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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 is also a tool
for the public to identify and find information on new health care technologies and interventions. Any
investigator or funder of research can 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 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(@ahrg.hhs.gov.

Richard Kronick, Ph.D. Yin-pen Chiang, Ph.D.
Director Acting Deputy Director
Agency for Healthcare Research and Quality Center for Evidence and Practice Improvement

Agency for Healthcare Research and Quality

Elise Berliner, Ph.D.

Task Order Officer

Center for Evidence and Practice Improvement
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. Three and a half years have passed since initiation of the system in December 2010.
The horizon scanning time frame focuses on identifying topics anticipated to be within 3 years of
possible diffusion into clinical practice. A few surrogates are used to determine this horizon,
such as clinical investigation in phase III trials for interventions subject to regulatory processes
of the U.S. Food and Drug Administration (FDA). Topics with FDA orphan drug, fast-track,
breakthrough therapy, or innovation pathway statuses are considered if phase II trials are
ongoing. For the broad priority area of “Functional Limitations and Disability,” AHRQ has
designated use of the definition of disability used by the Department of Health and Human
Services.

The Status Update is a summary of data elements collected from implementation of the
Horizon Scanning Identification and Monitoring Protocol. Status Update reports are produced
five times a year, with each new report superseding the prior version. This Status Update is
organized into three main topic-status sections and by priority condition within each section. The
table of contents provides direct links 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,” and then by “Interventions Tracked but Archived
Since Last Update” during the tracking period of 10 weeks. Each table provides information
under the following column headings: 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 that are anticipated to be within 3
years of potential diffusion into clinical practice. Sets of questions are applied to determine
whether any given intervention addresses an “unmet need” such as a large 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, 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 entered into the System for tracking and appear in the
Status Update report as “Currently Tracked Interventions” and “Interventions Added Since Last
Update.”

Topics accepted for tracking may also be designated during the meeting for further searches
to collect more in-depth information about them. Such topics must be far enough along in
development (typically in phase III trials for drugs unless they have a special status, in which
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case phase Il is accepted; in phase II or III trials for devices; and for which pilot information is
available for care-delivery innovation topics) to have some preliminary efficacy and safety data
available. The horizon scanning medical librarians and analysts proceed with more in-depth and
topic-specific searching for information on the topics selected for advancement.

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
address or meet an unmet need or to have an impact on health outcomes or health care in the
United States. Over time, a topic may be archived because development has ceased, because it no
longer addresses an unmet need, or because the intervention has diffused past early adoption and
“timed out” in the horizon scanning system (i.e., 2 years after approval or initial diffusion).

Since we began populating the horizon scanning system in December 2010, we have
uploaded about 19,000 leads into the system. Our analysts have reviewed them, and from these,
about 2,000 topics have been initially identified and moved through the system. This Status
Update report contains 491 identified interventions we are tracking, which includes 26 new
topics entered into the system during this reporting period. We archived 48 topics during this
reporting period, for a net of 443 interventions for tracking going forward. The reason for
archiving each topic is provided in its respective priority-area table of archived topics. Three
reasons account for the majority of archived topics: expert commenters saw no high-impact
potential at this time for the parameters of interest to AHRQ; companies halted development for
lack of funding or for trials failing to meet endpoints; or topics that had been tracked met criteria
for retiring from the system because they have diffused since tracking started, have shown no
movement at all in more than 2 years of tracking, or are 2 years past approval by FDA.

In this update, four priority areas comprise 76 percent of the interventions (including
programs) being tracked. Interventions related to cancer account for about 39% (173/443) of
tracked topics this reporting period. The other priority areas with the most tracked topics in
descending order of number of topics are as follows: functional limitations and disability (18%,
78/443), cardiovascular diseases (10%, 46/443), and infectious diseases (9%, 40/443).

Interventions being tracked in each of the remaining 10 priority conditions (arthritis,
dementia, depression and other mental illness, developmental delays, diabetes, 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 4% or fewer (each priority
area) of the total topics tracked, for a combined total of about 24% (106/443) of topics being
tracked in the system.

In terms of overall types of interventions, about 87% (rounded to the nearest percent) fall into
one of two general categories, and the proportions of topics in these categories have changed
only slightly since initial reporting: about 73% of topics are pharmaceuticals/biotechnologies
(i.e., drugs, vaccines, biologics) and about 14% are implanted or external devices used to treat a
condition. About 4% are technologies intended to screen, diagnose, identify risk, identify blood
markers or gene mutations, or monitor a disease state (these are devices, assays, imaging
modalities). About 3% of topics are surgeries and procedures. About 2% are innovative
programs, services, or care delivery practices, and another 2% involve information technology,
information systems, or applications used in treating, managing, or monitoring patients. About
0.6% are assistive technologies (e.g., prostheses).
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Table 1. AHRQ Priority Condition: 01 Arthritis and Nontraumatic Joint Disease: 13 Interventions
Topic Title Potential Patient Intervention Potential Potential Health

Population

Developer/Manufacturer(s)
Phase of Development

Comparators

or Other Impacts

Apremilast (Otezla)

Patients in whom

Investigators have not found a cure for ankylosing spondylitis. Treatments are

Corticosteroids

Reduced signs and

for treatment of ankylosing intended to reduce inflammation and improve mobility but are not effective for all Disease-modifying symptoms
ankylosing spondylitis has been | patients. Apremilast (Otezla®) purportedly inhibits phosphodiesterase type 4 (PDE- | antirheumatic drugs Improved mobility
spondylitis diagnosed 4). By inhibiting the PDE-4 enzyme, apremilast purportedly increases intracellular Nonsteroidal anti- Improved quality of

cAMP, which modulates multiple inflammatory mediators. When FDA approved the | inflammatory drugs life

product for psoriatic arthritis, it became available in 10, 20, and 30 mg strengths Physical therapy

for oral administration. In trials for ankylosing spondylitis, it is being administered in | Sulfasalazine

20 or 30 mg doses. (Azulfidine)

Tumor necrosis factor

Celgene Corp., Summit, NJ inhibitors

Phase Ill trial ongoing; approved Mar 2014 for treating adults who have active

psoriatic arthritis
Autologous Patients in whom No regenerative treatments are approved by the U.S. FDA for patients with OA. Analgesics Reduced pain
conditioned serum osteoarthritis (OA) Autologous conditioned serum (ACS) consists of serum collected from the patient Autologous Increased range of

for treatment of
osteoarthritis (knee
and back)

has been diagnosed

that has components purported to be regenerative or protective—such as
interleukin (IL)-1Ra, which is believed to dampen IL-1-mediated inflammation—
isolated from the sample. The conditioned serum is re-injected into the arthritic
joint. By specifically enriching for desired molecules, not simple
fractionation/concentration, ACS purportedly has different effects from those of
platelet-rich plasma therapy. ACS is administered as intra-articular injections in
combination with physical therapy and an anti-inflammatory diet.

NY Spine Medicine, Schottenstein Pain & Neurology, New York, NY

Pilot studies completed; procedure currently diffusing in the U.S.

mesenchymal stem
cells

Lifestyle modification
Physical therapy
Platelet-rich plasma
Viscosupplementation

motion

Increased tissue
regeneration
Improved quality of
life

Section 1. Currently Tracked Interventions
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Topic Title Potential Patient Intervention Potential Potential Health
Population Developer/Manufacturer(s) Comparators or Other Impacts
Phase of Development
Autologous Patients in whom No regenerative treatments are FDA approved for patients with OA. Treating Analgesics Reduced pain
mesenchymal stem | osteoarthritis (OA) osteoarthritic joints with mesenchymal stem cells (MSCs) derived from the patient Autologous Increased range of

cells for treatment
of joint
osteoarthritis

has been diagnosed

might have potential to restore large cartilage defects found in patients with OA.
MSCs are adult stem cells that retain the ability to differentiate into a number of
cell types, including chondrocytes, which are the cells responsible for maintaining
cartilage. MSCs can be isolated from various tissues including bone marrow,
synovium, periosteum, skeletal muscle, and adipose tissue. Some protocols add
growth factors and other substances, such as antibiotics, to differentiate and
expand the MSCs before reinfusion back into the patient. MSCs that are more than
minimally manipulated (i.e., that add growth factors or other substances and
undergo culture expansion) are subject to FDA approval. MSCs are administered
by intra-articular injection and can be used alone or in combination with other OA
treatment including platelet-rich plasma infusions and prolotherapy.

CellTex Therapeutics Corp., Houston, TX

IntelliCell Biosciences, Inc., New York, NY (IntelliCell™)
Regenerative Sciences, Inc., Broomfield, CO (Regenexx-SD™)
Various OA treatment centers

Phase Il trials recruiting

conditioned serum
Lifestyle modification
Physical therapy
Platelet-rich plasma
Viscosupplementation

motion

Increased tissue
regeneration
Improved quality of
life

Autologous
platelet-rich plasma
therapy for
treatment of joint
osteoarthritis

Patients in whom
knee osteoarthritis
(OA) has been
diagnosed

No regenerative treatments are FDA approved for patients with OA.
Viscosupplementation purportedly provides temporary relief and short-term
function for some patients, but long-term, nonsurgical treatments are needed.
Platelet-rich plasma (PRP) therapy involves collecting, separating, and
concentrating autologous platelets from a patient's blood. This is usually performed
at a community blood bank (e.g., American Red Cross Blood Services) 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 purportedly contains and releases (through
degranulation) at least 7 different growth factors that are intended to stimulate
bone and soft-tissue healing. It is administered as an intra-articular injection at
various time intervals.

Many orthopedic practices
Regenerative Sciences, Inc., Broomfield, CO

Phase Ill trials ongoing

Analgesics
Autologous
conditioned serum
Lifestyle modification
Mesenchymal stem
cells

Physical therapy
Viscosupplementation

Reduced pain
Increased range of
motion

Increased tissue
regeneration
Improved quality of
life

Section 1. Currently Tracked Interventions
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Topic Title

Potential Patient

Intervention

Potential

Potential Health

Population Developer/Manufacturer(s) Comparators or Other Impacts
Phase of Development

Brodalumab for Patients in whom In a subset of patients with psoriatic arthritis, the disease can progress to severe Apremilast Improved symptom
treatment of psoriatic arthritis has | and painful symptoms that, without effective treatment, can lead to deformity and Corticosteroids scores as measured
psoriatic arthritis been diagnosed disability of the hands and fingers. Available treatments, such as disease- DMARDS (e.g., by the American

modifying antirheumatic drugs (DMARDS), can be suboptimal. T-helper 17 cells methotrexate, College of

secrete tumor necrosis factor (TNF), interleukin-17 (IL-17), and other sulfasalazine) Rheumatology

proinflammatory cytokines that are thought to play a key role in psoriatic arthritis Immunosuppressants 20/50/70 (%

pathogenesis. Standard of care focuses on inhibiting TNF; however, many
patients' symptoms do not respond to TNF therapy. Brodalumab is a monoclonal
antibody that purportedly blocks the IL-17 receptor, inhibiting IL-17 receptor—
mediated signaling and improving psoriatic arthritis symptoms. In clinical trials,
brodalumab is being given via subcutaneous injection every 2 weeks, 140 or 210
mg, for 16 weeks.

Amgen, Inc., Thousand Oaks, CA

5 phase Il trials ongoing

(e.g., azathioprine,
cyclosporine,
leflunomide)
Nonsteroidal anti-
inflammatory drugs
Tumor necrosis factor-
alpha inhibitors
Ustekinumab

improvement)
instruments
Improved scores on
disability measures
Improved quality of
life

Condoliase (SI-
6603) for treatment
of lumbar disc
herniation

Patients in whom
lumbar disc
herniation has been
diagnosed

About 3 million people in the U.S. are affected by lumbar disc herniation; males
aged 20-49 have a particularly high incidence. Pharmacologic treatments focus
primarily on reducing pain; no pharmacologic treatments exist for treating the
disease. Disc herniation occurs when a partial protrusion of the nucleus pulposus,
located in the center of each intervertebral disc, emerges from the anulus fibrosus
(outer layer of the disc). Herniated discs exert pressure on the spinal nerve root
causing pain and numbness. Condoliase (SI-6603) is an enzyme therapy
purported to degrade glycosaminoglycans, which are the main components of the
nucleus pulposus. Some clinical researchers assume that degrading
glycosaminoglycans reduces pressure on the nerves by shrinking the nucleus
pulposus. Condoliase purportedly does not break down proteins, leaving
surrounding tissues intact, including blood vessels and nerves. In clinical trials,
condoliase is administered at 1.25U as a single local injection.

Seikagaku Corp., Tokyo, Japan

Phase Il trial recruiting

Lumbar disc
replacement surgery
Physical therapy

Improved leg pain

Section 1. Currently Tracked Interventions
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Topic Title Potential Patient Intervention Potential Potential Health
Population Developer/Manufacturer(s) Comparators or Other Impacts
Phase of Development

Ixekizumab for Patients in whom In a subset of patients with psoriatic arthritis, the disease can progress to severe Apremilast Improved symptom

treatment of active psoriatic and painful symptoms that, without effective treatment, can lead to deformity and Corticosteroids scores as measured

psoriatic arthritis arthritis has been disability of the hands and fingers. Available treatments, such as disease- DMARDS (e.g., by the American

diagnosed modifying antirheumatic drugs (DMARDS), can be suboptimal. Ixekizumab is a methotrexate, College of

monoclonal antibody that purportedly blocks the activity of interleukin 17, which is sulfasalazine) Rheumatology
thought to contribute to psoriatic arthritis pathogenesis. In the ongoing UNCOVER- | Immunosuppressants 20/50/70 (%

2 trial, ixekizumab is being given by subcutaneous injection in two 80 mg injections
at week 0, followed by weekly 80 mg injections until week 12.

