plaques

Patients suspected
of having beta
amyloid (a-beta) -
associated disease

No definitive method exists for diagnosing AD in a living person. Florbetapir F18
(Amyvid™) is a radiopharmaceutical that binds specifically to a-beta and is visualized
by positron emission tomography (PET) imaging. Contrast agent would be indicated
for visualization of a-beta aggregates; a negative result could help to rule out
presence of pathologically relevant levels of a-beta plaques.

Avid Radiopharmaceuticals, a subsidiary of Eli Lilly and Co., Indianapolis, IN

FDA approved Apr 2012 for detecting beta-amyloid plaques

Blood tests and other
biomarkers

Clinical exam and
history

Other F18 agents
(e.g., florbetapir,
flutemetamol,
Pittsburgh Compound
B)

Increased sensitivity
and specificity of a-
beta plague detection
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Potential Patient
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Intervention
Developer/Manufacturer(s)
Phase of Development

Potential
Comparators

Potential Health
or Other Impacts

Positron emission
tomography
imaging agent
(flutemetamol) for
detecting beta-
amyloid plaques

Patients in whom
Alzheimer’s
disease (AD) is
suspected

A positron emission tomography (PET) imaging agent intended to detect normal or
raised beta-amyloid plagues in the brain to confirm a diagnosis of AD.

General Electric Co., Fairfield, CT (GE Healthcare, Chalfont St. Giles, UK)

Phase Il trials completed; company expects to file new drug application with FDA by
end of 2012

Blood tests and other
biomarkers

Clinical exam and
history

Other F18 agents
(e.g., florbetapir,
flutemetamol,
Pittsburgh Compound
B)

Sensitivity and
specificity of PET for
diagnosing AD
Improved positive and
negative predictive
values

Earlier diagnosis of
AD

Earlier intervention for
management of early
AD

Viral delivery of
nerve growth factor
(CERE-110) for
treatment of
Alzheimer’s
disease

Patients in whom
mild to moderate
Alzheimer’s
disease (AD) has
been diagnosed

CERE-110 uses a deactivated virus (i.e., one that cannot replicate on its own) to
transfer a gene to nerve cells in the brain to make nerve growth factor; nerve growth
factor is a protein shown to be neuroprotective in the brain by maintaining nerve cell
survival in brain tissue; injected into brain during surgical procedure.

Ceregene, Inc., San Diego, CA

Phase Il trial ongoing

Available
pharmacotherapy
(e.g., donepezil,
galantamine,
memantine,
rivastigmine)

Reduced cell
apoptosis
Reduced brain
degeneration
Preserved cognition
Preserved memory
Preserved
independence
Reduced need for
caregivers
Improved quality of
life
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Topic Title Potential Patient Intervention Potential Potential Health
Population Developer/Manufacturer(s) Comparators or Other Impacts

Phase of Development
Acupuncture for Patients in whom Many patients with PTSD do not adequately respond to available treatments, Pharmacotherapy Reduced symptoms

treatment of
posttraumatic
stress disorder

posttraumatic
stress disorder
(PTSD) has been
diagnosed

which include pharmacotherapy (e.g., antidepressants) and psychotherapy;
additional efficacious treatments are needed. Acupuncture is a type of Traditional
Chinese Medicine in which needles are inserted into specific points along
meridians of the body. From a Western medicine perspective, acupuncture’s
efficacy may be related to its regulatory effects on the nervous system, which
increases the activity of biochemicals (such as endorphins and immune system
cells) at specific sites in the body, or related to its effect on brain chemistry and
the release of neurotransmitters and neurohormones, which affect immune
reactions and processes that regulate a person’s blood pressure, blood flow, and
body temperature. It is being investigated for use in patients with PTSD to reduce
anxiety, sleep disruption, and other signs and symptoms.

Department of Veterans Affairs

Trials completed

Improved quality of life

Antipsychotic
(pomaglumetad
methionil) for
treatment of
schizophrenia

Patients in whom
schizophrenia has
been diagnosed

Pomaglumetad methionil (LY-2140023) is an oral agent that acts through a novel
pathway (glutamate receptors rather than dopamine receptors) and is intended to
relieve schizophrenia symptoms.
Eli Lilly and Co., Indianapolis, IN

Phase Il trials ongoing

Pharmacotherapy (e.g.,
atypical antipsychotics)

Reduced symptoms
Reduced side effects
compared with other
drugs

Improved quality of life

Bright-light therapy
for nonseasonal
major depressive
disorder

Patients in whom
nonseasonal major
depressive
disorder (MDD)
has been
diagnosed

Many pharmacologic and psychotherapeutic options are available for major
depression, yet fewer than half of patients achieve remission, and antidepressant
drugs have undesired side effects for many patients. Bright-light therapy (BLT)
has long been diffused for seasonal affective disorder but not for nonseasonal
MDD. The exact mechanism of action unknown, but BLT is thought to target
depression-associated neurotransmitter systems (serotonin, noradrenaline,
dopamine) and the same brain structures as antidepressant pharmacotherapy. It
would likely be used as an adjunct to other treatments.

