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OVERVIEW

This year’s To-Market-To-Market chapter provides summaries for 26
new molecular entities (NMEs) that received first time approval world-wide
in 2011." Nineteen of these NMEs received their first approval in the United
States. Three of the remaining first-time NMEs are from the European
Union (EU), two are from Japan, one is from China, and one is from South
Korea. It is noteworthy that the U.S. Food and Drug Administration (FDA)
approved a total of 30 NMEs in 2011, a considerable increase from 21
approvals in 2010 and the highest number of approvals since 2004.> This total
includes the 19 U.S.-approved NMEs covered in this chapter and 6 NMEs
previously approved outside the United States, with the remainder being
agents such as vaccines and imaging agents that are outside the scope of this
chapter. Twenty one of the NMEs covered in the 2011 To-Market-To-
Market chapter are small molecules and five are biologic agents. Anticancer
agents topped the list in 2011 with seven first-time NMEs in total, of which
five are small molecules and two are biologic agents. In the infectious disease
area, three antiviral agents and one antibacterial agent were approved. There
were three first-time NME drug approvals each for central nervous system,
cardiovascular, and endocrine diseases. There were also three approvals in
the immunology therapeutic area, with one small molecule and two biologic
agents. The remaining NMEs include a biologic agent for macular degener-
ation, a small molecule for the rare disease transthyretin familial amyloidosis,
and a small molecule for urinary incontinence. The following overview is
organized by therapeutic area, with drugs covered in this year’s chapter
described first, followed by additional approvals that are of interest but not
covered in detail.

Four of the five small molecules approved in the anticancer area are
kinase inhibitors. Crizotinib (Xalkori®) is an ATP competitive, dual
inhibitor of tyrosine kinases c-MET (mesenchymal—epithelial transition fac-
tor) kinase and anaplastic lymphoma kinase (ALK). The U.S. FDA approved
crizotinib for the treatment of non-small-cell lung cancer at 250 mg admin-
istered orally twice daily. Ruxolitinib (Jakafi®) is the first approved oral
inhibitor of JAK1 and JAK2 for the treatment of patients with intermediate
or high-risk myelofibrosis. Ruxolitinib was approved in the U.S. at a rec-
ommended dose of 20 mg administered orally twice daily. Vandetanib
(Caprelsa®) is an oral tyrosine kinase inhibitor that was approved by the
U.S. FDA at 300 mg once daily for the treatment of symptomatic or
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progressive medullary thyroid cancer (MTC) in adult patients with inoper-
able advanced or metastatic disease. Vemurafenib (Zelboraf ®) is an inhibitor
of B-raf kinase that is specifically recommended for the treatment of patients
with the BRAFY*""" mutation. Along with the human monoclonal anti-
body ipilimumab, vemurafenib is the second approved therapy in 2011
for the treatment of metastatic melanoma. The U.S. FDA approved
vemurafenib at 960 mg administered orally twice daily for the treatment
of patients with metastatic melanoma, as detected by the cobas 4800 BRAF
V600 mutation test. Abiraterone acetate (Zytiga®) inhibits CYP17, a key
enzyme in androgen biosynthesis, and is the third approved therapy in
the past 2 years for the treatment of metastatic castration-resistant prostate
cancer (mCRPC). The U.S. FDA approved abiraterone acetate for the
treatment of mCRPC at 1000 mg once daily orally in combination with
prednisone. Abiraterone acetate joins two therapies approved for prostate
cancer in 2010, sipuleucel-T and cabazitaxel. The two biologic agents ap-
proved for cancer therapy are brentuximab (Adcetris'™) and ipilimumab
(Yervoy®). Brentuximab verdotin is an antibody—drug conjugate that binds
to CD30 positive tumor cells and delivers the microtubule inhibitor mono-
methyl auristatin E (MMAE). It was approved as an intravenous infusion by
the U.S. FDA for treatment of last-line Hodgkin’s lymphoma (HL) and sys-
temic anaplastic large cell leukemia (ALCL). Ipilimumab is an
immunostimulatory antibody that was approved by the U.S. FDA as an in-
travenous infusion for treatment of unresectable or metastatic melanoma.
The antibody augments host immune responses by blocking negative signal-
ing mediated by the T cell surface molecule CTLA-4. The U.S. FDA also
approved the orphan drug Erwinaze (asparaginase Enwinia chrysanthemi) as a
component of a multiagent regimen for the treatment of patients with acute
lymphoblastic leukemia who have developed hypersensitivity to the E. coli-
derived enzyme.” Erwinaze is an enzyme that breaks down asparagine,
which is essential for cell survival. Leukemia cells cannot produce this amino
acid, whereas normal cells are able to make enough asparagine to survive.
In the infectious diseases area, boceprevir (Victrelis®) and telaprevir
(Incivek®) were the first hepatitis C virus (HCV) NS3-4A protease inhib-
itors approved for the treatment of HCV infection. Boceprevir is a pep-
tidomimetic HCV NS3-4A protease inhibitor that binds covalently, but
reversibly, to the active site serine. The approved dose of boceprevir is
800 mg given orally three times daily in combination with peginterferon
alfa plus ribavirin. The peptidomimetic telaprevir likewise acts as a cova-
lent, reversible, inhibitor of HCV protease. The recommended dosage of
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telaprevir (Incivek) is 750 mg taken orally three times a day with food in
combination with peginterferon alfa plus ribavirin. For treatment of human
immunodeficiency virus (HIV) infection, the non-nucleoside reverse tran-
scriptase (RT) inhibitor rilpivirine (Edurant®) was approved as a 25-mg
oral tablet to be taken once daily with a meal in combination with other
antiretroviral agents. The U.S. FDA also approved the specific three-drug
combination Complera®, a fixed dose combination of rilpivirine (25 mg)
with emtricitabine (200 mg) and tenofovir (300 mg) to be given once daily
taken orally with meals.” The macrolide natural product fidaxomicin
(Dificid®) was approved by the U.S. FDA as an oral agent for the treatment
of Clostridium difficile-associated diarrhea. The recommended dose is
200 mg twice daily for a treatment course of 10 days. There is a lower rate
of recurrence of C. difficile infections (CDI) with fidaxomicin compared
with other agents.

In the cardiovascular area, first-time approvals were achieved in 2011 for
apixaban (Eliquis®) and edoxaban (Lixiana®), two antithrombotic drugs that
act as direct inhibitors of Factor Xa (FXa), an enzyme with a central role in
producing thrombin by both the intrinsic and extrinsic pathways of blood co-
agulation. The first approved FXa inhibitor was rivaroxaban (Xarelto®), which
received EU approval in 2008 and, more recently, was approved in the United
States in 2011 with a recommended dose of 10 mg once daily to reduce the risk
of blood clots, deep vein thrombosis (DVT), and pulmonary embolism (PE)
following knee or hip replacement surgery. Apixaban was approved in the
EU for prevention of venous thromboembolic events (VTE) in adult patients
who have undergone elective hip or knee replacement surgery. The rec-
ommended dose is 2.5 mg given orally twice daily. Edoxaban was approved
in Japan at doses of 15 and 30 mg once daily for the prevention of venous
thromboembolism after major orthopedic surgery. For lowering blood pressure
in patients with hypertension, azilsartan medoxomil (Edarbi®), a potent and se-
lective angiotensin II receptor antagonist, was approved by the U.S. FDA at 40
and 80 mg once daily. In late 2011, the U.S. FDA approved Edarbyclor'™, a
fixed dose combination of azilsartan medoxomil and the diuretic chlorthalidone
in a once-daily, single tablet for patients with hypertension.” The recommended
starting dose of Edarbyclor is 40 mg azilsartan medoxomil combined with
12.5 mg chlorthalidone; the maximum dose is a 40/25-mg azilsartan
medoxomil/chlorthalidone combination.

In the endocrine disease therapeutic area, there were approvals for
treatment of diabetes, erectile dysfunction (ED), and osteoporosis.
Linagliptin (Tradjenta®) is an inhibitor of dipeptidyl peptidase-4 (DPP-4)
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that was approved by the U.S. FDA to treat Type 2 diabetes along with
diet and exercise. The recommended dose of linagliptin is 5 mg given orally
once daily. Tradjenta® is the fifth marketed inhibitor of DPP-4. In 2011, the
U.S. FDA approved Juvisync®, the first fixed-dose combination of a DPP-4
inhibitor (sitagliptin) with a cholesterol-lowering agent (simvastatin) for use
in adults who need both agents.” Tablets containing different doses of
sitagliptin and simvastatin in fixed-dose combination were developed to
meet the different needs of individual patients. The type 5 phosphodiesterase
(PDES5) inhibitor avanafil (Zepeed) was approved in South Korea for the
treatment of ED at doses of 100 and 200 mg. Avanafil is reported to have
a fast onset of action and to be the most selective PDES inhibitor on the mar-
ket. The vitamin D analogue eldecalcitol (Edirol®) was approved in Japan
for once daily oral treatment of osteoporosis at 0.5 and 0.75 pg doses.
Eldecalcitol binds more potently to the vitamin D receptor than calcitrol,
the active form of vitamin D.

Approvals in the central nervous system therapeutic area cover a range
of disorders, including epilepsy, depression, and restless legs syndrome
(RLS). Retigabine was approved in early 2011 in the EU (Trobalt) and
in mid-2011 in the U.S. (Ezogabine/Potiga™™) for the adjunctive treat-
ment of partial-onset seizures in adults who have epilepsy. Retigabine acts
as a selective positive allosteric modulator of KCNQ2-5 potassium chan-
nels, which are key regulators of neuronal excitability. The recommended
dose of retigabine is 300 mg/day tid increasing by 150 mg/day tid in
1-week intervals up to 600 mg/day tid to 1200 mg/day tid depending
on tolerability. Vilazodone (Viibryd®), a novel antidepressant agent
that combines potent serotonin reuptake inhibition with partial agonist
functional activity at 5-HT1A receptors, was approved in the U.S. for
the treatment of major depressive disorder (MDD). The recommended
dose of vilazodone is 40 mg once daily following titration from 10 mg
for 7 days to 20 mg for 7 days. Gabapentin enacarbil (Horizant®), a novel
prodrug of gabapentin, was approved in the U.S. for the treatment of
moderate-to-severe RLS in adults. The recommended dose is 600 mg
taken orally once daily taken with food at about 5 p.m. Although
gabapentin has shown evidence of efficacy in RLS, its mechanism of action
remains unclear.

In the immunology area, first-time NMEs were approved for organ trans-
plant rejection, lupus, and rheumatoid arthritis (R A). Belatacept (Nulojix®), a
recombinant fusion protein that blocks CD28-mediated T-cell costimulation,
is a selective immunosuppressive that was approved by the U.S. FDA for
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prophylactic prevention of rejection in kidney transplant recipients.
Belatacept is formulated as a lyophilized powder for intravenous infusion
and is dosed at 10 mg/kg during an initial phase and 5 mg/kg during a main-
tenance phase. Belimumab (Benlysta®), a monoclonal antibody that binds to
human B lymphocyte stimulator protein, became the first new drug approved
by the U.S. FDA in over 50 years for treating the autoimmune disease sys-
temic lupus erythematosus (SLE). The soluble factor neutralized by
belimumab stimulates cell proliferation and antibody secretion in B lineage
cells. Belimumab is formulated as a lyophilizate for intravenous infusion,
and 1s administered as a 1-h infusion at 10 mg/kg every 2 weeks for the first
three doses, followed by a maintenance regimen of 10 mg/kg every 4 weeks.
Iguratimod (Iremod) was approved in China as an oral, disease modifying an-
titheumatic drug (DMARD) for treatment of RA, taken orally at 25 mg twice
daily. Iguratimod inhibits PGE, production and COX-2 m-RINA expression
in cultured fibroblasts.

Additional approvals in 2011 include drugs for macular degeneration,
a rare amyloidosis disease and urinary incontinence. The recombinant
fusion protein aflibercept (Eylea®), administered as an intravitreal injec-
tion, was approved in the U.S. for treatment of patients with neovascular
(wet) age-related macular degeneration (AMD). Aflibercept acts as a sol-
uble decoy receptor that binds all VEGF isoforms more tightly than their
native receptors, thereby diverting VEGF from its normal function. The
recommended dose for aflibercept is 2 mg administered by intravitreal in-
jection every 4 weeks for the first 3 months, and then every 8 weeks there-
after. Tafamidis meglumine (Vyndaqel®) was approved in the EU for the
treatment of Transthyretin Familial Amyloid Polyneuropathy (TTR-FAP)
in adult patients with stage 1 symptomatic polyneuropathy. It is the first
approved medicine for TTR-FAP, which is a rare, progressive, and fatal
disorder characterized by neuropathy, cardiomyopathy, renal failure,
and blindness. Tafamidis has a novel mechanism of action in that it stabi-
lizes both the wild type and mutant forms of the transthyretin tetramer and
prevents tetramer dissociation by noncooperatively binding to the two
thyroxine binding sites. The recommended dose of tafamidis is 20 mg
orally once daily. Mirabegron (Betanis®) was approved in Japan for the
treatment of urgency, urinary frequency, and urinary urge urinary incon-
tinence associated with overactive bladder (OAB). Mirabegron activates
the PB3-adrenoceptor (3-AR) receptor, which is located on the bladder
and involved in bladder smooth muscle relaxation. The recommended
dose of mirabegron is 50 mg once daily.
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1. ABIRATERONE ACETATE (ANTICANCER)” 4

Class: Cytochrome P450 17A inhibitor
Country of origin: United Kingdom

Originator: Institute of Cancer Research, London
First introduction: United States

Introduced by: Janssen Biotech Inc.

Trade name: Zytiga®

CAS registry no: 154229-18-2

Molecular weight: 391.55

In April 2011, the United States FDA approved abiraterone acetate
(CB7630) in combination with the steroid prednisone for the treatment
of metastatic castration-resistant prostate cancer (mCRPC) for patients
who were previously treated with a docetaxel containing regimen for
late-stage disease. Prostate cancer is the leading cause of cancer death in
American men: 2010 statistics from the U.S. National Cancer Institute in-
dicate that ~ 220,000 men were diagnosed with prostate cancer.” Chemo-
therapeutic options include docetaxel-based therapy with a median survival
time of ~ 18 months. Surgical castration by androgen deprivation therapy is
the cornerstone treatment for advanced prostate cancer. Although tumor
growth is initially blocked, patients eventually develop disease progression
resulting in a lethal drug resistant stage called castration-resistant prostate
cancer (CRPC). However, many patients with CRPC respond to admin-
istration of secondary hormonal manipulations suggesting tumors are still
dependent on the androgen receptor (AR) for signaling. Abiraterone acetate
affects prostate, testicular, and adrenal androgens by irreversibly inhibiting
both the lyase and hydroxylase activity of cytochrome P450 17A
(CYP17) signaling pathways (ICs5q, of 2.9 and 4 nM, respectively) thereby
decreasing testosterone levels.*” The 16,17-double bond of the steroid
scaffold of abiraterone acetate imparts irreversible binding to CYP17,
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while the 3-pyridyl substitution confers specificity in binding to CYP17."”

Abiraterone was developed as a prodrug (abiraterone acetate) to improve its
bioavailability—the acetate moiety is rapidly cleaved in vivo leading to the
generation of abiraterone. The key step in a reported large-scale synthesis
of abiraterone acetate'' involves a palladium-catalyzed cross coupling
reaction between diethyl(3-pyridyl)borane and a vinyl iodide derived
from dehydroepiandrosterone. Preclinical in vivo studies in mice indicated
that abiraterone acetate reduced plasma testosterone to less than
0.1 nmol/L despite a three- to fourfold increase in the plasma levels of
luteinizing hormone. There were no significant adrenal weight changes
suggesting no significant inhibition of corticosterone production or a
compensatory increase in the adrenocorticotropic hormone.'”