Eli Lilly and Co. Indianapolis, IN

5 phase Ill trials ongoing (including SPIRIT-P1, UNCOVER-2, UNCOVER-3); 1
phase Il trial ongoing

(e.g., azathioprine,
cyclosporine,
leflunomide)
Nonsteroidal anti-
inflammatory drugs
Tumor necrosis factor—
alpha inhibitors
Ustekinumab

improvement)
instruments
Improved disability
measures
Improved quality of
life

Joint-sparing knee
implant (KineSpring
System) for
treatment of knee
osteoarthritis

Patients in whom
knee osteoarthritis
(OA) has been
diagnosed

Younger, more active patients are often poor candidates for traditional joint
replacement surgery because a prosthesis may not last for the rest of their lives.
The KineSpring® System purportedly fills an unmet need in knee OA treatment by
providing a minimally invasive option between conservative care and joint-
modifying surgery for patients with primarily unicompartmental medial knee
osteoarthritis. The system is intended to treat pain and restore knee function by
supplementing natural joint structures and reducing joint overload. The device
consists of an articulated absorber (spring) anchored with bone screws to the
femoral and tibial cortices using standard surgical techniques. The absorber is
designed to bear up to 30 Ib (13.6 kg) of body weight per step, reducing the load
on the joint; 2 ball-and-socket joints at the ends of the spring are purported to
match natural knee motion. The absorber is implanted in the extracapsular space
along the medial side of the joint through 2 incisions. The procedure purportedly
spares the joint and is reversible; the device is extracapsular and extra-articular;
no bone, ligament, or cartilage is removed.

Moximed, Inc., Hayward, CA

Pivotal trial ongoing

High tibial osteotomy
Joint distraction
Mesenchymal stem-
cell therapy
Nonsteroidal anti-
inflammatory drugs
Physical therapy
Platelet-rich plasma
Special orthotic
devices

Unloading braces
Weight loss (if patient
is overweight)

Reduced pain
Improved mobility
Improved quality of
life

Section 1. Currently Tracked Interventions
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Topic Title Potential Patient Intervention Potential Potential Health
Population Developer/Manufacturer(s) Comparators or Other Impacts
Phase of Development
Lesinurad Patients in whom Only 30% to 40% of gout patients respond adequately to allopurinol. Lesinurad Colchicine Reduced uric acid
(RDEA594) for hyperuricemia has (RDEAS94) is a selective urate transporter inhibitor. Inhibition leads to uric acid Nonsteroidal anti- accumulation and

treatment of
hyperuricemia and

been diagnosed and
thus are at high risk

excretion to reduce uric acid and crystal formation, potentially alleviating
symptoms of acute gout. Lesinurad can be used as monotherapy or in combination

inflammatory drugs
Steroids

crystal formation
Fewer acute flares

allopurinol- of developing acute with allopurinol. In clinical trials, dosage is 200 or 400 mg, orally, once daily. Allopurinol
refractory gout gout Febuxostat
Ardea Biosciences, Inc., acquired Jun 2012 by AstraZeneca, London, UK Probenecid
Phase Il trials ongoing
Masitinib for Patients in whom RA is a chronic inflammatory disease causing polyarthritis with frequent Biologics (e.g., Improved symptom
treatment of rheumatoid arthritis progression to permanent joint damage, deformity, and functional disability. tocilizumab, scores as measured
rheumatoid arthritis | (RA) has been Biologic therapies have become standard of care for patients with RA that no adalimumab, by American College
diagnosed longer responds to disease-modifying antirheumatic drugs (DMARDSs). However, abatacept) of Rheumatology
biologics must be administered by injection and are associated with increased Corticosteroids 20/50/70 (%
incidence of serious infections, including tuberculosis. DMARDs with improved DMARD:s (e.g., improvement)
efficacy, tolerability, and convenient dosing are needed. Masitinib is a tyrosine hydroxychloroquine, instruments
kinase inhibitor that purportedly targets the activity of mast cells, which are methotrexate, Improved quality of

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, daily.

AB Science S.A., Paris, France

Phase II/11l trial recruiting

sulfasalazine)
Nonsteroidal anti-
inflammatory drugs
Tofacitinib

Tumor necrosis factor-
alpha inhibitors

life
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Topic Title

Potential Patient
Population

Intervention
Developer/Manufacturer(s)
Phase of Development

Potential
Comparators

Potential Health
or Other Impacts

Secukinumab for
treatment of
ankylosing
spondylitis

Patients in whom
ankylosing
spondylitis has been
diagnosed

Ankylosing spondylitis is an inflammatory disease, a form of arthritis that primarily
affects the spin and can cause vertebrae in to fuse together; there is no known
cure. Treatments focus on reducing inflammation, improving mobility, and
decreasing pain, but are not effective for all patients. Secukinumab is purportedly a
monoclonal antibody antagonist for interleukin-17 (IL-17). IL-17 purportedly is
involved in developing delayed-type hypersensitivity reactions by increasing
chemokine production, which promotes the recruitment of inflammatory cells such
as monocytes and neutrophils to the local area. By blocking the effects of IL-17—
localized autoimmune reactions associated with ankylosing spondylitis, pathology
could be blocked while minimizing the systemic immunosuppression associated
with tumor necrosis factor (TNF) blockers, which are often used in treatment.
Administered subcutaneously, 75 or 150 mg, monthly.

Novartis International AG, Basel, Switzerland

Phase lll trials ongoing

Corticosteroids
Disease-modifying
antirheumatic drugs
Ixekizumab (in
development)
Nonsteroidal anti-
inflammatory drugs
Physical therapy
Sulfasalazine
(Azulfidine)

TNF inhibitors

Improved mobility
Improved quality of
life

Reduced pain and
other symptoms

Secukinumab for
treatment of
psoriatic arthritis

Patients in whom
psoriatic arthritis has
been diagnosed

In a subset of patients with psoriatic arthritis, the disease can progress to severe
and painful symptoms that, without effective treatment, can lead to deformity and
disability of the hands and fingers. Some patients do not have an adequate
response to disease-modifying antirheumatic drugs (DMARDS) and other effective
treatments are needed. Secukinumab is a monoclonal antibody antagonist for
interleukin-17 (IL-17) purportedly involved in developing delayed-type
hypersensitivity reactions. It purportedly does so by increasing chemokine
production, which promotes the recruitment of inflammatory cells such as
monocytes and neutrophils to the local area. By blocking these effects, psoriatic
arthritis pathology could be obstructed while minimizing the systemic
immunosuppression associated with the tumor necrosis factor (TNF) blockers that
are often used in treatment. The drug is administered subcutaneously, 150 mg,
monthly.

Novartis International AG, Basel, Switzerland

Phase Ill trials completed (ERASURE and FIXTURE); phase llIb trial ongoing
comparing secukinumab to ustekinumab (Stelara)

Apremilast
Corticosteroids
DMARDS (e.g.,
methotrexate,
sulfasalazine)
Immunosuppressants
(e.g., azathioprine,
cyclosporine,
leflunomide)
Nonsteroidal anti-
inflammatory drugs
Tumor necrosis factor-
alpha inhibitors
Ustekinumab

Improved symptom
scores as measured
by the American
College of
Rheumatology
20/50/70 (%
improvement)
instruments
Improved scores on
disability measures
Improved quality of
life
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delayed-type hypersensitivity reactions by increasing chemokine production, which
promotes the recruitment of inflammatory cells such as monocytes and neutrophils
to the local area. By blocking these effects, RA pathology could be blocked while
minimizing the systemic immunosuppression associated with tumor necrosis factor
(TNF) blockers, which are often used in treatment. Administered subcutaneously,
75 or 150 mg, monthly, with a 10 mg/kg loading dose.

Novartis International AG, Basel, Switzerland

Phase Ill trials ongoing

sulfasalazine)
Nonsteroidal anti-
inflammatory drugs
Tofacitinib

Tumor necrosis factor-
alpha inhibitors

Topic Title Potential Patient Intervention Potential Potential Health
Population Developer/Manufacturer(s) Comparators or Other Impacts
Phase of Development
Secukinumab for Patients in whom RA is a chronic inflammatory disease causing polyarthritis with frequent Biologics (e.g., Improved symptom
treatment of rheumatoid arthritis progression to permanent joint damage, deformity, and functional disability. tocilizumab, scores as measured
rheumatoid arthritis | (RA) has been Biologic therapies have become standard of care for patients with RA that no adalimumab, by American College
diagnosed longer responds to disease-modifying antirheumatic drugs (DMARDSs). However, abatacept) of Rheumatology
biologics must be administered by injection and are associated with increased Corticosteroids 20/50/70 (%
incidence of serious infections, including tuberculosis. DMARDSs with improved DMARD:s (e.g., improvement)
efficacy and tolerability are needed. Secukinumab is a monoclonal antibody hydroxychloroquine, instruments
antagonist for interleukin-17 (IL-17). IL-17 purportedly is involved in developing methotrexate, 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
5-aminolevulinic Patients Complete surgical resection of glioma improves outcomes in patients who are Standard surgical Increased overall
acid fluorescence- undergoing surgery | eligible for surgery; however, the highly invasive nature of glioma and the high resection without survival
guidance for for glioma degree of similarity between glioma tumors and surrounding healthy brain tissue fluorescence assistance | Increased
identifying clear make complete surgical resection and identification of clear surgical margins progression-free
surgical margins in difficult. 5-aminolevulinic acid (5-ALA) is a small-molecule prodrug that is converted survival

glioma

to protoporphyrin IX (PIX) in neoplastic cells, but not in normal cells. llluminating
PIX with ultraviolet light induces fluorescence in the visible light spectrum,
potentially serving as a marker for glioma tissue. Researchers postulate that
surgical resection guided by the pattern of PIX fluorescence could increase the
percentage of glioma tissue removed, thereby improving outcomes. 5-ALA is
administered as an oral medication about 3-5 hours before surgery at a dose of 20
mg/kg.

Medac GmbH, Hamburg, Germany (developer); NX Development Corp., Louisville,
KY, has optioned development rights in North America

Multiple academic research institutions including Case Comprehensive Cancer
Center, Cleveland, OH; Emory University, Atlanta, GA; St. Joseph's Hospital and
Medical Center, Phoenix, AZ; University of California, San Francisco (investigators)

1 phase Il trial completed, numerous phase I, I, and Ill trials ongoing; FDA granted
orphan drug status; commercially available as Gliolan® in Europe

Improved quality of
life

90Y-clivatuzumab
tetraxetan for
treatment of
pancreatic cancer

Patients with
metastatic
pancreatic cancer
who have received
at least 2 prior
therapies, including
at least 1
gemcitabine-
containing regimen

Only about 5% of patients with pancreatic cancers have disease that responds to
the current standard of care (gemcitabine chemotherapy), and the prognosis for
these patients is very poor. 90Y-clivatuzumab tetraxetan is a novel
radiopharmaceutical under investigation for treating pancreatic cancer.
Clivatuzumab is a humanized monoclonal antibody that binds a mucin antigen
expressed by most pancreatic cancer cells, but is minimally expressed in
pancreatitis or by normal pancreatic cells. Clivatuzumab is conjugated to the
radioisotope yytrium-90 using the chelator tetraxetan. In clinical trials, 90Y-
clivatuzumab tetraxetan is administered once weekly for 3 weeks of each 4-week
cycle, in combination with weekly, low-dose gemcitabine (200 mg/m?,
intravenously).

Immunomedics, Inc., Morris Plains, NJ

Phase Il trial ongoing; FDA granted orphan drug and fast-track status

Various
chemotherapies
including 1 or more of
the following:
5-Fluorouracil
Capecitabine
Erlotinib
Gemcitabine
Leucovorin
Oxaliplatin
Nab-paclitaxel

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Topic Title

Potential Patient
Population

Intervention
Developer/Manufacturer(s)
Phase of Development

Potential Comparators

Potential Health
or Other Impacts

Ado-trastuzumab
emtansine (Kadcyla)
for treatment of
breast cancer

Patients in whom
metastatic HER2-
positive breast
cancer has been
diagnosed

Patients with advanced HER2-positive breast cancer have a poor prognosis with
current treatment options. Ado-trastuzumab emtansine (Kadcyla®, formerly
trastuzumab-DM1) is a combination of an 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. This agent is administered
intravenously, at 3.6 mg/kg, every 3 weeks.

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

FDA approved Feb 2013 for treating HER2-positive metastatic breast cancer in
patients who previously received trastuzumab and a taxane; 1st antibody-drug
conjugate approved for treating breast cancer; additional phase Ill trials ongoing in
adjuvant setting and 1st-line and 3rd-line treatment of metastatic disease

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

Afatinib (Gilotrif) for
treatment of head
and neck cancer

Patients in whom
advanced head
and neck cancer
has been
diagnosed

Patients with advanced head and neck cancer have a poor prognosis and high
recurrence rate, suggesting the need for novel treatment options. Afatinib (Gilotrif™)
is a small-molecule, irreversible ErbB family inhibitor. It inhibits both epidermal
growth factor receptor (EGFR; HER1) and HER2 receptor tyrosine kinases.
Targeted EGFR-like receptor inhibition using the anti-EGFR monoclonal antibody
cetuximab has demonstrated efficacy. Although multiple receptor tyrosine kinase
inhibitors are available, none are approved for use in treating head and neck
cancer. In clinical trials afatinib is being tested as 1st-line treatment, 2nd-line
treatment after a platinum-based regimen, and maintenance therapy. Afatinib is
administered orally, 40-50 mg, once daily.

Boehringer Ingelheim GmbH, Ingelheim, Germany

Phase lll trials ongoing

Various combination or
monotherapy regimens
including:
5-fluorouracil
Bleomycin

Cetuximab

Cisplatin

Docetaxel
Gemcitabine
Ifosfamide
Methotrexate
Paclitaxel

Vinorelbine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Potential Patient
Population

Intervention
Developer/Manufacturer(s)
Phase of Development

Potential Comparators

Potential Health
or Other Impacts

Afatinib (Gilotrif) for
treatment of
metastatic breast
cancer

Patients in whom
advanced
HER2-positive
breast cancer has
been diagnosed

Patients with advanced HER2-positive breast cancer have a poor prognosis with
current treatment options. Afatinib (Gilotrif™) is a small-molecule, irreversible ErbB
family inhibitor. It inhibits both epidermal growth factor receptor (EGFR; HER1) and
HER2 receptor tyrosine kinases; these receptor tyrosine kinases are 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
kinase inhibitors are available, afatinib is unique in that its inhibition is irreversible.
In a phase lll clinical trial in HER2-positive breast cancer, afatinib (once daily oral
dose) is administered in combination with intravenous vinorelbine (25 mg/m? once
weekly).