National Institute of Mental Health, Bethesda, MD

Trial completed

Pharmacotherapy (e.g.,
selective serotonin
reuptake inhibitors,
serotonin-
norepinephrine
reuptake inhibitors, etc.)
Psychotherapy

Improved depression
rating scale scores
Improved sleep
patterns

Improved quality of life
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Intervention
Developer/Manufacturer(s)
Phase of Development

Potential
Comparators

Potential Health
or Other Impacts

Citizen soldier peer
support outreach
program (Buddy-to-
Buddy) for
returning veterans

Returning veterans
in whom mental
health or
substance abuse
conditions have
been, or may be,
diagnosed

Twenty-five to 40% of citizen soldiers (National Guard, Reserves) develop
posttraumatic stress disorder, clinical depression, sleep disturbances, or suicidal
thoughts, but when veterans return home, barriers exist to receiving appropriate
care, and about half of those needing medical or psychological intervention are
not receiving care. The Buddy-to-Buddy is a veteran outreach peer support
program; according to the program’s developers, returning soldiers are assigned
a “Buddy One,” who is a veteran who has received training in peer support and
systematically makes contact (via telephone) with each of his or her assigned
veterans to try to identify those who may benefit from further evaluation or
referral; “Buddy Two” volunteers receive more intensive training in motivational
interviewing approach, local resources, and they also receive weekly telephone
supervision; these Buddies visit armories during drill weekends and are available
by telephone to all soldiers. Currently available only to veterans in Michigan, but
intending to scale up nationally.

Developed by Michigan Army National Guard (Ml ARNG); Michigan State
University, East Lansing; University of Michigan, Ann Arbor; Buddy One funded
by MI ARNG and the National Guard Bureau (NGB); Buddy Two funded by Major
League Baseball charities, New York, NY; and McCormick Foundation, Chicago,
IL

Fully implemented in Michigan; outcomes evaluation is ongoing

Peer support group
programs (e.g., Vet-to-
Vet)

Increased access for
veterans to medical
and psychological
support resources
Improved mental health
outcomes

Improved substance
abuse outcomes
Improved quality of life

Cortisol antagonist
(mifepristone,
Korlym) for
treatment of
psychotic
depression

Patients in whom
psychotic
depression has
been diagnosed

No treatments are FDA approved for psychotic depression. This intervention
represents a novel mechanism of action for the condition. Mifepristone (Korlym™,
previously Corlux) is a cortisol antagonist. Patients with psychotic depression
have higher levels of cortisol, a hormone that regulates bodily reactions to stress.
Elevated levels of circulating cortisol can produce psychiatric disorders. The drug
is intended to be administered orally, in tablet form, once daily.

Corcept Therapeutics, Menlo Park, CA

Phase Il trial ongoing; FDA granted fast track status

Antipsychotics in
combination with
antidepressants
Electroconvulsive
therapy

Improvement in
psychotic symptoms
Reduced suicide rate
Improved quality of life
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stimulation of
Brodmann’s area
25 (Libra System)
for treatment of
major depressive
disorder

treatment-resistant
major depressive
disorder (MDD)
has been
diagnosed

failed, no proven treatment options exist for MDD; many patients do not respond
to initial therapy. The Libra™ Deep Brain Stimulation System sends mild pulses
of current from an implanted device to stimulate the brain. Deep brain stimulation
(DBS) leads are surgically placed within a target area in the brain and connected
to a neurostimulator that is usually implanted under the skin near the collarbone.
For depression, the manufacturer is investigating placement of the leads in
Brodmann’s area 25 (high concentration of serotonin).

St. Jude Medical, Inc., St. Paul, MN

Pilot trial completed, pivotal trial ongoing

systems, or in other
brain areas)

Deep transcranial
magnetic stimulation
Repetitive transcranial
magnetic stimulation
Vagus nerve stimulation

Topic Title Potential Patient Intervention Potential Potential Health
Population Developer/Manufacturer(s) Comparators or Other Impacts
Phase of Development
Deep brain Patients in whom Once multiple medications, psychotherapy, and electroconvulsive therapy have DBS (with other Reduced symptom

burden
Improved quality of life

Deep brain
stimulation
(Reclaim system)

Adult patients with
chronic, severe,
treatment-resistant

Electrode leads (Reclaim™ system) connected from chest to anterior limb of the
internal capsule stimulate the patient's brain.

Anterior capsulotomy
Combination therapy
Drug therapy alone

Reduced scores on
OCD measures
Improved quality of life

Phase Il trial ongoing

magnetic stimulation
Vagus nerve stimulation

therapy for severe obsessive Medtronic, Inc., Minneapolis, MN Psychotherapy alone
obsessive- compulsive
compulsive disorder (OCD) Approved under humanitarian device exemption as adjunct to medications and
disorder that has failed to alternative to anterior capsulotomy in patients whose disease has failed to
respond to at least | respond to 3 SSRIs
3 selective
serotonin reuptake
inhibitors (SSRIS)
Deep brain Patients in whom Neurostimulator (Reclaim system) implanted subcutaneously in chest; intended to | DBS (with other Reduced scores on
stimulation treatment-resistant | deliver controlled electrical stimulation to targeted parts of the brain via thin wire systems, or in other depression scales
(Reclaim system) depression has electrodes. brain areas) Improved quality of life
therapy for been diagnosed Deep transcranial
treatment-resistant Medotronic, Inc., Minneapolis, MN magnetic stimulation
depression Repetitive transcranial
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Deep brain
stimulation
(thalamic or globus
pallidus
stimulation) for
Tourette’s
syndrome

Patients in whom
Tourette’s
syndrome (TS) has
been diagnosed

About 200,000 people in the U.S. have been diagnosed with TS; however, many
people with debilitating cases do not respond to currently available
pharmacotherapy. Deep brain stimulation (DBS) involves implanting a battery-
operated medical device (neurostimulator) in the brain to deliver electrical
stimulation to targeted areas that control movement (e.g., subregions of the
globus pallidus internus, centromedian-parafascicular, and ventralis oralis
complex of the thalamus). The type of DBS device being used was not indi