In Phase I clinical trials, it was shown that abiraterone acetate is rapidly
absorbed and deacetylated in the liver to abiraterone. There was a
nonlinear increase in AUC and C,,,,, with increasing doses. The mean ter-
minal half-life was 10.3 h and clearance in fed state was 307 L/h.
Coadministration of abiraterone acetate with food led to significant in-
creases in both C,,,, and AUC. Abiraterone acetate is highly protein
bound (>99%) and has a steady-state Vss (mean+SD) of
19,669 1+13,358 L. The safety and efficacy of abiraterone acetate was
assessed in randomized, placebo-controlled multicenter Phase IIT trials
in patients with mCRPC who had received prior chemotherapy con-
taining docetaxel. A total of 1195 patients were randomized 2:1 to receive
either abiraterone acetate (1000 mg once daily, oral dosing) in combina-
tion with prednisone (5 mg, twice daily, oral dosing) or placebo (once
daily) plus prednisone (5 mg, twice daily, oral dosing). The median overall
survival (OS) (primary end point) was 15.8 months for patients in the
abiraterone acetate treatment group compared to 11.2 months for patients
in the placebo group. Interim analysis of prostate-specific antigen (PSA)
progression (secondary end point) clearly showed the superiority of
abiraterone acetate compared to placebo (10.2 months compared to 6.6
months). The PSA response rate was also high: 29% compared to 6%
for placebo.'” Most common serious adverse events for abiraterone acetate
versus placebo included fluid retention (30.5% vs. 22.3%), hypokalemia
(17.1% vs. 8.4%), hypertension (9.7% vs. 7.9%), hepatic transaminase
abnormalities (10.4% vs. 8.1%), and cardiac abnormalities (13.3% vs.
10.4%)."* The recommended dose of abiraterone acetate is 1000 mg
administered orally once daily in combination with prednisone 5 mg
administered orally twice daily.
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2. AFLIBERCEPT (OPHTHALMOLOGIC, MACULAR
DEGENERATION)"> 22

Class: Recombinant fusion protein

Country of origin: United States

Originator: Regeneron Pharmaceuticals

First introduction: United States

Introduced by: Regeneron Pharmaceuticals

Trade name: Eylea®

Expression system: Recombinant Chinese hamster ovary CHO-cell line
CAS registry no: 862111-32-8

Molecular weight: ~115 kDa

In November 2011, the U.S. FDA approved the recombinant fusion
protein aflibercept, administered as an intravitreal injection, for the treat-
ment of patients with neovascular (wet) age-related macular degeneration
(AMD)." Macular degeneration results from damage to the macula, the
part of the eye responsible for sharp, detailed central vision.'© AMD,
which is the most common cause of vision loss in people over 60, is clas-
sified as nonneovascular (dry) or neovascular (wet). All cases of AMD be-
gin as the dry form, but 10% progress to the wet form. Wet AMD results
from abnormal growth of blood vessels in the retina. Damage due to leak-
age of blood and fluid can occur rapidly and lead to scarring of the retina
and severe central vision loss. About 200,000 new cases of wet AMD are
diagnosed each year in North America; the U.S. National Eye Institute
estimates that the prevalence of advanced AMD will grow to nearly 3 mil-
lion by 2020.'® One approach for treatment of AMD involves inhibition
of vascular endothelial growth factor (VEGF), which plays a key role in
ocular neovascularization (angiogenesis).'” Previously approved anti-
VEGEF agents developed for ophthalmic use are pegaptanib, an aptamer
targeting the VEGF45 isoform, and ranibizumab, a recombinant
VEGF-specific antibody fragment. In addition, the anticancer agent
bevacizumab (Avastin), a monoclonal VEGF-specific antibody, has been
used off-label to treat wet AMD. Aflibercept differs from these agents
in that it acts as a soluble decoy receptor that binds all VEGF isoforms
more tightly than their native receptors, thereby diverting VEGF from
its normal function.'® Aflibercept consists of a fusion of the second Ig
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domain of human VEGF receptor 1 and the third Ig domain of human
VEGEF receptor 2 fused to the constant region of (Fc) of human immu-
noglobulin G1. Aflibercept is a dimeric glycoprotein with a protein mo-
lecular weight of 97 kDa and glycoside molecular weight of 18 kDa. It is
produced in recombinant Chinese hamster ovary (CHO) cells that over-
express the fusion protein. Aflibercept has subpicomolar affinity for
VEGF-A (Kp=0.66 pM for VEGF-A 45 and 0.19 pM for VEGF-Ay,),
the major driver of pathological angiogenesis and vascular leak in wet
AMD."? Ranibizumab and bevacizumab bind VEGF-A 45 with lower af-
finity (Kp=20.6 and 35.1 pM, respectively). In addition, the association
rate for aflibercept binding to VEGF-A was orders of magnitude faster
than for ranibizumab and bevacizumab.

Following intravitreal administration of aflibercept to patients with wet
AMD, the C,,, of free aflibercept in plasma was 0.02 pg/mL, with a T}, of
1-3 days.”” Aflibercept was undetectable in the plasma after 2 weeks. The
safety and efficacy of aflibercept in patients with wet AMD were evaluated
in two 52-week randomized, double-masked, active-controlled studies
(VIEW-1 and VIEW-2 trials).””*' The primary endpoint was the
proportion of patients who maintained vision, as defined by losing fewer
than 15 letters on the best corrected visual acuity (BVCA) scale.
A secondary endpoint was the change in BVCA from baseline as
measured by a letter score. Aflibercept was dosed intravitreally in one of
three regimens: 2 mg every 4 weeks followed by 2 mg every 8 weeks,
2mg every 4 weeks, or 0.5mg every 4 weeks. The active control
ranibizumab was given at 0.5 mg every 4 weeks. Efficacy results for
either 2 mg dose regimen of aflibercept were equivalent to ranibizumab
in both the primary and secondary endpoints. The proportions of patients
that maintained visual acuity were 94% in VIEW-1 and 95% in VIEW?2
for aflibercept at 2 mg every 4 weeks followed by 2 mg every 8 weeks;
the same response rate was seen with ranibizumab at 0.5 mg every week.
The most common adverse events (>5%) for aflibercept were similar to
those for ranibizumab and included conjunctival hemorrhage (25%), eye
pain (9%), cataract (7%), vitreous detachment (6%), vitreous floaters (6%),
and increased ocular pressure (5%). The incidence of immunoreactivity
to aflibercept was similar before and after treatment for 52 weeks (1-3%).
The recommended dose for aflibercept is 2 mg administered by
intravitreal injection every 4 weeks for the first 3 months, and then every
8 weeks thereafter. Aflibercept is also undergoing extensive evaluation as
an anticancer agent.””
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3. APIXABAN (ANTITHROMBOTIC)?337

Class: Factor Xa inhibitor
Country of origin: United States
Originator: Bristol Myers Squibb Company
First introduction: European Union
Introduced by: Bristol-Myers Squibb Company and Pfizer Inc.
Trade name: Eliquis®
CAS registry no: 503612-47-3
Molecular weight: 459.5

o}

HoN

Eliquis® (apixaban), a direct inhibitor of factor Xa (FXa), was approved by
the European Commission on May 18, 2011 for prevention of venous throm-
boembolic events (VTE) in adult patients who have undergone elective hip or
knee replacement surgery. VTE, a condition characterized by clot formation in
a vein, is a potentially lethal and debilitating cardiovascular condition. VTE is
the third most common cardiovascular disease after stroke and acute coronary
syndrome (ACS) and can result from hereditary conditions, acquired risk fac-
tors, and surgery. Both deep vein thrombosis (DVT) and pulmonary embolism
(PE) are disease conditions of VTE. DVT describes clot formation in the veins
of the legs and pelvis. PE results when a dislodged clot migrates to the veins in
the lungs. Hip or knee replacement surgery greatly increases the risk of DVT by
40-60% with the risk of VTE persisting 3 months post surgery.” >
Anticoagulant prophylaxis after surgery reduces the risk of VTE, with studies
showing the duration of prophylaxis treatment as an important factor to

25,26 .
’ Warfarin, low-molecular-

reducing the incidence and severity of DVT.
weight heparins (LMWH), and fondaparinux are approved agents used for

the prophylaxis of VTE, but these drugs have some limitations. Warfarin has
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anarrow therapeutic window resulting in the need for frequent monitoring and
dose adjustments and requires careful diet control. LMWHs require injection
with the timing of administration being important to reduce surgical bleeding
complications.”” FXa is a blood coagulation cascade serine protease that
converts prothrombin to thrombin, setting in motion the formation of fibrin
which is then cross-linked to form a fibrin rich clot. After vascular injury,
the extrinsic pathway of blood coagulation is initiated by tissue factor
binding to FVII to generate FVIIa. The resultant tissue factor—FVIla
complex cleaves a single amino acid from the heavy chain of FX to
produce FXa. The assembly of FVa, FXa, and calcium ions on a
phospholipid membrane (the tenase complex) then converts
prothrombin to thrombin. This initially generated thrombin amplifies
the coagulation cascade by converting FV to FVa, FXIII to FXIIla, and
FXI to FXlIa. The activation of FXla initiates the intrinsic pathway
which leads to increased concentration of FXa, thrombin, and FIXa. The
resulting increase in thrombin production accelerates the formation of
fibrin.”® ! With the central role of FXa in producing thrombin by both
the intrinsic and extrinsic pathways of blood coagulation established and
with the favorable results from pharmacological studies using selective
peptide inhibitors isolated from bats, ticks, and snakes, efforts to identify
drug inhibitors of FXa were initiated.”” The discovery of apixaban was
the culmination of a succession of novel and innovative medicinal
chemistry discoveries starting with the identification of nonpeptide
leads, rational drug design using computer-aided and X-ray
crystallographic information, and the building of drug-like properties
through the systematic replacement of basic groups with neutral
moieties. One remarkable finding was the discovery of exquisitely
potent picomolar inhibitors with high selectivity over other serine
proteases in the blood coagulation cascade.” Apixaban arose from
modifications to razaxaban by constraining a pyrazole amide to form a
bicyclic pyrazolo-pyridinone scaffold. Optimization of the P1 group
resulted in the identification of the nonbasic methoxy phenyl group,
while a P4 piperidinone improved the balance of potency and
pharmacokinetics with low Vdss. The synthesis of apixaban begins with
the generation of a hydrazone of 4-methoxyaniline which is then used in
a 342 cycloaddition with a dihydropiperidinone to form a bicyclic
pyrazolo-pyridinone scaffold. The distal piperidinone group is installed
using an Ullmann coupling reaction followed by aminolysis of an ethyl
ester on the pyrazole ring to complete the synthesis of apixaban.
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Apixaban inhibits human FXa with a K; =80 pM. After oral administration
in a dog PK study, apixaban was shown to be 58% bioavailable with a slow
clearance rate (0.02 L/Kg/h), low volume of distribution (0.2 L/kg), and a
half-life of 5.8 h.>> In the rabbit arteriovenous (A/V) shunt model,
apixaban inhibited thrombus formation in a dose-dependent manner
with an ICs value of 329 nM.**

Oral administration of apixaban in a single-dose study in male healthy
volunteers showed rapid absorption reaching T, in 1 h (0.50-2.00) with
an average terminal half-life of 12.7 h£8.55.% A study of the metabolism
and drug disposition of ['*C]-apixaban showed excretion in the feces (56%
of recovered dose) and urine (24.5-28.8% of recovered dose). The parent
drug is the major component in plasma, urine, and feces. The major metab-
olite of apixaban, the sulfate of O-desmethyl-apixaban, is inactive. Apixaban
has been studied in nine Phase III studies assessing its role in preventing VTE
in patients undergoing total knee replacement (TKR) and total hip replace-
ment (THR). Apixaban has also been studied in the secondary prevention of
cardiovascular events in ACS and in the prevention of stroke in patients with
atrial fibrillation. In the apixaban versus acetylsalicylic acid to prevent strokes
trial, 5600 patients with atrial fibrillation who were not eligible for warfarin
were given either 5 mg of apixaban bid or aspirin (81 or 324 mg) for
36 months or until end of study. The trial was stopped early due to the sig-
nificant benefit found in the apixaban dosing group. Apixaban was found
to reduce the risk of stroke or systemic embolic events 54%, was superior
to aspirin, and showed no increased risk of major bleeding. In the 18,000
patient Apixaban for the Prevention of Stroke in Subjects with Atrial Fibril-
lation (ARISTOTLE) trial, apixaban 5 mg twice daily was compared to
warfarin in patients with atrial fibrillation. In the ARISTOTLE trial,
apixaban showed superiority to warfarin in preventing stroke or systemic
embolism. In comparison to warfarin, apixaban was found to cause less
bleeding and resulted in lower mortality.’® Four clinical trials have been
conducted in patients undergoing major orthopedic surgery. The Phase I1
APROPOS (apixaban prophylaxis in patients undergoing total knee re-
placement) study compared apixaban (qd and bid doses) to warfarin and
enoxaparin. In this study, apixaban dose dependently decreased the inci-
dence of VTE. The Phase III studies ADVANCE-1 and ADVANCE-2
assessed apixaban in TKR patients, while the ADVANCE-3 study assessed
apixaban in THR patients. The ADVANCE trials all used an oral dose of
2.5 mg bid apixaban. In the ADVANCE-2 trial, apixaban was shown to
be superior to enoxaparin in the composite end-point of DVT, PE, and
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all-cause mortality, with the major bleeding rates being comparable between
the two drugs. ADVANCE-3 also demonstrated apixaban to be superior to
enoxaparin with similar bleeding risk.””>” These studies formed the basis for
the approval by the European Commission of Eliquis® 2.5 mg (apixaban) on
May 18, 2011 for prevention of venous thromboembolism after elective hip
or knee replacement surgery. Eliquis® is an oral, direct inhibitor of FXa and

is codeveloped by Bristol-Myers Squibb and Company and Pfizer Inc.

4. AVANAFIL (MALE SEXUAL DYSFUNCTION)33 4>

Class:

Country of origin:

Originator:

First introduction:

Introduced by:

Trade name:
CAS registry no:

Molecular weight:

PDES5 inhibitor

Japan

Mitsubishi Tanabe Pharma Corporation
South Korea

JW Choongwae Pharmaceutical Corp, Vivus,
Inc., Mitsubishi Pharma Corporation
Zepeed

330784-47-9

483.95
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Avanafil (Zepeed) was approved by the Korean Health Ministry for the
treatment of erectile dysfunction (ED) in August 2011.°® Avanafil is a
highly selective type 5 phosphodiesterase (PDE5) inhibitor. Other PDE5
inhibitors on the market are Pfizer’s Viagra® (sildenafil), Eli Lilly &
Co.’s Cialis® (tadalafil), Bayer’s Levitra® (vardenafil), and Dong-A Phar-
maceutical Co.’s Zydena® (udenafil). PDES5 inhibitors have revolutionized
the treatment of ED by providing an efficacious, convenient, and safe treat-
ment option to patients. The physiological event for stimulation and
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maintenance of an erection is governed by vascular pressure changes in the
corpora caverona through the nitric oxide (NO)/cyclic guanosine mono-
phosphate (cGMP) pathway. Increase in the release of NO causes the
relaxation of smooth muscle cells which increases blood flow in the pe-
nis.”” Inhibition of PDE5 prevents the cleavage of cGMP thus prolonging
NO production. Of the five PDE5 inhibitors on the market, there are dif-
ferences with regard to selectivity. Sildenafil, vardenafil, and avanafil show
some PDE6 activity, while tadalafil shows some inhibition of PDE11.
PDES is located in retinal photoreceptors and a side effect of PDE6 inhi-
bition seen in some patients is color vision abnormalities. PDE11 is located
in the testes and prostrate, but no side effects have been ascribed to inhi-
bition of this enzyme. Avanafil is reported to be the most selective PDE5
inhibitor on the market. The onset of T}, and half-life also varies among
the marketed PDE5 inhibitors. Sildenafil has a T, at 1 h and a half-life of
3-5 h. Vardenafil is somewhat similar with a T}, of 0.6 h and a half-life of
4—6 h. Tadalafil has the longest half-life among the marketed drugs with a
half-life of 17 h. Avanafil has a fast onset of action reaching 1., in 0.6 h
with a half-life of 1.2 h.*" A synthesis of avanafil (TA-1790) is described
in the patent literature.*' The pharmacokinetic profile of avanafil was studied
in two trials, a single dose (200 mg) study and a repeat bid dosing study over
7 days. From these studies, the Ty, for avanafil was found to be 0.5-0.7 h,
with a mean half-life of 1.1-1.2 h. Metabolism studies showed that avanafil is
metabolized by CYPs with no metabolite being more potent or having a
longer half-life than avanafil.***> The main elimination route of avanafil
is through the bile and feces. Avanafil was also found to be reabsorbed
through enterohepatic recirculation. In a 16-week Phase III study (390
patients), avanafil at 100 and 200 mg doses showed positive results on
erectile function in men with both diabetes and ED. The effectiveness
rate rose from 32% to 54% with the 100 mg dose, and from 42% to 63%
with the 200 mg dose, versus an increase of 36% to 42% in the placebo
group.** In another Phase III trial studying 646 subjects over 12 weeks at
50, 100, and 200 mg doses, all avanafil doses were shown to be more
effective than placebo. Successful intercourse was demonstrated >6 h post
dose in the avanafil dose group (59-83% success) versus placebo (25%
success).” Avanafil (Zepeed) was approved by the Korean Health
Ministry in August 2011 at doses of 100 and 200 mg for the treatment of
ED and is being comarketed by JW Choongwae Pharmaceutical Corp,
Vivus, Inc., and Mitsubishi Pharma Corporation.
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5. AZILSARTAN MEDOXOMIL (ANTIHYPERTENSIVE)*® 2

Class: Angiotensin II receptor blocker

Country of origin: United States

Originator: Takeda

First introduction: United States

Introduced by: Takeda

Trade name: Edarbi®

CAS registry no: 863031-21-4 (free acid)
863031-24-7 (salt)

Molecular weight: 568.53 (free acid)

607.63 (salt)

Azilsartan medoxomil (Edarbi®), an angiotensin II receptor antagonist,
was approved by the U.S. FDA in February 2011 for the treatment of
hypertension in adults. Hypertension is a major risk factor for cardiovascu-
lar disease and stroke. A report from the CDC on hypertension trends in
the United States over 1999-2008 showed that the prevalence of hyperten-
sion remains at 30% of the population (74.5 million individuals).** Some of
the treatment options available for patients are drugs that act on the
renin—angiotensin system (RAS). The RAS modulates both blood pressure
(BP) and fluid homeostasis. Stimulation of the angiotensin II type I recep-
tor (AT;), a G-protein coupled receptor (GPCR) located on the
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vasculature, by the endogenous octapeptide angiotensin II (Ang-II) causes
vasoconstriction. Ang-II also interacts with AT, receptors in the kidney
causing modulation of sodium and water reabsorption. The formation of
Ang-II results from the cleavage of Ang-1 by anglotensin converting en-
zyme, which, in turn, is formed as the cleavage product of angiotensinogen
by renin. Antagonists of the AT receptor limit the vasoconstrictive effects
set in motion by Ang-IL.*" There are eight approved angiotensin receptor
blockers (ARB) on the market. The discovery of azilsartan was the result
of a medicinal chemistry effort to identify an ARB with a different carbox-
ylic acid isostere than the ones found in the marketed ARBs. Several of the
marketed ARBs use a tetrazole group as a carboxylic acid isostere. The me-
dicinal chemistry approach that led to azilsartan involved the replacement of
this commonly used tetrazole with a 5-oxo-1,2,4-oxadiazole group.
Azilsartan can be synthesized by Suzuki coupling of p-tolyl boronic acid
to 2-bromobenzonitrile, followed by bromination of the methyl group.
The bromide is displaced to introduce a protected 2-ethoxy-1H-benzo[d]
imidazole-7-carboxylate. The cyano group is converted to a hydro-
xylamidine, followed by reaction with an alkyl-chloroformate and intramo-
lecular cyclization to form the 5-oxo-1,2,4-oxadiazole ring.*® The acid is
then deprotected and converted to a prodrug. The parent, azilsartan has been
extensively characterized in vifro and compared with other marketed AT,
antagonists olmesartan, valsartan, telmisartan, irbesartan, and candesartan.
Azilsartan was found to be a potent (IC5,=2.6 nM), selective, inverse ago-
nist of the AT receptor. From washout experiments, azilsartan was found
have slow dissociation from the receptor and thus is characterized as an in-
surmountable antagonist.*’ This feature is proposed to provide the long act-
ing clinical efficacy that has been observed in Phase III trials.