Ado-trastuzumab
emtansine

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

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

diagnosed and who
have certain EGFR
mutations

overexpressed in NSCLC in about 10% of patients; targeted EGFR-like receptor
inhibition in these cancers has a relatively high success rate. Although other EGFR
inhibitors are available, afatinib is unique in that its inhibition is irreversible. Within
the EGFR gene mutations present in about 10% of NSCLCs, the majority are EGFR
exon 19 deletions or exon 21 L858R substitutions. The product labeling indicates
that afatinib is taken orally at a once-daily dosage of 40 mg.

Boehringer Ingelheim, GmbH, Ingelheim, Germany

FDA approved Jul 2013 for 1st-line treatment of metastatic NSCLC in patients
whose tumors harbor specific types of EGFR gene mutations as detected by the
FDA-approved companion diagnostic test (therascreen EGFR RGQ PCR Kit,
QIAGEN, Manchester Ltd., UK)

cisplatin)

Targeted
immunotherapy (e.g.,
bevacizumab,
cetuximab, erlotinib)
2nd-line:

Erlotinib

Single agent
chemotherapy (e.g.,
docetaxel, pemetrexed)

lapatinib
Boehringer Ingelheim GmbH, Ingelheim, Germany
Phase Il trial ongoing
Afatinib (Gilotrif) for Patients in whom The 5-year survival rate for patients with advanced NSCLC is less than 15% with 1st-line: Increased overall
treatment of nonsmall cell lung current treatments. Afatinib (Gilotrif™) is a small-molecule, irreversible ErbB Combination survival
nonsmall cell lung cancer (NSCLC) inhibitor. It inhibits both epidermal growth factor receptor (EGFR; HER1) and HER2 | chemotherapy (e.g., Increased
cancer has been receptor tyrosine kinases. These receptor tyrosine kinases are mutated and pemetrexed plus progression-free

survival
Improved quality of
life
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Potential Patient
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Developer/Manufacturer(s)
Phase of Development

Potential Comparators

Potential Health
or Other Impacts

Aldoxorubicin for
treatment of soft
tissue sarcoma

Patients with
unresectable or
metastatic soft
tissue sarcoma
who have
undergone at least
1 prior systemic
therapy

Patients with soft tissue sarcoma have few treatment options and a poor prognosis.

Aldoxorubicin 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. Aldoxorubicin is administered at a dosage of 350 mg/m?,
intravenously, once every 3 weeks, for up to 6 cycles.

CytRx Corp., Los Angeles, CA

Phase lll trial ongoing under an FDA special protocol assessment; FDA granted
orphan drug status

Dacarbazine
Doxorubicin
Gemcitabine plus
docetaxel
Ifosfamide
Pazopanib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Alectinib for
treatment of
nonsmall cell lung
cancer

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

The 5-year survival rate for patients with advanced NSCLC is less than 15% with
current treatments. ALK is an oncogenic tyrosine kinase that was identified in gene
fusions that caused activation of ALK in lymphoblastoma. The ALK-inhibitor
crizotinib (Xalkori®) has been successful in treating ALK mutation—positive NSCLC,
but acquired drug resistance is a major issue. Alectinib (RG7853, RO5424802) is a
next-generation ALK inhibitor with purported clinical activity in patients with ALK
mutation—positive NSCLC whose disease has become resistant to crizotinib. In a
phase Il clinical trial, alectinib is administered orally in a range of doses.

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

Phase Il trial ongoing; phase Il trial registered, not yet recruiting; FDA granted
breakthrough therapy status

Docetaxel
Gemcitabine
Pemetrexed

Platinum doublet
Targeted
immunotherapy (e.g.,
bevacizumab, erlotinib)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Population
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Potential Comparators

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

Patients in whom
nonmetastatic
adenocarcinoma of
the pancreas has
been diagnosed

Patients with pancreatic cancer have a 5-year survival rate of about 5%; effective
treatment options are needed. 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 administered by injection in
combination with standard of care chemoradiation. Clinical trials are testing this
intervention in surgically resected and unresectable/borderline resectable
pancreatic cancers. HyperAcute-Pancreas is administered at a dose of 300 million
immunotherapy cells, via intradermal injection, biweekly, for up to 18 doses.

NewLink Genetics Corp., Ames, IA
Phase lll trials ongoing under FDA special protocol assessment; trials examining

use in surgically resected and unresectable disease; FDA granted fast-track and
orphan drug statuses

Standard
chemoradiation
regimens (including
systemic chemotherapy
such as FOLFIRINOX,
5-fluorouracil,
gemcitabine, and/or
nab-paclitaxel)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

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 lymphoma [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. Inhibiting Aurora A has been shown to
cause mitotic errors, potentially leading to aneuploidy, apoptosis, and cellular
senescence. Alisertib is administered orally, 50 mg, twice daily.

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

Phase Il trial ongoing

Alemtuzumab
Bortezomib
Brentuximab vedotin
(ALCL subtype only)
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
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Potential Health
or Other Impacts

Anamorelin for
treatment of cancer-
related

Patients with
nonsmall cell lung
cancer in whom

Although a number of treatments have been applied to CRCA, many patients do not
respond to treatment. CRCA may limit patients’ tolerance of further treatment,
directly affecting survival. CRCA is caused by metabolic and heurochemical

Anti-cytokine antibodies
Appetite stimulants
(e.g., cannabinoids,

Improved lean body
mass
Improved muscle

cachexia/anorexia cancer-related alterations in the body that lead to the loss of the desire to eat (anorexia) and the corticosteroids, strength
cachexia/anorexia wasting of skeletal muscle mass (cachexia). Ghrelin, through its activity on the cyproheptadine) Increased body
(CRCA) has been growth hormone secretagogue receptor, may increase appetite and inhibit leptin Progesterone weight
diagnosed and proinflammatory cytokine expression. Anamorelin (ONO-7643) is a ghrelin derivatives Increased overall
receptor agonist that has the potential to address both the appetite and metabolic Dietary counseling survival
(e.g., proinflammatory) aspects of CRCA. In clinical trials, it is administered at a Melanocortin Improved quality of
dosage of 100 mg, orally, daily. antagonists life
Metabolic disturbance
Helsinn Healthcare S.A., Lugano/Pazzallo, Switzerland modulators (e.g.,
pentoxifylline,
Phase lll trials ongoing thalidomide)
Anastrozole Postmenopausal Breast cancer is the most common form of cancer diagnosed in women, and Exemestane Decreased risk of
(Arimidex) for women at risk of approaches to reducing the incidence of the disease in postmenopausal women at Raloxifene developing breast
prevention of breast | developing breast high risk are sought. Anastrozole (Arimidex®) is an aromatase inhibitor that blocks Tamoxifen cancer

cancer in
postmenopausal
women at elevated
risk of breast cancer

cancer

production of estrogen, known to be a major driver of breast cancer development in
high risk women. Anastrozole is approved for treating breast cancer in both the
adjuvant and locally advanced/metastatic disease settings; however, the efficacy of
aromatase inhibitors as chemopreventive agents has not been clearly established.
In the preventive setting, anastrozole is administered to postmenopausal women at
high risk for up to 5 years at a dosage of 1 mg, once daily, in an oral tablet.

Cancer Research UK, London, and Medical Research Council of Australia,
Canberra, Australia
(Marketed by AstraZeneca, London, UK, as a breast cancer treatment)

Phase Il trial ongoing
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treatment of
advanced non-small
cell lung cancer

small cell lung
cancer (NSCLC)
that has
progressed

novel therapeutic that is intended to prevent immune tolerance of tumor cells. The
drug’s target is the programmed death-1 receptor ligand (PD-1L), which is
frequently expressed in tumor microenvironments and purportedly leads to
downregulation of T-cell activity via activation of the programmed death-1 immune
checkpoint. MPDL3280A is a monoclonal antibody specific for PD-1L and is
intended to prevent an interaction between the ligand and its receptor, potentially
limiting activation of the immune checkpoint. In trials, MPDL3280A is administered
as a 1,200 mg intravenous infusion on day 1 of a 21-day cycle.

Hoffmann-La Roche (Basel, Switzerland)

Phase Il trial ongoing

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Anti-GD2 Patients with high- Current treatments for patients with high-risk neuroblastoma result in 5-year survival | Isotretinoin Increased overall
monoclonal antibody | risk neuroblastoma | rates of only 25% to 35%. A monoclonal antibody, ch14.18, is specific for a tumor- survival
(ch14.18) for who have associated disialoganglioside, GD2, that exhibits low levels of expression on nhormal Increased
treatment of undergone tissues (e.g., neurons, skin melanocytes, peripheral sensory nerve fibers). The progression-free
neuroblastoma induction therapy ch14.18 antibody purportedly targets neuroblastoma cells via antibody-dependent, survival
and autologous cell-mediated cytotoxicity. In clinical trials, ch14.18 was administered intravenously Improved quality of
stem cell at an unspecified dose in combination with cytokines (granulocyte macrophage life
transplantation 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 trials ongoing; FDA and European Medicines Agency (EMA) granted
orphan drug status; EMA granted approval in Dec 2013; company submitted
biologics license application to FDA in Apr 2014
Anti-PD-1L Patients with locally | Patients with advanced NSCLC whose disease has progressed after 1st-line Docetaxel Increased overall
monoclonal antibody | advanced or platinum-based chemotherapy have few treatment options and a poor prognosis. A | Erlotinib survival
(MPDL3280A) for metastatic non- hallmark of cancer is its ability to evade an immune response. MPDL3280A is a Pemetrexed Increased

progression-free
survival

Improved quality of
life
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Potential Comparators

Potential Health
or Other Impacts

Astuprotimut-r for
treatment of
advanced
melanoma

Patients with
resectable stage
B or lIC
cutaneous
melanoma that
expresses
melanoma
antigenic epitope
(MAGE)-A3 antigen

Patients with advanced melanoma frequently experience disease recurrence after
surgical resection of the primary tumor. Current immunotherapies used in the
adjuvant setting have shown little effect on the duration of overall survival in this
patient population. Astuprotimut-r (GSK2132231A) is a peptide-based therapeutic
vaccine directed at the cancer-specific antigen MAGE-A3, which is expressed by a
significant proportion of melanomas. It is being tested in the adjuvant setting for
treating melanoma. In a multicenter, international phase Ill trial of 1,349 patients,
GSK2132231A is being administered as a course of 13 injections over 27 months.

GlaxoSmithKline, Middlesex, UK
Phase Ill trial ongoing; Sept 2013, company announced phase IlI trial had failed to

meet 1st co-primary endpoint of increasing disease-free survival; trial continues to
assess 2nd co-primary endpoint of overall survival

Granulocyte-
macrophage colony
stimulating factor
Interferon-alpha
Interleukin-2
Radiation therapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Autologous dendritic
cell immunotherapy
(AGS-003) for
treatment of renal
cell carcinoma

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

Approximately 14,000 deaths are attributable to kidney cancer in the U.S. each
year. AGS-003 is a personalized immunotherapy in which dendritic cells are
removed from the patient, loaded with messenger RNA isolated from the patient's
tumor, then re-administered to the patient. In clinical trials, AGS-003 used in
combination with sunitinib in patients with newly diagnosed advanced/metastatic
RCC who have undergone unilateral or partial nephrectomy. AGS-003 is
administered by intradermal injection. A full treatment course consists of 8 injections
in year 1 followed by quarterly booster injections.

Argos Therapeutics, Inc., Durham, NC

Phase Ill trial ongoing

Axitinib
Bevacizumab (with
interferon alfa)
Everolimus
Interleukin-2
Pazopanib
Sorafenib

Sunitinib
Temsirolimus

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Potential Comparators

Potential Health
or Other Impacts

Autologous dendritic
cell immunotherapy
(DCVax-L) for
glioblastoma
multiforme

Patients in whom
unilateral
glioblastoma
multiforme has
been diagnosed

Glioblastoma multiforme is difficult to treat and associated with a very poor patient
prognosis. New therapies that improve survival and slow disease progression are
needed. DCVax®-L is an autologous dendritic cell vaccine intended to promote an
immune response against a patient's glioblastoma. To prepare DCVax-L, both a
tumor isolate and a blood draw to obtain immune cells are required. Dendritic cells
(antigen-presenting cells of the immune system) are expanded from the patient’s
isolated immune cells and exposed to tumor lysate. These activated dendritic cells
are then injected back into the patient intradermally every 2—6 months for up to 3
years.

Northwest Biotherapeutics, Inc., Bethesda, MD
Phase lll trials ongoing; Mar 2014, manufacturer announced that phase Ill trial's

Data Safety Monitoring Board recommended that trial continue after an interim
review of safety data; interim review for efficacy pending

Bevacizumab (under
investigation)

Other
immunotherapeutics (in
development, e.g.,
HSPPC-95, ICT107)
Radiation therapy
Surgical resection (with
or without carmustine
wafer)

Temozolomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Autologous dendritic
cell immunotherapy
(ICT-107) for
treatment of
glioblastoma
multiforme

Patients in whom
glioblastoma
multiforme (GBM)
has been
diagnosed who
have undergone
surgical debulking

GBM is difficult to treat and associated with a very poor patient prognosis. New
therapies that can improve survival and slow disease progression are needed.
Personalized dendritic cell vaccine (ICT-107) is an autologous-derived therapeutic
vaccine targeting 6 autologous tumor-associated antigens: AIM2, HER2, gp-100,
melanoma antigenic epitope-1, TRP-2, and interleukin-13Ra2. ICT-107 is under
investigation in newly diagnosed GBM. It is administered as an adjuvant to surgical
resection and chemoradiation therapy; 4 induction doses are followed by a
maintenance regimen that continues until disease progression.

