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OVERVIEW

Approvals of new molecular entities (NMEs) were somewhat lower in 2010
than in previous years. For example, 21 new drugs were approved in the
United States in 2010, compared with 25 in 2009 and 24 in 2008 [1]. Seven of
the 21 U.S. approved NMEs had previously been approved outside of the
United States. Approvals continue to include first-in-class agents, along
with drugs for established targets that offer significant new benefits. This
year’s To-Market-To-Market chapter provides summaries for 24 NMEs
that have been approved for the first time worldwide, of which 19 are
small molecules. Twelve of the summaries are for NMEs that were first
approved in the United States and seven are for NMEs first approved in the
European Union. The remaining NMEs are from Canada, Japan, and
Russia. Treatments for cancer dominate the list, with five drug approvals
for small molecules and approval of the first vaccine for hormone-refrac-
tory prostate cancer. The infectious disease and cardiovascular disease
areas are next in number of new drug approvals, with three each. Two
new drugs were approved for treatment of multiple sclerosis (MS) and
associated symptoms. Other therapeutic categories saw approval of one to
two new drugs each. For completeness, a few marketed drugs that were
approved in 2009 and were not covered in Volume 45 of ARMC are
summarized in this chapter. The following overview is organized by
therapeutic area, starting with drugs that are covered in the detailed
summaries and followed by approvals that are not covered in the detail
but are of significant interest, including new combinations, new indica-
tions for previously approved drugs, new vaccines, and new enzymes.

In the anticancer area, five new small molecules were approved along
with a novel therapeutic vaccine for the treatment of hormone-refractory
prostate cancer. Of the small molecules, four are related to natural pro-
ducts and one is a cyclic peptide. Jevtana® (cabazitaxel), a microtubule
inhibitor, is a semisynthetic analog of the natural product taxol® that was
approved by the Food and Drug Administration (FDA) in combination
with prednisone for the treatment of metastatic castration-resistant pros-
tate cancer (MCRPC) in patients who were previously treated with a
docetaxel-containing regimen for late-stage disease. Prostate cancer usu-
ally occurs in older men and is the second most common cancer among
men in the United States, behind skin cancer. Cabazitaxel is dosed
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intravenously at 25 mg/m? over 1 h every 3 weeks along with 10 mg of
oral prednisone administered daily throughout cabazitaxel treatment.
The median overall survival rate for patients on cabazitaxel treatment
was ~2.4 months longer than current alternatives. Halaven™™ (eribulin),
another microtubule inhibitor, is a synthetic analog of the marine natural
product halichondrin B that was approved for the treatment of metastatic
breast cancer (MBC) in patients who previously received at least two
chemotherapeutic regimens for late-stage disease. Breast cancer is the
second leading cause of cancer-related deaths among women in the
United States after lung cancer, according to the National Cancer Insti-
tute. Eribulin mesylate is dosed intravenously at 1.4 mg/m? over 2-5 min
on days 1 and 8 of a 21-day cycle. The median overall survival rate for
patients on eribulin mesylate treatment was found to be ~2.5 months
longer than current alternatives. Eribulin has 19 stereocenters, and the
commercial route to its synthesis is purported to involve 62 steps.
Junovan® (mifamurtide) is a liposomal formulation of muramyl tripep-
tide phosphatidylethanolamine that has been approved by the European
Commission (EC) for the treatment of osteosarcoma. Phase III results with
mifamurtide clearly demonstrated ~30% decrease in the risk for death,
with ~78% of patients surviving through the sixth year of treatment.
Mifamurtide is thought to act by stimulating the innate immune system
to release proinflammatory cytokines, leading to tumoricidal activity.
Mifamurtide is dosed intravenously at 2 mg/m? administered as adju-
vant therapy over 1 h twice weekly for an initial 12 weeks. Istodax"
(romidepsin) is a natural product isolated from Chromobacterium violaceum
that was approved by the FDA as a single-agent therapy for the treatment
of cutaneous T cell lymphoma (CTCL) in patients who previously
received at least one systemic therapy. Romidepsin is a cyclic peptide
derivative and is an inhibitor of histone deacetylases (HDACs) with
modest selectivity for class I HDACs. Romidepsin is dosed intravenously
at 14 mg/m” over 4 h on days 1, 8, and 15 of a 28-day cycle. In clinical
trials, the overall objective disease response (ODR) and complete
response (CR) rates were found to be ~34% and 6%, respectively. Javlor®
(vinflunine) is a fluorinated, semisynthetic analog of the natural vinca
alkaloids vinblastine and vincristine that has been approved by EMEA
for the treatment of bladder cancer for patients who were previously
treated with a first-line platinum—containin% regimen. The recommended
dose of vinflunine ditartrate is 320 mg/m* administered intravenously
over 20 min once every 3 weeks. In a Phase III study, vinflunine treated
patients showed improvement in the median overall survival of 6.9
months compared to 4.3 months for patients who were treated with best
supportive care (BSC). Provenge® (sipuleucel-T) is an autologous vaccine
for the treatment of asymptomatic or minimally symptomatic metastatic
hormone-refractory prostate cancer. The vaccine is made from individual
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patient’s blood cells that have been cultured with a recombinant fusion
protein comprising the prostate tumor antigen human prostatic acid
phosphatase fused to granulocyte macrophage colony-stimulating factor
(GM-CSF). It is administered as three separate infusions given at 2-week
intervals. Sipuleucel-T improved median survival by 4.5 months. In addi-
tion to new single-agent approvals, several new indications for previously
approved drugs for anticancer treatments are noteworthy. Two oral
kinase inhibitors received extended approval for the treatment of a rare
type of leukemia. Tasigna® (nilotinib) from Novartis and Sprycel® (dasa-
tinib) from Bristol-Myers Squibb both received approval for the addi-
tional indication of treatment of Philadelphia chromosome positive
chronic phase chronic myeloid leukemia (Ph+ CP-CML), a slowly pro-
gressing blood and bone marrow disease linked to a genetic abnormality.
Tasigna® was previously approved for treatment of chronic myeloid
leukemia. Sprycel® was previously approved for treatment of chronic
myelocytic leukemia and acute lymphocytic leukemia. The FDA extended
the indications for the monoclonal antibody Rituxan® (rituximab) with its
approval for treatment of chronic lymphocytic leukemia (CLL), a slowly
progressing blood and bone marrow cancer. Rituxan® is being developed
by Biogen Idec and Genentech (Roche) and is intended for patients with
CLL who are beginning chemotherapy for the first time and for those who
have not responded to other cancer drugs for CLL. Rituxan® was previ-
ously approved for treatment of B cell lymphoma and rheumatoid arthri-
tis. Herceptin® (trastuzumab), a monoclonal antibody from Genentech
that selectively binds with high affinity to the extracellular domain of the
human epidermal growth factor receptor 2 protein (HER2), was approved
for treatment of gastric cancer. Herceptin® is specifically indicated in
combination with cisplatin and capecitabine or 5-fluorouracil for the
treatment of patients with HER2 overexpressing metastatic gastric or
gastroesophageal junction adenocarcinoma, who have not received prior
treatment for metastatic disease. Herceptin® was previously approved for
treatment of HER2 overexpressing breast cancer.

The area of infectious disease treatments saw approvals for one anti-
bacterial drug and two anti-influenza drugs, along with two new vac-
cines. Teflaro® (ceftaroline fosamil), a novel cephalosporin prodrug, was
approved as an injectable antibiotic to treat adults with community-
acquired bacterial pneumonia (CABP) and acute bacterial skin and
skin structure infections (ABSSSI), including those caused by methicil-
lin-resistant Staphylococcus aureus (MRSA). Infections due to drug-
resistant gram-positive bacteria, particularly MRSA, are a continuing
concern worldwide. Four Phase III trials were used to demonstrate the
efficacy of ceftaroline fosamil in ABSSSI and CABP. In ABSSS], clinical
cure rates were similar and high (>90%) for both the ceftaroline and
vancomycin plus aztreonam-treated groups. In CABP, clinical cure rates
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were higher for ceftaroline fosamil than for ceftriaxone for gram-positive
organisms and were similar for gram-negative organisms. Like most
cephalosporins, ceftaroline fosamil was safe and well tolerated. Two
new neuraminidase (NA) inhibitors, Inavir® (laninamivir octanoate) and
Rapiacta (peramivir), were approved in Japan in 2010 for treatment of
influenza infection, joining previously approved NA inhibitors Relenza®
(zanamivir) and Tamiflu® (oseltamivir). Influenza is a global health con-
cern, with both seasonal epidemics and unpredictable pandemics result-
ing in significant morbidity and mortality, particularly for patients at high
risk for influenza-associated complications. Laninamivir octanoate, an
ester prodrug form of the active drug laninamivir, is given by intranasal
administration at a 20 or 40 mg dose. Laninamivir octanoate has a long
half-life in humans such that efficacy can be achieved after only a single
dose. Peramivir is the only NA inhibitor available for intravenous (IV)
use. Peramivir is given as a single 300 mg IV dose for adult and pediatric
uncomplicated seasonal influenza infection, and as single and multiple
600 mg IV doses for patients at high risk for complications associated with
influenza virus infection. Two vaccines were approved in the infectious
diseases arena. Prevnar 13° from Pfizer is a pneumococcal 13-valent
conjugate vaccine that was approved in the United States for infants
and young children ages 6 weeks through 5 years for the prevention
of invasive disease caused by 13 different serotypes of the bacterium
Streptococcus pneumoniae. It is also approved for the prevention of otitis
media caused by the seven serotypes shared with a previously approved
vaccine, Prevnar®. S. pneumoniae can cause pneumonia as well as infec-
tions of the blood, middle ear, and the covering of the brain and spinal
cord. Prevnar 13 will be the successor to Prevnar®, extending protection to
six additional types of disease-causing bacteria. Menveo® from Novartis
was approved as a vaccine to prevent meningococcal disease. Meningo-
coccal disease is a leading cause of bacterial meningitis, an infection of the
membrane around the brain and spinal cord, and sepsis, an often
life-threatening blood infection. The vaccine is indicated for the active
immunization of people between 2 and 55 years old in the prevention
of invasive meningococcal disease caused by Neisseria meningitidis
serogroups A, C, Y, and W-135.