In human studies, azilsartan medoxomil was found to be rapidly hy-
drolyzed to azilsartan. The pharmacokinetic profile from Phase I studies
showed a 12-h half-life and 60% bioavailability. Azilsartan medoxomil
is metabolized by CYP2C9. A Phase III trial with 1291 patients having
a baseline 24-h mean systolic BP of 145 mm Hg evaluated azilsartan
medoxomil at 40 and 80 mg doses in comparison to valsartan (320 mg)
and olmesartan medoxomil (40 mg). The primary endpoints of this study
were improvement in ambulatory BP and clinical BP as measured by a
change from baseline in 24-h mean systolic BP. In this study, azilsartan
medoxomil (80 mg) was found to be superior to valsartan (320 mg) and
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olmesartan (40 mg) in lowering 24-h systolic BP.>*>' Another Phase III
trial compared azilsartan medoxomil (20, 40, and 80 mg) to olmesartan
medoxomil (40 mg) in patients (n=1275) with primary hypertension
and baseline 24-h mean ambulatory systolic pressure between 130 and
170 mm Hg over 6 weeks of treatment. In this study, azilsartan
medoxomil (80 mg) was found to be superior to olmesartan medoxomil
(40 mg) by showing an additional 2.1 mm Hg drop in systolic BP. In
both of these studies, azilsartan medoxomil was safe and well
tolerated.”® The results from the Phase III studies suggest that within
the ARB class of drugs, azilsartan medoxomil could provide higher
efficacy in lowering hypertension. Azilsartan medoxomil (Edarbi®) 40
and 80 mg once daily was approved by the U.S. FDA in February
2011 for the treatment of hypertension in adults. The 40 mg dose is
recommended for patients who are being treated with high-dose
diuretics to reduce salt in the body.

6. BELATACEPT (IMMUNOSUPRESSIVE)>3 ¢’

Class: Recombinant fusion protein
Country of origin: United States

Originator: Bristol-Myers Squibb

First introduction: United States

Introduced by: Bristol-Myers Squibb
Molecular weight: ~90 kDa

Trade name: Nulojix®

Expression system: Rodent CHO-cell line
CAS registry no: 706808-37-9

Belatacept is an immunosuppressive that was approved by the U.S. FDA
for prophylactic prevention of rejection in kidney transplant recipients.
Approximately 16,000 kidney transplants are performed each year in the
United States, and graft rejection is typically prevented through post-
transplant induction of immunosuppression with antithymocyte
globulin or interleukin 2 receptor antagonists (basilixumab), a calcineurin
inhibitor (tacrolimus or cyclosporine A), and concomitant agents such as
> Belatacept, which
selectively blocks T cell costimulation, provides an alternative to the

mycophenolate mofetil and corticosteroids.”
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calcineurin inhibitors, which are associated with adverse effects on renal
function as well as cardiovascular and metabolic parameters. T-cell
activation by antigen-presenting cells (APCs) requires a costimulatory
signal in addition to the signal mediated by interaction of the T-cell
receptor and MHC-bound peptide antigen. Belatacept can block
that second signal by binding to APC costimulatory surface proteins
CD80 and CD86 to inhibit their interaction with the T-cell signaling
molecule CD28. Belatacept is a recombinant protein comprising a
hinge-region modified (to reduce Fc receptor binding) carboxyl-
terminal human IgG1l Fc domain fused to a modified extracellular
domain of human CTLA-4 that includes two amino acid substitutions
in the ligand-binding site.”® As a result of this modification, belatacept
binds more tightly to CD80 and CD86 than the parent molecule
abatacept (Orencia®, FDA approved for treatment of adult RA and
juvenile idiopathic arthritis), from which its structure is derived. CTLA-4
is a T-cell negative signaling molecule that is structurally related to
CD28 and shares its two ligands. While belatacept incorporates CTLA-4
sequences to bind CD80 and CD86, the immunosuppressive activity of
the drug suggests that its principal mechanism of action is blockade
of CD28-mediated T-cell activation.

Belatacept is formulated as a lyophilized powder for intravenous infu-
sion. It is dosed at 10 mg/kg on the day of transplantation and again on
days 5, 14, 28, 56, and 84. It is then dosed at 5 mg/kg every 4 weeks be-
ginning 16 weeks after transplantation. At the 10 mg/kg dose, the peak
concentration of the drug is 247 68 pg/mL and the terminal half-life is
9.843.2 days. At the 5 mg/kg dose, the peak concentration of the drug
is 139428 pg/mL and the terminal half-life is 8.242.4 days. Belatacept
reactive antibodies were detected in approximately 8% of 372 patients
tested prior to treatment, and in another 2% post treatment. Development
of antidrug antibodies was not associated with altered clearance. Belatacept
was tested in two randomized, controlled Phase III trials. One of these trials
randomized 686 patients receiving a kidney transplant from living or stan-
dard criteria deceased donors (the BENEFIT study’® "), and the second
randomized 578 patients receiving extended criteria donor kidneys (the
BENEFIT-EXT study’®°'). Patients receiving extended criteria donor
kidneys have a lower probability of allograft survival over time due to
the more marginal quality of these organs. For both studies, patients
were randomized 1:1:1 to 3 arms. One cohort received cyclosporine
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A, and the other two cohorts received belatacept under two different
dosing regimens: the prescribed dosing regimen and a more intense
regimen that included more frequent and higher doses of drug over
the first 6 months. Overall efficacy outcomes were similar for the
two different belatacept dosing regimens. Acute rejection episodes
were reported more frequently in belatacept-treated patients than
cyclosporine-treated patients. In the BENEFIT study, acute rejection
episodes at 3 years were reported in 19.9% of patients receiving the
recommended dose of belatacept compared to 10.4% of patients
receiving cyclosporine A, while graft loss frequencies were 2.2% and
3.6%, respectively. Ninety-one percent of patients receiving the
recommended dose of belatacept were alive with functioning grafts at
3 years, compared to 86.9% of the cyclosporine A-treated patients. In
the BENEFIT-EXT study, acute rejection episodes at 3 years were
reported in 24% of prescribed-dose belatacept-treated patients compared
to 22.8% of cyclosporine A-treated patients, while graft loss frequencies
were 12% and 12.5%, respectively; and 81.7% of prescribed-dose
belatacept-treated patients were alive with functioning grafts at 3 years,
compared to 77.7% of the cyclosporine A-treated patients. Overall
kidney graft function, as assessed by glomerular filtration rate, was better
at 3 years in patients receiving the recommended belatacept regimen
(65.8 and 42.2 mL/min/1.73 m®> for BENEFIT and BENEFIT-EXT,
respectively) versus cyclosporine A-treated patients (44.4 and 31.5mL
/min/1.73 m> for BENEFIT and BENEFIT-EXT, respectively). As
with all immunosuppressive therapies, malignancies and infections are a
clinical concern. The principle safety concerns associated with belatacept
are posttransplant lymphoproliferative disorder (PTLD), of which the
predominant site of presentation was the central nervous system, and
serious infections, including progressive multifocal leukoencephalopathy
(PML). At 3 years of follow-up, 1.2% of patients receiving the
recommended belatacept regimen had developed PTLD versus 0.2% of
patients receiving cyclosporine A. Lack of immunity to Epstein—Barr
virus was identified as the greatest risk factor for development of PTLD
with belatacept, and therefore, use in such patients is contraindicated.
Two cases of fatal PML have been reported in clinical studies in patients
receiving the more intensive belatacept dosing regimen. No cases of
PML have been reported in patients receiving the recommended dosing
regimen.
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7. BELIMUMAB (IMMUNOSUPPRESSIVE, LUPUS)%% 68

Class: Recombinant monoclonal antibody
Country of origin: United States

Originator: Human Genome Sciences

First introduction: United States

Type: Human IgG1A, anti-BLys
Introduced by: Human Genome Sciences
Molecular weight: ~147 kDa

Trade name: Benlysta®

Expression system: Mammalian cell line

CAS registry no: 356547-88-1

Belimumab was approved by the U.S. FDA in March 2011 for treatment
of patients with active, autoantibody-positive, systemic lupus erythematosus
(SLE). SLE is a serious, and sometimes fatal, autoimmune disease that can
affect multiple organs. Prevalence estimates for SLE vary widely across
populations. It was reported to be the underlying cause of over 1400
U.S. deaths in 1998.%% Existing treatment options include broad-based im-
munosuppressive drugs such as corticosteroids, hydroxychloroquine, cyclo-
phosphamide, azathioprine, mycophenolate mofetil, and methotrexate.
Prior to belimumab, no new drugs have been approved for SLE in the past
50 years.”” Belimumab is a human sequence monoclonal antibody that binds
to human B lymphocyte stimulator protein (BLys; also known as BAFF,
THANK, TALL-1, TNFSF13B, and zTNF4), which is overexpressed in
SLE patients. BLys is expressed on the cell surface of monocytes, macro-
phages, and monocyte-derived dendritic cells and is cleaved to form a sol-
uble cytokine that stimulates cell proliferation and antibody secretion in B
lineage cells that express the BLys receptor BAFF-R (also known as BR-3).
The precise function of two additional BLys receptors, TACI and BCMA, is
less clear. Belimumab inhibits BLys interaction with these three receptors
leading to measurable reductions in autoantibodies, such as anti-dsDNA,
and specific circulating B cell lineage compartments including antibody pro-
ducing plasma cells.®* Belimumab was discovered by screening molecules
from a phage display library of human single-chain Fv sequences for BLys
binding and functional blocking, followed by optimization of the lead
through the introduction of variant residues in Vi; CDR3.%
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Belimumab is formulated as a lyophilizate for intravenous infusion and is
administered as a 1-h infusion at 10 mg/kg every 2 weeks for the first three
doses, followed by a maintenance regimen of 10 mg/kg every 4 weeks. At
this dose and schedule, the mean C,,, was 313 pg/mL and the observed
terminal half-life was 19.4 days. The single-dose C,,, and terminal half-life
at 10 mg/kg were reported to be 192.4+34.9 pg/mL and 10.63 +£2.89
days, respectively.”® Antidrug antibodies were detected at a frequency of
0.7%; however, high drug levels could have interfered with the assay as
the antidrug antibody frequency was higher (4.8%) in patients treated at a
lower dose (1 mg/kg). Two placebo-controlled, randomized Phase III trials
of belimumab have been reported. Both trials enrolled autoantibody-positive
(antinuclear or anti-dsDINA) patients with active disease (SELENA-SLEDAI
score >6) and included three different dosing arms, randomized 1:1:1, to
receive placebo, 1 mg/kg, or 10 mg/kg belimumab on days 0, 14, and 28,
and then every 28 days. Patients with severe active lupus nephritis or CNS
disease were excluded. The two trials differed in length, with patients dosed
either through week 52 (867 patients, BLISS-52 trial®”) or through week 72
(819 patients, BLISS-76 trial®®). The primary endpoint for both trials was the
response rate at week 52 as measured by the systemic lupus erythematosus re-
sponder index, which is based on improvement in disease activity without
worsening of the overall disorder or development of substantial disease activity
in new organ systems. The response rates for the 10 mg/kg belimumab-
treated cohorts in both trials were significantly greater than reported for the
placebo-treated groups (58% vs. 44%, p=0.0129; and 43.2% vs. 33.5%,
p=0.017). The response rate at 76 weeks was measured in the BLISS-76 trial
and was reported to be 38.5% in the belimumab 10 mg/kg cohort compared
to 32.4% (p=0.13) in the placebo group. The incidence of severe SLE flares
over 76 weeks in the belimumab cohort was 20.5% compared to 26.5%
(p=0.13) in the placebo group. In the BLISS-52 trial, the incidence of severe
flares over 52 weeks was 14% in the belimumab 10 mg/kg cohort compared
to 23% (p=10.0055) for the placebo group. For both trials, the rates of adverse
events, laboratory abnormalities, and infections were similar for the
belimumab 10 mg/kg and placebo groups. There were no malignancies
in any of the cohorts for the BLISS-52 trial, and 7 in the BLISS-76 trial
(2 and 1 in the belimumab 10 mg/kg and placebo groups respectively). Rates
of serious infections (grade 3 or 4) for the belimumab 10 mg/kg groups in the
two trials were 2% and 2.6%, compared with 3% and 4% for the placebo
groups. The death rate for both groups was 1% in the BLISS-52 trial. There
were no reported deaths in the placebo group in the BLISS-76 trial, and
1 death in the belimumab 10 mg/kg group.
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8. BOCEPREVIR (ANTIVIRAL)®® 77