ImmunoCellular Therapeutics, Ltd., Woodland Hills, CA

Phase lIb trial ongoing; company is finalizing a phase Il protocol for discussion with
FDA, possibly during summer 2014; FDA granted orphan drug status in 2010

Bevacizumab (under
investigation)

Other
immunotherapeutics (in
development, e.g.,
DCVax-L, HSPPC-95)
Radiation therapy
Surgical resection (with
or without carmustine
wafer)

Temozolomide

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Automated breast
ultrasound (Invenia
automated breast
ultrasound system,
formerly called
somo.v) for
screening dense
breast tissue

Women with dense
breast tissue who
are undergoing
screening
mammography

Positive results from traditional breast screening approaches (e.g., mammography,
self breast exam) lead to expensive diagnostic imaging and breast biopsy in a large
number of patients whose tumors are eventually diagnosed as benign. Additionally,
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 used
for some time in breast imaging; however, it is not routinely used for screening
asymptomatic women in the U.S. The somo.v automated breast ultrasound system
generates 3-dimensional images of the breast in an automated fashion. The system
is under study as an adjunct to conventional mammographic screening in women
with dense breast tissue.

General Electric Co., Fairfield, CT

This device received FDA premarket approval in Sept 2012 under the device name
Somo.v, made by U Systems, which was subsequently acquired by GE, and the
ABUS was renamed Invenia. The device is indicated as “an adjunct to
mammography for breast cancer screening in asymptomatic women for whom
screening mammography findings are normal or benign (bi-rads assessment
category 1 or 2), with dense breast parenchyma (bi-rads composition/density 3 or 4)
and have not had previous clinical breast intervention. The device is intended to
increase breast cancer detection in the described patient population.” Several PMA
supplements have been approved for the system since 2012.

Screening
mammography alone
Screening magnetic
resonance imaging
Manual breast
ultrasound

Increased breast
cancer sensitivity
and specificity
Improved positive
and negative
predictive values

Bavituximab for
treatment of
advanced nonsmall
cell lung cancer

Patients with locally
advanced or
metastatic
nonsmall cell lung
cancer (NSCLC)
that has
progressed after
1st-line
chemotherapy

Advanced NSCLC has a poor prognosis with few therapeutic options, and new
treatments are needed for patients whose disease has progressed after 1st-line,
platinum-based doublet chemotherapy. 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, weekly, in
combination with docetaxel for 2nd-line treatment of NSCLC.

Peregrine Pharmaceuticals Inc., Tustin, CA

Phase lll trial ongoing; FDA granted fast-track status

Docetaxel
Erlotinib
Paclitaxel
Pemetrexed

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Bcl-2 inhibitor (ABT-
199) for treatment of
chronic lymphocytic

leukemia

Patients with
relapsed or
refractory chronic
lymphocytic
leukemia (CLL)
who have
undergone at least
1 prior
chemotherapy
regimen

Ability to avoid programmed cell death (i.e., apoptosis) is a hallmark of cancer. In
certain malignancies, this trait is thought to be mediated by the anti-apoptotic
protein Bcl-2. Because of this, inhibition of Bcl-2 is a promising target in treating
various cancers including CLL. ABT-199 is a small-molecule inhibitor of Bcl-2 that
purportedly leads to apoptosis in the malignant B-cells of CLL. In an ongoing phase
Il trial, ABT-199 is being given at a daily, oral dose of 400 mg, in combination with
chemoimmunotherapy consisting of rituximab and bendamustine.

AbbVie, North Chicago, IL, in collaboration with F. Hoffmann-La Roche, Ltd., Basel,
Switzerland

Phase lll trial ongoing; FDA granted orphan drug status in 2012

Various
chemoimmunotherapy
regimens, including
rituximab plus
bendamustine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Beta glucan
immunomodulator
(Imprime PGG) for
treatment of
advanced colorectal
cancer

Patients in whom
recurrent or
metastatic KRAS
wild-type colorectal
cancer (CRC) has
been diagnosed

Many patients with late-stage CRC are unable to tolerate or do not benefit from
available chemotherapeutic regimens; new therapies to treat advanced CRC are
needed. Imprime PGG® is a novel beta glucan immunomodulator that purportedly
induces an antitumor response by binding complement receptors 1-3 and
stimulating neutrophils. Imprime PGG purportedly works synergistically with
monoclonal antibody therapy such as cetuximab, and in clinical trials, this agent is
being examined as part of a combination therapy with cetuximab. Imprime PGG is
administered at a dose of 4 mg/kg, by injection, weekly.

Biothera, Eagan, MN

Phase Il trial ongoing

Cetuximab
monotherapy
Regorafenib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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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 developed in the past decade. Bevacizumab
(Avastin®) is a monoclonal antibody that binds vascular endothelial growth factor
(VEGF) and prevents 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. This agent is on
the market for several other indications and is being tested in the 1st- and 2nd-line
settings in combination with standard chemotherapy. In clinical trials for treating
ovarian cancer, bevacizumab is administered at 15 mg/kg, intravenously, on day 1
of each 3-week cycle.

Genentech subsidiary of F. Hoffmann-La Roche, Ltd., Basel, Switzerland, and
National Cancer Institute, Bethesda, MD

Multiple phase 1l trials ongoing; in Jun 2014, the manufacturer released phase I
trial (AURELIA) data showing improved progression-free survival and overall
response rate, but not overall survival, UK National Institute for Health and Care
Excellence announced in May 2013 it would not recommend use for ovarian cancer;
in Nov 2013 approved for use in Japan

Combination
chemotherapy including
1 or more of the
following:

Carboplatin
Gemcitabine

Paclitaxel

Paclitaxel monotherapy
Pegylated liposomal
doxorubicin

Topotecan

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Blinatumomab for
treatment of acute
lymphoblastic
leukemia

Patients in whom
Philadelphia
chromosome-—
negative, B-cell
lineage acute
lymphoblastic
leukemia (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 a molecule that is furthest in development in 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) the domain
specific for CD19, an antigen expressed by the immature lymphocytes expanded in
ALL, and (2) the domain specific for CD3 a molecule expressed on the surface of
cytotoxic T cells. Blinatumomab purportedly leads to leukemic cell apoptosis by
bridging an interaction between leukemic cells and T cells. Blinatumomab is
administered by intravenous infusion and is being studied in patients who are newly
diagnosed or have relapsed/refractory disease.

Amgen, Inc., Thousand Oaks, CA
Phase Il trials ongoing as adjunct to standard chemotherapy for newly diagnosed

disease and as monotherapy for relapsed/refractory disease; FDA granted orphan
drug status and breakthrough therapy status

Newly diagnosed ALL:
CALGB 8811 Larson
regimen

Linker 4-drug regimen
Hyper-CVAD with or
without rituximab
MRC
UKALLXII/ECOG2993
regimen
Relapsed/refractory
ALL:

Anthracyclines
Asparaginase
Cyclophosphamide
Cytarabine (ara-C)
Epipodophyllotoxins
Vincristine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Buparlisib for
treatment-refractory
metastatic breast
cancer

Patients with
aromatase inhibitor
or mTOR inhibitor—
refractory, hormone
receptor—positive,
HER2-negative
metastatic breast
cancer

Patients with hormone receptor—positive breast cancer typically develop resistance
to 1st-line therapy with estrogen receptor—targeted therapies. The phosphoinositide
3 kinase (PI3K)/mTOR pathway is a cell signaling pathway that is frequently
activated in a wide range of cancers and in particular may underlie tumor resistance
to estrogen receptor—targeted therapies. Buparlisib (BKM120) is an orally
administered pan-PI3K inhibitor (i.e., an inhibitor of all PI3K isoforms) that is
intended to block the PISBK/mTOR pathway. In clinical trials, buparlisib is
administered in combination with the anti-estrogen drug fulvestrant. It is
administered orally, 100 mg, daily.

Novartis International AG, Basel, Switzerland
Phase Ill trials ongoing; also under study for treating endometrial cancer,

glioblastoma, HER2-positive breast cancer, melanoma, nonsmall cell lung cancer,
prostate cancer, and urothelial cancer

Everolimus plus
exemestane
Fulvestrant
monotherapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Cabozantinib
(Cometriq) for
treatment of
castration-resistant
prostate cancer

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

Median overall survival for patients with CRPC is only about 18 months. 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 (Cometrig®) 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 cell proliferation, migration,
invasion, and angiogenesis. Overexpression of the hepatocyte growth factor ligand
of MET and activation of the MET pathway supports tumors. Additionally, VEGFR2
and MET allow tumors to overcome hypoxia and stimulate angiogenesis. Finally,
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. In trials, it is administered at a 100
mg dose, once daily.

Exelixis, Inc., South San Francisco, CA
Phase Il and phase lll trials ongoing; Mar 2014 interim analysis by Independent

Data Monitoring Committee recommended that phase Il COMET-1 trial proceed for
final analysis

Abiraterone
Cabazitaxel
Denosumab
Docetaxel
Enzalutamide
Radium-223

Reduced bone
metastasis
Reduced bone pain
Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Cabozantinib
(Cometriq) for
treatment of renal
cell carcinoma

Patients with
advanced renal cell
carcinoma (RCC)
who received
previous treatment
with a vascular
endothelial growth
factor receptor
(VEGFR)-targeting
tyrosine kinase
inhibitor (e.g.,
sorafenib, sunitinib,
axitinib, pazopanib,
tivozanib)

Patients whose RCC has progressed after targeted therapy (e.g., VEGF- or mTOR-
inhibitors) have limited treatment options and a poor prognosis. Cabozantinib
(Cometrig™) is a small-molecule receptor tyrosine kinase inhibitor that targets MET
and vascular endothelial growth factor (VEGF) receptor 2 (VEGFR2). MET plays
key roles in cell 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. 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. In clinical trials, cabozantinib is being tested in
the 2nd-line setting after VEGFR-targeted tyrosine kinase inhibitor therapy. The
recommended dose on the labeling approved by FDA in another indication—for
treating medullary thyroid cancer—is a once-daily, oral dose of 140 mg.

Exelixis, Inc., South San Francisco, CA
Phase Ill trial ongoing; FDA approved Nov 2012 for treating progressive metastatic

medullary thyroid cancer; labeling carries a black box warning for risk of
gastrointestinal perforations, fistulas, and hemorrhage

Axitinib
Bevacizumab
Everolimus
Interleukin 2
Pazopanib
Sorafenib
Sunitinib
Temsirolimus

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Cancer stem cell-
inhibitor (BB1608) for
treatment of
colorectal cancer

Patients with
pretreated,
unresectable,
advanced
colorectal cancer
(CRC) who
received prior
treatment with a
thymidylate
synthase inhibitor
and whose disease
was refractory to
irinotecan- and
oxaliplatin-
containing
regimens

Current 2nd- and 3rd-line treatments for metastatic CRC are of limited efficacy, and
the median overall survival of these patients is less than 1 year. BBI608 is a novel,
1st-in-class agent that targets cancer stem cells (CSCs). CSCs are self-replicating
cells that differentiate into heterogeneous cancer cells and contribute to tumor
growth, recurrence, and chemotherapy resistance. Although the exact mechanism
of action is unknown, BBI608 is thought to inhibit multiple signaling pathways
involved in CSC stemness (i.e., self-renewal and pluripotency), preventing these
malignant processes. In clinical trials, BBI608 is administered as a twice-daily, oral
dose of 480 mg, given as monotherapy (phase Ill) or in combination with best
supportive care (phase ).

Boston Biomedical, Inc., Cambridge, MA owned by Sumitomo Dainippon Pharma of
Osaka, Japan

Phase Il and IlI trials ongoing

Best supportive care
Regorafenib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Capsule endoscopy
(PillCam COLON 2)
for colorectal cancer
screening

Patients who
require further
evaluation after
incomplete
colonoscopy

In approximately 10% of colonoscopy procedures colon imaging is incomplete
because complete evaluation of the colon was not technically possible despite
adequate bowel preparation, potentially missing colorectal cancers and
adenomatous polyps. Followup screening with a next-generation pill camera
(PillCam COLON 2) represents a new option for this patient population. The device
consists of a light-emitting diode and 2 miniature cameras on either end of a 12 by
33 mm pill. The 2 cameras are intended to enable better image capture as the
device travels the intestinal track. After ingestion by the patient, the pill camera
sends up to 35 frames per second of data to a recorder worn by the patient over the
course of about 10 hours; data are subsequently analyzed by a physician.

Given Imaging Ltd, Yogne'am, Israel

FDA cleared for marketing under the 510(k) de novo classification process in Jan
2014 for "detection of colon polyps in patients after an incomplete optical
colonoscopy with adequate preparation, and a complete evaluation of the colon was
not technically possible.”

Barium enema
Computed tomography
colonography

Repeat dual or triple
camera colonoscopy

Improved colorectal
cancer/adematous
polyp sensitivity
Improved colorectal
cancer/adematous
polyp specificity

Ceritinib (Zykadia)
for treatment of
nonsmall cell lung
cancer

Patients in whom
ALK mutation—
positive, advanced
or metastatic
nonsmall cell lung
cancer (NSCLC)
has been
diagnosed

The 5-year survival rate for patients with NSCLC is less than 15%, and patients
whose disease progresses following 1st-line chemotherapy have few treatment
options. ALK is an oncogenic tyrosine kinase that was identified in gene fusions that
caused activation of ALK in lymphoma. Ceritinib (LDK378) inhibits ALK activity; in
NSCLC tumors that are driven by constitutive ALK activity, it may reduce tumor
growth and survival. Ceritinib may provide a treatment option for patients whose
NSCLC has progressed after treatment with the ALK inhibitor crizotinib. In clinical
trials, ceritinib is provided as a once-daily, oral dose of 750 mg.

Novartis International AG, Basel, Switzerland

FDA approved Apr 2014 for treating locally advanced or metastatic NSCLC that is
ALK-positive as detected and has progressed after crizotinib treatment; Phase Il
trials ongoing in previously treated and untreated NSCLC; FDA granted
breakthrough therapy status Mar 2013

1st-line:

Combination
chemotherapy (e.g.,
pemetrexed plus
cisplatin)

Crizotinib

Other targeted
immunotherapy (e.g.,
bevacizumab,
cetuximab, erlotinib)
2nd-line:

Erlotinib
Single-agent
chemotherapy (e.g.,
docetaxel, pemetrexed)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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eflornithine/sulindac
(CPP-1X) for
prevention of colon
cancer recurrence

history of stage I-lll
colon cancer
(primary resection
1 year prior) who
are currently
disease-free

3 years after surgery. Investigators are examining a new therapy for preventing
colon cancer recurrence that combines eflornithine, a therapy for hirsutism and
African trypanosomiasis, with sulindac, a nonsteroidal anti-inflammatory agent. This
prophylactic therapy may lower the risk of recurrence when taken daily for 3 years.
In late-stage clinical trials, patients are receiving oral combination therapy with
once-daily eflornithine, two 250 mg tablets, plus once-daily sulindac, 150 mg, for 3
years.