Within the cardiovascular disease arena, three new agents were
approved, along with several new drug combinations. Kalbitor® (ecallan-
tide) is an analog of tissue factor pathway inhibitor (TFPI) and is a first-in-
class drug that potently inhibits plasma kallikrein and effectively treats
the symptoms and frequency of hereditary angioedema (HAE), an auto-
somal disease that affects between 1:10,000 and 1:50,000 people. Patients
with HAE go through a cycle of flare-ups with symptoms of pain and
swelling of cutaneous and mucosal tissues. The disease results from a
genetic deficiency of the Cl-esterase inhibitor protein, which in turn leads
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to the excessive formation of bradykinin resulting in edema. In Phase 111
trials, ecallantide was found to be effective in relieving HAE symptoms
and reducing the frequency and duration of HAE attacks. The drug was
effective in moderate and severe HAE patients and was found to have a
24-h duration of action. Ecallantide is given as three 10 mg subcutaneous
doses. Brilique™ (ticagrelor), an antagonist of the P2Y;, receptor that
effectively blocks platelet aggregation, was approved for the prevention
of atherothrombotic events in patients with acute coronary syndrome
(ACS). It is the first reversible P2Y;, receptor antagonist to be approved.
ACS and related events are the leading cause of mortality in the United
States. The rupture of an atherosclerosis plaque in coronary arteries
initiates a series of biochemical events that leads to platelet aggregation
and thrombus formation with serious medical consequences. Stimulation
of the P2Y;, receptor is a powerful initiation step in the GPIIb/Illa
pathway of platelet activation and aggregation. As a P2Y;, antagonist,
ticagrelor is effective in treatment of events associated with ACS, includ-
ing myocardial infarction, stroke, death from vascular complications,
ischemia, and stent thrombosis. Brinavess™ (vernakalant) has been
approved as an IV agent for the treatment of patients experiencing short
duration or recent onset atrial fibrillation (AF), a condition in which
signals from the atria of the heart are discoordinated with the ventricle
signals, resulting in irregular heart beat. Episodes can last from a few
minutes to days to weeks and years. The symptoms include chest pains,
palpitations, and weakness. The condition is associated with congestive
heart failure (CHF). Vernakalant is a selective class Il antiarrhythmic that
has more of its effects in atrial tissues than ventricular tissues. It has
activity for cardiac Na+ and K+ channels and also for the atrial-selective
Kv1.5 channel. Two cardiovascular drugs that were previously approved
outside the U.S. received FDA approval in 2010: Pradaxa® (dabigatran)
for prevention of stroke and Lumizyme® (alglucosidase alfa) for treat-
ment of Pompe disease, a rare, inherited and often fatal disorder that
disables the heart and muscles. These were reviewed in To-Market-To-
Market in previous years. For combination agents, there were three new
approvals for the treatment of hypertension. It is estimated that about one
billion people globally have high blood pressure, and many of these
remain either untreated, or even if treated, are not at their ideal blood
pressure target. Tekamlo® from Novartis is a single-pill combination of
the renin inhibitor Tekturna® (aliskiren) and the calcium-channel blocker,
amlodipine. The FDA approval of Tekamlo® for high blood pressure was
based on clinical trial data involving more than 5000 patients with mild-
to-moderate high blood pressure. Tekamlo® gave greater reductions in
systolic and diastolic blood pressure compared with either agent alone.
The aliskiren component of Tekamlo® inhibits the activity of the renin
angiotensin aldosterone system (RAAS), an important regulator of blood
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pressure, while the calcium-channel blocker, amlodipine, lowers blood
pressure by relaxing the blood vessel walls through the inhibition of
calcium influx. Amturnide™ is a single oral tablet from Novartis com-
bining Tekturna® and amlodipine with the diuretic hydrochlorothiazide
(HCTZ). Approval of Amturnide™ was based on a double-blind, active-
controlled study in 1181 patients with moderately or severely elevated
blood pressure. Both patient populations achieved greater systolic and
diastolic blood pressure reductions with Amturnide'™ compared to the
dual combinations. Amturnide™ is indicated for the treatment of hyper-
tension in patients not adequately controlled with any two of the follow-
ing: aliskiren, dihydropyridine calcium-channel blockers, and thiazide
diuretics. Tribenzor™ from Daiichi-Sankyo, a combination of three
drugs (amlodipine, HCTZ, and an angiotensin II receptor antagonist
olmesartan medoxomil), was approved as an oral agent for the treatment
of hypertension. The FDA approval of Tribenzor™ was based on a
double-blind, active-controlled study in 2492 hypertensive patients,
with subjects receiving Tribenzor™ or one of three dual therapies. After
8 weeks of treatment, the triple combination therapy produced greater
reductions in both systolic and diastolic blood pressures compared to
each of the three dual combination therapies. Tribenzor™ is the second
three-drug combination pill approved by the FDA, with Exforge HCT®
(Novartis; amlodipine/valsartan/HCTZ) receiving approval in 2009.
Approvals for endocrine disease therapeutics included drugs for treat-
ing diabetes, agents for infertility and contraception, and a combination
drug for treating benign prostatic hyperplasia. Diabetes is a disease with
increasing worldwide prevalence that has a significant impact on human
mortality and the cost of healthcare. Nesina® (alogliptin) is an inhibitor of
dipeptidyl peptidase-4 (DPP-4) that increases the concentration and half-
life of the incretin GLP-1, a master regulator of glucose homeostasis.
Alogliptin is the fourth DPP-4 inhibitor approved for the treatment of
diabetes. Victoza® (liraglutide), a GLP-1 analog, was approved in the
United States for diabetes treatment. This drug was previously approved
in several countries outside the United States and was summarized in To-
Market-To-Market in 2009. Kombiglyze XR™ from Bristol-Myers Squibb
and Astra-Zeneca is a new combination tablet for the treatment of type
2 diabetes consisting of metformin and saxagliptin, a DPP-4 inhibitor. The
FDA approved once-a-day Kombiglyze XR™ based on two Phase III
clinical trials and bioequivalence studies. Kombiglyze XR™ offers strong
glycemic control and is indicated as an adjunct to diet and exercise to
improve glycemic control in adults with type 2 diabetes mellitus when
treatment with both saxagliptin and metformin is appropriate. In the area
of reproductive health, one new drug was approved for infertility and a
new combination was approved for contraception. Elonva® (corifollitro-
pin alfa) is a long-acting follicle-stimulating hormone (FSH) analog that



440 Joanne Bronson et al.

was approved for increasing the success rate for conception. Corifollitro-
pin alfa is first-in-class for sustained follicle stimulants (SFS). One injec-
tion of corifollitropin alfa replaces seven daily injections of recombinant
FSH (rFSH) in a controlled ovarian stimulation cycle. Natazia® from
Bayer Healthcare Pharmaceuticals is a combination hormonal tablet
approved for use as an oral contraceptive. Natazia® contains two female
hormones, an estrogen (estradiol valerate) and a progestin (dienogest),
and is the first oral contraceptive marketed in the United States to vary the
doses of progestin and estrogen four times throughout each 28-day treat-
ment cycle. The safety and efficacy of Natazia® were evaluated in two
multicenter Phase III clinical trials involving 1867 women and nearly
30,000 28-day treatment cycles. Natazia® was found to be effective as a
hormonal contraceptive in both studies. The synthetic steroid ella® (uli-
pristal acetate) was approved in the United States for emergency contra-
ception when taken orally within 120 h (5 days) after a contraceptive
failure or unprotected intercourse. Ulipristal was previously approved
in the European Union and was covered in To-Market-To-Market in 2009.
Jalyn™ is a new combination drug from Glaxo that received approval for
treatment of benign prostatic hyperplasia (BPH). BPH is one of the most
common prostate disorders, affecting nearly half of all men 50 years of age
or older in the United States. Jalyn™ combines the synthetic steroid
dutasteride, a 5-alpha reductase inhibitor, with tamsulosin, an alphalA
adrenoreceptor blocker. Dutasteride reduces symptoms and shrinks the
prostate and is already approved as a single agent (Avodart®) for treat-
ment of BPH. Tamsulosin acts by relaxing the muscles in the bladder and
prostate. Approval of the combination was based on 2-year results from
the CombAT (Combination of Avodart® and Tamsulosin) study, one of
the largest clinical trials to date of men with BPH.

Approvals in the metabolic disease category include drugs for osteo-
porosis, lipid disorders, and gout. Osteoporosis is a disease in which the
bones become weak and are more likely to break. The vast majority of
people with osteoporosis are women; one of every two women over age
50 will break a bone in their lifetime due to osteoporosis. Prolia®/Xgeva®
(denosumab) is a fully human monoclonal antibody that inhibits bone
resorption by blocking the ligand for the osteoclast receptor RANK. It was
approved in two different dosage forms for treatment of postmenopausal
women with osteoporosis at high risk for fracture, and for the prevention
of skeletal-related events in patients with bone metastases from solid
tumors. Denosumab is given as a 60-mg subcutaneous injection every 6
months for osteoporosis and 120 mg every 4 weeks for patients with bone
metastases. For osteoporosis patients, the drug provided an approxi-
mately threefold reduction in fractures over placebo; for cancer patients,
bone mineral density, progression free survival, overall survival, and
adverse events were comparable to bisphosphonate therapy. In the area
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of lipid disorders, EgriftaTM (tesamorelin) is the first FDA-approved
treatment for HIV patients with lipodystrophy, a condition in which
excess fat develops in different areas of the body, most notably around
the liver, stomach, and other abdominal organs. The use of antiretroviral
agents for the treatment of HIV infection has been widespread since the
mid-1990s because of their effectiveness in improving the symptoms and
halting progression of the virus. One of the side effects observed with
antiretroviral treatment (ART) is the accumulation of fat in some patients.
Tesamorelin is a growth hormone-releasing factor (GRF) drug that is
administered in a once-daily injection. VPRIV® (velaglucerase alfa) from
Shire Human Genetic Therapies has been approved as a long-term, inject-
able enzyme replacement therapy for the treatment of pediatric and adult
patients with type 1 Gaucher disease, a rare genetic disorder in which
lipid accumulates in cells and certain organs due to a hereditary defi-
ciency of the enzyme glucocerebrosidase. About 1:50,000 to 1:100,000
people in the general population have Gaucher disease. The safety and
effectiveness of VPRIV® was assessed in three clinical studies involving
82 patients with type 1 Gaucher disease ages 4 years and older. The
studies included patients who switched to VPRIV® after being treated
with Cerezyme, a previously approved enzyme replacement therapy. The
primary endpoint, hemoglobin concentration, either improved or stabi-
lized upon treatment with VPRIV®. Krystexxa® (pegloticase) from Savi-
ent Pharmaceuticals is a polyethylene glycol conjugate of a recombinant
mammalian uricase enzyme that was approved for IV treatment of
chronic gout in adult patients refractory to conventional therapy. Gout
occurs due to buildup of uric acid, which is eventually deposited as
needle-like crystals in the joints or in soft tissue and causes the severe
pain associated with the disease. Krystexxa® catalyzes the oxidation of
uric acid to allantoin, a water-soluble metabolite that is readily elimi-
nated, thereby lowering uric acid levels. Approval of Krystexxa® was
based on two replicate, multicenter, randomized, double-blind, placebo-
controlled 6-month studies in 212 patients. The difference between
Krystexxa® and placebo was statistically significant for an every 2-week
dosing regimen, but not for an every 4-week dosing regimen. Carbaglu®
(carglumic acid) was approved in the United States for treatment of
hyperammonemia due to N-acetylglutamate synthase (NAGS) deficiency,
an extremely rare, genetic disorder that results in too much ammonia in
the blood. Hyperammonemia can be fatal if it is not detected and treated
early. Carbaglu® was previously approved in Europe in 2003.

For diseases of the central nervous system (CNS), new agents were
approved for the treatment of schizophrenia and for multiple sclerosis
(MS). The atypical antipsychotic Latuda® (lurasidone hydrochloride) was
approved as a once-daily, oral agent for the treatment of patients with
schizophrenia. Schizophrenia is a debilitating mental disorder that affects
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1% of the population worldwide. Like other atypical antipsychotic agents,
lurasidone has potent antagonist activity at D, and 5-HT;4 receptors. It is
also a 5-HT; 5 receptor partial agonist and a potent 5-HT; receptor antag-
onist. The efficacy of lurasidone for the treatment of schizophrenia was
established in four 6-week, placebo-controlled studies in adult patients.
The recommended starting dose for lurasidone is 40 mg/day. Unlike
many atypical antipsychotics, lurasidone has a neutral effect on weight
gain. Two new small molecule drugs were approved for people with MS,
a chronic and disabling disease that affects the brain, spinal cord, and
optic nerves. According to the National Multiple Sclerosis Society, there
are about 400,000 people in the United States and 2.1 million people
worldwide with MS. Ampyra® (dalfampridine) is a voltage-gated potas-
sium channel blocker that is the first oral therapy approved by the FDA to
improve walking in MS patients with existing gait impairment. The
extended release formulation of dalfampridine improves pharmacoki-
netic parameters and minimizes the side effects of dalfampridine. A
drug with a similar structure and mechanism of action, Firdapse™ (ami-
fampridine) from BioMarin Pharmaceuticals, was approved in 2009 for
the treatment of Lambert-Eaton myasthenic syndrome, a rare disorder of
neuromuscular transmission. Gilenya® (fingolimod), a sphingosine-1-
receptor agonist, is the first approved oral therapy for the relapsing—
remitting form of multiple sclerosis (RRMS). Fingolimod is a prodrug
and is converted in vivo to the active drug, (S)-fingolimod phosphate,
primarily by sphingosine kinase-2. (S)-Fingolimod phosphate acts on
sphingosine 1-phosphate receptors and blocks lymphocyte egress from
lymph nodes and prevents their recirculation and entry into the CNS. The
U.S. FDA approved fingolimod for RRMS at a dose of 0.5 mg once daily.

Two new drugs were approved for treatment of ophthalmologic dis-
eases. Diquas (diquafosol) was approved in Japan in 2010 as a 3% oph-
thalmic solution for treatment of dry eye disease. Diquafosol is a P2Y,
purinergic receptor agonist with the ability to activate the receptor on the
ocular surface and stimulate water, lipid, and mucin secretion. The 3%
solution was reported to improve dry eye symptoms by promoting secre-
tion of mucin and water, thereby bringing the tear film closer to a normal
state. Lastacaft'™ (alcaftadine) was approved as a once-daily, 0.25% oph-
thalmic solution for the prevention of itching and redness associated with
allergic conjunctivitis. Alcaftadine blocks histamine receptors and thus
prevents the inflammatory effects of histamine.

In the respiratory diseases area, two new drugs were approved in
2010. Daxas® (roflumilast) is a selective, orally active phosphodiesterase
(PDE) 4 inhibitor that was approved as an add-on to bronchodilator
treatment for maintenance therapy of severe chronic obstructive pulmo-
nary disease (COPD) associated with chronic bronchitis in adult patients
with a history of frequent exacerbations. COPD is a chronic inflammatory
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disease and is the sixth most common cause of death worldwide and a
major cause of morbidity. Roflumilast is a potent and competitive inhibi-
tor of PDE4 and is equipotent against PDE4A, 4B, and 4D but is inactive
against PDE4C and other members of the PDE family. Despite its inhibi-
tion of PDE4D, roflumilast shows the lowest incidence of nausea (3-5%)
of the PDE4 inhibitors investigated to date. In clinical trials, patients with
COPD having more severe airway obstruction showed a significant
reduction in exacerbation frequency with roflumilast. In patients with
chronic bronchitis, a 500-ug daily oral dose of roflumilast also gave a
significant improvement in forced expiratory volume in 1 s (FEV;) and a
reduction in exacerbation rate. Bilaxten™ (bilastine) is an orally bioavail-
able, selective inhibitor of the histamine H; receptor that has a rapid
biological onset and long duration of action. A total of 28 clinical trials
were run with bilastine in 5000 patients. Bilastine effectively treats allergic
rhinitis, shows no effect on cardiovascular parameters, and has no seda-
tion side effects.