Class: Hepatitis C virus
NS3-4A protease inhibitor

Country of origin: United States
Originator: Merck/Schering
First introduction: United States
Introduced by: Merck
Trade name: Victrelis®
CAS registry no: 394730-60-0
Molecular weight: 519.68
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In May 2011, the U.S. FDA approved boceprevir (SCH-503034), to be
given in combination with peginterferon alfa plus ribavirin, for the treat-
ment of patients with chronic hepatitis C genotype 1 viral infection.®”
Boceprevir and telaprevir (vide infra) are the first hepatitis C virus (HCV)
protease inhibitors to be approved for the treatment of HCV infection.””
More than 170 million people are chronically infected with HCV world-
wide, with > 350,000 people dying each year from HCV-related liver dis-
eases.”' Chronic HCV infection causes inflammation of the liver and can
lead to diminished liver function, liver failure, and liver cancer. While no
HCV vaccine is available, HCV infection can be cured in some patients
by treatment with a combination of peginterferon and ribavirin (PR). How-
ever, HCV genotype 1, which is the most prevalent subtype in the United
States, Europe, and Japan, is the least responsive to PR therapy with rates of
sustained virologic response (SVR) of less than 50%. Boceprevir is an inhib-
itor of HCV NS3-4A protease, an essential enzyme required by HCV for
posttranslational processing of viral proteins into their mature forms.
Boceprevir binds covalently, but reversibly, to the active site serine by ad-

dition of the hydroxyl group to the keto-amide functionality. Boceprevir
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inhibits HCV NS3-4A protease with a K; of 14 nM. In cell culture, the EC5,
of boceprevir was 200 nM for an HCV replicon constructed from genotype
1b. Boceprevir was two- to threefold less potent against HCV replicon from
genotypes 1a, 2, and 3. The potency of boceprevir decreased threefold in the
presence of human serum. Boceprevir was discovered through a series of
systematic truncations and modifications of a keto-amide undecapeptide
lead molecule.”” Structure-based drug design and crystallography were used
extensively in the design process, particularly in optimization of the P1
(cyclobutylalanine) and P2 (dimethylcyclopropylproline) moieties to impart
potency and selectivity, and introduction of the keto-amide moiety to im-
prove potency.”” Boceprevir is synthesized by coupling of 3-amino-4-
cyclobutyl-2-hydroxybutyramide or the related oxobutyramide with a
cyclopropyl-pyrrolidine carboxylic acid intermediate. The pyrrolidine de-
rivative can be prepared via cyclopropanation of a bicyclic lactam derivative
or by conversion of 3,3-dimethylcyclopropane-1,2-dicarboxylic acid to the
pyrrolidine in a multistep route.”* Boceprevir is a 1:1 mixture of diastereo-
mers at the readily epimerizable position o to the keto group. Boceprevir
showed 26% oral bioavailability in rats and a liver/plasma ratio of ~30.
The pharmacokinetics of boceprevir were evaluated in a number of
Phase I clinical studies at doses of 50-800 mg.”> Pharmacokinetic profiles were
similar between healthy, HCV-infected, and renally-impaired subjects.
Boceprevir was rapidly absorbed with a mean T, of 1-2.25 h and a mean
terminal phase half-life of 7—15 h across the dosing range. Food enhanced
absorption by up to 65% at the 800 mg dose. The C,,, of boceprevir given
at 800 mg three times a day alone was ~ 1900 ng/mL. The volume of distri-
bution (4/ F) was 772 L at steady state, which was achieved after 1 day of three
times daily dosing. Boceprevir is 75% protein bound in human plasma. The
major route of metabolism is reduction by aldoketoreductase to give an inac-
tive ketone-reduced metabolite. Metabolism by CYP-mediated oxidation
occurs to a lesser extent. Boceprevir itself is an inhibitor of CYP3A4 and
P-glycoprotein. Dosing of '*C-boceprevir showed that the compound is
eliminated primarily by the liver, with 79% of radioactivity being recovered
in feces and 9% in urine. Boceprevir was evaluated in two Phase III studies in
1500 adult patients who were previously untreated (SPRINT-2)"® or who
had inadequate response on previous PR therapy (RESPOND-2).”” The key
outcome measure was SVR as defined by undetectable plasma levels of
HCV-RNA at follow-up week 24. In SPRINT-2, the addition of boceprevir
to a PR regimen gave SVR rates of 63—66% for the boceprevir/PR arms com-
pared with 38% SVR for PR alone. The results were similar with 24 and
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44 weeks of boceprevir. In RESPOND-2, SVR rates were 59—-66% for the
boceprevir/PR arms compared with 23% SVR for PR alone. Serious adverse
events occurred in ~ 10% of treated patients. Fatigue, headache, and nausea were
the most common clinical adverse events in all treatment groups, with no sig-
nificant differences between subjects receiving boceprevir and PR or PR alone.
Dysgeusia (altered taste) was more than twice as common in boceprevir-treated
patients. Anemia was also more common in boceprevir-treated patients than in
control subjects, with 42% of boceprevir-treated patients receiving erythropoi-
etin compared with 24% on PR alone. The approved dose of boceprevir
(Victrelis®) is 800 mg (four 200 mg capsules) given orally three times daily along
with the PR regimen.

9. BRENTUXIMAB VERDOTIN (ANTICANCER)”223

Country of origin: United States
Class: Antibody—drug conjugate
Originator: Seattle Genetics
First introduction: United States
Type: Chimeric IgG1x (anti-CD30),
tubulin inhibitor conjugate
Introduced by: Seattle Genetics
Molecular weight: ~153 kDa
Trade name: Adcetris™
Expression system Rodent CHO-cell line
(antibody component):
CAS registry no: 914088-09-8
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cAC10 = Monoclonal antibody

Brentuximab verdotin was approved by the U.S. FDA in August 2011
for treatment of Hodgkin’s lymphoma (HL) in patients who have failed au-
tologous stem cell transplant (ASCT) or ASCT ineligible patients who have
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failed at least two prior chemotherapy regimens, and for second line treat-
ment of systemic anaplastic large cell leukemia (ALCL). The cell surface tar-
get of brentuximab verdotin is the lymphocyte activation marker CD30, a
TNEF receptor family protein that is abundantly expressed on both HL and
ALCL cells. HL and ALCL are rare malignancies. HL is the more common
of the two, with an estimated incidence of approximately 9000 new cases in
the United States in 2012.”%”? The majority of patients with either of these
cancers achieve durable complete remissions in the front-line setting with
conventional combination chemotherapy and radiation. However, a
fraction of the patients relapse and are then treated with salvage
chemotherapy regimens that can include consolidation with ASCT.
Patients who fail this second-line treatment are considered incurable:
there are estimated to be over 1000 HL deaths annually in the United
States.”®’” Brentuximab verdotin is a chimeric (mouse V region/human
C region) CD30 binding monoclonal antibody (cAC10) that is
conjugated via cysteine residues to a small molecule comprising a cysteine
reactive dipeptide linker moiety and the microtubule polymerization
inhibitor monomethyl auristatin E(MMAE).*"
of the drug binds to CD30 expressing tumor cells, and the active

The antibody component

cytotoxic component, MMAE, is released by proteolytic cleavage of the
dipeptide linker moiety.

The drug is formulated as a lyophilizate for intravenous infusion. It is
dosed at 1.8 mg/kg (for patients over 100 kg, the dose is calculated using
100 kg) given as a 30-min infusion every 3 weeks for up to 16 cycles, or
until disease progression or unacceptable toxicity. In a Phase I study using
this dosing regimen, the observed C,,, for the intact antibody—drug con-
jugate was 32 pg/mL (coefficient of variation of the geometric
mean =29%), and the terminal half-life was 4.4 days (coefficient of varia-
tion of the geometric mean=38%).*" In two Phase II studies using the
same dosing regimen, approximately 7% and 30% of the treated patients
developed either persistent or transient antibody responses to the chimeric
antibody portion of the drug, respectively. Approximately 60% of the
antibody-positive samples tested comprised neutralizing antibodies. These
two open-label, single-arm, Phase II studies, in HL and ALCL, formed the
basis of brentuximab verdotin’s regulatory approval.*>*> The HL Phase II
trial enrolled 102 relapsed or refractory, post-ASCT patients. The overall
objective response rate was 73%, including 32% CR and 40% PR. The
median duration of the responses was 6.7 months, with a 20.5 and 3.5
month median duration for the CRs and PRs, respectively. The ALCL
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Phase II trial enrolled 58 relapsed or refractory patients, including 42
patients in the more difficult to treat ALK-negative category. The
overall objective response rate was 86%, including 57% CR and 29%
PR. The median duration of the responses was 12.6 months, with a
13.2 and 2.1 month median duration for the CRs and PR,
respectively. Pooling data from the 160 patients in these two trials, the
most common serious adverse events (grades 3 or 4), were neutropenia
(21%), thrombocytopenia (9%), anemia (7%), peripheral sensory (9%),
and motor neuropathy (4%).

10. CRIZOTINIB (ANTICANCER)34%°

Class: ALK/c-MET multitargeted receptor tyrosine kinase inhibitor
Country of origin: ~ United States

Originator: Pfizer

First introduction: ~ United States

Introduced by: Pfizer

Trade name: Xalkori®

CAS registry no: 877399-52-5
Molecular weight:  450.34
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In August 2011, the United States FDA approved crizotinib (PF-
02341066) for the treatment of anaplastic lymphoma kinase (ALK)
rearranged non-small-cell lung cancer (NSCLC). Lung cancer is the second
most common form of cancer in men (after prostate cancer) and in women
(after breast cancer). The National Cancer Institute estimates ~ 220,000 new
cases and ~ 157,000 deaths resulting from lung cancer in 2011.%* NSCLC
accounts for nearly 85% of lung cancer, with 15% as small-cell lung cancer.
Chemotherapeutic options include platinum-based therapy with a median
survival rate of less than a year. Other treatment options for NSCLC include
the epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors
gefitinib and erlotinib for patients with EGFR mutations. Crizotinib is
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recommended for NSCLC that are driven by the ALK oncogene, which is
activated by a breakage in chromosome 2 and a refusion of the two fragment
genes in the opposite direction. Crizotinib is a dual ATP competitive inhib-
itor of tyrosine kinases c-MET (Mesenchymal-Epithelial Transition Factor)
kinase (cellular IC50=8 nM) and ALK (cellular IC5,=20 nM), both of
which are important targets for cancer chemotherapy.® When crizotinib
was tested for selectivity versus other kinases it was found to have enzyme
IC5¢:s within 100-fold multiples of c-MET for 13 of the 120 kinases tested.
In cellular assays, crizotinib was found to inhibit RON (recepteur d’origine
nantais) kinase with a 10-fold selectivity window over c-MET.® In preclin-
ical studies, crizotinib regressed tumor growth within 15 days when admin-
istered to severe combined immunodeficient—beige mice bearing Karpas299
anaplastic large cell lymphoma tumor xenografts, at 100 mg/kg/day (oral
dosing).”® A process route to crizotinib has been described recently.”’
Key steps include chemoselective reduction of a nitropyridine group in
the presence of halogens using sponge-nickel catalysts in methanol and a se-
lective Suzuki reaction of an advanced 3-bromopyridine intermediate with a
pyrazole-based pinacol boronate.

In an open-label, multicenter, Phase I trial involving 167 patients, peak
plasma concentrations (C,,,,,) were reached 4 h after oral administration of a
single dose of 250 mg of crizotinib.®® The mean absolute bioavailability was
determined to be 43%. Increasing pH and a high-fat meal appeared to lower
the bioavailability of crizotinib. The half-life of crizotinib was 43-51 h.
Crizotinib is a substrate of P-gp and CYP 3A4 and a moderate inhibitor
of CYP 3A4. The safety and efficacy of crizotinib (250 mg, BID, oral dos-
ing) was assessed in two multicenter, single-arm studies labeled Study A and
Study B.*” The 136 patients in study A with ALK-positive NSCLC were
identified using the Vysis ALK Break-Apart fluorescence in situ hybridiza-
tion probe kit (Abbott Laboratories). The 119 ALK-positive patients in
study B were identified using various local clinical trial assays. Except for
15 patients in Study B, all patients were on prior systemic therapy. The pri-
mary end point in both trials was overall response rate (ORR), defined as
complete responses and partial responses. The ORR in study A was 50%
with one complete response. In study B, the ORR was 61% with two com-
plete responses. In a retrospective analysis on overall survival in patients with
advanced NSCLC harboring ALK gene rearrangement, the 1-year survival
was 77% for crizotinib-treated patients compared with 73% in historical
controls, whereas the 2-year survival was 64% versus 33%, respectively.
The most common serious adverse events (>25%) for crizotinib were vision
disorder, nausea, diarrhea, vomiting, edema, and constipation observed in
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both studies. The recommended dose of crizotinib is 250 mg administered
orally twice daily for the treatment of patients with locally advanced or met-
astatic NSCLC, as detected by an FDA-approved diagnostic test designed to
detect rearrangements of the ALK gene.

11. EDOXABAN (ANTITHROMBOTIC)?*27:32:20-9¢

Class: Factor Xa inhibitor
Country of origin: Japan
Originator: Daiichi Pharmaceutical
First introduction: Japan
Introduced by: Daiichi Sankyo Company
Trade name: Lixiana®
CAS registry no: 480448-29-1 (free base)
480449-71-6 (salt)
Molecular weight: 548.06 (free base)
738.28 (salt)
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Edoxaban (Lixiana®), a direct inhibitor of Factor Xa (FXa) was approved
by the Minister of Health, Labor, and Welfare in Japan in April 2011 for the
prevention of venous thromboembolism (VTE) after major orthopedic
surgery.”’ VTE, a condition characterized by clot formation in a vein, can result
from hereditary conditions, acquired risk factors, and surgery. In the United
States, VTE is the third most common cardiovascular disease after stroke and
ACS. Both deep vein thrombosis (DVT), a condition describing clot formation
in the veins of the legs and pelvis, and pulmonary embolism (PE), a condition
that arises from a dislodged clot migrating to the veins of the lung, are disease
conditions of VTE. The risk of DVT is increased by 40—-60% in patients under-
going hip or knee replacement surgery with the risk of VTE persisting 3 months



528 Joanne Bronson et al.

902423 Anticoagulant prophylaxis after surgery reduces the risk of

post surgery.
VTE, with studies showing the duration of prophylaxis treatment as an
important factor in reducing the incidence and severity of DVT.**® Drugs
in other classes that are used for the postoperative treatment of VTE have
some limitations. Warfarin has a narrow therapeutic window resulting in the
need for frequent monitoring and dose adjustments and requires food
restrictions and careful diet control. Low molecular weight heparins
(LMWH) are intravenously administered drugs with the timing of
administration important to reduce surgical bleeding complications.”” The
generation of FXa, a blood coagulation cascade serine protease, converts
prothrombin to thrombin setting in motion clot formation through the
generation of fibrin which when cross-linked forms fibrin rich clot. With
central role of FXa in producing thrombin by both the intrinsic and
extrinsic pathways of blood coagulation and the favorable results from
pharmacological studies using selective peptide inhibitors, efforts to identify
drug inhibitors of FXa were initiated.”® The discovery of edoxaban resulted
from the identification of a 1,2-cis-diaminocyclohexane template, the
discovery of the novel 5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c|pyridine
as an S4 binding element and systematic studies of novel and efficient P1
groups.”' ™ Edoxaban inhibits hFXa with a K;=0.56 nM. Edoxaban is a
weak inhibitor of thrombin K;=6000 nM, has >10,000 fold selectivity
over other serine proteases in the coagulation cascade, and demonstrates
selectivity over trypsin and chymotrypsin. The synthesis of this class of FXa
inhibitors begins with assembly of the diaminocyclohexane scaftold, cis-t-
butyl  ((1R,2S8,5S)-2-amino-5-(dimethylcarbamoyl)cyclohexyl)carbamate.
The free amine is coupled to the P1 group, 2-((5-chloropyridin-2-yl)
amino)-2-oxoacetic acid. The Boc protecting group on the amine of the
scaffold is removed and the resulting free amine is coupled to the P4 group,
5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-¢|pyridine-2-carboxylic acid. In
monkey studies, when dosed at 1 mg/kg orally, edoxaban showed a rapid
onset of action and reached a C,,,, at 4 h with concentrations detectable at
24 h and a bioavailability of 60%. In rats and rabbits, edoxaban produced a
dose-dependent reduction in thrombus formation.”

In a single ascending dose study in healthy male subjects at doses of 10,
30, 90, 120, and 150 mg, edoxaban was well tolerated with no adverse
effects and showed dose proportional increases in exposure. The half-life
in the dose ranges of 30-150 mg were 8.56—10.7 h. The range for the mean
renal clearance was 34.7-38.8%. Edoxaban is a substrate for P-gp. There was
no effect of food on pharmacokinetics.”> Edoxaban has been studied in
Phase III clinical trials for the prophylactic treatment and prevention of
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VTE and for the prevention of stroke in patients with atrial fibrillation. Sev-
eral Phase III trials assessing edoxaban for the prevention of VTE in TKR
and THR have been completed. In the STARS E-3 trial (761 Japanese
patients), edoxaban was given at a dose of 30 mg once daily and compared
to 20 mg bid of enoxaparin. In this study, edoxaban was shown to be superior
to enoxaparin on the primary endpoint of reducing symptomatic PE, and
symptomatic and asymptomatic DVT in patients that had undergone total
knee surgery. The STARS J-5 trial studied 610 Japanese patients that had un-
dergone hip arthroplasty and used the same dosing regimen as the STARS E-3
trial, with 30 mg once daily of edoxaban and 20 mg bid of enoxaparin.
STARS J-5 also demonstrated that edoxaban was superior to enoxaparin in
reducing PE and symptomatic and asymptomatic DVT.”® Edoxaban
(Lixiana®) doses of 15 and 30 mg once daily were approved by the Ministry
of Health, Labor, and Welfare in Japan on April 22,2011 for the prevention of
VTE after major orthopedic surgery. Lixiana® is being developed and
marketed by Daiichi Sankyo Company Limited.

12. ELDECALCITOL (OSTEOPOROSIS)?” 12

Class: Vitamin D3 derivative

Country of origin:  Japan

Originator: Chugai Pharmaceutical/Roche

First introduction: ~ United States

Introduced by: Taisho Pharmaceutical Holdings and Chugai Pharmaceutical
Trade name: Edirol®

CAS registry no: 104121-92-8
Molecular weight:  490.71
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Eldecalcitol (Edirol®) was approved in January 2011 by the Japanese
Ministry of Health, Labor, and Welfare for the treatment of osteoporosis.
The prevalence of osteoporosis is increasing as the mean age of populations
in Japan, Europe, United States, and several other countries increases. Japan,
in particular, has one of the longest life expectancies in the world, with a
mean age of 77 years for men and 84 years for women. In an aging popu-
lation, the weakening of the bone matrix from osteoporosis increases the risk
of severe fractures, such as spinal and hip fractures, thus creating a burden on
quality of life and the health care system.”” Some of the contributing risk
factors are prior incidence of fracture, reduction of bone mineral density,
and increasing age. Bone health is dependent on calcium homeostasis, which
is maintained through the actions of vitamin D. The active metabolite of
vitamin D, 1,25-dihydroxyvitamin D, exerts its action through interactions
with the calcitriol receptor, a nuclear hormone receptor that is responsible
for calcium absorption and bone formation and depletion.”® Because of vi-
tamin D’s central role in the bone health, vitamin D and analogs of vitamin
D have been used to treat patients diagnosed with osteoporosis.”’
Eldecalcitol is an analog of the active form of vitamin D, calcitriol, in which
the lower cyclohexane ring contains a hydroxypropyl group. The synthesis
of eldecalcitol involves the assembly of two units, a fully protected
(3S,4S,5R)-oct-1-en-7-yne-3,4,5-triol and a fused bicyclic system, (R)-6-
((1R,3aR,7aR,E)-4-(bromomethylene)-7a-methyloctahydro-1H-inden-1-
yl)-2-methylheptan-2-ol, through a Diels-Alder reaction to give fully
protected eldecalcitol. The hydroxyl groups are then deprotected to give
1% Eldecalcitol binds to the vitamin D receptor 2.7-fold
more potently than calcitriol, while only weakly inhibiting serum parathy-

the parent molecule.

roid hormone. Eldecalcitol in animal studies (ovariectomized rats) showed
improvements in bone mass while lowering bone resorption, thus demon-
strating its effectiveness against osteoporosis in preclinical models.