Cancer Prevention Pharmaceuticals, Inc., Tucson, AZ, in collaboration with SWOG,
Portland, OR

Phase Ill trials ongoing

chemopreventive agent
exists for preventing
colorectal cancer
recurrence
Compounds under
investigation include:
Aspirin

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

Cobimetinib for Patients in whom Patients with BRAF mutation—positive melanoma frequently demonstrate a Dabrafenib Increased overall
treatment of BRAF response to BRAF inhibitors; however, these responses are typically short in Ipilimumab survival
melanoma mutation-positive duration. MEK is a kinase that functions downstream of BRAF in the pathway Trametinib Increased
metastatic driving melanoma pathogenesis in BRAF mutation—positive melanoma. Dual Vemurafenib progression-free
melanoma has inhibition of BRAF and MEK may increase the duration of response to agents survival
been diagnosed targeting the RAS/RAF/MEK/ERK pathway. Cobimetinib is an orally administered Improved quality of
MEK inhibitor under study in combination with the BRAF inhibitor vemurafenib. In life
trials, cobimetinib is administered at an oral dose of 60 mg, once a day on days 1-
21 of each 28-day treatment cycle.
F. Hoffmann-La Roche, Ltd., Basel, Switzerland
Phase Ill trial ongoing; Jul 2014, manufacturer announced that phase Il trial met its
primary progression free survival endpoint
Combination Patients with a Recurrence of colon cancer after attempted curative resection is most likely the 1st No commonly used Reduced

recurrence rate of
high-risk adenoma
or 2nd primary
colorectal cancer
Increased overall
survival
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Custirsen for
treatment of
advanced or
metastatic nonsmall
cell lung cancer

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

The 5-year survival rate for patients with advanced NSCLC is less than 15% with
available treatments. Custirsen (formerly OGX-011) is an antisense RNA molecule
intended for treating advanced, unresectable NSCLC. An ongoing clinical trial is
testing custirsen in the 2nd-line setting following 1st-line treatment with a platinum-
based chemotherapy. It is given intravenously in combination with docetaxel: 3
loading doses of custirsen 640 mg are given over 2 hours in 5-9 days prior to day 1
of cycle 1; then custirsen 640 mg weekly every 21-day cycle.

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

Phase Ill trial ongoing

Docetaxel

Erlotinib

Pemetrexed

Platinum doublet (plus
or minus bevacizumab)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Custirsen 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
(formerly OGX-011) is an antisense RNA molecule designed to reduce expression
of clusterin, a cell survival protein activated by stress. Inhibition of clusterin
expression using custirsen has been shown to enhance tumor cell death after
treatment with chemotherapy. In clinical trials, custirsen is administered as an
adjunct to chemotherapy. After 3 loading doses of custirsen (640 mg, intravenously
[IV]), cabazitaxel (25 mg/m?, 1V) is administered on a 3-week cycle with weekly
custirsen (640 mg, IV) and daily prednisone (10 mg, orally) until disease
progression, unacceptable toxicity, or completion of 10 cycles.

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

Phase lll trials (AFFINITY and SYNERGY) ongoing; FDA granted fast-track status;
Apr 2014 top-line data from SYNERGY trial indicated that custirsen did not meet
primary endpoint of improving overall survival

Abiraterone
Cabazitaxel
Docetaxel
Enzalutamide
Radium-223
Sipuleucel-T

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Cyclin-dependent Postmenopausal Although endocrine therapies (e.g., estrogen receptor antagonists, aromatase Anastrozole Increased overall
kinase 4/6 inhibitor women with inhibitors) are often effective in treating patients who have estrogen receptor— Abemaciclib (in survival
(LEEO11) for advanced hormone | positive breast cancer, the response duration is typically limited to about 1 year. development) Increased

treatment of breast
cancer

receptor—positive,
HER2-negative
breast cancer who
have received no

LEEO11 is a dual inhibitor of cyclin-dependent kinase (CDK) 4 and CDK 6, kinases
involved in controlling cell cycle progression. CDK 4 and CDK 6 regulate a cell-cycle
checkpoint controlling initiation of DNA synthesis, and their inhibition may limit
tumor growth mediated by cell proliferation. Preclinical studies have demonstrated

Fluoxymesterone
Fulvestrant
High-dose estrogen
Letrozole

progression-free
survival

Improved quality of
life

prior therapy for that hormone receptor—positive breast cancer may be highly sensitive to CDK 4/6 Palbociclib (in
advanced disease inhibition and that this inhibition may be synergistic with endocrine therapies. The development)
drug is being studied in combination with letrozole in the first-line setting for Progestin
advanced disease. In clinical trials, LEEO11 is administered as a once daily, oral Tamoxifen
dose of 600 mg, on days 1-21 of each 28-day cycle. Toremifene
Novartis International AG, Basel, Switzerland
Phase Il trial ongoing
Dabrafenib (Tafinlar) | Patients in whom Patients with metastatic NSCLC have a poor prognosis when treated with Docetaxel Increased overall
for treatment of BRAFFV600E conventional cytotoxic chemotherapy options. Increasingly, NSCLC subtypes are Erlotinib survival
BRAF V600E mutation—positive being characterized by mutations in genes thought to drive carcinogenesis (e.g., Pemetrexed Increased
mutation—positive metastatic ALK, EGFR, ROS1), and therapies targeting these molecular drivers have improved progression-free

nonsmall cell lung
cancer

nonsmall cell lung
cancer (NSCLC)
has been
diagnosed

outcomes for eligible patients. Recent research has determined that about 2% of
NSCLCs harbor an activating mutation in the BRAF oncogene, presenting a novel
target in NSCLC treatment. Dabrafenib (Tafinlar®) is 1 of 2 commercially available
BRAF inhibitors that are FDA-approved for treating BRAF mutation—positive
melanoma, and it is under study for treating BRAF mutation—positive NSCLC. It is
administered orally, 150 mg, twice daily.

GlaxoSmithKline, Middlesex, UK

Phase Il trial ongoing; FDA granted breakthrough therapy status

survival
Improved quality of
life
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Dacomitinib for
treatment of
nonsmall cell lung
cancer

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

The 5-year survival rate for patients with advanced NSCLC is less than 15%, and
patients whose disease progresses after 1st-line chemotherapy have few treatment
options. Angiogenesis inhibitors have had varying degrees of success in treating
NSCLC. Dacomitinib is a novel pan-HER inhibitor that irreversibly inhibits HER-1
(EGFR), HER-2, and HER-4 tyrosine kinases. In clinical trials, dacomitinib is
administered in a once-daily, oral dose of 45 mg. Treatment settings include: 1st-
line treatment of patients with activating mutations in EGFR; 2nd-line treatment of
patients after chemotherapy; and 2nd-line or 3rd-line treatment of patients
previously treated with an EGFR inhibitor.

Pfizer, Inc., New York, NY

Phase Ill trials ongoing; in Jan 2014, Pfizer announced that dacomitinib had failed
to meet primary endpoint in the 2nd-line setting after chemotherapy and in the 2nd-
line or 3rd-line setting after EGFR inhibitor; Pfizer is re-evaluating results “to better
understand the effects of dacomitinib in molecularly defined subgroups of patients
with advanced NSCLC.”

Afatinib
Erlotinib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Daratumumab for
treatment of multiple
myeloma

Patients in whom
relapsed/refractory
multiple myeloma
has been
diagnosed

Patients with relapsed/refractory multiple myeloma who have undergone treatment
with both protease-inhibitor and immunomodulatory drug therapies have few
remaining treatment options and a poor prognosis. Daratumumab is a fully human
monoclonal antibody specific for CD38, a protein expressed on the surface of
multiple myeloma cells. Daratumumab is purported to lead to multiple myeloma cell
death through antibody-dependent, cell-mediated cytotoxicity and complement-
dependent cytotoxicity. Patients are intended to have undergone prior treatment
with both a protease inhibitor and an immunomodulatory drug before receiving this
treatment. Daratumumab is administered by intravenous infusion at a dosage of 16
mg/kg and is being tested in combination with lenalidomide and dexamethasone or
in combination with bortezomib and dexamethasone.

Janssen Biotech unit of Johnson & Johnson, New Brunswick, NJ

Phase lll trials registered, not yet recruiting; FDA granted breakthrough therapy
status May 2013

Multiple chemotherapy
regimens (choice
depends on prior
therapy and patient
condition), including:
Bortezomib
Bortezomib plus
liposomal doxorubicin
Carfilzomib
Lenalidomide plus
dexamethasone
Pomalidomide plus
dexamethasone

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Defibrotide Patients receiving Veno-occlusive disease is a side effect of the high-dose chemotherapy that is used Analgesia Increased overall
(Defitelio) for chemotherapy who | as part of hematopoietic stem cell transplantation procedures. Severe veno- Diuresis survival
treatment of have severe veno- | occlusive disease has a mortality rate approaching 100% with available treatments. | Renal replacement Improved quality of
chemotherapy- occlusive disease Defibrotide (Defitelio®) is a polydisperse oligonucleotide with local antithrombotic, therapy life

induced severe
veno-occlusive
disease

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 Ill trial, the drug was administered at a dosage of 25
mg/kg, intravenously, 4 times per day.

Gentium S.p.A., a majority owned indirect subsidiary of Jazz Pharmaceuticals, Inc.,
Dublin, Ireland

Phase Ill trial ongoing; FDA granted orphan drug and fast-track status; new drug
application submitted Jul 2011; FDA issued a refuse to file response and the
company withdrew the application in Aug 2011, stating that it would work to address
issues and resubmit; received marketing authorization from European Commission
in Oct 2013

Transfusion

Denosumab (Xgeva)
for prevention of
bone metastasis in
breast cancer

Patients with early
stage breast
cancer at high risk
of recurrence

Breast cancer patients who have cancer in the lymph nodes, large tumors, or locally
advanced disease have a high risk of disease recurrence. Metastasis to the bone
represents 40% of all initial recurrences. Denosumab (Xgeva) is a monoclonal
antibody that inhibits RANKL, a protein that stimulates bone removal. This agent is
already approved for preventing skeletal-related events in patients with established
bone metastases from solid tumors. Preclinical data suggest that RANKL inhibition
may also prevent skeletal tumor formation. In an ongoing trial, denosumab is being
tested in the adjuvant setting for prolonging bone metastasis—free survival and
disease-free survival. In this setting denosumab is administered at 120 mg, once
monthly, for 6 months followed by 120 mg, once every 3 months, for up to 5 years.

Amgen, Inc., Thousand Oaks, CA

Phase Il trial ongoing, enroliment complete

Various chemotherapy
regimens

Increased overall
survival

Increased bone
metastasis—free
survival

Improved quality of
life
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Dinaciclib for
treatment of chronic

Patients with
chronic lymphocytic

CLL is the most frequently diagnosed leukemia among adults in the U.S., and about
4,600 patients die of the disease each year. Dinaciclib is a small-molecule inhibitor

Alemtuzumab,
bendamustine,

Increased overall
survival

lymphocytic leukemia (CLL) of multiple cyclin-dependent kinases, enzymes responsible for regulating cell chlorambucil, or Increased
leukemia who have division and other essential cellular processes. Inhibiting cyclin-dependent kinases lenalidomide with or progression-free
undergone prior purportedly preferentially leads to cell death in neoplastic cells. In clinical trials, without rituximab survival
chemotherapy dinaciclib (14 mg/m?) is administered intravenously on days 1, 8, and 15 of a 28-day | Ibrutinib Improved quality of
and/or cycle. Ofatumumab life
chemoimmuno-
therapy or whose Merck & Co., Inc., Whitehouse Station, NJ
disease bears a
17p chromosomal Phase Ill trial ongoing
deletion
EGEN-001 gene Patients with Patients with platinum-resistant ovarian cancer have a poor prognosis and few Docetaxel Increased overall
therapy for recurrent | recurrent or treatment options. EGEN-001 is a novel gene therapy intended to induce the Etoposide survival
or persistent ovarian | persistent ovarian, expression of interleukin-12 (IL-12) in tumor cells; IL-12 expression purportedly Gemcitabine Increased
cancer primary peritoneal, | leads to 3 antitumor activities: (1) activation and proliferation of natural killer (NK) Paclitaxel progression-free
or fallopian tube cells, leading to an innate immune response against the tumor; (2) maturation and Pegylated liposomal survival
cancer who have proliferation of T lymphocytes, leading to an adaptive immune response against the | doxorubicin Improved quality of
received at least 1 tumor; and (3) activation of NK cells and T lymphocytes leading to upregulation of Topotecan life

round of treatment
with a platinum-
based regimen

interferon gamma, which has antiangiogenic properties. EGEN-001 is formulated
with the TheraPlas™ delivery system that forms active nanopatrticles that transfect
cells with IL-12; this formulation is optimized for delivery into the tumor
microenvironment. This agent is currently being tested in platinum-refractory
ovarian cancer. In clinical trials, EGEN-001 is administered by intraperitoneal
catheter at a dosage of 24 mg/m?, weekly.