For treatment of pain, one new drug was approved in 2010. Civanex®
(zucapsaicin) is a topical analgesic that was approved for use in conjunc-
tion with oral cyclooxygenase-2 (COX-2) inhibitors or nonsteroidal
anti-inflammatory drugs (NSAIDs) to relieve severe pain in adults with
osteoarthritis of the knee. Zucapsaicin is the cis-isomer of the natural
product capsaicin. Its analgesic action is mediated through the transient
receptor potential vanilloid type 1 (TRPV1) channel, a ligand-gated ion
channel that is expressed in the spinal cord and brain and is localized on
neurons in sensory ganglia. Initial constant activation of TRPV1 is fol-
lowed by desensitization to a variety of noxious stimuli. In clinical trials,
0.075% zucapsaicin cream was efficacious in patients experiencing severe
pain. Application site burning sensation was the most frequently reported
adverse event and was predominantly mild to moderate. A new indica-
tion was approved for Eli Lilly’s Cymbalta® (duloxetine), namely for the
treatment of chronic musculoskeletal pain, including discomfort from
osteoarthritis and chronic lower back pain. Cymbalta® was first used to
treat major depressive disorder. It has also been previously approved for
the treatment of diabetic peripheral neuropathy, generalized anxiety dis-
order, maintenance treatment of major depression, and fibromyalgia. The
efficacy of Cymbalta® in chronic low back pain and osteoarthritis was
assessed in four double-blind, placebo-controlled, randomized clinical
trials. At the end of the study period, patients taking Cymbalta had a
significantly greater pain reduction compared with placebo.

Additional approvals in 2010 include an agent for the treatment of a
debilitating hand disease and one for removal of varicose veins. Xiaflex®
(collagenase clostridium histolyticum) from Auxilium Pharmaceuticals
was approved in the United States for treatment of a hand disease
known as Dupuytren’s contracture, in which buildup of collagen in the
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palm leads to formation of rope-like cords of tissue that prevent normal
function of the fingers. Xiaflex® is a collagenase that acts by breaking
down excessive collagen that builds up in the disease. In one 66-patient
study, 44% of those injected with Xiaflex® were treated successfully,
compared to 5% for patients who received a placebo. In a separate 306-
patient study, 64% of patients given Xiaflex® were treated successfully,
compared to only 7% of patients receiving the placebo. Asclera® (polido-
canol) from Merz Aesthetics and Chemische Fabrik Kreussler was
approved in the United States for removal of varicose veins. Polidocanol
is a dodecyl ether derivative of a nine-unit polyethylene glycol. It works
by damaging the cell lining of blood vessels, causing them to close and
eventually be replaced by other types of tissue.

1. ALCAFTADINE (0.25%) (OPHTHALMOLOGIC,
ALLERGIC CONJUNCTIVITIS) [2-6]

Class Antihistamine

Country of origin ~ United States

Originator Janssen Research Foundation
First introduction United States

Introduced by Vistakon Pharmaceuticals, LLC
Trade name Lastacaft™

CAS registry no. 147084-10-4
Molecular weight ~ 307.4
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Alcaftadine, a histamine H; /H, receptor antagonist, was approved in
the United States in 2010 for the prevention of itching and redness asso-
ciated with allergic conjunctivitis. Seasonal and perennial allergic con-
junctivitis affects up to 40% of the population worldwide. There are
numerous treatment options, with topical antihistamines being an effec-
tive therapy. Some of the primary symptoms and signs of allergic conjunc-
tivitis are ocular itching and conjunctival redness. The pharmaceutical
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market for conjunctivitis is substantial and steadily increasing. For exam-
ple, the market for allergic conjunctivitis in the United States increased
from $6 million in 1993 to $2 billion in 2008. The market in Europe has
experienced similar growth. In a healthy eye, tight junctions form a barrier
that prevents foreign agents from penetrating the conjunctival epithelium
and allows for the paracellular passage of nutrients and water. The tight
junctions comprise cell membrane protein complexes that provide stabil-
ity and adhesion by linking the cytoskeleton of adjacent epithelial cells. In
patients with seasonal allergic conjunctivitis, epithelial cell adhesion pro-
teins and cytoskeletal elements are found to be downregulated. Some of
the common contributors to this degradation process are proteases from
dust mites and peptidases from pollens. Once the protective element of the
ocular surface is compromised, allergens penetrate and cause an allergic
reaction. The degree of severity depends on a number of factors including
the allergen load, the degree of allergen dilution within the tear film, and
the expression of epithelial cell molecules. Allergen proteins cross-link
with IgE to initiate an allergic cascade resulting in mast cell degranulation
and in turn the release of allergen molecules including principally hista-
mine. Ocular itching has been shown to result from histamine’s stimula-
tion of the H, receptors. Histamine’s actions on H; and Hj, receptors result
in the redness of the conjunctiva. Chemosis and lid swelling also result
from H; receptor activation [2,3]. Alcaftadine is a potent antagonist of the
H; receptor (K; = 3.1 nM) and the H; receptor (K; = 58 nM) and, addition-
ally, is an antagonist of the Hy receptor (K; = 2900 nM). Clinical pharma-
cological studies identified one active metabolite of significance, the
corresponding carboxylic acid of the aldehyde group found in alcaftadine.
The metabolite forms through non-CYP-mediated enzymatic processes
[3]. In an allergic mouse model, alcaftadine was compared to olopatadine
where alcaftadine showed differentiation under the experimental protocol
and doses chosen. Alcaftadine was found to significantly inhibit eosino-
phil recruitment when compared to olopatadine and the vehicle control
group. The effects of eosinophils have been ascribed to H, receptor stimu-
lation. Alcaftadine was found to protect epithelial tight junction proteins,
assessed by measuring zonula occludens (ZO-1) and E-cadherin expres-
sion levels. Alcaftadine ophthalmic topical solution was assessed in clini-
cal studies where it was found to be safe and effective in preventing ocular
itching and redness of the conjunctiva. In a dose escalation study, a 0.25%
alcaftadine ophthalmic solution was found to be the most effective at
relieving ocular itching and conjunctive redness. Alcaftadine (0.25%) oph-
thalmic solution was found to have a fast onset of action (3-15 min) and a
long duration of action (16 h) making it suitable for use as a once-a-day
therapy. In Phase III studies using the conjunctival allergen challenge
(CAC) model, alcaftadine (0.25%) ophthalmic solution showed statisti-
cally significant lower scores for conjunctival redness versus placebo at
7,15, and 20 min after an allergen challenge with results persisting for 16 h.
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Alcaftadine (0.25%) ophthalmic solution was found to be effective at pre-
venting ocular itching 3, 5, and 7 min after an allergen challenge, demon-
strating a fast onset of action. From the Phase III studies, alcaftadine
(0.25%) ophthalmic solution was found to prevent ocular itching, reduce
conjunctival redness and almost all other allergic signs and symptoms at
15 min and 16 h postdose [4-6]. In July 2010, the FDA approved alcaftadine
(0.25%) ophthalmic solution for use in patients with allergic conjunctivitis
to prevent itching. The once-daily ophthalmic solution, containing 2.5 mgs
of alcaftadine, is marketed by Vistakon, a subsidiary of Johnson and
Johnson, under the brand name Lastacaft™.

2. ALOGLIPTIN (ANTIDIABETIC) [7-15]

Class DPP-4 inhibitor

Country of origin ~ Japan

Originator Syrrx Inc. (now Takeda San Diego)

First introduction ~ Japan

Introduced by Takeda Pharmaceuticals, Furiex Pharmaceuticals
Trade names Nesina®

CAS registry no. 850649-61-5
850649-62-6 (benzoate)
Molecular weight ~ 339.4
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Alogliptin is a dipeptidyl-peptidase IV (DPP-4) inhibitor that was
approved in Japan in 2010 for treatment of type 2 diabetes, a disease in
which insulin resistance and B-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
continues to increase worldwide with an estimated 370 million people
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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 attributed medical expenditures [7,8]. As
a diabetic patient’s metabolic control deteriorates, there is a need to
escalate therapeutic intervention by increasing diabetic drug doses and
then prescribing combination therapy. The progression of diabetes is
attributed to several factors. The process of being in a hyperglycemic
state with increases in free fatty acids, cytokines, adipokines, and asso-
ciated metabolites leads to the loss of B-cell function and B-cell mass in
islets [9]. As islet function is lost, the severity of insulin resistance
increases. The introduction of DPP-4 inhibitors has brought a novel
class of insulinotropic agents for the treatment options available to type
2 diabetic patients. The therapeutic potential of glucagon-like peptide 1
(GLP-1), an incretin peptide, for the treatment of type 2 diabetes was
realized in the 1990s. The insulinotropic effects of GLP-1 depend closely
on glucose concentrations providing the possibility of glucose normaliza-
tion without the risk of hypoglycemia. GLP-1 has other non-insulinotro-
pic physiological actions that are advantageous. It suppresses glucagon
secretion from o cells and slows gastric emptying, which contributes to
satiety and to a slower passage and reabsorption of carbohydrates. GLP-1
also contributes to satiety via a central mechanism as a neurotransmitter
with effects on the hypothalamus. GLP-1 stimulates B-cell formation from
precursor cells and inhibits their apoptosis leading to an increase in B-cell
mass and to an improvement in B-cell function. GLP-1 reduces inappro-
priate glucagon secretion from the pancreas. The observation that oral
intake of glucose gives a greater insulin response than IV glucose admin-
istration is termed the incretin effect; in type 2 diabetes, the incretin effect
is impaired. In patients with type 2 diabetes, infusion of GLP-1 has been
found to increase insulin secretion and to normalize both fasting and
post-prandial blood glucose. GLP-1 is a 30-amino acid peptide that is
inactivated by cleavage of the N-terminal dipeptide sequence (His-Ala)
through the 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. DPP-4 inhibitors are
the first class of agents to utilize the pharmacology of GLP-1 and thus
offer a novel way to increase endogenous incretin peptide concentrations.
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 inhibi-
tors are primarily once-a-day, weight-neutral drugs with a favorable
adverse-effect profile. As shown by animal studies, the class can decrease
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B-cell apoptosis and increase B-cell survival. In animal models, DPP-4
inhibitors increase the number of insulin positive B-cells in islets. Islet
insulin content is found to be increased and glucose-stimulated insulin
secretion in isolated islets is improved [8-10].

Alogliptin (SYR-322) has been described as a potent, highly selective
DPP-4 inhibitor. The discovery of alogliptin arose out of a designed series
of quinazolinone-based inhibitors of DPP-4. The lead quinazolinone was
found to inhibit CYP3A4 and to have micromolar affinity for the hERG
channel. Replacement of the quinazolinone ring with a pyrimidinedione
addressed both of these issues with none of the unwanted off-target
activities observed. This discovery resulted in alogliptin (SYR-322). Alo-
gliptin inhibits DPP-4 with an ICsy < 10 nM and is highly selective
>10,000-fold) against DPP-8 and -9 as well as over other endopeptidases.
The synthesis of alogliptin described in the literature starts with chloro-
pyrimidinedione. One of the nitrogen atoms is selectively benzylated
followed by methylation of the remaining nitrogen. This is followed by
chloro displacement using 3-aminopiperidine to give alogliptin [11]. In
animal models, alogliptin rapidly inhibits DPP-4 activity (15 min post-
dose); plasma DPP-4 inhibition is sustained for 12 h in rats and dogs and
for 24 h in monkeys. The animal pharmacokinetic profile was found to be
supportive for once-daily dosing of alogliptin in man. The reported effi-
cacy of alogliptin in multiple animal models of diabetes has been
reported. In a 4-week ob/ob mouse model of type 2 diabetes, alogliptin
dose dependently reduced plasma DPP-4 activity and increased GLP-1
levels. In addition, plasma insulin levels were increased, plasma glucose
levels were decreased and HbAlc levels were reduced. Glucagon and
triglyceride levels were also decreased [12,13]. In clinical studies, aloglip-
tin has been found to be safe and well tolerated. In dose escalation studies,
the pharmacokinetic parameters were linear over the 25-800 mg dose
range. In man, alogliptin is rapidly absorbed and eliminated primarily
intact with 40% hepatic and 60% renal elimination. There are two meta-
bolites formed at very low levels. An active metabolite (M1) resulting
from CYP 2D6 N-demethylation is formed as <2% of parent drug con-
centration. A second inactive metabolite resulting from the N-acetylation
of M1 is < 6% of total parent drug concentration. The half-life of alogliptin
determined over six Phase III studies is 10.9-21.8 h. Alogliptin has been
studied as monotherapy and in combination with pioglitazone and as an
add-on with metformin, glyburide, pioglitazone, and insulin. As mono-
therapy, alogliptin significantly improved HbAlc levels from baseline as
both the 12.5 and 25 mg doses, which are now the marketed doses [14,15].
Alogliptin benzoate, Nesina®, a highly selective DPP-4 inhibitor for the
treatment of type 2 diabetes, received regulatory approval from the Japa-
nese Ministry of Health, Labor and Welfare in April 2010. Nesina® is the
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fourth marketed inhibitor of DPP-4. Nesina® is being codeveloped by
Takeda Pharmaceutical Company and Furiex Pharmaceuticals, Inc.

3. BILASTINE (ANTIALLERGY) [16—-23]

Class Selective histamine H; receptor antagonist

Country of origin Spain

Originator FAES FARMA, S.A.