In healthy male volunteers, eldecalcitol at oral doses from 0.1 to 1.0 pg
once daily showed rapid absorption and linear PK with a long elimination
halt-life of 8 h reaching C,,, in 3.4 h. Unlike vitamin D, eldecalcitol is not a
substrate for CYP3A4. Eldecalcitol has been studied in two Phase III trials
comparing its effectiveness in treating osteoporosis versus alpha-calcitriol.
Biomarkers of osteoporosis, serum bone-specific alkaline phosphatase, and
serum osteocalcin  were significantly reduced in patients receiving
eldecalcitol orally 1.0 pg once daily when compared to either placebo or
alpha-calcitriol. In another Phase III study, eldecalcitol at a 0.75-pg dose
once daily was found to be superior to alpha-calcitriol in reducing the
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incidence of vertebrae fractions over 3 years. Eldecalcitol also was found to

~ ~ . . 101,102
increase calcium levels and bone mineral density

over a 3-year period.
Eldecalcitol (Edirol®) was approved in January 2011 by the Japanese
Ministry of Health, Labour, and Welfare for the treatment of patients
with osteoporosis (0.5 and 0.75 pug doses). Edirol® is being codeveloped

by Chugai Pharmaceutical and Taisho Pharmaceutical Holdings.

13. FIDAXOMICIN (ANTIBACTERIAL)'%3""98

Class: Bacterial RNA polymerase inhibitor
Country of origin: United States
Originator: Optimer Pharmaceuticals
First introduction: United States
Introduced by: Optimer Pharmaceuticals
Trade name: Dificid®
CAS registry no: 873857-62-6
Molecular weight: 1058.04
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Fidaxomicin (OPT-80) was approved by the U.S. FDA in May 2011 for
the treatment of Clostridium difficile-associated diarrhea (CDAD), joining
metronidazole and vancomycin as drugs recommended for treatment of
C. difficile infections (CDI).'">'""* C. difficile is a gram-positive, anaerobic
bacterium that is responsible for a variety of gastrointestinal (GI)
infections. It is the causative agent in up to 25% of all antibiotic-
associated diarrhea and 50-75% of antibiotic-associated colitis; severe
cases of CDAD can result in death. Up to 2% of all hospitalized patients
and up to 4% of intensive care patients are estimated to be infected with
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this pathogen, which has surpassed methicillin-resistant Staphylococcus aureus
as the most common cause of hospital-acquired infections. Metronidazole is
the preferred treatment for mild to moderate CDI, but is less effective than
vancomycin for severe infections, including those caused by a hypervirulent
strain of C. difficile. Vancomycin is effective in these cases but is also
associated with selection of resistant bacteria. Fidaxomicin, also known as
lipiarmycin and tiacumicin, is an 18-membered macrolide natural

product that was first reported in mid-1970s'"®

106

and is produced by
fermentation. Fidaxomicin and its primary metabolite OP-1118,
which results from hydrolysis of the isobutyryl ester, are narrow-
spectrum antibacterial agents with activity against gram-positive aerobic
and anaerobic organisms, but not against gram-negative organisms.
Fidaxomicin and OP-1118 exert their antibacterial activity by inhibiting
bacterial RINA polymerase, thereby inhibiting bacterial protein
synthesis. The MICy, (minimum inhibitory concentration to kill 90% of
bacteria) for fidaxomicin against C. difficile is 0.125-0.25 pg/mL; OP-
1118 is 4- to 16-fold less potent than the parent compound.
Fidaxomicin has been reported to spare native intestinal flora such as
Bacteroides spp. and as such, may prevent selection of drug-resistant
bacteria. Fidaxomicin is bactericidal to C. difficile and has a low
propensity for resistance development with no cross-resistance to
existing antibiotics.

Fidaxomicin shows minimal systemic absorption following oral admin-

o . . 107
istration in preclinical studies and humans.

Following single- and
multiple-dosing regimens in healthy adults and CDI patients, plasma con-
centrations of fidaxomicin are negligible while fecal concentrations reach
very high levels. In a Phase Ila study, fecal concentrations reached
1433 ng/g in subjects treated with 400 mg/day for 10 days, a concentration
that is >5000 times higher than the MICqy for C. difficile. The metabolite
OP-1118 is found in feces at a ~2:1 ratio of parent to metabolite.
Fidaxomicin was evaluated in two Phase III randomized, multicenter,
double-blinded trials designed to show noninferiority to vancomyecin.'”
In a Phase III trial with 629 randomized patients having mild to severe
CDI, 88.2% of patients treated with fidaxomicin (oral, 200 mg/day, twice
a day, 10 days) achieved clinical cure compared with 85.8% of patients
treated with vancomycin (oral, 125 mg/day, four times a day, 10 days).
Patients receiving fidaxomicin had a statistically significant reduction in re-
currence of CDI for all strains of C. difficile compared with vancomycin

(15.4% vs. 25.3%). In a second Phase III trial, similar results were seen with
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similar efficacy and lower rates of recurrence for fidaxomicin compared with
vancomycin. Fidaxomicin was reported to be well tolerated in clinical
studies. The major adverse events were similar to those for vancomycin
and included nausea (11%), vomiting (7%), abdominal pain (6%), and GI
hemorrhage (4%). Fidaxomicin (Dificid®) is available in the United States
as a 200-mg tablet, with a recommended dose of 200 mg twice daily with
or without food, for a treatment course of 10 days. The lower rate of recur-
rence of CDI with fidaxomicin makes it an attractive option for the treat-
ment of CDIL.'"®

14. GABAPENTIN ENACARBIL (RESTLESS LEG

SYNDROME)'**"'"”
Class: Gamma aminobutyric acid analogue
Country of origin: United States
Originator: Xenoport
First introduction: United States
Introduced by: GlaxoSmithKline
Trade name: Horizant®
CAS registry no: 478296-72-9
Molecular weight: 329.39

In April 2011, the U.S. FDA approved gabapentin enacarbil (XP-
13512) for the treatment of moderate-to-severe Restless Legs Syndrome
(RLS) in adults.'” RLS is a neurological disorder that is characterized
by an urge to move the legs, usually accompanied or caused by unpleasant
sensations in the legs. Symptoms begin or worsen during periods of inac-
tivity are relieved by movement (unlike leg cramps) and are typically worse
in the evening. RLS results in significant sleep disturbances for patients and
areduction in daily function and quality of life. It is estimated that 2-3% of
the United States population experience RLS symptoms that are severe
enough to warrant pharmacological treatment. The underlying
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mechanism of RLS is not well understood. Two dopamine agonists,
ropinirole and pramipexole, are currently approved in the U.S. for the
treatment of RLS. While these agents provide relief for many RLS suf-
ferers, they are not effective in all patients and can be associated with issues
such as increased severity of symptoms and significant side effects.
Gabapentin, which is approved in the United States for treatment of con-
vulsions and for postherpetic neuralgia, has shown evidence of efficacy for
RLS in clinical trials, although the mechanism of action is unclear.
Gabapentin has variable and unpredictable bioavailability, which limits
its utility as an oral agent. Gabapentin enacarbil is a novel prodrug of
gabapentin that was designed to be recognized as a substrate for two
high-capacity nutrient transports, monocarboxylate transporter type 1
and sodium-dependent multivitamin transporter, and to be efficiently
cleaved after absorption to give gabapentin.''” The separated enantiomers
of gabapentin enacarbil have similar cleavage rates in human tissues.
Preclinical studies showed that gabapentin enacarbil provides good sys-
temic exposure of gabapentin in rats and monkeys.''' Gabapentin
enacarbil is prepared as a racemic mixture from gabapentin either by
sequential coupling with 1-chloroethyl chloroformate in the presence of
trimethylsilyl chloride and triethylamine followed by addition of iso-

110
d

butyric aci or by direct coupling with an activated 1-(isobutyryloxy)

ethyl carbonate.'"”

In healthy volunteers, gabapentin enacarbil was well absorbed and gave
dose-proportional exposure of gabapentin with a T, 0of 2.1-2.6 h and oral
"% Oral bioavailability
increased approximately twofold when taken with a meal. An extended re-
lease form gave a T, 0of 7.3-9.8 h, with oral bioavailability of 82—86%. The

efficacy of gabapentin enacarbil was demonstrated in two 12-week random-

bioavailability based on urinary recovery of >70%.

ized, double-blinded, placebo-controlled clinical trials in adult RLS patient
using endpoints based on the International Restless Legs Syndrome (IRLS)
and Clinical Global Impression of Improvement (CGI-I) rating scales. In
trial XP052, subjects with an initial IRLS score of > 15 were treated with
1200 mg of gabapentin enacarbil or placebo, taken with food at 5 p.m.
for 12 weeks.''* Subjects who received gabapentin enacarbil showed a mean
change in IRLS score of —13.2 and 76% responders based on the CGI-I
scale, which was significantly improved compared to placebo controls IRLS
mean change of —8.8; 39% responders). The most commonly reported
adverse events were somnolence (27% vs. 7% for placebo) and dizziness
(20% vs. 5% for placebo). The XP053 12-week trial showed both 600
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and 1200 mg of gabapentin enacarbil to significantly improve RLS
symptoms and sleep disturbance compared with placebo.''> Maintained
improvements and long-term tolerability were demonstrated in a 9-month
randomized, controlled study with 1200 mg of gabapentin enacarbil.''®
Gabapentin enacarbil (Horizant®) is supplied in an extended release
tablet form, with the recommended dose of 600 mg once daily taken with
food at about 5 p.m. Patients are warned not to drive until they have
sufficient experience with Horizant® to assess whether it will impair their

ability to drive.'"’

15. IGURATIMOD (ANTIARTHRITIC)""8 124

Class: Disease modifying antitheumatic drug
Country of origin: Japan
Originator: Toyama
First introduction: China
Introduced by: Simcere Pharmaceutical
Trade name: Iremod
CAS registry no: 123663-49-0
Molecular weight: 374.37
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In August 2011, China’s State FDA approved Simcere Pharmaceutical
Group’s new drug application for iguratimod (T-614), a disease modifying
anti-rheumatic drug (DMARD) for the treatment of rheumatoid arthritis
(RA). The World Health Organization estimates the prevalence of RA
to be 0.3-1% world-wide. RA is more common in women and developed
countries. According to statistics from the Center for Disease Control and
Prevention, ~ 1.5 million adults in the United States had R A in 2007. Prev-
alence of RA in mainland China ranges from 0.2% to 0.37% which is similar
"% While the exact pathophysiology of RA is not
known, genetic predisposition along with environmental and hormonal

to most Asian countries.
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triggers contribute to the autoreactivity of the immune system. The patho-
genesis of RA is multifactorial and includes synovial cell proliferation, fibro-
sis, pannus formation, and bone and cartilage erosion. The current paradigm
for treating RA involves treatment with DMARD’s such as methotrexate
followed by injectable biologics such as etanercept, anakinra, tocilizumab,
abatacept, rituximab, and others. Biochemical studies done at Toyama sug-
gest that iguratimod inhibits PGE, production and COX-2 m-RNA ex-
pression in cultured fibroblasts suggesting a profile similar to selective
COX-2 inhibitors.""” Other mechanisms, such as suppression of NF-kB ac-
tivation, have been proposed to explain the mechanism of action of
iguratimod.'*” Preclinical in vivo studies indicated that iguratimod was effec-
tive in an established adjuvant-induced arthritis model (ED4o=3.6 mg/kg)
in rats and also efficacious in a type II collagen-induced arthritis model in
DBA/1] mice at 30 mg and 100 mg/kg."*" The key step in a four-step syn-
thesis of iguratimod starting from readily available materials involves a
pyrone-ring annulation with N,N-dimethylformamide dimethylacetal.'*'
In a controlled, randomized, double blind, parallel group Phase I1I study in
376 patients using American College of Rheumatology (ACR)20 response
scores, iguratimod (25 mg for the first 4 weeks and 50 mg for the subsequent
24 weeks, oral dosing, daily) was superior to placebo (53.8% vs. 17.2%,
P<0.001) and was not inferior when compared to another DMARD
salazosulfapyridine (63.1% vs. 57.7%).'*> A transient increase in hepatic
enzyme levels, dermatological disorder (low frequency), abdominal pain,
anemia, and symptoms related to gastrointestinal tract disorders were noted
in this study. The long-term safety of iguratimod was assessed in a 52-week
clinical study in 394 Japanese RA patients.'> Increases in alanine aminotrans-
ferase and aspartate aminotransferase (19.4% and 18.3%, respectively) were
noted in this study. ACR20 response rates were 46.9% at week 28 and
41.0% at week 52. A randomized, placebo-controlled, 24-week Phase II clin-
ical study in 280 patients was conducted in China.'** Ninety-five patients
were assigned to the placebo group, while iguratimod was given to the
remaining patients at daily oral doses of 50 mg (1 =93) or 25 mg (n=92). Af-
ter 24 weeks, the ACR20 scores for the 25 mg, 50 mg, and placebo groups
were 39.13%, 61.29%, and 24.21%, respectively, while the ACRS50 scores
were 23.91%, 31.18%, and 7.37%, respectively. Adverse events noted in
the 25 and 50 mg groups were upper abdominal discomfort, leucopenia, el-
evated serum alanine aminotransferase, skin rash, and/or pruritus. Simcere
Pharmaceutical Group has conducted clinical trials comparing iguratimod
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with methotrexate in RA patients, but results are not available. Iguratimod is
taken orally at 25 mg twice daily.

16. IPILIMUMAB (ANTICANCER)”®12>131

Class: Recombinant monoclonal antibody
Country of origin: United States

Originator: Bristol-Myers Squibb

First introduction: United States

Type: Human IgG1lxk, anti-CTLA-4
Introduced by: Bristol-Myers Squibb

Molecular weight: ~ 148 kDa

Trade name: Yervoy®

Expression system: Rodent CHO-cell line

CAS registry no: 477202-00-9

Ipilimumab is a CTLA-4 blocking antibody that was approved by the
U.S. FDA in March 2011 for the treatment of unresectable or metastatic
melanoma. Metastatic melanoma has a long-term remission rate of less than
10%, with over 9000 estimated U.S. deaths in 2012.”%'*> Ipilimumab was
discovered by immunization of transgenic mice comprising human
immunoglobulin genes to generate a human CTLA-4-specific human
sequence monoclonal antibody.'** CTLA-4 is a membrane-bound T-cell
protein that delivers a negative signal on engagement of its ligands CD80
or CD86. Therefore, ipilimumab has an indirect effect on tumors that is
mediated through blockade of CTLA-4 negative signaling and
augmentation of T-cell activity. It is one of a handful of
immunostimulatory drugs (e.g., aldesleukin and interferon alfa-2b) now
approved for cancer therapy. The drug is formulated as a solution for
intravenous infusion. The recommended dosage is 3 mg/kg administered
intravenously over 90 min every 3 weeks for a total of four doses. With
this dosing regimen, ipilimumab C,_;, at steady state was observed to be
21.8 mcg/mL (£11.2), and the terminal half-life was 14.7 days. Blood
samples from 1024 ipilimumab-treated patients were tested for the
presence of antidrug antibodies. Antibodies were detected in 1.1% of the
patients; however, they were not neutralizing, and none of these patients
experienced infusion reactions. Because T-cell activation from treatment
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with ipilimumab can result in severe, and even fatal, immune-related
reactions, the prescribing information includes specific warnings and
precautions on the management of events such as enterocolitis, hepatitis,
dermatitis, neuropathies, endocrinopathies, and ocular inflammatory
diseases. These include recommendations on discontinuation of
ipilimumab treatment and on the use of corticosteroids to treat these
reactions. Corticosteroid treatment of immune-related reactions does not
appear to abrogate the efficacy of ipilimumab.'?’