EGEN, Inc., Huntsville, AL

Phase Il trial ongoing; with favorable initial results; FDA granted orphan drug status;
early stage trials ongoing in other treatment settings and disease indications
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elF5A1 modulator Patients in whom a | SNSO1-T is a novel therapeutic intended to sensitize cancer cells to apoptotic Various Increased overall
(SNSO01-T) for treatment- signals by targeting eukaryotic translation initiation factor 5A1 (elF5A1). EIF5A1 chemotherapeutic survival
treatment-refractory | refractory B-cell functions as a shuttle protein, selectively translocating mRNAs from the nucleus to regimens Increased
B-cell malignancies malignancy (i.e., cytosolic ribosomes for translation. It exists in pro-apoptotic and antiapoptotic forms; progression-free
diffuse large B-cell | the antiapoptotic form is generated by posttranslational modification. SNSO01-T survival
lymphoma, mantle | consists of 2 nucleic acid—based molecules: (1) a plasmid that drives expression of Improved quality of
cell ymphoma, or a pro-apoptotic form of elF5A1 that has been modified to prevent its post- life
multiple myeloma) translational modification to the antiapoptotic form, and (2) an antisense molecule
has been that inhibits expression of endogenous elF5A1, which normally serves as the
diagnosed precursor to antiapoptotic elF5A1. By altering the balance of pro-apoptotic and
antiapoptotic elF5A1, SNSO1-T purportedly promotes cell death over cell growth
and survival. In clinical trials, it is administered by intravenous infusion, twice
weekly.
Senesco Technologies, Inc., Bridgewater, NJ
Phase I/11 trial ongoing; FDA granted orphan drug status for treating diffuse large B-
cell ymphoma, mantle cell lymphoma, and multiple myeloma
Elotuzumab for Patients in whom Although treatments for multiple myeloma have improved, the median life For stem cell Increased overall

treatment of multiple
myeloma

multiple myeloma
or
relapsed/refractory
multiple myeloma
has been
diagnosed

expectancy for patients in whom multiple myeloma is diagnosed is only 57 years.
Immunotherapeutic options for multiple myeloma are not available. CS1 has been
identified as a glycoprotein expressed preferentially on multiple myeloma cells, and
elotuzumab is a humanized, monoclonal antibody specific for CS1. It purportedly
has 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 lll trials ongoing; FDA granted orphan drug and breakthrough therapy status

transplant—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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(Ostarine) for
treatment of cancer-
related cachexia

cancer-related
cachexia has been
diagnosed

which is characterized by weight loss, muscle atrophy, fatigue, weakness, and
anorexia. Cachexia may involve a tumor-related inflammatory immune response
that triggers catabolism. No effective therapies exist to prevent or slow its
progression. Enobosarm (Ostarine®) is a selective androgen receptor modulator
that is under investigation for lung cancer—related cachexia. In phase lll trials, it is
being administered in a once-daily, oral dose of 3 mg.

GTx, Inc., Memphis, TN
Phase Ill trials completed; FDA granted fast-track status; manufacturer announced

phase lll trial failed to meet primary endpoint; plans to meet with FDA to discuss
future development path

Corticosteroids
Dietary modifications
Hormonal therapy (in
development; i.e.,
insulin, ghrelin)
Progestogens

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Enobosarm Patients in whom Many patients with cancer experience a wasting syndrome known as cachexia, Cannabinoids Improved physical

function

Increased lean
body mass
Improved quality of
life

Entinostat for
treatment of breast
cancer

Patients with locally
advanced/unresect
able or metastatic
estrogen receptor—
positive breast
cancer whose
disease has
progressed after
treatment with
nonsteroidal
aromatase inhibitor

Few effective treatment options exist for recurrent, advanced breast cancers that
have become resistant to endocrine therapy or are hormone receptor negative.
Entinostat (SNDX-275) is a class | histone deacetylase (HDAC) inhibitor. The exact
mechanism of HDAC anticancer efficacy is unclear. In breast cancer, entinostat
purportedly downregulates growth factor signaling pathways and upregulates
estrogen receptors to combat endocrine drug resistance and inhibit tumor growth. In
clinical trials, entinostat is being tested at various dosages and as part of various
combination therapy regimens. In a clinical trial of entinostat plus exemestane for
treating estrogen receptor—positive breast cancer, entinostat is administered orally,
at dose of 5 mg, once weekly.

Syndax Pharmaceuticals, Inc., Waltham, MA, in collaboration with the National
Cancer Institute, Bethesda, MD, under a cooperative research and development
agreement

Phase Il and Ill trials ongoing; FDA granted breakthrough therapy status Sept 2013

Everolimus plus
exemestane

Targeted therapies (in
development; e.g.,
bevacizumab)

Various single-agent or
combination
chemotherapy regimens

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Enzalutamide
(Xtandi) for
treatment of
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. Most
prostate cancer tumors depend on androgen signaling for growth and survival.
Multiple androgen signaling inhibitors are available (e.g., bicalutamide, abiraterone);
however, many metastatic prostate cancers do not respond to these therapies or
they develop resistance. Enzalutamide (Xtandi) is an androgen receptor antagonist
that purportedly inhibits 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 being tested in both
chemotherapy-naive patients and patients who have previously been treated with
docetaxel. Enzalutamide is administered orally at a dose of 160 mg (four 40 mg
capsules) orally, once daily.

Medivation, Inc., San Francisco, CA
Astellas Pharma, Inc., Tokyo, Japan

FDA approved Aug 2012 for patients with metastatic CRPC who have previously
been treated with docetaxel; Oct 2013, companies announced that a phase Ill trial
in chemotherapy-naive patients had met primary endpoints of improving overall and
progression-free survival, Mar 2014, companies announced they had submitted a
supplemental new drug application to FDA for treatment of chemotherapy-naive
patients; FDA has granted the application a priority review status with a decision
deadline under the Prescription Drug User Fee Act of Sept 18, 2014

Abiraterone
Cabazitaxel
Docetaxel
Radium-223
Sipuleucel-T

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Erismodegib for
treatment of
medulloblastoma

Patients in whom
hedgehog
pathway-activated,
progressive or
recurrent
medulloblastoma
has been
diagnosed

Patients with recurrent medulloblastoma have a 2-year survival rate of less than
10%. The hedgehog signaling pathway, which is involved in cellular growth,
differentiation, and repair, is constitutively activated in about 30% of
medulloblastomas. Blocking this pathway may inhibit tumor growth. Erismodegib
selectively binds and antagonizes Smoothened, a G protein—coupled receptor in the
hedgehog signaling pathway. In clinical trials, erismodegib is being compared with
temozolomide for treating recurrent or progressive medulloblastoma in groups of
patients stratified according to pretreatment with radiation therapy and/or
temozolomide. Erismodegib is given at an unspecified dose as a once-daily oral
medication.

Novartis International AG, Basel, Switzerland

Phase lll trial ongoing

Combination
chemotherapy
Radiation therapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Etirinotecan pegol
for treatment of
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 breast cancer that is refractory to standard systemic chemotherapy
regimens have few treatment options and a poor prognosis. Etirinotecan pegol
(NKTR-102) is a novel formulation of the topoisomerase | inhibitor irinotecan.
Etirinotecan pegol is a modified version of irinotecan in which the drug is linked to a
macromolecule core. The linkage purportedly renders the drug inert in the
bloodstream and allows 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. In clinical trials, etirinotecan pegol is
administered at an intravenous dosage of 145 mg/m?, once every 21 days. NKTR-
102 is approved for treating colorectal cancer and it is also being investigated for
treating ovarian, colorectal, and other cancers.

Nektar Therapeutics, San Francisco, CA

Phase Ill trial ongoing; FDA granted fast-track status

Eribulin
Gemcitabine
Ixabepilone
Nab-paclitaxel
Pemetrexed
Vinorelbine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Everolimus (Afinitor)
for treatment of
advanced HER2-
positive breast
cancer

Patients in whom
advanced
HER2-positive
breast cancer has
been diagnosed

Although HER2-targeted therapies such as trastuzumab and lapatinib have
improved outcomes for patients with HER2-positive advanced breast cancer, not all
patients have disease that responds to these therapies. Everolimus (Afinitor®) is a
small-molecule inhibitor of the protein mTOR, which is a central regulator of cell
growth. Everolimus targets a novel cellular pathway compared with other HER2-
targeted therapies. Using everolimus to inhibit mMTOR by everolimus has been
demonstrated to be effective in treating multiple cancer types (e.g., renal cell
carcinoma, astrocytoma). In clinical trials, everolimus was administered at a daily,
oral dose of 5 mg, in combination with vinorelbine and trastuzumab.

Novartis International AG, Basel, Switzerland

Phase lll trial ongoing, positive data published Apr 2014; FDA approved everolimus
Jul 2012 for postmenopausal women with advanced hormone receptor—positive,
HER2-negative breast cancer in combination with exemestane after treatment
failure with letrozole or anastrozole

Cytotoxic chemotherapy
HER2-targeted antibody
therapies:

Pertuzumab
Trastuzumab
HERZ2-targeted tyrosine
kinase inhibitors:
Afatinib

Lapatinib

Increased
progression-free
survival

Increased overall
survival

Improved quality of
life
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Everolimus (Afinitor)
for treatment of
diffuse large B-cell
lymphoma

Patients with
diffuse large B-cell
lymphoma
(DLBCL) who have
achieved a
complete response
after 1st-line
rituximab-based
chemoimmunother
apy and are at high
risk of disease
recurrence

DLBCL is refractory to 1st-line treatment in about 1/3 of diagnosed patients, or
disease recurs after 1st-line treatment. Patients with relapsed/refractory disease
have a poor prognosis and few treatment options. The mTOR inhibitor everolimus is
under study as a maintenance therapy in patients whose disease has responded to
1st-line chemoimmunotherapy. The mTOR pathway affects multiple cancer-related
cellular processes (cell growth, cell proliferation, angiogenesis) and activation of the
mTOR pathway has been implicated in lymphoma pathogenesis. In clinical trials of
maintenance therapy for patients with DLBCL who achieved a complete response
after 1%t line therapy and are at increased risk of recurrence based on International
Prognostic Index score at time of diagnosis, everolimus was administered orally, 10
mg, once daily.

Novartis International AG, Basel, Switzerland

Phase Il trial ongoing

High-dose
chemotherapy with
autologous stem cell
transplant

Watchful
waiting/observation

Increased disease-
free survival
Increased overall
survival

Improved quality of
life

Ex vivo expanded
cord blood (StemEx)
for allogeneic bone
marrow transplant
for treatment of
hematologic
malignancies

Patients with
hematologic
malignancies who
need a bone
marrow transplant
and for whom no
suitable matched
donor is available

Suitably-matched bone marrow donors are not available for all patients with
hematologic malignancies who could benefit from a transplant because of the
difficulty in identifying suitably matched donors. An exact match is needed for adult
marrow transplants to avoid complications from graft-versus-host disease (GVHD),
and cord blood is associated with a lower risk of GVHD. However, the number of
stem cells in cord blood is not sufficient to provide complete bone marrow
engraftment. StemEx is a graft of stem cells and progenitor cells isolated from a
single unit of cord blood. Stem cells and progenitor cells are enriched ex vivo by
means of copper chelation, which reduces the availability of copper and purportedly
promotes cell proliferation over differentiation. The enriched cell population is then
infused into the patient along with the remainder of the cord blood unit.

Gamida Cell, Ltd., Jerusalem, Israel, in partnership with Teva Pharmaceutical
Industries, Ltd., Petah-Tikva, Israel

Phase lI/11l trial ongoing; FDA granted orphan drug status for use as hematopoietic
support in patients with relapsed or refractory hematologic malignancies who are
receiving high-dose therapy, in patients with chronic myeloid leukemia, and in
patients with myelodysplastic syndromes

Pooled unexpanded
cord blood transplant
Unexpanded cord blood
transplant

Increased overall
survival

Improved bone
marrow engraftment
rate

Improved neutrophil
recovery rate
Improved platelet
recovery rate
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Ex vivo expanded
cord blood as
allogeneic bone
marrow transplant
for treatment of

Patients with a
hematologic
malignancy who
need a bone
marrow transplant

Perfectly matched bone marrow donors are not available for all patients who could
benefit from transplantation, because of the difficulty in identifying perfectly matched
donors. Although an exact match is needed for adult marrow transplants to avoid
complications from graft-versus-host disease (GVHD), cord blood causes
significantly less GVHD; however, the number of stem cells in cord blood is not

Pooled unexpanded
cord blood transplant
Unexpanded cord blood
transplant

Improved bone
marrow engraftment
rate

Improved rate of
neutrophil recovery

prevention of breast
cancer in
postmenopausal
women at elevated
risk of breast cancer

developing invasive
breast cancer

limited patient acceptance because of persistent, undesirable side effects. More
tolerable therapies are needed to prevent breast cancer in women at higher risk of
developing the disease. Exemestane (Aromasin®) is an aromatase inhibitor that
blocks estrogen production. Exemestane is approved for treating advanced breast
cancer that has progressed after tamoxifen therapy and as an adjuvant therapy
after 2—3 years of tamoxifen treatment in women with estrogen receptor—positive
breast cancer. A large (n=4,560), phase Ill trial reported that women who took
exemestane as a primary preventive therapy were 65% less likely to develop breast
cancer. At 3-year followup, no toxicities were observed and the drug had minimal
impact on quality of life. However, further analyses revealed increased loss of bone
density in women taking exemestane, which is the focus of ongoing studies. In
ongoing trials, the drug is administered 25 mg, orally, once daily in the morning.

Pfizer, Inc., New York, NY

Phase Ill trial ongoing; approved for other breast cancer indications; could be
prescribed off label; phase Il trial on bone density effects ongoing

hematologic and for whom no large enough to provide complete bone marrow engraftment. The manufacturer of Improved rate of
malignancies suitable matched this product is using an off-the-shelf preparation of mesenchymal precursor cells to platelet recovery
donor is available 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

Phase Il trial ongoing
Exemestane Postmenopausal The available therapies for preventing breast cancer in patients who have not Raloxifene Decreased risk of
(Aromasin) for women at risk of developed the disease but are at elevated risk, tamoxifen and raloxifene, have Tamoxifen developing breast

cancer
Improved quality of
life
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Farletuzumab for
treatment of ovarian
cancer

Patients with
recurrent ovarian
cancer who are
candidates for
platinum and
taxane-based
therapy

Patients with recurrent ovarian cancer have median overall survival times of less
than 2 years and few treatment options. Farletuzumab (MORAb-003) 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’s
action purportedly leads to antibody-dependent cell-mediated cytotoxicity of folate-
receptor-expressing cells. In late-phase clinical trials, farletuzumab is being
administered intravenously, once weekly, 1.25 or 2.5 mg/kg. In platinum-sensitive
disease, farletuzumab is being tested in combination with carboplatin/taxane
doublet therapy.