First introduction European Union

Introduced by FAES FARMA, S.A., Menarini, Pierre Fabre
Medicament, Merck-Serano

Trade names Bilaxten™

CAS registry no. 202189-78-4

Molecular weight 463.6
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Bilastine, a potent and selective histamine H; receptor antagonist, was
approved in Europe in 2010 for the treatment of allergic rhinoconjuncti-
vitis (AR) and urticaria (hives or skin rash). The prevalence of AR is
estimated to be >20% worldwide with some studies suggesting that
42% of the worldwide population is affected. In the United States, the
allergies in America survey found that 14.2% of the population had been
diagnosed with AR. The total worldwide market for antihistamines is
>4.2 billion euros with one quarter of the market share in Europe. AR
affects quality of life. Sufferers have symptoms of sneezing, nasal conges-
tion, rhinorrhea, itching, headaches, and associated ocular conditions. In
many AR patients, sleep and social functioning are affected. Thus, in
addition to medical costs, there are indirect costs of AR such as decreased
productivity and absenteeism from work or school. AR is a major risk
factor for the development of asthma [16]. The inflammatory response in
AR is triggered by an IgE-mediated reaction to allergens. One of the major
mediators of this response is histamine. In response to stimuli, histamine
is released from mast cells and basophilic granulocytes and interacts with
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the H;, H, and H, histamine receptors. The resulting biological processes
that are triggered include stimulation of sensory nerve and cough recep-
tors, increased vascular permeability, and smooth muscle contraction.
The main pharmacological agents to intervene with these processes are
histamine H; antagonists. Bilastine is a potent and selective histamine H;
receptor antagonist with a K; = 44 nM (guinea pig ileum) and no activity
(>100 uM) for the H, and Hj; receptors. In in vitro experiments conducted
in guinea pig and rat tissues, bilastine showed no activity against seroto-
nin, bradykinin, leukotriene (LTD4), muscarinic (M3), and adrenorecep-
tors. When tested in a panel screen (MDS Pharma Services), no activity
was observed for the 30 assays which included adenosine, adrenorecep-
tors, dopamine, muscarinic, opiate, serotonin, and steroidal receptors.
The functional antagonist activity of bilastine was demonstrated by its
ability to block histamine and interleukin IL-4 release from human mast
cells and peripheral blood granulocytes [17,18]. In animal studies, orally
administered bilastine was found to have a rapid onset of action and a
long duration of action supporting once-daily dosing in man. Bilastine
was effective in rat models used to assess its antihistamine activity as
measured by the reduction in the increase of histamine-mediated capil-
lary permeability. In guinea pigs, bilastine was shown to be effective at
reducing the microvascular extravasation induced by histamine in the
trachea. As well, the antiallergic effects of bilastine were demonstrated in
several other animal models. Based on the preclinical data, bilastine was
advanced into clinical trials [19,20]. The original synthesis of bilastine [21]
involves alkylation of 2-piperidinyl-1H-benzimidazole with a phenethyl-
tosylate, the para position of which is substituted with a dimethyloxazo-
line moiety serving as a masked carboxylic acid group. Alkylation of the
benzimidazole nitrogen with 2-chloroethyl ethyl ether followed by
unmasking of the oxazoline moiety with sulfuric acid provided bilastine.
An alternate synthesis of bilastine has since been reported [22].

In healthy male volunteers, bilastine was found to be rapidly absorbed
with a Tmax of 1 h. Bilastine showed linear pharmacokinetics over the dose
range of 10-100 mg given once daily. The half-life was found to be shorter
on day 1 when compared to day 14 (4.7 vs. 9.6 h for the 20 mg dose). After
a single dose, bilastine is excreted in the feces (67%) and in the urine
(33%). In Phase III clinical studies, a once-daily oral dose of 20 mg of
bilastine effectively relieved the symptoms of allergic rhinitis. In addition,
bilastine was effective at improving quality of life as measured by reduc-
tion of sleep disturbances and parameters of general discomfort. Studies in
healthy volunteers and patients have demonstrated that bilastine is safe,
lacking the unwanted sedative and cardiotoxic effects associated with
some antihistamine drugs. In two major clinical trials, bilastine was effec-
tive at relieving allergic rhinitis as assessed by measuring the severity of
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nasal (obstruction, rhinorrhea, itching, sneezing) and nonnasal (ocular
itching, tearing, ocular redness, itching of ears, and/or palate) symptoms.
A total of 28 clinical trials were conducted with bilastine in 5000 patients
[23]. In September 2010, the German health agency (BfARm) approved
bilastine for treatment of AR and urticaria. Bilastine will be sold under the
trade name Bilaxten™ in Spain as once-daily oral dosage of 20 mg.

4. CABAZITAXEL (ANTICANCER) [24-30]

Class Tubulin inhibitor
Country of origin France
Originator Sanofi-Aventis
First introduction United States
Introduced by Sanofi-Aventis
Trade name Jevtana®

CAS registry no. 183133-96-2
Molecular weight 835.9

In June 2010, the U.S. FDA approved cabazitaxel (also referred to as
XRP6258 and RPR 116258A) 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. The 2010 statistics from the
U.S. National Cancer Institute are that ~220,000 men will be diagnosed
with prostate cancer and ~ 32,000 men will die of the disease. Depending
on the stage of the disease, prostate cancer symptoms may include uri-
nary problems, impotence, blood in the urine or semen, and pain in the
lower back, hip, or upper thighs. Chemotherapeutic standard of care for
mCRPC usually involves treatment with the anticancer drug docetaxel in
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combination with prednisone. Cabazitaxel is a semisynthetic analog of the
natural product taxol®, which is isolated from the bark of the yew tree.
Cabazitaxel is a microtubule inhibitor that binds to the taxol-binding site of
tubulin. Similar to other tubulin inhibitors of the taxol class, cabazitaxel
inhibits microtubule disassembly resulting in mitotic blockade and cell
death. Docetaxel, also a semisynthetic taxol analog, was approved by the
FDA for the treatment of mCRPC in 2004. However, docetaxel is a substrate
for P-gp, which is thought to contribute to the constitutive and acquired
resistance of cancer cells to taxanes. Cabazitaxel has poor affinity for P-gp
and showed antitumor activity in preclinical in vitro studies and in vivo
tumor models that overexpress this protein. Cabazitaxel is synthesized on
a commercial scale from 10-deacetylbaccatin [24]. Preclinical in vitro stud-
ies suggested that the antitumor activity of cabazitaxel is comparable to
docetaxel with ICsps ranging from ~4 to 35 nM. Moreover, cabazitaxel is
active in cancer cell lines that are resistant to docetaxel with resistance
factor ratios ranging from 1.8 to 10 for cabazitaxel versus 4.8-59 for doc-
etaxel. In preclinical human tumor xenograft models, cabazitaxel showed
complete regression rates in colon, lung, pancreatic, head and neck, kid-
ney, and prostate carcinoma cell lines, when dosed intravenously [25,26].

Cabazitaxel exhibited dose-proportional pharmacokinetics over a dose
range of 10-25 mg/m? following a 1-h IV infusion every 3 weeks to patients
(n = 25) with solid tumors in a Phase I clinical trial [27]. The C ., and AUC
increased in a dose-proportional fashion with a mean terminal half-life of
~77 h. The clearance and volume of distribution were high with mean
values of 53.5 L./h and 2034 L./ m?, respectively. Cabazitaxel is extensively
metabolized (>95% in liver) predominantly by CYP3A4/5 and to a minor
extent by CYP2CS8. The safety and efficacy of cabazitaxel were established
in an open-labeled, randomized, Phase III study comprising 755 men with
hormone-refractory metastatic cancer who were previously treated with a
regimen that contained docetaxel [28]. Of the 755 patients, 378 were treated
with cabazitaxel at 25 mg/m? dosed intravenously every 3 weeks for a
maximum of 10 cycles along with 10 mg of prednisone orally and 377 were
treated with 12 mg/m? of mitoxantrone dosed intravenously every 3
weeks for a maximum of 10 cycles along with 10 mg of prednisone dosed
orally. The Phase III study clearly demonstrated that cabazitaxel-treated
patients showed improvement in the median overall survival of 15.1
months compared to 12.7 months for patients in the mitoxantrone group.
Most common serious adverse events (>5%) associated with cabazitaxel
treatment were neutropenia, febrile neutropenia, leukopenia, anemia,
diarrhea, fatigue, hypersensitivity, and asthenia. The recommended dose
of cabazitaxel is 25 mg/m?” administered intravenously over 1-h every 3
weeks along with 10 mg of oral prednisone administered daily throughout
cabazitaxel treatment [29,30].
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5. CEFTAROLINE FOSAMIL (ANTIBACTERIAL) [31-38]

Class Bacterial cell wall synthesis inhibitor
Country of origin  Japan

Originator Takeda

First introduction ~ United States

Introduced by Forest Laboratories Inc.

Trade name Teflaro®

CAS registry no. 402741-13-3
Molecular weight ~ 684.7

Ceftaroline fosamil, also referred to as TAK-599, is a cephalosporin
antibacterial agent that was approved in the United States in October
2010 for the IV treatment of acute bacterial skin and skin structure infec-
tions (ABSSSI) and community-acquired bacterial pneumonia (CABP).
Ceftaroline fosamil is the water-soluble, N-phosphono prodrug of ceftaro-
line (T-91825), a broad-spectrum, bactericidal agent with potent activity
against methicillin-resistant Staphylococcus aureus (MRSA) strains, multi-
drug resistant S. pneumonia, and common gram-negative organisms
[31-33]. Infections due to drug-resistant gram-positive bacteria, particu-
larly MRSA, are a continuing and growing concern worldwide. For exam-
ple, in 2005 more than 100,000 people in the United States developed
serious MRSA infection and nearly 19,000 people died during a hospital
stay due to serious MRSA infections [34]. About 85% of all invasive MRSA
infections in the United States were associated with healthcare, with two-
thirds occurring outside of the hospital and one-third occurring during
hospitalization. In the European Union, a study published in 2010 showed
that more than 150,000 patients within the healthcare setting have MRSA
infections, with the proportion of MRSA infections ranging from 1% to 50%,
depending on the country [35]. New MRSA strains have also emerged as
community and livestock-associated human pathogens. Like other -lactam
antibiotics, ceftaroline acts by inhibiting the essential transpeptidase activity
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of penicillin-binding proteins (PBPs), which leads to inhibition of bacterial
cell wall synthesis and, ultimately, bacterial cell death. MRSA resistance to
B-lactams arises from an alteration in PBP to a new form, PBP2a, which
retains function in cell wall synthesis, but has lower affinity for B-lactam
antibiotics. Ceftaroline binds to PBP2a [36] as well as other PBPs with high
affinity and, as a result, retains potent activity. Ceftaroline exhibits activity
against most gram-positive pathogens, including p-lactam-susceptible
and -resistant S. aureus, vancomycin-resistant S. aureus, and resistant and
susceptible forms of S. pneumoniae but has weak activity against Enterococcus
sp. The gram-negative antibacterial activity of ceftaroline is limited mainly
to respiratory pathogens such as Moraxella catarrhalis and Haemophilus influ-
enzae. Ceftaroline has demonstrated in vivo efficacy in a number of preclini-
cal infection models [31-33], including murine pneumonia, murine soft
tissue infection, rat and rabbit endocarditis, and rabbit osteomyelitis models.
Ceftaroline fosamil is synthesized by coupling 4-(pyridin-4-yl)thiazol-2-
amine with a protected 7-amino-3-methanesulfonyloxy cephalosporinic
acid ester derivative. Quaternization of the pyridine nitrogen with methyl
iodide followed by deprotection of the 7-amino and 4-carboxylic acid groups
provides the amino cephalosporin intermediate [37,38]. Reaction of
2-(5-amino-1,2,4-thiadiazol-3-yl)-2-(ethoxyimino)acetic acid with phospho-
rous pentachloride provides the requisite C-7 side-chain intermediate.
Coupling of the two fragments, followed by acidic hydrolysis, affords cef-
taroline fosamil, which is converted to its acetate salt. The aqueous solubility
of ceftaroline fosamil is >100 mg/mL compared with 2.3 mg/mL for
ceftaroline. Ceftaroline fosamil is available as 600 or 400 mg of sterile powder
in single-use 20 mL vials. The powder is dissolved in 20 mL of sterile water
and then further diluted with >250 mL of an appropriate vehicle prior to
administration. The recommended dosage is 600 mg administered every
12 h by IV infusion over 1 h.