Ipilimumab has been tested in two Phase III trials: one enrolling pre-
viously treated metastatic melanoma patients and the second in previously
untreated patients. The first of these was a 3-arm (ipilimumab plus peptide
vaccine, ipilimumab alone, vaccine alone; randomized 3:1:1) trial
that enrolled 676 stage III or IV metastatic melanoma patients, whose
disease had progressed while on a prior therapy.'”® Median survival for
the ipilimumab plus vaccine arm was 10 months. For the ipilimumab alone
and the vaccine alone arms, median survival was 10.1 and 6.4 months, re-
spectively. This was the first Phase III, randomized, controlled trial to re-
port a survival advantage for a therapeutic agent in metastatic melanoma
patients. Consistent with the immunostimulatory mechanism of action
of the drug, immune-related adverse events, such as rash, pruritis, vitiligo,
diarrhea, colitis, hypothyroidism, hypopituitarism, hypohysitis, and adrenal
insufficiency, were reported in approximately 60% of the ipilimumab-
treated patients. The percentage of patients experiencing grade 3
immune-related adverse events was 9.7% and 12.2% in the two ipilimumab
arms and 3% in the vaccine alone arm. Grade 4 immune-related events oc-
curred at 0.5% and 2.3% in the ipilimumab arms. Fourteen deaths (2.1%)
were reported to be related to study drug: eight in the combination arm,
four in the ipilimumab alone arm, and two in the vaccine alone arm.
Immune-related adverse events were managed by close patient follow-
up and the administration of high-dose systemic corticosteroids as necessary
for grade 3 and 4 events. The median time to resolution of grade 2 or
higher diarrhea (the most common immune-related adverse event) was
2.0 and 2.3 weeks in the ipilimumab treatment arms. Four patients with
diarrhea or colitis were treated with infliximab. Because the peptide vac-
cine used in two of the trial arms had been optimized for a single human
leukocyte antigen (HLA) subtype, enrollment in the trial was restricted
to patients positive for that subtype (HLA-A*0201). However, in a
retrospective analysis of data from four different Phase II trials, no HLA
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subtype-associated differences in survival or safety were observed.

Although the Phase III trial did not include a placebo arm, survival in
the vaccine alone arm was consistent with historical data for other
experimental agents in metastatic melanoma. A meta-analysis of data from
42 different Phase II trials of experimental agents involving 2100 metastatic
melanoma patients between 1977 and 2005 found a 1-year survival rate
25.5%."”" The vaccine alone arm of the ipilimumab Phase III showed
25.3% survival at 1 year, compared to 43.6% and 45.6% survival for the
ipilimumab treatment arms. In the second Phase III clinical trial, a combi-
nation of ipilimumab therapy together with the cytotoxic drug dacarbazine
was tested against dacarbazine alone in previously untreated metastatic mel-
anoma patients.””' The dose and schedule of ipilimumab in this trial was
different from that used in the first Phase III (which was used to define
the recommended dosage). Ipilimumab was given at 10 mg/kg instead
of 3 mg/kg, and after four doses, some patients received additional doses.
The 502 enrolled patients were randomized 1:1 to two treatment arms.
Patients received 10 mg/kg ipilimumab, or a placebo, and 850 mg/m>
dacarbazine on weeks 1, 4, 7, and 10, followed by 850 mg/ m? dacarbazine
every 3 weeks through week 22. Patients with stable disease or an objective
response, and no dose-limiting toxicities, were subsequently dosed with
10 mg/kg ipilimumab, or placebo, every 12 weeks. Median survival was
11.2 months in the combination arm and 9.1 months in the dacarbazine
alone arm. Survival rates at 1, 2, and 3 years were also higher in the
ipilimumab-treated arm (47.3%, 28.5%, and 20.8% vs. 36.3%, 17.9%,
and 12.2%). Grade 3 adverse events occurred in 40.1% of the ipilimumab
patients, compared to 17.9% of the patients treated with dacarbazine alone.
Rates of grade 4 events were 16.2% and 9.6% in the ipilimumab and
dacarbazine alone arms, respectively. There were no reported drug-related
deaths in the ipilimumab-treated patients. As in the previous Phase III trial,
immune-related adverse events were the most common study drug-related
events. However, the combination with dacarbazine appeared to result in a
different spectrum of observed immune-related adverse events. In contrast
to the previous trial, where diarrhea was the most commonly reported
serious immune-related adverse event, elevated liver-function values were
the most common immune-related adverse event when ipilimumab was
combined with cytotoxic therapy. Grade 3 or 4 immune-related hepatitis
was reported in 31.6% of the ipilimumab-treated patients compared to
2.4% of the patients in the dacarbazine alone arm.
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17. LINAGLIPTIN (ANTIDIABETIC)"32 '4°

Class: Dipeptidyl peptidase-4 (DPP-4) inhibitor
Country of origin: United States

Originator: Boehringer Ingelheim

First introduction: United States

Introduced by: Boehringer Ingelheim and Eli Lilly and Company
Trade name: Tradjenta®

CAS registry no: 668270-12-0

Molecular weight: 472.54
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Linagliptin (trade names Tradjenta® and Trajetna®) is an inhibitor of
dipeptidyl peptidase-4 (DPP-4) that was approved by the U.S. FDA in May
2011 for the treatment of Type 2 diabetes along with diet and exercise. Type
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2 diabetes is a disease in which insulin resistance and beta-cell dysfunction lead
to hyperglycemia. According to the American Diabetic Association, diabetes is
the seventh leading cause of death and increases the risk of heart disease and
stroke by two to four times. Macro- and microvascular complications result
from the progression of the severity of diabetes. The prevalence of diabetes con-
tinues to increase world-wide with an estimated 370 million people projected to
be affected by 2030. The current number of cases in the United States (8% of the
population) is predicted to double by 2050. In the United States, the economic
impact of diabetes was estimated at $176 billion in 2007, with $116 billion at-

132133 The progression of diabetes is attributed to

tributed medical expenditures.
several factors. Patients in a hyperglycemic state exhibit increases in free fatty
acids, cytokines, adipokines, and associated metabolites leading to the loss of
beta-cell function and beta-cell mass in islets. >* As islet function is lost, the
severity of insulin resistance increases. The introduction of dipeptidyl-
peptidase IV inhibitors (DPP-4 inhibitors) has brought a novel class of
insulinotropic agents into the treatment options available to type 2 diabetic
patients. Glucagon-like peptide-1 (GLP-1), an endogenous 30-amino acid
peptide that plays a central role in glucose homeostasis, is inactivated by
cleavage of the N-terminal dipeptide sequence (His-Ala) through the
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peptidase action of DPP-4. This inactivation occurs rapidly, with the half-life of
circulating GLP-1 being <2 min. DPP-4 has several other substrates including
another beneficial incretin peptide, gastric inhibitory peptide (GIP). Inhibitors
of DPP-4 have been shown in man to increase GLP-1 and GIP levels two- to
threefold. Because insulin secretion via the actions of GLP-1 occurs only in
response to rising glucose levels, the risk of hypoglycemia is low, resulting in
the wide acceptance of DPP-4 inhibitors into clinical practice. DPP-4
inhibitors are primarily once a day, weight neutral drugs with a favorable
adverse-effect profile. As shown by animal studies, the class can decrease
beta-cell apoptosis and increase beta-cell survival. In animal models, DPP-4
inhibitors increase the number of insulin positive beta-cells in islets. Islet
insulin content is found to be increased, and glucose-stimulated insulin
secretion in isolated islets is improved.'** "*> Linagliptin (BI-1356) has been
described as a potent highly selective, slow-oft rate and long acting inhibitor
of DPP-4. Linagliptin arose from optimization efforts of xanthine-based
DPP-4 inhibitors with the initial lead identified from an HTS campaign.
After optimizing the activity of the initial micromolar lead, two issues that
needed to be addressed were activity for hER G and muscarinic receptor M.
Introduction of a butynyl group at the N7 position of the xanthine ring gave
much reduced M, affinity with no measureable hERG activity. Linagliptin
inhibits DPP-4 with an ICsy=1 nM and is highly selective (> 10,000-fold)
against DPP-8 and DPP-9. Linagliptin shows no interactions with CYPs up
to 50 M. The described synthesis of linagliptin starts with 8-bromoxanthine,
which is alkylated at the N-7 position to introduce the butyne group,
followed by alkylation of the N-1 group to introduce the methyl-quinazoline
group. Displacement of the bromide with (R)-Boc-3-amino-piperidine
followed by deprotection gives linagliptin.'*® When administered to db/db
mice orally, linagliptin dose dependently reduced glucose excursion from
0.1 mg/kg (15% inhibition) to 1 mg/kg (66% inhibition). Linagliptin was
reported to have a longer in vivo duration of action on glucose tolerance
when compared to other DPP-4 inhibitors. >’

The initial Phase I PK studies in male type 2 diabetic patients studied doses of
linagliptin at 1, 2.5, 5, and 10 mg once daily for 12 days. Linagliptin showed a
less than dose proportional increase in exposure, a short accumulation half-life
(8.6-23.9 h), and arapid achievement of steady-state concentrations (2—5 days).
Linagliptin showed a long terminal half-life of 113-131 h."*® Linagliptin
is eliminated primarily intact, with the primary route of excretion being fecal
(84.7%) and renal excretion being a minor pathway (5.4%). With the low renal
clearance, no dose adjustment is needed for patients with renal impairment.
The most abundant metabolite, CD-1790, results from replacement of the
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3-(R)-amino group of the piperidine by a 3-(S)-hydroxyl group. CD-1790 is
formed at low levels (< 10% of parent drug concentrations)'” via CYP3A4-
mediated conversion of the amino group to a ketone, followed by reduction
to the alcohol primarily by aldo-keto reductases. A comprehensive meta-
analysis of the nine clinical trials of linagliptin as either monotherapy orin com-
bination with metformin, sulfonylureas, or piaglitazone has been reported.'*’
Linagliptin as monotherapy or in combination therapy gives a statistically sig-
nificant reduction in fasting plasma glucose and HbA1C levels. Linagliptin was
shown to be safe and well tolerated. Adverse events were minimal and not sta-
tistically difterent from placebo. In the eight Phase I1I trials, linagliptin did not
increase cardiovascular events relative to placebo. The 6000 patient CAR O-
LINA study, comparing the effects of 5 mg linagliptin to glimeride on cardio-
vascular events, is ongoing. Linagliptin (Tradjenta®), a highly selective, long
acting DPP-4 inhibitor for the treatment of type 2 diabetes, received regulatory
approval from the U.S. FDA in May 2011 as monotherapy ata 5-mg dose taken
once daily and as combination therapy as an adjunct to diet and exercise to im-
prove glycemic control in adults with type 2 diabetes mellitus. Tradjenta® is the
fifth marketed inhibitor of DPP-4 and is comarketed by Boehringer Ingelheim

and Eli Lilly and Company.

18. MIRABEGRON (URINARY TRACT/BLADDER
DISORDERS)'#41 144

Class: Bs-Adrenoceptor agonist
Country of origin: Japan
Originator: Astellas Pharma Inc.
First introduction: Japan
Introduced by: Astellas Pharma Inc.
Trade name: Betanis®
CAS registry no: 223673-61-8 (free base)
223672-18-2 (salt)
Molecular weight: 396.51 (free base)
469.43 (salt)
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Betanis® (Mirabegron) was approved in July 2011 by the Japanese
Ministry of Health, Labour, and Welfare for the treatment of urgency,
urinary frequency, and urinary urge urinary incontinence associated with
overactive bladder (OAB). A study to determine the incidence of OAB
in Japan found 14% of men and 11% of women had the condition with

"1 Mirabegron activates the Ps-

prevalence increasing with age.
adrenergic receptor (B3-AR), which is located on the bladder and in-
volved in bladder smooth muscle relaxation. Mirabegron is synthesized
by coupling 4-nitrophenethyl amine to (R)-2-hydroxy-2-phenylacetic
acid. The resulting amide is reduced to an amine. The nitro group is then
reduced and the resulting aniline is coupled to 2-(2-aminothiazol-4-yl)
acetic acid to give mirabegron.'** Mirabegron has an ECs of 22 nM (in-
trinsic activity =0.8) for B3-AR with no detectable activity for B;- and
Bo-AR (ECs,>10,000 nM). In an anesthetized rat rhythmic bladder
contraction model in which bladder contractions are induced by saline,
mirabegron at 3 mg/kg iv decreased the frequency of rhythmic bladder
contraction without suppressing contraction amplitude. These data sug-
gest that the activation of B3-AR increases bladder capacity without
influencing the frequency of bladder contraction. In Phase I clinical
studies, mirabegron was found to be metabolized by CYP3A4 and
CYP2D6. Genetic polymorphism of CYP2D6 causes variability in the
metabolism of mirabegron in humans. In patients characterized as poor
metabolizers (PM), the amount of mirabegron excreted in the urine is
higher (15.4%) versus patients that are extensive metabolizers (EM)
where the amount in the urine is lower (11.7%). The terminal half-life
in PM patients was 25 h and in the EM patients 23 h.'* In a randomized,
double-blinded Phase III study with 1976 patients comparing mirabegron
50 and 100 mg once daily to tolterodine extended-release (ER) 4 mg
over 4 weeks in OAB patients, the frequency of incontinence per 24 h
was reduced in both mirabegron dosing groups relative to the
tolterodine-treated group. In another Phase III trial, mirabegron at 50
and 100 mg qd was studied over a 12-week period in patients with
OAB. This 1328 patient study showed improvement in the reduction
of incontinence episodes per 24 h versus placebo (—1.13, —1.47, and
—1.63 for placebo, mirabegron 50 mg, and mirabegron 100 mg, respec-
tively; p <0.05)."** Mirabegron, 50 mg once daily, was approved in July
2011 by the Japanese Ministry of Health, Labour, and Welfare for the
treatment of urgency, urinary frequency, and urinary urge urinary incon-
tinence associated with OAB. Betanis® is being developed by Astellas
Pharma Inc.
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19. RETIGABINE (ANTICONVULSANT)"4>13¢

Class: Potassium channel opener
Country of origin: Germany
Originator: ASTA Medica group
First introduction: European Union
Introduced by: Valeant/Glaxo Smith Kline
Trade name: Trobalt (European Union), Potiga™" (United States)
CAS registry no: 150812-12-7
Molecular weight: 303.33
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Retigabine was approved in March 2011 by the European Commission

for the adjunctive treatment of partial-onset seizures in adults who have
epilepsy; in June 2011, the U.S. FDA approved the same drug, known in

the United States as ezogabine.'** "%

Epilepsy is a neurological disorder
characterized by a predisposition to recurrent unprovoked seizures.
Seizures are caused by abnormal electrical disturbances in the brain, with
partial-onset seizures being localized to a limited area of the brain and
generalized seizures affecting the whole brain. Epilepsy is estimated to
affect more than 50 million people world-wide, with partial seizures
occurring in ~60% of patients with epilepsy.'*® More than 20
antiepileptic drugs are available, however, 30-40% of patients continue to
experience seizures on treatment with existing drugs.'* Retigabine
differs from all currently approved antiepileptic drugs in that it acts as a
selective positive allosteric modulator (opener) of KCNQ2-5 potassium
channels, which are key regulators of neuronal excitability.'*” The
discovery of retigabine was based on modification of an analgesic agent
flupirtine that had serendipitously shown potent anticonvulsant activity in
animal models of epilepsy. Changing a central 2,3,6-triaminopyridine to a
1,2,4-triaminobenzene decreased analgesic activity while enhancing
antiepileptic activity."” Retigabine (D-23129) was shown to be a broad
spectrum anticonvulsant with oral activity in a variety of animal models.
The mechanism of action of retigabine was discovered well after its
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in vivo activity was recognized.'”' Retigabine can be prepared by
reductive amination of 2-ethoxycarbonylamino-5-(4-fluorobenzylamino)-
nitrobenzene with 4-fluorobenzaldehyde, followed by hydrogenation in
the presence of Raney nickel.'”