Morphotek subsidiary of Eisai Co., Ltd., Tokyo, Japan

Phase lll trial in platinum-sensitive disease failed to meet primary endpoint of
progression-free survival in Jan 2013; company reported trend towards improved
progression-free survival in subset of patients and that it would “determine a new
development strategy based on discussion with external experts and the relevant
health authorities;” received orphan drug status from FDA

Platinum-sensitive
ovarian cancer:
combination
chemotherapy including
1 or more of the
following:
Carboplatin
Docetaxel
Gemcitabine
Paclitaxel
Pegylated liposomal
doxorubicin
Topotecan

Platinum-refractory
ovarian cancer:
Docetaxel
Etoposide
Gemcitabine
Paclitaxel

Pegylated liposomal
doxorubicin
Topotecan

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Ganetespib (STA-
9090) for treatment
of nonsmall cell lung
cancer

Patients with
advanced or
metastatic
nonsmall cell lung
cancer (NSCLC)
who have
undergone 1 prior
systemic therapy
for advanced or
metastatic disease

Patients with advanced NSCLC that has progressed after prior chemotherapy have
a poor prognosis and few treatment options. Ganetespib (STA-9090) 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.
Additionally, 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.
Ganetespib is administered at a dose of 150 mg/m?, intravenously, once weekly for
3 weeks followed by 1 week of rest.

Synta Pharmaceuticals Corp., Lexington, MA

Phase Ill ongoing; FDA granted fast-track status

Crizotinib (if ALK+)
Erlotinib

Single-agent
chemotherapy (e.g.,
docetaxel, pemetrexed)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

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 an AML
treatment 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; various
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 in 2000 for treating AML; drug withdrawn from U.S. market in 2010
after negative study results and high toxicity observed in postmarket trials; drug
remains available in Europe, where trials have shown benefit using an altered
dosing scheme; Pfizer is analyzing data to determine whether to make new FDA
submission; the drug is available in the U.S. only to patients already taking it

Standard chemotherapy
with daunorubicin and
cytarabine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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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 after first-line treatment range between 10% and
60% depending on whether tumor pathology indicates that the tumor is low risk or
high risk; therapies that could reduce this recurrence rate are highly sought. A gene-
mediated cytotoxic immunotherapy (GMCI), ProstAtak™, is being tested for
preventing recurrence after conventional therapy. GMCI purportedly leads to direct
tumor cytotoxicity as well as a protective immune response. The treatment consists
of an adenovirus vector that contains a herpes simplex virus (HSV) thymidine
kinase gene (Adv-tk). After 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 (RT). Patients receive 3 GMCI injections at 2—8 weeks before
first RT, at the time of first RT, and 2—-3 weeks after first RT.

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

Glembatumumab
vedotin for
treatment-refractory
breast cancer

Patients with
metastatic,
glycoprotein NMB
(GPNMB)-
overexpressing,
triple-negative
breast cancer

Therapies with improved efficacy are needed for patients with metastatic triple-
negative breast cancer, because these patients have limited treatment options and
a poor prognosis. Glembatumumab vedotin is an antibody-drug conjugate that links
a highly toxic chemotherapy drug to a monoclonal antibody specific for GPNMB, a
protein known to be overexpressed in some breast tumors. GPNMB has been
implicated in enhancing the metastatic potential of breast cancer cells, particularly
the triple-negative breast cancer subtype. A companion diagnostic test to determine
whether a patient's cancer expresses GPNMB will be used to determine patient
eligibility for treatment with glembatumumab vedotin. In a phase lll trial, this agent
will be compared to capecitabine in patients previously treated with anthracycline
and taxane chemotherapy. Glembatumumab vedotin is an intravenous medication
given at a dose of 1.88 mg/kg, once every 3 weeks.

Celldex Therapeutics, Inc., Needham, MA

Phase Il trial (METRIC) ongoing and intended to support accelerated approval; FDA
granted fast-track status for treatment-resistant or refractory breast cancer

Albumin-bound
paclitaxel
Capecitabine
Docetaxel
Doxorubicin
Eribulin
Gemcitabine
Ixabepilone
Liposomal doxorubicin
Paclitaxel
Vinorelbine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Gonadotropin-
releasing hormone
analogues for
prevention of
ovarian failure in
women receiving
gonadotoxic
chemotherapy

Women undergoing
gonadotoxic
systemic
chemotherapy for
cancer

About 25% of women undergoing systemic chemotherapy for conditions such as
breast cancer experience premature menopause as a side effect of treatment. No
consensus on treatment exists for preventing this side effect. Ovarian suppression
using gonadotropin-releasing hormone analogues (e.g., goserelin, triptorelin) may
protect ovarian function against the effects of chemotherapy through several
mechanisms, including 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 analogues (i.e., goserelin or triptorelin) are administered concomitantly
with standard cytotoxic chemotherapy regimens.

SWOG, Portland, OR, and International Breast Cancer Study Group IBCSG, Bern,
Switzerland

Phase lll trials ongoing; National Institutes of Health announced favorable results;
agents could be prescribed off label

Other fertility
preservation techniques
(e.g., embryo, ovarian
tissue, or oocyte
cryopreservation)

Decreased rate of
amenorrhea at 12
months after
chemotherapy
Preserved fertility
Improved quality of
life

High-intensity
focused ultrasound
(Ablatherm system)
for treatment of
localized prostate
cancer

Patients in whom
localized prostate
cancer has been

diagnosed

High-intensity focused ultrasound (HIFU) is a noninvasive treatment under study for
treating prostate cancer. HIFU ablates tissue by using sound waves to generate
heat within a small, focused area, leaving surrounding tissue unaffected. The
noninvasive and targeted nature of HIFU has the potential to reduce side effects
associated with invasive procedures and radiation therapy and, unlike those
procedures, may also be repeated in the event of local recurrence. HIFU ablation is
performed in a 1-3 hour outpatient procedure. The most advanced clinical trial of
the Ablatherm® HIFU system in the U.S. is studying its use in treating patients who
have localized prostate cancer and have not undergone previous prostate cancer
treatment.

EDAP TMS S.A., Lyon, France
Phase II/111 trial met primary endpoint; FDA accepted premarket approval application

in Mar 2013; FDA advisory committee meeting is scheduled for Jul 30, 2014;
available in Europe since 2000

Brachytherapy

External beam radiation
Observation

Other HIFU systems (in
development)

Radical prostatectomy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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High-intensity
focused ultrasound
(Sonablate system)
for treatment of
localized prostate
cancer

Patients in whom
localized prostate
cancer has been

diagnosed

High-intensity focused ultrasound (HIFU) is a noninvasive treatment under study for
treating prostate cancer. HIFU ablates tissue by using sound waves to generate
heat within a small, focused area, leaving surrounding tissue unaffected. The
noninvasive and targeted nature of HIFU has the potential to reduce side effects
associated with invasive procedures and radiation therapy and, unlike those
procedures, may also be repeated in the event of local recurrence. HIFU ablation is
performed in a 1-3 hour outpatient procedure. The most advanced clinical trial of
the Sonablate system in the U.S. is studying its use in treating patients with
localized prostate cancer that has recurred after initial therapy with external beam
radiation therapy.

SonaCare Medical, LLC (formerly USHIFU, LLC), Charlotte, NC

Phase Il trial ongoing for prostate cancer; system available in Europe since 2001;
system FDA cleared for the laparoscopic or intraoperative ablation of soft tissue

Brachytherapy

External beam radiation
Observation

Radical prostatectomy
Other HIFU systems (in
development)

Increased overall
survival
Increased
progression-free
survival
Improved patient
quality of life

Hypoxia-activated
DNA alkylating
agent (TH-302) for
treatment of
pancreatic cancer

Patients in whom
metastatic
pancreatic
adenocarcinoma
has been
diagnosed

About 5% of patients with pancreatic cancer respond to the current standard of care
(gemcitabine chemotherapy), and the prognosis for these patients is very poor.
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.
Thus, new options are needed. TH-302 is a novel cytotoxic agent purported to be
preferentially activated in hypoxic conditions. In its activated form, TH-302 is said to
be a potent DNA alkylating agent (dibromo isophoramide mustard). Selective
activation of TH-302 in hypoxic conditions might target alkylating activity to tumors.
TH-302 is administered intravenously, and in clinical trials for pancreatic cancer, it is
being administered at a dose of 340 mg/m?2, in combination with gemcitabine.

Threshold Pharmaceuticals, South San Francisco, CA, in partnership with Merck
KGaA, Darmstadt, Germany

Phase lll trial ongoing; FDA granted orphan drug status

Various
chemotherapies
including 1 or more of
the following:
5-Fluorouracil
Capecitabine
Erlotinib
Gemcitabine
Leucovorin
Oxaliplatin
Nab-paclitaxel

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Hypoxia-activated
DNA alkylating
agent (TH-302) for
treatment of soft
tissue sarcoma

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

Until recently, doxorubicin was the only FDA-approved treatment option for soft
tissue sarcomas (excluding GIST and liposarcomas), and no consensus treatment
exists for patients whose disease has progressed on doxorubicin chemotherapy.
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 purportedly is 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. TH-302 is an intravenous medication administered at
a dose of 300 mg/m?, on days 1 and 8 of a 21-day cycle.

Threshold Pharmaceuticals, South San Francisco, CA, with Merck KGaA,
Darmstadt, Germany

Phase Ill trial ongoing; companies signed agreement in Feb 2012 to codevelop and
commercialize TH-302; FDA granted orphan drug status

Doxorubicin
monotherapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Ibrutinib (Imbruvica)
for treatment of
chronic lymphocytic
leukemia

Patients with
chronic lymphocytic
leukemia (CLL)

Ibrutinib (Imbruvica™) is a small-molecule kinase inhibitor with activity against
Bruton’s tyrosine kinase (Btk). Btk is essential for transduction of the B-cell receptor
(BCR) signaling pathway, and many B-cell malignancies, including CLL, purportedly
depend on BCR signaling for survival; therefore, its inhibition may be of therapeutic
benefit in patients with these conditions. lbrutinib is under study in patients with
various stages of CLL, including recurrent/refractory CLL and in patients aged 65
years or older with newly diagnosed CLL. In trials, ibrutinib is orally administered at
a once-daily dosage of 560 mg.

Pharmacyclics, Inc., Sunnyvale, CA, in partnership with the Janssen Biotech unit of
Johnson & Johnson, New Brunswick, NJ

Phase lll trials ongoing; FDA granted orphan drug and breakthrough therapy
statuses; FDA granted accelerated approval Feb 2014 for treating patients with
"chronic lymphocytic leukemia (CLL) who have received at least 1 prior therapy";
supplemental new drug application for full approval submitted and granted priority
review by FDA with a decision date of Oct 7, 2014

For patients with
recurrent/refractory
CLL:

Various chemotherapy
regimens (e.g.,
bendamustine plus
rituximab, ofatumumab)
For patients aged 65
years or older with CLL:
1 or more of the
following:
Alemtuzumab
Bendamustine
Chlorambucil
Cladribine;
Cyclophosphamide
Prednisone

Also:

Fludarabine
Lenalidomide
Rituximab

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Ibrutinib (Imbruvica)
for treatment of
diffuse large B-cell
lymphoma

Patients with newly
diagnosed the
nongerminal-center
B-cell (GCB)
subtype of diffuse
large B-cell
lymphoma
(DLBCL)

Although the majority of patients with DLBCL respond to standard 1st-line
chemotherapy, some patients' disease is resistant to this therapy and a significant
number of patients experience relapse after an initial response. Many B-cell
malignancies purportedly depend on B-cell receptor (BCR) signaling for survival. In
particular, preclinical studies have demonstrated the dependence of the non-GCB
subtype of DLBCL on BCR signaling for survival. Bruton's tyrosine kinase (Btk) is
essential for transduction of the BCR signaling pathway; therefore, its inhibition may
be of therapeutic benefit in these patients. In trials for treating non-GCB DLBCL,
ibrutinib (Imbruvica™) has been administered in a once-daily, oral dose of 560 mg in
combination with standard 1st-line chemotherapy (rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone).

Pharmacyclics, Inc., Sunnyvale, CA, in partnership with the Janssen Biotech unit of
Johnson & Johnson, New Brunswick, NJ

Phase lll trial ongoing

Combination therapy
with rituximab,
cyclophosphamide,
doxorubicin, vincristine,
and prednisone

Increased overall
survival

Increased
progression-free
survival

Increased disease-
free survival
Improved quality of
life
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Ibrutinib (Imbruvica)
for treatment of
mantle cell
lymphoma

Patients with newly
diagnosed or
recurrent/refractory
mantle cell
lymphoma (MCL)

Although patients with MCL frequently respond to initial chemotherapy treatment,
the disease eventually progresses in most patients. Median overall survival is
between 5 and 7 years. lbrutinib (Imbruvica™) is a small-molecule kinase inhibitor
with activity against Bruton’s tyrosine kinase (Btk). Btk is essential for transduction
of the B-cell receptor (BCR) signaling pathway, and many B-cell malignancies
(including MCL) purportedly depend on BCR signaling for survival; therefore, its
inhibition may be of therapeutic benefit in patients with MCL. In trials, ibrutinib has
been orally administered at a once-daily dose of 560 mg.