Ceftaroline fosamil is rapidly converted into bioactive ceftaroline by
plasma phosphatases. After a single 600 mg dose of ceftaroline fosamil as a
1-h infusion in healthy volunteers, the ceftaroline pharmacokinetic para-
meters were Cpmax = 19 ng/mL; Tiax ~ 1 h; AUC = 57 pg h/mL; half-
life = 1.6 h. Pharmacokinetic parameters were similar for single and mul-
tiple dose IV administration of ceftaroline fosamil. The average binding of
ceftaroline to human plasma proteins is ~20%. The steady-state volume of
distribution was similar to extracellular fluid volume. As with other B-
lactam antimicrobial agents, the time that unbound plasma concentrations
of ceftaroline exceed the minimum inhibitory concentration (MIC) of the
infecting organism correlates with efficacy in preclinical infection models
with S. aureus and S. pneumoniae. Ceftaroline is not a substrate or an inhibi-
tor of hepatic CYP450 enzymes. Hydrolysis of the B-lactam ring occurs to
form the microbiologically inactive, ring-opened metabolite M-1 to an
extent of ~30%. Ceftaroline and its metabolites were primarily eliminated
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by the kidneys: there was ~90% recovery of radioactivity in urine and 6%
in feces within 48 h of a 600 mg IV dose. Of the radioactivity recovered in
urine, ~64% was excreted as ceftaroline and ~2% as M-1. The renal
clearance of ceftaroline was 5.56 L/h, suggesting that ceftaroline is pre-
dominantly eliminated by glomerular filtration. Four Phase III trials were
used to demonstrate the efficacy of ceftaroline fosamil in ABSSSI and
CABP. In two ABSSSI trials, half of the ~ 1500 patients received ceftaroline
fosamil (600 mg, 1-h IV infusion) and half received vancomycin plus
aztreonam. These studies included patients with infections caused by
both susceptible and resistant organisms. Clinical cure rates were similar
and high (>90%) for both the ceftaroline and vancomycin plus aztreonam
groups. For CABP, a total of ~1200 adults were enrolled in two rando-
mized, double-blind, non-inferiority trials comparing ceftaroline fosamil
(600 mg, 1-h IV infusion every 12 h) with ceftriaxone (1 g, 30-min IV
infusion every 24 h). One trial included oral clarithromycin as adjunctive
therapy. Patients with known or suspected MRSA were excluded from
both trials. Treatment duration was 5-7 days. Clinical cure rates by patho-
gen were higher for ceftaroline fosamil than for ceftriaxone for gram-
positive organisms and were similar for gram-negative organisms. Like
most cephalosporins, ceftaroline fosamil was safe and well tolerated. The
most common adverse events occurring in >2% of patients were diarrhea,
nausea, and rash. No single adverse event occurred in >5% of patients. In
the four pooled Phase III clinical trials, treatment discontinuation due to
adverse events occurred in 2.7% of patients receiving ceftaroline fosamil
and 3.7% of patients receiving comparator drugs. In a randomized, posi-
tive- and placebo-controlled crossover thorough QTc study, no significant
effect on QTc interval was detected at peak plasma concentration or at any
other time in healthy subjects given a 1500-mg single dose by IV infusion
over 1 h. Ceftaroline was approved in the United States in October, 2010,
and is marketed under the trade name Teflaro®.

6. CORIFOLLITROPIN ALFA (INFERTILITY) [39-43]

Class Follicle-stimulating hormone receptor agonist
Country of origin ~ Netherlands

Originator N.V. Organon

First introduction =~ European Union

Introduced by Merck

Weight 47 kDa

Trade names Elonva®

CAS registry no. 195962-23-3
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Corifollitropin is a follicle-stimulating hormone (FSH) receptor ago-
nist that was approved as an infertility treatment in the European
Union in 2010. Infertility is a recognized worldwide public health issue
by the World Health Organization (WHO). The prevalence in more- and
less-developed countries is similar; however, the reasons contributing to
infertility may differ. There is a steady rise in age-related infertility in
more-developed countries, whereas in less well-developed countries,
infections play a large contributing role to infertility. Worldwide on
average, 9% of women of child bearing years are infertile. Infertility
has social consequences as a large percentage of couples identify having
children as one of their life-long goals. However, only 50% of infertile
couples have been reported to seek fertility services [39]. Nearly all of
the assisted reproductive techniques (ART) used to increase the chances
for conception can be categorized as in vitro fertilization (IVF), intracy-
toplasmic sperm injection (ICSI), and controlled ovarian stimulation
(COS). Multifollicular development resulting from COS is essential to
ART and is primarily governed by circulating levels of FSH [39,40]. FSH
belongs to the gonadotropin family of glycoproteins that are excreted
from the pituitary gland by gonadotrope cells. Other members include
thyroid-stimulating hormone (TSH), luteinizing hormone (LH), and
human chorionic gonadotropin (hCG). TSH and LH are produced in
the pituitary gland, whereas hCG is produced in the placenta. The
gonadotropins all have a dimeric structure in which the a-subunit is a
shared, nearly identical, substructure, and the glycosylated B-subunit is
varied and is responsible for receptor selectivity. Variants of FSH have
been used in therapies to enhance conception since the 1950s. Since the
1990s, rFSH has been employed. The dosing regimen of FSH requires
several daily injections over a 9-day period and has the drawbacks of
low patient compliance and injection discomfort. Several approaches
have been applied to increase the half-life of FSH via formulation or
chemical modification [41-43]. A unique approach developed by Boime
and his research group involved using the carboxy peptide terminus
(CPT) of the B-chain of hCG to increase the half-life of FSH, while
maintaining the B-chain of FSH to confer selectivity and potency for
the FSH receptor. These hybrid glycopeptides were produced using
recombinant DNA methods in Chinese Hamster Ovary (CHO) cells.
One of the analogs produced from this effort was corifollitropin
alfa. Corifollitropin has been compared to rFSH both in vitro and in vivo.
Corifollitropin binds to the FSH receptor with equal potency compared to
rFSH. In an FSH receptor transactivation assay, corifollitropin was 1.8-fold
less active than rFSH but remained a potent activator with an ECsy = 5 pM.
Corifollitropin alfa lacks activity for the LH and TSH receptors. In a rat
PK model, corifollitropin alfa has two times the Cyax and 1.6 times the
half-life of rFSH. A similar result was reported in beagle dogs, with
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the half-life of corifollitropin alfa being 47 h compared to 23 h for rFSH. Ina
rat model of fertility, the extended half-life of corifollitropin resulted in
better efficacy in increasing ovarian weight when compared to rFHS when
both were dosed in combination with hCG. In another rat efficacy model,
the number of ova per rat was found to be increased to higher levels with
corifollitropin alfa when compared to rFSH [41-43]. In humans, the mean
half-life from Phase I and Phase II studies is 65 h, compared with 35 h for
rFSH, and the AUC is dose proportional over the dose range of 60-240 pg.
Peak levels of corifollitropin are reached between 25 and 45 h after injec-
tion. In human efficacy studies, a single dose of corifollitropin alfa is able to
sustain follicular development for 1 week. The exposure of corifollitropin
alfa was found to have some variability with regard to body weight. Based
on this finding, in Phase III studies, subjects weighing more than 60 kg
were given a 150-ug subcutaneous dose and subjects weighing less than
60 kg were given a 100-1g subcutaneous dose. In the largest double-blind
fertility agent trial ever performed, the ENGAGE trial studied 1506
patients. The ENGAGE trial (Phase III) compared a single dose (150 pg)
of corifollitropin alfa to rFSH (200 IU/day) over 7 days to induce multi-
follicular growth in subjects weighing more than 60 kg who were under-
going COS as part of IVF or ICSI. The primary endpoint of the study was
pregnancy rate as assessed 10 weeks after placental implant. After the 7
days, subjects were then treated with daily rFSH up to the day that the
subjects were given hCG. The maximal duration of drug stimulation was
19 days. Patients also received ganirelex (GnRH antagonist) starting on
day 5. The rate of pregnancy and number of oocytes retrieved were com-
parable between the corifollitropin alfa and rFSH groups. The ENSURE
trial (Phase III) compared corifollitropin alfa to rFSH in patients weighing
less than 60 kg undergoing COS as part of IVF or ICSI. The primary
endpoint of this study was the number of oocytes retrieved. In this study,
patients were given a single dose of corifollitropin (100 pg) or daily injec-
tions of rFSH (150 IU/day) for 7 days to induce multifollicular growth.
From day 8 onward, subjects received daily injections of rFSH dose
adjusted up to 200 IU until the day that hCG was given to cause oocyte
maturation. The maximal total duration of stimulation was 19 days.
Patients received ganirelex on day 5. The number of oocytes and ongoing
pregnancy rate were comparable between the corifollitropin alfa and rFSH
groups [41-43]. In January 2010, the EC approved corifollitropin alfa
injection for COS in combination with a GnRH antagonist for the develop-
ment of multiple follicles in women participating in an assisted reproduc-
tive technology (ART) program. Merck and Co., Inc. market corifollitropin
alfa injection under the brand name Elonva®. Elonva® is the first in a class
of sustained follicle stimulants (SES).
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7. DALFAMPRIDINE (MULTIPLE SCLEROSIS) [44-50]

Class Potassium channel blocker
Country of origin ~ United States

Originator Rush University Medical Center
First introduction =~ United States

Introduced by Acorda Therapeutics Inc.

Trade name Ampyra®

CAS registry no. 504-24-5
Molecular weight ~ 94.1

Dalfampridine (also referred to as 4-AP) is the first drug approved by
the FDA to improve walking in patients with multiple sclerosis (MS). MS
is an autoimmune disease that affects the brain and spinal cord. MS is
caused by inflammation-mediated damage to the myelin sheath, the insu-
lating layer that surrounds the core of a nerve fiber or axon and facilitates
the transmission of nerve impulses. Repeated episodes of inflammation
can occur along any area of the brain, optic nerve, and spinal cord. Among
the many symptoms that negatively affect the quality of life in MS patients,
fatigability of strength (defined as the decrease in strength that occurs with
repetitive movements) is the most common impairment that is not
addressed by currently available therapies. For example, in a survey of
1011 people conducted by the United States National MS society, 64%
reported difficulty with walking; of this group, 78% reported that this
impacted their ability to work [44]. Dalfampridine addresses this issue
via a novel mechanism of action. In MS patients, the normal pattern of
nerve conduction is slowed down because of damage to myelinated fibers,
which is manifested clinically as weakness and fatigability of strength.
Dalfampridine is a voltage-gated potassium channel blocker that readily
penetrates the CNS and increases the conduction and duration of action
potential across nerve fibers resulting in enhanced functionality as
observed in the walking speed of MS patients [45]. 4-AP has been widely
used in clinical practice based on trials with immediate-release formula-
tions that showed improvement in motor and visual functions in some
patients. However, fluctuations in peak drug levels leading to uninten-
tional overdose [46] or inadequate serum levels (requiring frequent dos-
ing) necessitated the development of an extended-release formulation to
improve pharmacokinetic parameters and minimize side effects of 4-AP.
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A 10 mg dose of extended-release dalfampridine administered to healthy
volunteers or patients with MS gave peak concentrations of ~20 ng/mL
over 3—4 h post-administration [47]. In contrast, administration of 10 mg
dose of immediate-release dalfampridine led to a Cyax 0f ~43 ng/mL with
a Tax Of ~1.3 h. Extended-release dalfampridine tablet has a relative
bioavailability of 96% when compared to an aqueous oral solution (imme-
diate-release formulation). Dalfampridine shows very little binding to
human plasma proteins (1-3%) and has a volume of distribution of
~2.6 L/kg. After two Phase II trials showed some level of efficacy,
extended-release dalfampridine was evaluated in two Phase III studies.
In the first randomized, multicenter, double-blind, placebo-controlled
Phase III trials, 301 patients were enrolled [48]. The second trial involved
240 patients [49]. Walking speed as measured by the Timed 25-foot Walk
(T25FW) was the primary measure of efficacy in both trials. Results from
both clinical studies showed that extended-release dalfampridine (10 mg,
twice daily) significantly improved walking speed and strength in a major-
ity of the MS patients compared to placebo (T25FW responder rate in Trial
1: 34.8% vs. 8.3% for placebo; Trial 2: 42.9% vs. 9.3% for placebo). From a
safety perspective, seizure was the most important adverse event from
various dalfampridine clinical trials. Therefore, dalfampridine is contra-
indicated in patients with a history of seizures. Since dalfampridine is
primarily excreted by the kidney as unchanged drug, it is also contra-
indicated in patients with moderate to severe renal impairment. Assessing
the overall benefit-risk profile from various clinical trials, the FDA
approved dalfampridine (daily oral dose of 10 mg, b.i.d.) to improve
walking in MS patients with existing gait impairment [50].