The oral pharmacokinetic profile of retigabine was determined in healthy
volunteers at doses of 25-600 mgand in patients at doses up to 1200 mg/day.'*°
Retigabine is rapidly absorbed with T, occurringbetween 0.5 and 2 h, and its
absolute bioavailability relative to an intravenous dose is 60%. R etigabine un-
dergoes extensive metabolism and is eliminated primarily by renal excretion as
shown by administration of radiolabeled retigabine where 84% of the dose was
eliminated in urine and 14% in feces. Parent drug was 36% of the dose in the
urine, with 18% of the N-acetyl metabolite, and 24% of the N-glucuronide me-
tabolite. Plasma protein binding of retigabine 1s ~ 80% and the volume of dis-
tributionis 2—3 L/kgatsteady state. The plasma half-life of retigabine is 610 h,
with an elimination half-life of 7—11 h. Coadministration of retigabine had no
clinically significant effect on trough concentrations of various antiepileptic
drugs. However, the clearance of retigabine was increased when dosed with
carbamazepine or phenytoin. R etigabine is neither a substrate nor an inhibitor
of CYP enzymes. In mutagenesis assays, 152 retigabine was negative in the in vitro
Ames assay, the in vitro CHO Hprt gene mutation assay, and the in vivo mouse
micronucleus assay. It was positive in the in vitro chromosomal aberration assay
in human lymphocytes. The efficacy of retigabine was established in three ran-
domized, double-blind, placebo-controlled studies in > 1200 adult patients at
oral doses of 600, 900, or 1200 mg/day tid. Enrolled patients had a diagnosis of
localization-related epilepsy which was refractory to 1-3 antiepileptic drugs.
The primary endpoint was change in seizure frequency from baseline; the sec-
ondary endpoint was responder rate defined as the percentage of patients with
>50% reduction in total partial seizure frequency. In all three trials, patients had
a forced titration period, wherein retigabine was initially given at 300 mg/day
tid with an increase at 1-week intervals of 150 mg/day to the targeted dose,
followed by a maintenance period of 8-12 weeks. In the first trial, decreases
in seizures were 600 mg/day, —23%; 900 mg/day, —29%; 1200 mg/day,
—35%; and placebo, —13%.">* In the RESTORE-1 trial, 1200 mg/day tid
of retigabine gave a 44% decrease in seizure frequency and a 44% responder rate
(placebo: 17.5% decrease, 17.8% responder rate).'> The RESTORE-2 trial
showed significantly greater reductions in seizure frequency for retigabine at
600 mg/day (—28%) and 900 mg/day (—40%) compared with placebo
(— 16%)."”° Responder rates were also significantly improved. Across all trials,
there were more study dropouts during the forced titration phase than during
the maintenance phase. Adverse events noted in at least 10% of patients across
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trials were primarily related to the central nervous system and included somno-
lence, dizziness, fatigue, and confusion. The recommended dose of retigabine
(Trobalt/Potiga’ ') is 300 mg/day tid increasing by 150 mg/day tid in 1-week
intervals to 600 mg/day tid to 1200 mg/day tid depending on tolerability.

20. RILPIVIRINE (ANTIVIRAL)*"57-165

Class: HIV nonnucleoside reverse transcriptase inhibitor
Country of origin: Belgium
Originator: Janssen
First introduction: United States
Introduced by: Tibotec (a subsidiary of Johnson and Johnson)
Trade name: Edurant®
CAS registry no: 500287-72-9 (free base)
700361-47-3 (salt)
Molecular weight: 366.42 (free base)
402.88 (salt)
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In May 2011, the U.S. FDA approved rilpivirine in combination with other
antiretroviral agents for the treatment of human immunodeficiency virus
(HIV) 1 infection in treatment-naive adult patients. HIV infection results in
destruction of host CD4+ T-cells, an essential part of the immune system,
and can lead to acquired immune deficiency syndrome (AIDS), which is char-
acterized by low T-cell count and the presence of opportunistic infections. In a
joint UNAIDS/WHO report, it was estimated that in 2008, 33 million people
worldwide were living with HIV infection and 2 million people died from
AIDS-related deaths.”” The U.S. CDC estimated in 2009 that 1.2 million
people in the U.S. were living with HIV infection."”” Drugs for treating
HIV infection have been approved from several classes, including HIV
reverse transcriptase (RT) inhibitors (nucleosides/nucleotides and
nonnucleosides), HIV protease inhibitors, HIV fusion/entry inhibitors, HIV
integrase inhibitors, and others."”® Treatment of HIV infection was revolution-
ized in the mid-1990s with the recognition that combination therapy
with multiple antiretroviral agents was highly effective in controlling HIV
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replication and inducingimmune recovery. There remains a need fornew HIV
treatments that can be tolerated in long-term dosing with minimal side-effects,
retained potency, and simplified dosing schedules. Rilpivirine is a member of
the nonnucleoside reverse transcriptase inhibitor (NNRTTI) class of anti-HIV
agents. It is highly potent against a range of wild-type HIV strains
(EC50=0.07-1.0 nM), ~ 10-20 times more potent than the NNR TT efavirenz
(Sustiva®), and active against HIV strains resistant to other NNR TIs."””'*” The
discovery of rilpivirine was guided by molecular modeling and X-ray
crystallography of HIV-1 RT complexed with inhibitors.'®"'®" The synthesis
of rlpivirine is accomplished by an efficient 6-step route in which the key
step is coupling of 4-((4-chloropyrimidin-2-yl)amino)benzonitrile with (E)-3-
(4-amino-3,5-dimethylphenyl)acrylonitrile." In preclinical studies, the oral
bioavailability of rilpivirine was 31% in dogs and 32% in rats.

When rilpivirine was given to HIV-seronegative male volunteers in a
7-day study with single daily doses ranging from 25 to 200 mg, T}, was
3—4 h, C,,,.x was 2-3 times higher on day 7 than on day 1, and the terminal
half-life was 34-55 h.'*%10%16> The Cinax decreased by 45% when given
under fasting conditions, indicating that rilpivirine should be given with
food. Rilpivirine is highly protein bound (99.7%) and is a substrate
but not an inhibitor of CYP3A4. Based on drug—drug interaction
studies, rilpivirine should not be coadministered with drugs that cause
CYP3A4 induction or gastric pH increase as these may lead to
significant decreases in plasma concentrations. In studies with
"C-labeled rilpivirine, 85% of radioactivity was recovered in feces and
6% in urine. Unchanged drug accounted for 25% of drug-related
material in feces. Glutathione-dependent conjugative metabolism is the
primary pathway of metabolism in hepatocytes from rodents and humans.
The efficacy, safety, and tolerability of rilpivirine in comparison with
efavirenz were assessed in two 48-week Phase III trials in patients not
previously given antiretroviral therapy. A 25-mg dose of rilpivirine was
selected based on having the best efficacy/side-effect profile in a 96-week
Phase IIb trial extended to 192 weeks. In the ECHO trial,'®" rilpivirine
(25 mg, once daily) and efavirenz (600 mg, once daily) were dosed in
combination with tenofovir and emtricitabine; in the THRIVE'® trial,
rilpivirine was combined with an investigator-selected regimen of tenofovir/
emtricitabine, zidovudine/lamivudine, or abacavir/lamivudine. Pooled
results from the two trials showed that rilpivirine was equivalent to efavirenz
in reducing viral load, with 83% of patients having undetectable virus levels
in the rilpivirine combination regimen compared with 80% for the efavirenz
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combination regimen. Patients with higher initial viral load were more likely to
not respond to rilpivirine than efavirenz; patients who failed rilpivirine therapy
had more drug resistance than those who failed on efavirenz. Compared with
efavirenz, rilpivirine showed a lower incidence of CNS eftects, rash, and serum
lipid disturbances. Rilpivirine (Edurant®) was approved as a 25-mg oral tablet to
be taken once daily with a meal in combination with other antiretroviral drugs
for the treatment of HIV1 infection. In August 2011, the FDA approved the
specific three-drug combination Complera®, a fixed dose combination of
rilpivirine (25 mg) with emtricitabine (200 mg), and tenofovir (300 mg) to
be given once daily taken orally with meals.*

21. RUXOLITINIB (ANTICANCER)"¢% 7"

Class: Janus kinase 1 and 2 inhibitor

Country of origin: United States

Originator: Incyte Corporation

First introduction: United States

Introduced by: Incyte Corporation

Trade name: Jakafi®

CAS registry no: 941678-49-5 (free base)
1092939-17-7 (salt)

Molecular weight: 306.37 (free base)

404.36 (salt)
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In November 2011, the U.S. FDA approved ruxolitinib (INCB018424)
for the treatment of patients with intermediate or high-risk myelofibrosis.
The annual incidence rate of primary myelofibrosis in European, Australian,
and North American populations is estimated to range from 0.3 to 1.5 cases
per 100,000 persons.'®® Treatment options for myelofibrosis include
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allogeneic hematopoietic stem cell transplantation (allo-HSCT) although
this is more appropriate for younger, sufficiently healthy patients with
high-risk myelofibrosis for whom a suitable donor is available. Other op-
tions include (a) treatment with hydroxyurea or low dose thalidomide
and prednisone mainly to alleviate organomegaly and cytopenia (b) splenec-
tomy, and (c) spleen irradiation. Myelofibrosis is associated with dys-
regulated Janus-associated kinases (JAKs) JAK1 and JAK2. Ruxolitinib is
an ATP-competitive inhibitor of JAK1 and JAK2 (ICsp of 3.34+1.2 nM
and 2.841.2 nM, respectively) and inhibition occurs regardless of the
JAR2Y"F mutational status. Ruxolitinib is a moderately potent inhibitor
of the related JAK, TYK2 (IC50=1943.2 nM) but is selective versus
JAK3 (IC50 =428 243 nM). It was also selective versus a panel of 26 other
kinases at concentrations approximately 100-fold the ICs5y of JAK1 and
JAK2.'*” Inhibition of JAK1 and JAK2 downregulates the JAK-signal trans-
ducer and activator of transcription (STAT) pathway, inhibiting
myeloproliferation, inducing apoptosis, and reducing numerous cytokine
plasma levels. Consistent with this hypothesis, ruxolitinib inhibited IL-6
and thrombopoietin induced STAT-3 phosphorylation in an in vitro human
whole blood assay with I1Csq, of 282£54 nM and 281+ 62 nM, respec-
tively.'®” In a mouse model of myeloproliferative neoplasms, ruxolitinib
dosed orally reduced enlargement of the spleen; eliminated neoplastic cells
from the spleen, liver, and bone marrow; normalized histology of affected
organs; and prolonged survival. In addition, significant suppression of IL-
6 levels was seen and TNE-o. levels were normalized.'®” An enantiospecific
synthesis of ruxolitinib employing an organocatalytic asymmetric aza-
Michael addition of pyrazoles to (E)-3-cyclopentylacrylaldehyde with dia-
rylprolinol silyl ether as the catalyst has been described.'®®

The pharmacokinetics and pharmacodynamics of ruxolitinib were eval-
uated in single and multiple ascending dosing studies in healthy volun-
teers.'®” In the single ascending dose studies (5, 10, 25, 50, 100, and
200 mg), ruxolinitib was rapidly absorbed with a mean T}, of < 2 h and
a mean terminal half-life of <5 h. Clearance was low (~20 L/h) and the ap-
parent volume of distribution at the terminal phase was moderate (79-97 L).
The apparent volume of distribution of ruxolitinib in myelofibrosis patients,
at steady-state, was 53—65 L. Ruxolinitib is a substrate for CYP3A4 and is
significantly protein bound (~97%). The safety and efficacy of ruxolinitib
were assessed in two Phase III trials in patients with myelofibrosis. Study 1
(COMFORT-I)'"" was a double-blind, randomized, placebo-controlled
study in 309 patients who were refractory to or were not candidates for
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available therapy. The ongoing Study 2 (COMFORT-II)'"" is an open-
label, randomized study in 219 patients who were randomized 2:1 to
ruxolinitib versus best available therapy. The primary efficacy endpoint
was the proportion of patients achieving greater than or equal to a 35% re-
duction from baseline in spleen volume at week 24 (for Study 1) or week 48
(for Study 2) as measured by MRI or CT. In Study 1, efficacy analysis of
primary endpoints indicated that the response rate was 41.9% among recip-
ients of ruxolitinib at a starting dosage of 15 or 20 mg twice daily (depending
on baseline platelet count) and then optimized during treatment, compared
with 0.7% for placebo (p < 0.0001). In the ongoing Study 2, a response rate
of 28.5% has been reported. The most common hematologic adverse reac-
tions (incidence >20%) are thrombocytopenia and anemia. The most com-
mon nonhematologic adverse reactions (incidence >10%) are bruising,
dizziness, and headache. The recommended dose of ruxolitinib is 20 mg ad-
ministered orally twice daily.

22. TAFAMIDIS MEGLUMINE
(NEURODEGENERATION)'7*7¢

Class: Transthyretin stabilizer
Country of origin: United States
Originator: Scripps Research Institute
First introduction: European Union
Introduced by: Pfizer
Trade name: Vyndaqel®
CAS registry no: 951395-08-7 (salt)

594839-88-0

(free acid)
Molecular weight: 503.33 (salt)

308.12 (free acid)
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In November 2011, the European Commission approved tafamidis
meglumine (Fx-1006A, PF-06291826) for the treatment of transthyretin fa-
milial amyloid polyneuropathy (TTR-FAP) in adult patients with stage 1
symptomatic polyneuropathy. TTR-FAP is a rare, progressive, and fatal dis-
order which presents itself phenotypically in the form of neuropathy, cardio-
myopathy, renal failure, and blindness. TTR-FAP affects approximately
8000-10,000 patients worldwide.'”* Since transthyretin (TTR) is primarily
synthesized in the liver, liver transplantation is an option for younger patients
with the common Val30Met (V30M) mutation but is of little benefit for
older patients or those with other mutations (vide infra). TTR is a 55-kDa
homotetramer (each monomer is comprised of 127 amino acids) that trans-
ports thyroxine and retinol. The dissociation of the TTR tetramer into
monomers is thought to be the rate-limiting step in the pathogenesis of
TTR-FAP. The monomers, which are rich in beta sheet structures, undergo
partial denaturation resulting in amyloid deposits. The hereditary form of the
disease is caused by autosomal dominant mutations in the TTR gene.
Tafamidis stabilizes both the wild type and mutant forms of TTR tetramer
and prevents tetramer dissociation'”” by noncooperatively binding to the
two thyroxine binding sites. Tafamidis is the first approved medicine for
TTR-FAP. The Ky values for tatamidis for the two thyroxine binding sites
on TTR, as determined by isothermal titration calorimetry, were 3 nM and
278 nM, respectively. In another in vitro study using wild type TTR, V30M
mutant TTR,, and V122I mutant TTR,, it was shown that tafamidis inhibited
fibril formation in a concentration-dependent manner reaching ECs at a
tafamidis: TTR  stoichiometry of <1 (ECsy was in the range of
2.7-3.2 uM, corresponding to a tafamidis:TTR stoichiometry range of
0.75-0.9)."7* Tafamidis has been synthesized by coupling 4-amino-3-
hydroxybenzoic acid with 3,5-dichlorobenzoyl chloride followed by dehy-
dration using p-toluenesulfonic acid.'”* A recent publication describes the
use of a nickel-catalyzed C-H arylation employing 1,3-dichloro-5-
iodobenzene and a benzoxazole amide.'”

In Phase I clinical trials in healthy volunteers, it was shown that
tafamidis (20 mg, oral dosing) was rapidly absorbed with a T, of
0.5 h and mean C,,, of 1431 ng/mL. The mean AUC,_, derived from
plasma concentration profile for tafamidis was 47,864.31 ng.h/ml, the
mean apparent total clearance was 0.44 L/h, and the mean half-life of
the terminal elimination phase was 54 h. Volume of distribution of the cen-
tral compartment (I/./F) and volume of distribution of the peripheral com-
partment (V,/F) estimates were 0.48L and 18.9L, respectively.'”®
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Tafamidis is highly protein bound (>99.5%). Following the completion of
a pivotal Phase II/III trial, a 1-year open-label extension study was con-
ducted to evaluate long-term safety and efficacy of tafamidis in which pa-
tients who completed the 18-month pivotal study were eligible to enroll.
Of the 86 patients enrolled in the study, 45 were previously on tafamidis
and 41 were previously on placebo. Patients treated with tafamidis for 30
months had less neurologic deterioration than patients who began tafamidis
18 months later (the placebo-tafamidis group), showing a 55.9% preserva-
tion of function as measured by the Neuropathy Impairment Score-Lower
Limb (NIS-LL, primary endpoint). In addition, the secondary endpoints
demonstrated that patients treated with tafamidis over 30 months showed
preservation in large (66% preservation) and small nerve fiber function
(45.5%). Despite having more severe disease (i.e., those patients initiating
treatment 18 months later), initiation of tafamidis in patients previously
on placebo resulted in slowing of disease progression.'’® Most common ad-
verse drug reactions reported included diarrhea, upper abdominal pain, uri-
nary tract infection, and vaginal infection. The recommended dose of
tafamidis is 20 mg orally once daily.