Pharmacyclics, Inc., Sunnyvale, CA, in partnership with the Janssen Biotech unit of
Johnson & Johnson, New Brunswick, NJ

Phase Il trials ongoing in newly diagnosed and recurrent/refractory MCL; FDA
approved Nov 2013 for patients with MCL who have received at least 1 prior
therapy

Various
chemotherapies
including 1 or more of
the following:
Bendamustine
Bortezomib
Cyclophosphamide
Etoposide
Fludarabine
Lenalidomide
Mitoxantrone
Pentostatin
Procarbazine
Rituximab
Temsirolimus

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Ibrutinib (Imbruvica)
for treatment of
Waldenstrom's
macroglobulinemia

Patients in whom
Waldenstrom’s
macroglobulinemia
has been
diagnosed

Although several off-label treatments are in use for Waldenstrom's
macroglobulinemia, no treatments are FDA-approved for this indication, and no
standard treatment exists. Ibrutinib (Imbruvica™) is a small-molecule kinase inhibitor
with activity against Bruton's tyrosine kinase (Btk). Btk is essential for transduction
of the B-cell receptor (BCR) signaling pathway, and many B-cell malignancies
(including Waldenstrom's macroglobulinemia) purportedly depend on BCR signaling
for survival; therefore, its inhibition may be of therapeutic benefit in patients with
Waldenstrém's macroglobulinemia. In clinical trials, ibrutinib has been orally
administered at a once-daily dose of 560 mg.

Pharmacyclics, Inc., Sunnyvale, CA, in partnership with the Janssen Biotech unit of
Johnson & Johnson, New Brunswick, NJ

Phase Il trial ongoing; FDA granted breakthrough therapy status Feb 2013

Various chemotherapy
regimens, including:
Bendamustine
Bortezomib
Cladribine
Cyclophosphamide
Dexamethasone
Doxorubicin
Fludarabine
Prednisone
Rituximab
Thalidomide
Vincristine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Idelalisib for Patients in whom Idelalisib inhibits a novel target: phosphoinositide 3-kinase (PI3K) delta, which is a Various chemotherapy Increased overall

treatment of chronic
or small lymphocytic
leukemia

chronic lymphocytic
leukemia (CLL) or
small lymphocytic
leukemia has been
diagnosed

kinase that promotes cell survival, division, and growth. The delta isoform of Class |
PI3K is expressed only in blood cells, and targeted inhibition could treat blood-
based cancers without side effects on other tissues. The drug is under study in
combination with rituximab or rituximab plus bendamustine for previously treated
CLL or small lymphocytic leukemia. In ongoing trials, the drug is administered orally,
150 mg, twice daily.

Gilead Sciences, Inc., Foster City, CA

Phase Ill trials ongoing; FDA granted breakthrough therapy status for treating
relapsed CLL; Dec 2013, Gilead submitted a new drug application to FDA for
treating CLL; FDA has granted the application priority review with a decision date
under the Prescription Drug User Fee Act of Aug 6, 2014

regimens including 1 or
more of the following:
Cyclophosphamide
Doxorubicin
Fludarabine

Ibrutinib
Obinutuzumab
Prednisolone
Rituximab

Vincristine

survival

Increased
progression-free
survival

Improved quality of
life

Idelalisib for
treatment of indolent
non-Hodgkin's
lymphoma

Patients with
previously treated,
indolent, non-
Hodgkin's
lymphoma (NHL)

Indolent NHLs are B-cell malignancies that typically progress slowly; however, they
are seldom cured by chemotherapy and patients' disease frequently develops
resistance to therapies. Idelalisib is a small-molecule inhibitor of phosphoinositide 3-
kinase (PI3K) delta, a kinase that regulates activation, proliferation, and survival of
B cells. In phase Ill clinical trials, idelalisib is being administered orally, at a twice-
daily dose of 150 mg.

Gilead Sciences, Inc., Foster City, CA

Phase lll trials ongoing; company submitted new drug application to FDA Sept
2013; accepted by FDA for review with a decision date in Sept 2014

Regimens including
rituximab monotherapy
or
chemoimmunotherapy
with rituximab and a
chemotherapeutic agent
(e.g., bendamustine,
fludarabine)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Immunomodulatory
peptide (SGX942)
for treatment of
anticancer therapy-

Patients who
develop oral
mucositis (OM) due
to anticancer

OM is a complication commonly experienced by patients undergoing anticancer
therapy (e.g., chemotherapy, radiation therapy). Significant mouth pain is
associated with OM; it makes eating and drinking difficult and impairs quality of life.
Severe cases of OM delay or interrupt treatment. Current therapies for OM, such as

Lidocaine
Narcotics

Decreased pain and
oral side effects
Improved ability to
eat and drink

related mucositis therapies narcotics and lidocaine, have significant side effects and limited efficacy. SGX942 is Improved treatment
a water soluble, 5-amino-acid peptide with anti-inflammatory and anti-infective adherence
properties. It is a member of a novel drug class called innate defense regulators that Improved quality of
target the immune system. SGX942 binds to an intracellular adaptor protein, life
sequestosome-1, or p62, which has a pivotal function in signal transduction during
activation and control of the immune defense system. In clinical trials, it is
administered intravenously over 4 minutes.
Soligenix, Inc., Princeton, NJ
Phase Il trial ongoing; FDA granted fast-track status Jun 2013
Injected hydrogel Patients SpaceOAR™ system (spacing organs at risk) is a hydrogel injected as a liquid that Radiation therapy Reduced radiation-
(SpaceOAR) to undergoing becomes solid in the body and is intended for use during radiation therapy to create | without normal-tissue associated side

protect healthy
tissue during
radiation therapy

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

distance between the targeted tumor and organs at risk of collateral radiation
damage (e.g., displace the rectum from the prostate).

Augmenix, Inc., Waltham, MA
Phase Il pivotal trial ongoing in prostate cancer; Conformité Européene (CE)

marked; in May 2011, Varian Medical Systems, Inc., Palo Alto, CA, invested in
Augmenix with option to buy company

spacer

effects to healthy
tissue

Inotuzumab
ozogamicin for
treatment-refractory
acute lymphoblastic
leukemia

Patients in whom
recurrent or
treatment-
refractory acute
lymphoblastic
leukemia (ALL) has
been diagnosed

Among patients who experience an ALL relapse, only about 30% will achieve long-
term remission with subsequent therapies. Inotuzumab ozogamicin is an antibody-
drug conjugate that links the cytotoxic antibiotic calicheamicin to an antibody
specific for CD22, a marker highly expressed by ALL cells. In clinical trials,
inotuzumab ozogamicin monotherapy is administered once weekly, by intravenous
infusion.

Pfizer, Inc., New York, NY

Phase Il trial ongoing; FDA granted orphan drug status

Various combinations of
the following
chemotherapy agents:
Anthracyclines
Asparaginase
Cyclophosphamide
Cytarabine (ara-C)
Epipodophyllotoxins
Vincristine

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Ipilimumab (Yervoy)
for treatment of
advanced nonsmall
cell lung cancer

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

The 5-year survival rate for patients with advanced NSCLC is less than 15% with
current treatments. Ipilimumab (Yervoy™) is a 1st-in-class, cytotoxic T-lymphocyte
antigen 4 (CTLA-4)-targeted immunotherapy. By blocking the activity of CTLA-4,
ipilimumab may increase antitumor cytotoxic activity (reduce immune tolerance to
tumor cells). This agent is being tested as 1st-line treatment as part of combination
therapy with carboplatin and paclitaxel. Ipilimumab is administered at a dosage of
10 mg/kg, intravenously, once every 3 weeks for 4 doses, then once every 12
weeks beginning at week 24.

Bristol-Myers Squibb, New York, NY

Phase Ill trial ongoing

Combination
chemotherapy (e.g.,
pemetrexed plus
cisplatin)

Targeted
immunotherapy (e.g.,
bevacizumab,
cetuximab)

Targeted therapy (e.g.,
crizotinib/ceritinib [if
ALK+], afatinib/erlotinib
[if EGFR mutation+])

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Ipilimumab (Yervoy)
for treatment of
metastatic hormone-
refractory prostate
cancer

Patients in whom
metastatic,
chemotherapy-
naive 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). Ipilimumab is administered by intravenous
infusion at a dose of 10 mg/kg. Treatment consists an induction phase (4 doses, 1
every 3 weeks) followed by a maintenance phase (1 dose every 12 weeks).

Bristol-Myers Squibb, New York, NY

Phase lll trial in chemotherapy-naive patients ongoing; Sept 2013, company
announced phase Ill trial did not meet primary endpoint of improving overall survival
in patients who had previously undergone docetaxel therapy; next steps being
considered

Abiraterone
Docetaxel
Enzalutamide
Radium-223
Sipuleucel-T

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Ipilimumab (Yervoy)
for treatment of
small cell lung
cancer

Patients in whom
extensive-disease
small cell lung
cancer (SCLC) has
been newly
diagnosed

Patients with advanced SCLC have extremely low survival rates with current
treatments. Ipilimumab (Yervoy™) is a cytotoxic T-lymphocyte antigen 4 (CTLA-4)-
targeted immunotherapy previously approved for treating metastatic melanoma. By
blocking the activity of CTLA-4, ipilimumab may increase antitumor cytotoxic activity
and reduce immune tolerance to tumor cells. This agent is being tested as a 1st-line
treatment in combination with etoposide and platinum therapy. Ipilimumab is
administered at a dose of 10 mg/kg, intravenously, once every 3 weeks for 4 doses,
then once every 12 weeks beginning at week 24.

Bristol-Myers Squibb, New York, NY

Phase lll trial ongoing

Etoposide and platinum
therapy (cisplatin or
carboplatin)

Radiation therapy

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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(NanoKnife) for
treatment of
hepatocellular
carcinoma

stage
hepatocellular
carcinoma (HCC)
that is not
surgically
resectable

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 presence 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 induce 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 treating HCC,
irreversible electroporation is performed in a minimally invasive laparoscopic
procedure.

AngioDynamics, Latham, NY

Unphased trial ongoing; FDA cleared for surgical ablation of soft tissue but not for
any cancer indication; some cancer centers using off label

Topic Title Potential Patient Intervention Potential Comparators Potential Health
Population Developer/Manufacturer(s) or Other Impacts
Phase of Development
Irreversible Patients with early- | Surgical resection and/or ablation of locally advanced tumors is the only potentially Cryotherapy Increased overall
electroporation curative treatment option for patients with HCC. However, many patients are not RF ablation survival

Increased clinical
downstaging to
surgically
resectable tumor
Improved adverse
event profile
Improved quality of
life
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Irreversible Patients with locally | Surgical resection and/or ablation of locally advanced tumors is the only potentially Cryotherapy Increased overall
electroporation advanced curative treatment option for patients with pancreatic cancer. However, many RF ablation survival

(NanoKnife) for
treatment of
pancreatic cancer

pancreatic cancer
that is not
resectable by
surgery

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 presence 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 induce 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
treating pancreatic cancer, irreversible electroporation may be performed in an open
surgical or minimally invasive laparoscopic procedure.

AngioDynamics, Latham, NY

Various phase trials ongoing; FDA cleared for surgical ablation of soft tissue but not
for any cancer indication; some cancer centers using off label

External beam radiation
therapy

Increased rate of
clinical downstaging
to surgically
resectable tumor
Improved adverse
event profile
Improved quality of
life

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 the agent
have few treatment options and a poor prognosis. Lenvatinib (E7080) is a small-
molecule multikinase inhibitor with activity against multiple tyrosine kinases involved
in signaling pathways that regulate cell growth, proliferation, and angiogenesis (e.g.,
vascular endothelial growth factor receptors 2 and 3). In a late-phase clinical trial,
lenvatinib is given orally as a once-daily dose of 24 mg.

Eisai Co., Ltd., Tokyo, Japan

Phase lll trial ongoing; Eisai announced trial met its primary endpoint of improving
progression-free survival; FDA granted orphan drug status Feb 2013

Pazopanib (off label)
Sorafenib
Sunitinib (off label)

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life
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Lestaurtinib for
treatment of infantile
acute lymphoblastic
leukemia

Infants in whom
acute
lymphoblastic
leukemia (ALL) has
been diagnosed

The remission rate for infants with ALL is high; however, for a certain percentage of
patients, the disease does not respond to treatment. Lestaurtinib is a small-
molecule inhibitor of FMS-like tyrosine kinase 3 (FLT-3), a signaling molecule that
promotes cell proliferation and survival in several hematologic malignancies.
Although FLT-3 amplification or activating mutation is rare in adult ALL, a significant
fraction of infant ALL cases harbor such genetic changes, and FLT-3 activity may
contribute to ALL pathogenesis. Lestaurtinib is, therefore, being investigated as an
addition to current 1st-line ALL treatment regimens. In clinical trials, lestaurtinib is
administered orally, once daily, at an unspecified dose during postinduction
chemotherapy.

National Cancer Institute, Bethesda, MD

Phase Il trial ongoing

Multiagent
chemotherapy regimens
lacking lestaurtinib

Increased overall
survival

Increased
progression-free
survival

Improved quality of
life

Leukocyte
interleukin
(Multikine) immune
therapy for head and
neck cancer

Patients in whom
head and neck
cancer has been
diagnosed

Advanced head and neck cancer has a poor prognosis and high recurrence rate,
suggesting the need for novel treatment options. Multikine (leukocyte interleukin
injection) is a mix of immune stimulators (tumor necrosis factor, interleukin-1, other
cytokines) that is intended to be delivered before conventional treatment (surgery,
radiotherapy, chemotherapy). In a clinical trial, Multikine is administered before
standard of care therapy in treatment-naive patients. The manufacturer asserts that
this is when the immune system is best able to mount an immune response.
Multikine will be administered at a dose of 400 IU, delivered by injection directly to
the tumor and nearby lymph nodes, 5 times a week for 3 weeks. This agent will be
administered in combination with low non-chemotherapeutic doses of
cyclophosphamide, indomethacin, and zinc (ClZ).

CEL-SCI Corp., Vienna, VA, in partnership with Ergomed Clinical Research, Ltd.,
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Surgical resection and
chemoradiation therapy
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Phase of Development
Liposome Patients with Only about 25% of patients with metastatic pancreatic cancer have disease that Capecitabine Increased overall

encapsulated
irinotecan for
treatment of
pancreatic cancer

metastatic
pancreatic cancer
previously treated
with gemcitabine

responds to 1st-line therapy with gemcitabine; patients have a poor prognosis with
current 2nd-line treatment options. Irinotecan (MM-398) 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 agueous solutions and liposomal encapsulation might
protect the drug from this hydrolysis. Combination therapy with 5-fluorouracil (5-FU)
and leucovorin is being investigated, as well as monotherapy, in the 2nd-line
setting. In clinical trials, irinotecan is being administered by intravenous infusion at a