8. DENOSUMAB (OSTEOPOROSIS AND METASTATIC BONE
DISEASE) [51-59]

Class Recombinant monoclonal antibody
Country of origin United States

Originator Amgen

First introduction United States

Type Fully human IgG2, anti-RANKL
Introduced by Amgen

Weight ~147 kDa

Trade names Prolia®/Xgeva®

Expression system  Rodent CHO-cell line
CAS registry no. 615258-40-7
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Denosumab, which was approved in the United States in 2010, is a fully
human sequence IgG2 monoclonal antibody that inhibits bone resorption
by blocking the activity of receptor activator of nuclear factor-xB ligand
(RANKL). RANKL is a TNF family protein that is expressed in both
secreted and cell surface forms by a variety of bone marrow cell types
and mediates bone resorption through its receptor (RANK), which is found
on osteoclasts and osteoclast precursors [51]. Denosumab was discovered
using Xenomouse™ transgenic mice comprising human immunoglobulin
genes [52,53]. The antibody is approved for treatment of postmenopausal
women with osteoporosis at high risk for fracture, and for the prevention of
skeletal-related events in patients with bone metastases from solid tumors.
Denosumab competes directly with bisphosphonates such as alendronic
acid in postmenopausal osteoporosis and with zoledronic acid in both of
these indications. It has been shown to have comparable efficacy and safety
tobisphosphonates with some tolerability and patient acceptability advan-
tages. The drug is formulated as a solution for subcutaneous injection. The
recommended dosage for treatment of postmenopausal women with oste-
oporosis is 60 mg administered every 6 months. At this dose, the observed
mean Cp,x was 6.75 mcg/mL followed by serum concentration decline
with a mean half-life of 25.4 days. The recommended dosage for patients
with bone metastases is 120 mg administered every 4 weeks. With multiple
subcutaneous doses, up to a 2.8-fold accumulation in serum denosumab
concentrations was observed and steady state was achieved by 6 months.
At steady state, the mean serum trough concentration was 20.5 mcg/mL,
and the mean elimination half-life was 28 days. For both regimens, admin-
istration of vitamin D and calcium supplements is recommended to treat or
prevent hypocalcemia. Denosumab was tested in three randomized Phase
III trials in postmenopausal osteoporosis and three randomized Phase 111
trials in cancer patients with bone metastases. In all six of these trials,
subjects were randomized 1:1 to either denosumab treatment or a control
regimen. The largest of these trials, the pivotal FREEDOM trial [54],
enrolled 7868 women who had low bone mineral density. Subjects were
randomly assigned to receive either 60 mg of denosumab or placebo
subcutaneously every 6 months for 36 months. Denosumab reduced the
risk of new radiographic vertebral fracture (a cumulative incidence of 2.3%
vs. 7.2% in the placebo group, p < 0.001), hip fracture (cumulative inci-
dence of 0.7% vs. 1.2% in the placebo group, p = 0.04), and nonvertebral
fracture (a cumulative incidence of 6.5% vs. 8.0% in the placebo group,
p = 0.01). There was no increase in the risk of cancer, infection, cardiovas-
cular disease, delayed fracture healing, or hypocalcemia. The two support-
ive, non-pivotal, Phase III trials in postmenopausal osteoporosis patients,
the STAND [55] and DECIDE [56] trials, enrolled 504 and 1189 women,
respectively, and directly compared denosumab to alendronic acid. The
STAND trial examined the effect of transitioning from bisphosphonate
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therapy to denosumab. Subjects received open-label alendronate 70 mg
once weekly for 1 month and then were randomly assigned to either
continued weekly alendronate therapy or subcutaneous denosumab
60 mg every 6 months and were followed for 12 months. In subjects treated
with denosumab, total hip bone mineral density increased by 1.90% at
month 12 compared with a 1.05% increase in subjects on alendronate
(p < 0.0001). Bone mineral density at the lumbar spine, femoral neck, and
one-third radius was also greater with denosumab at 12 months (all
p < 0.0125). In the DECIDE trial, patients were treated with either deno-
sumab or alendronate without necessarily transitioning from prior alen-
dronate therapy (~12% had received prior bisphosphonate therapy).
Subjects were randomized to receive subcutaneous denosumab injections
(60 mg every 6 months) plus oral placebo weekly or oral alendronate
weekly (70 mg) with subcutaneous placebo injections. Denosumab treat-
ment increased total hip bone mineral density compared with alendronate
at month 12 (3.5% vs. 2.6%; p < 0.0001). Greater increases in bone mineral
density were also observed with denosumab treatment at all measured
skeletal sites (12-month treatment difference: 0.6%, femoral neck; 1.0%,
trochanter; 1.1%, lumbar spine; 0.6%, one-third radius; p < 0.0002 all
sites). In both the STAND and DECIDE trials, adverse events and serious
adverse events occurred with similar types and frequencies in the deno-
sumab and alendronate treatment groups. Prevention of skeletal-related
events in patients with bone metastases from solid tumors was demon-
strated in three randomized, double-blind trials comparing denosumab
with zoledronic acid in 2046 breast cancer patients [57], 1776 solid tumor
(excluding breast cancer and prostate cancer) and multiple myeloma
patients [58], and 1901 prostate cancer patients [59]. In all three trials,
patients were randomized to receive 120 mg denosumab subcutaneously
every 4 weeks or 4 mg zoledronic acid intravenously every 4 weeks (dose
adjusted for reduced renal function). In each trial, the main outcome
measure was demonstration of non-inferiority of time to first skeletal-
related event as compared to zoledronic acid. The percentage of patients
having skeletal-related events in the denosumab-treated groups for each of
the three trials was 30.7%, 31.4%, and 35.9%, respectively. The percentages
for the zoledronic acid-treated groups were 36.5%, 36.3%, and 40.6%.
Median time to first skeletal-related event was not reached in the denosu-
mab arm of the breast cancer trial. It was 26.4 months for the zoledronic
acid arm. For the other two trials, the denosumab-treated group had
median first event times of 20.5 and 20.7 months, compared to 16.3 and
17.1 months, respectively for zoledronic acid treatment. The p values for
non-inferiority for denosumab over zoledronic acid were <0.001 for all
three trials. The p values for superiority were 0.01, 0.06, and 0.008, respec-
tively. Overall survival and progression-free survival were similar
between arms in all three trials; however, mortality was higher with
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denosumab in a subgroup analysis of 180 patients with multiple myeloma
(hazard ratio of 2.26; 95% CI: 1.13, 4.50). For this reason, denosumab is
not approved for prevention of skeletal-related events in patients with
multiple myeloma. Adverse events and serious adverse events
(including new malignancies and serious infections) occurred with similar
types and frequencies in the denosumab and zoledronic acid
treatment groups for all three trials. Cumulative incidence of osteonecrosis
of the jaw across the three trials was 1.9% for the denosumab-treated
patients and 1.3% for the zoledronic acid-treated patients. The incidence
of adverse events associated with renal toxicity was higher with zoledronic
acid, despite dose adjustments for patients with reduced renal function.
Acute phase reactions were also more frequent in the zoledronic acid
cohorts. Overall experience with denosumab shows that the drug is rela-
tively nonimmunogenic. Cumulative data from 8115 postmenopausal
osteoporosis patients and 2758 cancer patients treated with denosumab
showed that less than 1% of the patients tested positive for antidrug anti-
bodies and none of the 10,873 patients tested positive for neutralizing
antibodies.

9. DIQUAFOSOL (OPHTHALMOLOGIC, DRY EYE) [60-67]

Class P2Y, purinergic receptor agonist
Country of origin United States
Originator Inspire Pharmaceuticals
First introduction Japan
Introduced by Santen
Trade name Diquas
CAS registry no. 211427-08-6 (tetrasodium salt)
59985-21-6 (acid)
Molecular weight 878.2 (tetrasodium salt)
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Diquafosol (INS-365) was approved in Japan in 2010 as a 3%
ophthalmic solution for treatment of dry eye disease [60]. Dry eye
disease is a common condition that begins with symptoms of ocular
discomfort such as burning, stinging, or a sandy/gritty sensation. The
disease is characterized by a lack of tear volume and/or an improper
tear composition and damage to the ocular surface. Dry eye is a
highly prevalent condition, affecting 14-33% of the population world-
wide [61]. Clinical diagnosis of dry eye is difficult because the condi-
tion presents a variety of symptoms. Treatment options include tear
supplements (lubricants), anti-inflammatory drugs (e.g., cyclosporine
eye drops or steroid eye drops), and tear retention devices. Diquafosol
is a unique agent for the treatment of dry eye in that it acts as a P2Y,
purinergic receptor agonist with the ability to activate this receptor on
the ocular surface and stimulate water, lipid, and mucin secretion
[62]. These are the three main processes that are needed to produce
an appropriate tear. Diquafosol is a full agonist at the P2Y, receptor
(ECsp = 0.10 pM) and is nearly as potent as the native agonist uridine
diphosphate (UDP; ECsy = 0.03 uM) [63,64]. It is also a full agonist at
the P2Y, receptor (ECsp = 04 pM) and a weak agonist at the P2Y,
receptor (ECsy =20 pM). Diquafosol is prepared by treatment of
uridine triphosphate (UTP) with DCC, followed by condensation
with uridine monophosphate (UMP) to give diquafosol in ~30%
yield [64,65]. Alternatively, the compound could be prepared by acti-
vation of UDP with CDI, followed by the addition of a second
molecule of UDP. Diquafosol is administered topically, which limits
exposure to the local site of action. In 25 dry eye patients monitored
over 6 months of treatment, there were no detectable systemic con-
centrations of diquafosol or its metabolites. Diquafosol is metabolized
by phosphodiesterases to UTP, UDP, UMP, and uridine. Diquafosol
has been well tolerated in clinical trials, with side effects being local
to the ocular surface. In one Phase III trial, burning and stinging were
reported in 7% of diquafosol subjects compared with 2% on placebo.
For approval of a new prescription drug for the treatment of dry eye
disease, the FDA requires demonstration of efficacy for both a sign
(an objective measure such as corneal staining) and a symptom (a
subjective measure such as sensation of a foreign body in the eye) of
the disease [66]. There have been five Phase III trials with 2% solu-
tions of diquafosol conducted. Results have been mixed with some
endpoints being met, but with failure to meet others. Three additional
Phase III trials have been carried out in Japan using a 3% ophthalmic
solution of diquafosol [67]. The 3% solution was reported to improve
dry eye symptoms by promoting secretion of mucin and water,
thereby bringing the tear film closer to a normal state. In addition,
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no serious ocular or systemic adverse drug reactions were found
during the clinical trials [60]. The 3% solution of diquafosol is the
approved treatment for dry eye in Japan.

10. ECALLANTIDE (ANGIOEDEMA, HEREDITARY) [68-72]

Class Plasma kallikrein inhibitor

Country of origin ~ United States

Originator Dyax Corp.

First introduction =~ United States

Introduced by Dyax Corp.

Trade name Kalbitor®

CAS registry No. 460738-38-9

Weight 7053.8

Type Modified tissue factor pathway inhibitor,

60 amino acid recombinant protein

[Gluzo,A1a21,Arg36,A1a38,His39,Pro40,Trp42] tissue factor
pathway inhibitor (human)-(20-79)-peptide

Ecallantide, also known as DX-88, was approved in 2009 in the
United States for treatment of hereditary angioedema (HAE), a condi-
tion characterized by episodic attacks of localized edema in cutaneous
and mucosal tissues. The pain and swelling of face, genitalia, extre-
mities, and abdomen affects quality of life with swelling of the phar-
ynx and larynx being life threatening. Patients with HAE can have
one to three episodes per month with each episode lasting between
2 and 5 days. HAE is a rare autosomal disease affecting between
1:10,000 and 1:50,000 people in the United States [68]. There is no
difference in prevalence with regard to sex or ethnic group, but
women have more severe clinical symptoms than men. HAE results
from deficiencies or disorders of Cl-esterase inhibitor protein (C1-
1INH). Mutation of the gene that encodes C1-INH causes the lack or
altered activity of the serine protease, C1-INH. C1-1NH regulates the
kallikrein-kinin (contact activation) and complement cascade systems.
C1-1NH inhibits the complement system by binding C1 and prevents
the formation of the C1 complex. Overactivation of the kinin-
kallikrein system leads to the overproduction of plasma kallikrein.
Left unchecked, plasma kallikrein produces high levels of bradykinin
and stimulates release of Cba, further activating the complement cas-
cade system. Activation of the complement system causes the release
of cytokines, TNF-a and interleukins [68,69]. Bradykinin is a potent
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vasodilator, and the increased vascular permeability leads to the accu-
mulation of fluids that is seen in HAE patients. There are three
manifestations of the disease. Type I results from low serum levels
of C1-INH and represents 85% of the cases. In Type II HAE, C1-INH
levels are normal to elevated, but dysfunctional, affecting 15% of
patients. A third type of HAE, primarily affecting women, has been
characterized and is caused by mutations in the factor XII gene
[69,70]. Ecallantide (DX-88) was designed to inhibit the action of
plasma Kkallikrein. Ecallantide is a potent and selective inhibitor of
plasma kallikrein with a K; =25 pM. The discovery program that
identified ecallantide used phage display technology and a library of
designed variants of the first Kunitz domain of TFPIL. Ecallantide, a
60-amino acid peptide, with 3-disulfide bonds, differs from TFPI by
7-amino acids. Ecallantide has been developed as a subcutaneous
administered formulation [70,71]. In Phase I studies with healthy
volunteers, ecallantide was found to have a high volume of distribu-
tion (264 L £ 7.81) with a mean elimination half-life of 2.0 £ 0.5 h.
The bioavailability was found to be 90%. Ecallantide, in Phase III
EDEMA3 and EDEMA4 trials, was found to be effective in relieving
HAE symptoms and the frequency and duration of HAE attacks. The
drug was effective in moderate and severe HAE patients and was
found to have a 24-h duration of action in the EDEMA trials. The
most serious adverse events reported for ecallantide are hypersensitiv-
ity and anaphylaxis, with incidences of 3.9% (10 patients) and 2.7% (5
patients), respectively. In all cases, the condition resolved with treat-
ment and without further complications. Ecallantide is given as three
10 mg subcutaneous doses and is a first-in-class drug targeting plasma
kallikrein to treat HAE [71,72]. In December 2009, the U.S. FDA
granted approval for Kalbitor® (ecallantide) for the treatment of
acute attacks of HAEin patients 16 years of age and older.