23. TELAPREVIR (ANTIVIRAL)®? 791777183

Class: Hepatitis C virus NS3-4A
Protease inhibitor
Country of origin: United States
Originator: Eli Lilly
First introduction: United States
Introduced by: Vertex Pharmaceuticals
Trade name: Incivek®
CAS registry no: 402957-28-2
Molecular weight: 679.85
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The hepatitis C virus (HCV) protease inhibitor telaprevir (VX-950, MP-
424,1Y-570310) wasapproved by the U.S. FDA in May 2011 for the treatment
of genotype 1 chronic HCV infection in adult patients in combination with
peginterferon alfa and ribavirin (PR).®>"”” Telaprevir and boceprevir (vide
supra) are the first two HCV protease inhibitors to be approved for
treatment of HCV infection. The World Health Organization estimates that
3% of the world population (170 million people) is infected with HCV and
that 3—4 million new cases occur each year.” HCV is an RNA virus that
causes acute and chronic liver disease. Infected individuals may remain
asymptomatic for years, but >70% of people chronically infected with HCV
progress to serious illness, including cirrhosis and hepatocellular carcinoma.
Before the introduction of HCV protease inhibitors, the standard of care for
treating HCV infection was a combination of PR. Some patients are cured
of HCV infection with this regimen, as defined by a sustained virologic
response (SVR) without detectable HCV RNA for 6 months after
completion of therapy. However, with HCV genotype 1, which is the most
prevalent subtype in the United States, Europe, and Japan, only 40-50% of
patients achieve viral cure with PR therapy. In addition, the PR regimen
has many adverse side effects, making it difficult for patients to tolerate the
48-week treatment duration. Telaprevir is a HCV NS3-4A protease
inhibitor that exerts its antiviral effect by blocking the release of
nonstructural viral proteins from a polyprotein precursor. Telaprevir is a
potent inhibitor of the protease (ICs,=10 nM) and is active in cell culture
(HCV 1b replicon assay, EC5,=354 nM).'”” Telaprevir was identified from
efforts to truncate a decamer peptide inhibitor derived from the natural
substrate NS5A-5B and was guided by structure-based design. The keto-
amide group of telaprevir forms a covalent, reversible bond with the active
site serine hydroxyl of the protease and compensates for the loss of affinity
resulting from truncation of the peptide. Despite the presence of the reactive
keto-amide group, telaprevir is >500-fold less potent against other serine
proteases. Synthesis of the key octahydrocyclopenta|c|pyrrole-1-carboxylic
acid fragment of telaprevir is achieved by a-deprotonation of Boc-protected
3-azabicyclo[3.3.0|nonane followed by reaction with CO, and resolution of
the racemic acid.'”®'”” Alternatively, deprotonation is carried out in the
presence of a chiral amine to give the enantiomerically enriched acid.

Initial evaluation of telaprevir in healthy volunteers at doses up to
1250 mg every 8 h for 5 days showed the drug to be well tolerated.'®"
Telaprevir was next evaluated in a Phase Ib study as a single agent in
HCV-infected patients at doses of 450, 750, or 1250 mg, three times daily
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for 14 days. While a profound and rapid reduction in plasma HCV RNA
was noted, viral breakthrough due to selection of variants with decreased
sensitivity was observed in some patients, indicating that telaprevir should
not be used as monotherapy. The 750-mg dose gave the most consistent
antiviral activity and lowest viral breakthrough and was chosen as the clin-

. 180
ical dose.

Exposures are higher in combination with PR than when
given alone and exposure is 330% higher when given with a high fat meal.
Telaprevir reaches T, 4-5 h after dosing and has an elimination half-life
of 4-5 h. The major metabolites are the (R)-isomer at the position & to the
keto-amide (30 times less potent than the (S)-isomer), pyrazinoic acid, and
the inactive-reduced ketoamide. Dosing of '*C-telaprevir gave 90% recov-
ery of radioactivity, with 82% in the feces and 1% in urine. Telaprevir is a
substrate and inhibitor for CYP3A4 and a substrate for P-glycoprotein. It is
59-76% bound to plasma proteins. The efficacy of telaprevir in combina-
tion with PR was established in three Phase III clinical trials with the pri-
mary endpoint of SVR, defined as undetectable HCV RNA 24 weeks after
the end of treatment. The ADVANCE trial was a randomized, double-
blind, placebo-controlled study in treatment naive patients.'®" SVR was
75% in patients given telaprevir/PR for 12 weeks followed by PR to week
24 or week 48 versus 44% SVR on PR alone. The patients with the shorter
duration of PR follow-on therapy were those who had achieved an
extended rapid viral response (eRVR), defined as undetectable HCV
RNA at weeks 4 and 12. The SVR rate was 92% in this subset of subjects.
The ILLUMINATE trial'™ was a randomized, open-label trial in
treatment-naive subjects given PR plus 750 mg of telaprevir three times
a day for 12 weeks followed by PR. The SVR rate in patients with eRVR
was 92% in patients receiving 12 weeks of follow-up on PR versus 90% in
patients receiving 36 weeks of PR follow-up, indicating noninferiority of
the shorter follow-up duration. The REALIZE trial"® enrolled patients
who were previously treated with PR and either had poor responses or
relapsed following treatment. SVR rates were significantly higher in the
telaprevir/PR patients compared with PR alone: 86% versus 22% in re-
lapsers, 59% versus 15% in partial responders, and 32% versus 5% in non-
responders. The most common adverse events with telaprevir/PR
combination therapy were rash, fatigue, pruritis, nausea, anemia, and diar-
rhea. The largest differences in adverse reactions compared with PR alone
were with rash (56%), pruritis (47%), and anemia (36%). Adverse events
were reversible after discontinuation of drug. The recommended dosage
of telaprevir (Incivek®) is 750 mg taken three times a day with food,
and in combination with peginterferon alfa and ribavirin.
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24. VANDETANIB (ANTICANCER)"#%'%?

Class: EGFR family, VEGF, RET inhibitor
Country of origin: United Kingdom

Originator: Astra Zeneca

First introduction: United States

Introduced by: AstraZeneca

Trade name: Caprelsa®

CAS registry no: 443913-73-3

Molecular weight: 475.36
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In April 2011, the U.S. FDA approved vandetanib (ZD6474) for the treat-
ment of symptomatic or progressive medullary thyroid cancer (MTC) in adult
patients with inoperable advanced or metastatic disease. According to statistics
from the National Cancer Institute, there are 56,000 new cases of thyroid can-
cer each year in the United States.'™ Of the four types of thyroid cancer (pap-
illary, follicular, medullary, and anaplastic), the incidence of MTC is 4%.
The prognosis for MTC is poor. Surgery and radiotherapy are commonly
employed to remove the primary tumor, but the treatment of metastatic dis-
ease remains a challenge with 5-year survival rates of ~ 40%. Twenty-five per-
cent of MTC cases are primarily associated with the RET (R Earranged during
Transfection) oncogene. Vandetanib inhibits KDR/VEGFR2, VEGFR3,
EGFR, and RET kinases with 1Cs, of 40, 110, 500, and < 100 nM, respec-
tively.'® In athymic mice bearing MTC tumors, a 14.5-fold reduction of tu-
mor volume was observed after 45 days of treatment with vandetanib at
50 mg/kg/day. The decrease in tumor volume was accompanied by decreases
in mitotic index (Ki67) and tumor angiogenesis in treated xenografts. Key
steps in the synthesis of vandetanib include the displacement of the chlorine
atom from 7-benzyloxy-4-chloro-6-methoxyquinazoline with 4-bromo-2-
fluoroaniline under acidic conditions in a protic solvent and a Mitsunobu re-

action of a N-protected piperidine alcohol with a phenol.'®*'®’
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In a study conducted on 231 patients with MTC, oral administration
of vandetanib at 300 mg/day had a mean clearance of approximately
13.2 L/h, a mean volume of distribution of approximately 7450 L, a me-
dian Ty, of 6 h, and a median plasma half-life of 19 days. The in vitro pro-
tein binding for vandetanib was ~90%."'®® The efficacy of vandetanib was
assessed in a single, double-blind, placebo-controlled study involving 331
patients with unresectable locally advanced or metastatic MTC."®” Of the
331 patients enrolled in the study, 231 were randomized to vandetanib
(300 g) and 100 were randomized to placebo. Progression free survival
(PFS), which was determined according to the Response Evaluation
Criteriain Solid Tumors (RECIST), was used as the efficacy end point. Sta-
tistically significant improvements in PFS were observed in patients ran-
domly assigned to vandetanib compared to placebo after a median
follow-up period of 24 months. Patients with the most common activating
gene mutation in MTCs, RET Met918Thr, had better response rates and
more prolonged PFS than patients without this mutation. Most common
adverse events for vandetanib versus placebo included diarrhea, rash, acne,
nausea, hypertension, headache, fatigue, decreased appetite, abdominal
pain, and QTc prolongation. The recommended dose of vandetanib is
300 mg administered orally once daily.

25. VEMURAFENIB (ANTICANCER)'?%9°

Class: Kinase inhibitor
Country of origin: United States
Originator: Plexxikon

First introduction: United States
Introduced by: Hoffman-La Roche.
Trade name: Zelboraf ®

CAS registry no: 918504-65-1

Molecular weight: 489.9
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In August 2011, the United States FDA approved vemurafenib (PLX-
4032, RO-5185426) for the treatment of patients with metastatic melanoma
with the BRAFY®"F mutation. Statistics from the National Cancer Institute
indicate ~76,250 new cases of melanoma will be diagnosed in 2012."
Immunotherapeutic options include treatment with IL-2 and more recently
with ipilimumab. Chemotherapeutic options include treatment with
dacarbazine. However, overall survival (OS) rates with either IL-2 or
dacarbazine treatment are not high. Vemurafenib has been developed as a
targeted therapy for patients with the BR AF gene mutation since oncogenic
B-raf signaling 1s implicated in approximately 50% of melanomas. A muta-
tion in the kinase domain at nucleotide 1799 of the BR AF gene results in the
substitution of valine to glutamic acid leading to the constitutive activation
of B-raf kinase. This results in excessive cell proliferation due to dysregulated
downstream signaling and gene expression. Vemurafenib was identified
based on an initial high-throughput screen followed by the extensive use
of structure-based drug design.'”""'”> Vemurafenib is a potent inhibitor of
B-Raf¥*"F kinase (IC5,=13 nM) compared to its potency against wild-
type B-raf (IC50=160 nM) and is fairly selective versus a panel of 200
kinases.'”> It does inhibit other kinases (RAF1, SRMS, ACKI,
MAP4K5, and FGR) and mutant B-raf kinases (BRAFV(’OOK,
BRAFYVP and BRAFY*®) with enzyme ICsqp, of <100 nM.'”?
Vemurafenib was tested against a panel of 17 melanoma cell lines and was
a potent inhibitor in cell lines expressing the B-Raf'°"’* mutant. In a
murine LOX melanoma xenograft model, vemurafenib significantly
inhibited tumor growth and induced tumor regression when dosed at
12.5, 25, and 75 mg/kg BID.'” Efficacy was also seen in the A-375,
COLO 829, and C8161 melanoma models. Key steps in the synthesis of

1194
vemurafenib

are a Friedel-Crafts reaction of 5-bromopyrrolo[2,3-b]
pyridine  with  2,6-difluoro-3-(propylsulfonamido)benzoyl  chloride
followed by Suzuki coupling with 4-chlorophenylboronic acid.

Pooled data from 458 patients with BRAF mutation-positive metastatic
melanoma dosed with vemurafenib at 960 mg (BID) indicated a median T,
of ~3 h with a mean C,, and AUCy i, of 62417 pg/mL and
601+170 pg h/mL, respectively. Apparent volume of distribution and clear-
ance are estimated to be 106 L and 31 L/day, respectively, and the half-life is
estimated to be 57 h. The safety and efficacy of vemurafenib was assessed in a
randomized, open label trial involving 675 patients.'” Of these, 337 patients
were assigned to vemurafenib, 960 mg orally twice daily, and the rest were
assigned to dacarbazine at 1000 mg/m> administered intravenously once
every 3 weeks. Efficacy measures included OS and investigator-assessed
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progression-free-survival (PFES). Interim analysis of the trial after 6 months indi-
cated that the OS was 6.2 months for patients treated with vemurafenib and
4.5 months for patients treated with dacarbazine. The median PFS was
5.3 months for patients receiving vemurafenib and 1.6 months for patients
receiving dacarbazine. In a second, single-arm trial involving 132 patients with
BRAFY*’F mutation and who had received at least one systemic therapy, the
median duration of response was 6.5 months when vemurafenib was adminis-
tered at 960 mg orally twice daily.'”> Most common adverse events (> 30%)
are arthralgia, rash, alopecia, fatigue, photosensitivity reaction, nausea, pruritus,
and skin papilloma. Cutaneous squamous cell carcinoma occurred in ~24% of
patients treated with vemurafenib. The recommended dose of vemurafenib is
960 mg administered orally twice daily for the treatment of patients with met-
astatic melanoma, as detected by the cobas 4800 BRAF V600 mutation Test
(Roche Molecular Systems, Inc.).

26. VILAZODONE HYDROCHLORIDE
(ANTIDEPRESSANT) 96204

Class: Dual serotonin reuptake inhibitor and 5-HT1A partial agonist
Country of origin:  Germany

Originator: Merck KGaA

First introduction: ~ United States

Introduced by: Forest Laboratories

Trade name: Viibryd®

CAS registry no: ~ 163521-12-8 (free base)
163521-08-2 (salt)

Molecular 441.52 (free base)
weight: 477.99 (salt)
O
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In January 2011, the U.S. FDA approved vilazodone for the treatment of
major depressive disorder (MDD)."”*'”” MDD is a serious medical

condition that is characterized by persistent low mood, sadness, loss of

interest in previously enjoyed activities, feelings of guilt or worthlessness,
and thoughts of death or suicide. It is estimated that ~15% of the United
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States population will experience MDD in their lifetime, with rates being
higher in women than men. Treatments for MDD include antidepressant
medications, psychotherapy, and electroconvulsive therapy. Among
antidepressant treatments, the selective serotonin reuptake inhibitors
(SSRIs) are the most commonly prescribed medications. Although these
agents are generally safe and effective, fewer than 50% of all patients with
depression show full remission with optimized SSRI treatment.'” In
addition, SSRIs must typically be dosed for 1-2 weeks before clinical
benefit is seen. SSRIs act by blocking the serotonin (5-hydroytryptamine,
5-HT) transporter, which leads to increased levels of extracellular 5-HT
and acute stimulation of presynaptic 5-HT 1A autoreceptors with an initial
reduction of 5-HT cell firing and 5-HT release. Repeated dosing of SSRIs
is thought to lead to desensitization of 5-HT1A autoreceptors, thereby
increasing 5-HT levels and augmenting serotonergic neurotransmission.
Combination of SSRI activity with 5-HT1A partial agonism or antagonism
is an approach to improving the onset of antidepressant efficacy by blunting
the initial activation of the 5-HT1A receptor. Vilazodone is a novel
antidepressant agent that combines potent serotonin reuptake inhibition
(IC50=0.2 nM) with high affinity for 5-HT1A receptors (ICso=0.5 nM)
and partial 5-HT1A receptor agonist functional activity. Vilazodone has good
selectivity over other monoamine receptors and is efficacious in preclinical
models of depression in rats and mice.'” Vilazodone is an
indolylbutylpiperazine derivative that has been prepared by coupling of an
indolylbutyl chloride or tosylate with 5-(piperazin-1-yl)benzofuran-2-
carboxamide or the corresponding ester.””” The cyanoindole portion of
vilazodone is important for conferring high affinity for both the serotonin
transporter and the 5-HT1A receptor. Para-substitution on the phenyl
group attached to the piperidine moiety reduces affinity for dopamine
receptors, while the carboxamide group provides improved pharmacokinetic
properties.””’

In humans, vilazodone shows dose proportional increases in exposure at
196

doses ranging from 5 to 80 mg.  Doses higher than 40 mg were poorly
tolerated. Steady state is achieved after 3 days, with a plasma accumulation
factor of 1.8. Vilazodone is 96-99% protein bound and has a high volume of
distribution. Studies with radiolabeled vilazodone gave 85% recovery of
radioactivity, with 65% in feces and 20% in urine. Only 3% was recovered
as unchanged drug. Vilazodone is primarily metabolized by CYP3A4 to an
inactive 6-hydroxylindole derivative.””"*"*> When given with food, the
Chnax for vilazodone increases 147—-160%, the AUC increases 64—85%,

Tihax 18 4-5 h, and bioavailability is 72%. The efficacy of vilazodone was



560 Joanne Bronson et al.

demonstrated in two Phase III short term (8-week), randomized, double-
blind, placebo-controlled trials with ~900 subjects.”” In these studies,
vilazodone was given at a 10-mg dose for 7 days, a 20-mg dose for the
next 7 days, and a 40-mg daily dose thereafter. The primary endpoint
was the mean change in the Montgomery-Asberg Depression Rating Scale
(MADRS), with the secondary endpoints including the change in the 17-
item Hamilton Rating Score for Depression (HAM-D-17). After 8 weeks,
there was a significant reduction from baseline in the MADRS (—12.9 for
vilazodone treatment vs. — 9.6 for placebo) and HAM-D-17 scores (—13.3
for vilazodone treatment vs. —10.3 for placebo). Data from a 52-week,
open-label trial in ~600 subjects were used for evaluation of efficacy,
safety, and tolerability.”* Patients were titrated to a 40-mg dose and
showed a significant improvement in MADRS total score (29.9 at baseline
to 7.1 at week 52) and in other measures of efficacy. Common adverse
events were diarrhea and nausea in both the 8- and 52-week trials and
were considered mild to moderate. In the 8-week trials, there was a lower
incidence of weight gain and sexual dysfunction compared with placebo.
As with all approved antidepressant drugs in the United States, vilazodone
has a black box warning describing the increased risk of suicidal thinking
and Dbehavior in children, adolescents, and vyoung adults. The
recommended dose of vilazodone is 40 mg once daily following titration
from 10 mg for 7 days to 20 mg for 7 days. Vilazodone should be taken
with food and the dose of vilazodone should be decreased to 20 mg if
given in combination with a CYP3A4 inhibitor. Because there were no
active comparators in clinical trials with vilazodone, differentiation from
other antidepressants remains to be established.

Note: The authors are employees of Bristol-Myers Squibb and own stock
in the company.
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