1. ERIBULIN MESYLATE (ANTICANCER) [73-79]

Class Tubulin inhibitor

Country of origin ~ United States

Originator Eisai

First introduction =~ United States

Introduced by Eisai

Trade name Halaven™

CAS registry no. 253128-41-5 (free base)
441045-17-6

Molecular weight 729.9 (free base)
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The U.S. FDA approved eribulin mesylate (also referred to as E7389) in
November 2010 for the treatment of metastatic breast cancer (MBC) for
patients who previously received at least two chemotherapeutic regimens
for late-stage disease. Although the overall incidence of early stage breast
cancer has been declining in recent years, one-third of the women in this
group will develop MBC within 5 years of their initial diagnosis. Despite
significant advances in the understanding of tumor biology, MBC is still
incurable and accounted for over 40,000 deaths in the United States in
2009. A number of cytotoxic agents are currently available for the treat-
ment of breast cancer, but their use in a metastatic setting is more limited.
For example, taxane-based therapies are restricted by cumulative neuro-
toxicity and tumor progression on earlier taxane-based therapy. There-
fore, development of novel cytotoxic agents is still desirable. Eribulin is a
synthetic analog of the marine natural product halichondrin B, which is
isolated from the sea sponge Halichondria okadai. Eribulin retains most of
the structural elements that constitute the right hand side of halichondrin
B; structure-activity relationship (SAR) studies suggested that the anti-
tumor activity of halichondrin B resides in that part of the molecule [73].
Eribulin is a microtubule inhibitor that binds close to the vinca-binding
site of tubulin. Unlike most tubulin inhibitors like taxanes, epothilones,
and vinca alkaloids that inhibit microtubule dynamic instability by chang-
ing tubulin addition and loss parameters, eribulin’s effects on dynamic
instability are novel in that eribulin inhibits the growth phase of micro-
tubules without affecting the shortening phase by binding to microtubule
plus ends [74]. The net effect is blockage of cell cycle progression at the
G2-M phase leading to apoptotic cell death after prolonged mitotic block-
age. Eribulin has 19 stereocenters and protocols for its synthesis are out-
lined in the patent and open literature [75-77]. Among the key steps
involved in the reported synthetic approaches to eribulin are catalytic
asymmetric Ni-Cr-mediated coupling reactions and a Ni-Cr-mediated
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macrocyclization. Eisai’s process route for the commercial production of
eribulin is purported to involve 62 steps. Preclinical in vitro studies
demonstrated the cytotoxic ability of eribulin to inhibit breast, prostrate,
colon, and melanoma cancer cell lines with ICs, values ranging from 0.09
to 9.5 nM. The cytotoxic activity of eribulin was maintained in taxol-
resistant® cell lines including those with mutations in p-tubulin. Cytotox-
icity was not observed up to a concentration of 1 pM in IMR-90 human
fibroblasts as well as in in vivo studies (e.g., body weight loss and water
consumption). Eribulin demonstrated in vivo activity in various mouse
xenograft models (MDA-MB-435, COLO 205, LOX, OVCAR-3) when
given intravenously or intraperitoneally at doses ranging from 0.05 to
1 mg/kg. In addition to showing a wider therapeutic window (four- to
fivefold) in these studies compared to paclitaxel (twofold), tumor
regrowth was suppressed to a significant extent after treatment cessation
with eribulin when compared to paclitaxel.

In a Phase I clinical trial, eribulin showed linear kinetics over a dose
range of 0.25-4.0 mg/m? following IV administration to patients with
solid tumors. The Cpax (0.086-0.231 pg/mL) and AUC (0.171-0.563 pg h/
mL) increased in a dose-proportional fashion with a mean elimination
half-life of ~41 h. The mean clearance and volume of distribution were
2 L/h and 72 L/m?, respectively. Eribulin is not extensively metabolized
(metabolite concentrations <0.6% of parent) and is primarily eliminated
in feces. Eribulin competitively inhibits CYP3A4-mediated testosterone
and midazolam hydroxylation of human liver microsomal preparations
with an apparent K; = 20 uM. Eribulin does not inhibit CYP1A2, CYP2C9,
CYP2C19, and CYP2D6 in human liver microsomes up to a concentration
of 5 M. The human plasma protein binding of eribulin ranges from 49%
to 65% at concentrations of 100-1000 ng/mL, respectively. The safety and
efficacy of eribulin mesylate were established in an open-labeled, rando-
mized, multicenter Phase III EMBRACE study, comprising 762 women
with MBC who were previously treated with at least two different che-
motherapy regimens for late-stage disease [78]. Of the 762 women, 508
were treated with eribulin mesylate and 254 were treated with an agent of
their physician’s choice. The EMBRACE study indicated that eribulin
mesylate-treated patients showed improvement in the median overall
survival of 13.12 compared to 10.65 months for patients who were treated
with a single-agent therapy chosen by their physician. Most common
serious adverse events (>25%) associated with eribulin treatment were
neutropenia (although it did not translate into a high rate of febrile
neutropenia), anemia, hair loss, weakness, peripheral neuropathy,
nausea, and constipation. In addition, ECG monitoring is recommended
in patients with CHF and bradyarrhythmias. The recommended dose of
eribulin mesylate is 1.4 mg/m? administered intravenously over 2-5 min
on days 1 and 8 of a 21-day cycle [79].



468 Joanne Bronson et al.

12. FINGOLIMOD HYDROCHLORIDE
(MULTIPLE SCLEROSIS) [80-87]

Class Sphingosine-1-phosphate (S1P) receptor agonist
Country of origin ~ United States
Originator Yoshitomi Pharmaceutical Industries

(now Mitsubishi Tanabe Pharma)

First introduction Russia
Introduced by Novartis
Trade name Gilenya®
CAS registry no. 162359-56-0

162359-55-9 (free base)
Molecular weight  307.5 (free base)

343.9 (hydrochloride salt)
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Approved by the U.S. FDA in September 2010, fingolimod (also referred
to as FTY720) is the first approved oral therapy for the relapsing-remitting
form of multiple sclerosis (RRMS). MS s a chronic autoimmune demyelinat-
ing disease of the CNS that affects over 2.5 million individuals worldwide.
The relapsing-remitting form of MS, which occurs in approximately 85% of
newly diagnosed patients, is characterized by recurrent acute exacerbations
(relapses) of neurological dysfunction, followed by recovery. Six drugs are
currently approved by the FDA for the treatment of patients with MS: an
interferon beta-1b (IFNB-1b) product, two IFINB-1a formulations, glatiramer
acetate (GA), mitoxantrone (an antineoplastic anthracenedione), and natali-
zumab, a recombinant monoclonal antibody. However, these drugs are not
orally administered and have other limitations. For example, IFNB-1a is
administered subcutaneously and causes side effects that include influ-
enza-like symptoms. Natalizumab has been associated with hypersensitivity
reactions and progressive multifocal leukoencephalopathy (PML). Because
of these limitations, there has been a significant effort in the industry and
academia to identify novel treatments for the treatment of MS that are
effective and orally bioavailable. Fingolimod was first described as an immu-
nosuppressant based on SAR studies around the fungal metabolite myriocin
or ISP-1 isolated from Isaria sinclairii [80]. Because of fingolimod’s structural
resemblance to sphingosine, a metabolite of sphingolipids that constitutes
the cell membrane of all eukaryotic cells, it was hypothesized that
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fingolimod may be affecting sphingolipid metabolism in cells. A series of
elegant in vitro and in vivo studies [81,82] confirmed that fingolimod is
converted to (S)-fingolimod phosphate primarily by sphingosine kinase-
2 and that (S)-fingolimod phosphate mediates multiple biological processes
by binding to novel GPCR’s referred to as sphingosine-1-phosphate (S1P)
receptors. S1P receptors are divided into five subtypes, S1P;_5, which have
varying tissue and cellular distribution. S1P;_5 receptors are ubiquitously
expressed in the immune, cardiovascular, and central nervous systems, S1P,
is restricted to the hematopoietic system, and S1Ps is mostly localized in the
white matter of CNS. S1P;_; receptors play important roles in endothelial
barrier function, maintaining vascular tone, regulating heart rate and allow-
ing for lymphocyte egress from secondary lymphoid organs. The functional
role of S1P, is unknown, while the S1Ps receptor is thought to be involved in
natural killer cell trafficking and oligodendrocyte function. In vitro binding
and functional studies revealed that (S)-fingolimod phosphate is a full ago-
nistat S1P;, S1P,, and S1Ps receptors (ECsy = 0.3-0.6 nM); a partial agonist at
S1P; receptor (ECsy ~ 3 nM); and inactive at the S1P, receptor. Fingolimod
itself is significantly less potent at the S1P; and S1P5 receptors (ICsy ~ 300
and 2600 nM, respectively) and inactive at SI1P,4 receptors
(ICsp > 5000 nM). Binding of (S)-fingolimod phosphate to lymphocytic
S1P; leads to internalization of the receptor and sequestration of naive T
cells and self-reactive central memory T cells in lymph nodes, thereby pre-
venting their recirculation and entry into the CNS. Since naive T cells and
self-reactive central memory T cells are believed to be responsible for the
inflammation and neural damage found in MS, their retention in lymph
nodes is believed to be responsible for the beneficial effects seen with fingo-
limod in MS patients. Effector memory T cells are not affected during
fingolimod treatment, and lymphocytes are not destroyed; therefore,
immune functions such as activation and proliferation and effector functions
of T and B cells remain unaffected during treatment. The synthesis of fingo-
limod has been described in a number of publications and patents [83a—c].
One approach to the synthesis of fingolimod employs a Friedel-Crafts
acylation followed by reduction to install the C8-side chain and alkylation
of an amino malonate unit followed by reduction to install the amino diol
head piece [83a,b]. An alternate approach to the synthesis of the amino diol
headpiece employs a Petasis reaction of an appropriately substituted arylvi-
nylboronic acid, benzyl amine, and dihydroxyacetone in a key step [83c].
Fingolimod was shown to be efficacious in preclinical models of MS (rat
experimental autoimmune encephalomyelitis) at doses ranging from 0.3
(prophylactic administration) to 12-28 mg/kg (therapeutic administra-
tion). Phase I multiple dose pharmacokinetic studies with fingolimod
indicated that at a dose of 1.25 mg/day, the mean Cp,,x observed was
50 £ 1.0 ng/mL and at a dose of 5 mg/day, the mean Cp.x was
18.2 + 4.1 ng/mL. The median Ty, was ~12 h for both doses. Fingolimod
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has a half-life of ~9 days partly because of a large volume of distribution
(>1000 L); pharmacokinetic steady state is achieved after ~2 months.
Fingolimod is highly protein bound (>99.8%) and is predominantly meta-
bolized by CYP4F2. A dose-dependent decrease in peripheral lymphocyte
count is observed at both the 1.25 mg (77%) and 0.5 mg (73%) doses of
fingolimod. The cell counts remained stable for the entire treatment period
and returned to normal range within 6 weeks after stopping fingolimod
treatment. After an initial 6-month placebo-controlled Phase II study that
showed benefit in RRMS patients, fingolimod was evaluated in two Phase
III studies. In the 2- year double-blind FREEDOMS study [84], involving
1272 patients with RRMS, fingolimod was compared with placebo, and in
the 1 year, double-blind TRANSFORMS study [85] involving 1292 patients
with RRMS, fingolimod was compared with IFN-B1a. Both studies used
0.5 mg and 1.25 mg once-daily doses of fingolimod. In the FREEDOMS
trial, patients on fingolimod had an annualized relapse rate significantly
lower than in patients who received placebo [0.18 (0.5 mg); 0.16 (1.25 mg)
vs. 0.40 (placebo); p < 0.001]. Disability progression was significantly
delayed, compared to placebo, with both doses of fingolimod. In the
TRANSFORMS study, patients on fingolimod had an annualized relapse
rate significantly lower than in patients who received IFN-fBla [0.16
(0.5 mg); 0.20 (1.25 mg) vs. 0.33 (IFN-Bla); p < 0.001]. From a safety per-
spective, bradycardia and atrioventricular block were observed on first
dose of fingolimod treatment. Macular edema was seen in four patients in
the 1.25 mg group (1%) and two patients in the 0.5 mg group (0.5%). Other
serious adverse events include basal cell carcinoma and a 2-3% reduction
in the mean FEV;. The most common adverse events occurring in 10-20%
of fingolimod-treated patients were fatigue, influenza, lower respiratory
tract or lung infection, back pain, diarrhea, cough, and elevations in liver-
enzyme levels. Assessing the overall benefit-risk profile, the FDA
approved fingolimod for RRMS at 0.5 mg once daily [86,87].

13. LANINAMIVIR OCTANOATE (ANTIVIRAL) [88-97]

Class Neuraminidase inhibitor
Country of origin ~ Japan

Originator Sankyo Co., Ltd.

First introduction ~ Japan

Introduced by Daiichi-Sankyo Co., Ltd.
Trade name Inavir®

CAS registry no. 203120-17-6
Molecular weight ~ 346.34
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Laninamivir octanoate (CS-8958) [88,89], an ester prodrug form of the
neuraminidase (NA) inhibitor laninamivir (R-125489), was approved in
Japan in 2010 for treatment of influenza virus infections. Laninamivir
octanoate is given by intranasal administration at a 20 mg or 40 mg dose.
It has a long half-life in humans such that efficacy can be achieved after
only a single dose. It is the second NA inhibitor approved in 2010, the
first being peramivir (vide infra). Influenza is a serious and contagious
respiratory illness that is caused by influenza A and B viruses. Influenza
is a global health concern, with both seasonal epidemics and unpredict-
able pandemics resulting in significant morbidity and mortality, particu-
larly for patients at high risk for influenza-associated complications. In
addition to vaccines for immunoprophylaxis, antiviral drugs play an
essential role in the treatment of influenza virus infections [90]. Two
viral proteins have been targeted for therapeutic intervention: the M2
ion channel and NA. The M2 ion channel is blocked by drugs such as
amantadine and rimantidine, which inhibit viral replication at the stage
of viral entry and viral release. These agents have seen declining use due
to widespread resistance and lack of activity against influenza B. Zana-
mivir (intranasal) and oseltamivir (oral) are the two approved drugs in
the NA inhibitor class. These agents act by inhibiting the release of newly
formed virus particles from infected cells by blocking the cleavage of the
terminal sialic acid residues from glycoconjugates. The frequency of
resistance to NA inhibitors is much lower than for M2 inhibitors; how-
ever, resistance has been documented, particularly to oseltamivir. For
example, in a study of HIN1 strain of influenza A viruses from the
2009 pandemic, 0.7% of viruses were resistant to oseltamivir but
remained sensitive to zanamivir and laninamivir [91]. More than 99%
were resistant to amantadine. Laninamivir differs from zanamivir by the
replacement of the 1’-hydroxyl group on the side chain at the 2-position
of the 3,4-dihydro-2H-pyran core with a methoxy group. Laninamivir
octanoate is prepared starting from a neuraminic acid precursor [88,92].
The route from 2,3-didehydroneuramic acid entails a multistep sequence
to protect the acid and hydroxyl groups at the 4-, 2'-, and 3'-positions.
Methylation of the remaining 1’-hydroxyl by treatment with dimethyl-
sulfate and NaH is followed by conversion of the 4-hydroxyl to an amine.
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Cleavage of the 2',3'-dihydroxy protecting group, conversion of the 4-
NH, to the guanidine, and acylation of the 3'-OH group afford laninami-
vir octanoate. This three-step sequence can be reordered such that the
guanidine is introduced first, followed by deprotection of the 2',3’-diOH
groups and acylation. An alternative sequence involves a Boc-protected
guanidine intermediate, which is converted in a four-step sequence
(deprotection of the acid and 2',3'-hydroxyl groups, reprotection of the
acid as its diphenylmethyl ether, acylation of the 3'-OH and deprotection
of the guanidine group) to laninamivir octanoate [92]. Laninamivir can
also be synthesized from the a-methyl glycoside of N-acetylneuramic
acid methyl ester by an analogous route. Laninamivir is a less potent
NA inhibitor than zanamivir or oseltamivir against many influenza A
strains, but it has superior potency for inhibition of viral replication (two-
to fivefold depending on the virus strain) [92,93]. It is a more potent
inhibitor of NA from the highly pathogenic avian influenza A H5N1
strains. The prodrug laninamivir octanoate is inactive. Laninamivir
octanoate shows efficacy in a variety of preclinical influenza models,
including a model of prophylaxis where a single dose given intranasally
7 days before infection was effective in prolonging survival time in
infected mice [93]. Zanamivir was not efficacious under these conditions.
It is believed that long retention of the compound in the lungs
may contribute to the long-lasting activity. Laninamivir octanoate
was also active in in vivo infection models with the avian H5N1 influenza
A virus [94].

In Phase 1 studies, healthy male volunteers received single intranasal
doses from 5 to 120 or 20 or 40 mg doses twice daily for 3 days [95]. The
Tmax for laninamivir octanoate was 0.5-1 h, while the T,.., for lanina-
mivir parent drug was 4 h. The half-life for laninamivir octanoate was
1.8 and 70-80 h for the parent drug. AUC and Cp,.x increased propor-
tionally with dose. The cumulative excretion in urine over 144 h was
2.3-3.6% for the prodrug and 10.7-14.6% for laninamivir. Plasma protein
binding is 67% for laninamivir octanoate and <0.1% for parent drug.
There were no adverse events related to test drug in these studies.
Laninamivir octanoate was evaluated in a double-blind, randomized,
non-inferiority clinical trial in ~1000 patients in comparison with osel-
tamivir [96]. Most patients were infected with influenza A virus, of
which ~65% were HIN1 and ~35% were H3N2 strains. The HIN1
strains were oseltamivir resistant (H274Y mutation, mean
ICs59 = 690 nmol/L) and laninamivir-sensitive (mean ICsy = 1.7 nmol/
L). The H3N2 strain was sensitive to both drugs. Laninamivir octanoate
inhaled once at 20 or 40 mg was compared with 75 mg of oseltamivir
given orally twice a day for 5 days. In HIN1 infected patients, there was
little difference in the median times to illness alleviation for the 40-mg
laninamivir octanoate group (73 h) compared with the oseltamivir group
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(74 h). However, the proportion of patients shedding virus at day 3 in
the 40-mg laninamivir octanoate group was significantly lower than in
the oseltamivir group, which is consistent with the greater potency.
Time to illness alleviation and reduction in viral shedding were similar
for the two drugs in H3N2-infected patients. The 20-mg laninamivir
octanoate dose group had a longer median time to illness alleviation
(86 h). Both drugs were well tolerated with the most common adverse
events being gastrointestinal events. In a similar trial in pediatric patients
(median 9 years of age) infected with oseltamivir-resistant HIN1 influenza
A, single inhalation doses of 20 or 40 mg laninamivir alleviated influenza
illness more rapidly than oseltamivir given twice daily for 5 days at 2 mg/
kg body weight [97]. Overall, laninamivir has proven to be effective, long-
lasting, and well tolerated for the treatment of influenza infection.

14. LURASIDONE (ANTIPSYCHOTIC) [98-104]

Class D,, 5-HT>,4, and 5-HT; receptor antagonist;
5-HT; 5 partial agonist
Country of origin ~ Japan

Originator Dainippon Sumitomo Pharma
First introduction United States

Introduced by Dainippon Sumitomo Pharma
Trade name Latuda®

CAS registry no. 367514-87-2 (free base)
367514-88-3 (HCl salt)
Molecular weight ~ 492.3 (free base)
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The atypical antipsychotic lurasidone (also known as SM-13496) was
approved in the United States in 2010 as an oral agent for the treatment
of patients with schizophrenia [98,99]. Schizophrenia is a debilitating
mental disorder that affects 1% of the population worldwide. The dis-
ease is characterized by three symptom domains: positive (psychotic)
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symptoms, such as delusions and hallucinations; negative symptoms,
such as emotional flatness and a lack of motivation for daily activities;
and cognitive symptoms, including difficulties with memory and con-
centration, and an inability to organize thoughts. Available drug treat-
ments for schizophrenia are primarily aimed at decreasing
dopaminergic transmission. First-generation antipsychotic agents such
as haloperidol are dopamine D, receptor antagonists that are effective at
treating positive symptoms but have little impact on negative and cog-
nitive symptoms and are associated with significant side effects, partic-
ularly movement disorders (extrapyramidal side effects, EPS). Second-
generation, or atypical, antipsychotics act at both D, and 5-HT,4 recep-
tors and treat positive symptoms as well as some negative symptoms.
While the atypical agents have less EPS, other issues such as weight
gain, prolactin and glucose elevation, and sedation are observed with
these agents, primarily as a result of off-target activities. The overall
efficacy/side-effect profile of these agents is related to their complex,
multitarget, pharmacological profile and leads to their differentiation in
the clinical setting. Lurasidone has potent affinity for D, (K; = 1.7 nM)
and 5-HT,5 (K; = 2.0 nM) receptors and acts as an antagonist at both
receptors [100]. It is also a partial agonist at the 5-HT;5 receptor and,
unlike other atypical agents, is a potent antagonist at the 5-HT receptor;
both of these activities are thought to confer beneficial cognitive proper-
ties. Lurasidone is further differentiated by its lack of affinity for mus-
carinic and histamine H1 receptors and its weak affinity for the 5-HT ¢
receptor. Antagonism at H; and 5-HT,¢ receptors has been implicated in
weight gain associated with atypical agents, while muscarinic receptor
antagonism is associated with cognitive deficits. Preclinical behavioral
studies have shown lurasidone to be efficacious in models of psychosis,
depression, and anxiety [100]. In cognition models, lurasidone has
shown efficacy in a MK-801-induced impairment models of learning
and memory, while other atypical antipsychotic agents were inactive
[101,102]. At doses up to 1000 mg/kg, lurasidone did not induce cata-
lepsy in rats or mice. It showed weak activity in additional rodent
models for motoric side effects, indicating a lower potential for EPS
[100]. The compound is synthesized by treatment of 1-(1,2-benzoisothia-
zol-3-yl)piperazine with the di-mesylate of (R,R)-cyclohexane-1,2-diyldi-
methanol under basic conditions to give an intermediate
spiropiperazinium salt that undergoes reaction with bicyclo[2.2.1]hep-
tane-2,3-dicarboximide to provide lurasidone [103].

In healthy volunteers and patients [98,103,104], lurasidone showed
dose-proportional pharmacokinetics over a range of 20-160 mg, with
9-19% of drug being absorbed. Lurasidone reached peak levels 1-3 h
after oral administration and had an elimination half-life of 18 h after a
single dose, extending to 36 h at steady state. The clearance rate was
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found to be 3.9 L/min. The compound is highly protein bound (~99%)
in serum. Lurasidone is not a significant inhibitor of P450 isozymes. The
metabolism of lurasidone is mainly mediated by CYP3A4, with elimina-
tion occurring primarily via the liver (~80%) and to a lesser extent via
the kidney (~10%). Use of lurasidone in combination with CYP3A4
inhibitors (e.g., ketoconazole) or inducers (e.g., rifampin) is contraindi-
cated as a result of observations in drug-drug interaction trials. The
major metabolic pathways for lurasidone are N-dealkylation, oxidation
of the [2.2.1]-bicycloheptane ring, and oxidation of the benzoisothiazole
sulfur atom. In a food effect study, exposures of lurasidone were three
times higher for Cp.x and two times higher for AUC in subjects given
food compared to those who were fasted. Therefore, it is recommended
that lurasidone be taken with a meal. Positive emission tomography
(PET) studies with ["'C]-raclopride following single oral doses lurasi-
done showed ~40% D, receptor occupancy at a 10 mg dose, increasing
to 75-85% at 60 mg and 70-80% at 80 mg. The efficacy of lurasidone for
the treatment of schizophrenia was established in four 6-week, placebo-
controlled studies in adult patients (mean age of 38.8 years, range 18-72)
who met diagnostic criteria for schizophrenia. In a 6-week, placebo-
controlled trial with 145 subjects, doses of 40 or 120 mg per day of
lurasidone were superior to placebo on the Brief Psychiatric Rating
Scale-derived (BPRSd) total score and the Clinical Global Impression
severity scale (CGI-S). In a similar trial with 180 subjects, treatment
with an 80-mg/day dose of lurasidone was superior to placebo using
the same rating scales. In a 6-week, placebo- and active-controlled trial
with 473 subjects with 40 or 120 mg/day of lurasidone, both lurasidone
doses and the active control olanzapine were superior to placebo on
the Positive and Negative Syndrome Scale (PANSS) total score and the
CGI-S. In a 6-week, placebo-controlled trial (N = 489) with 40, 80, or
120 mg/day of lurasidone, only the 80 mg/day dose was superior to
placebo on the PANSS total score and the CGI-S. Based on these results,
the recommended starting dose for lurasidone is 40 mg/day and the
maximum recommended dose is 80 mg/day. The 120 mg/day dose did
not provide additional benefit and was associated with an increase in
some adverse events. Commonly observed adverse events (incidence
> 5% and at least twice the rate for placebo) included somnolence,
akathisia, nausea, parkinsonism, and agitation, all of which appeared
dose-related. The overall discontinuation rate due to adverse events was
8% for lurasidone versus 4% for placebo. Lurasidone showed a neutral
effect on weight and was not associated with significant QTc prolonga-
tion. Like all atypical antipsychotics, lurasidone carries a black box
warning for increased mortality in elderly patients with dementia-
related psychosis. Lurasidone is supplied as an HCI salt in 40 and
80 mg tablets for oral administration.
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15. MIFAMURTIDE (ANTICANCER) [105-112]

Class Activator of monocytes and macrophages
Country of origin Switzerland
Originator Novartis
First introduction Austria
Introduced by Takeda
Trade name Junovan®
CAS registry no. 838853-48-8 (sodium salt)
83461-56-7 (anhydrous, free acid)
Molecular weight 1277.5 (sodium salt)
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Mifamurtide (also referred to as MTP-PE) was approved by the EC
in 2009 for the treatment of high-grade nonmetastatic osteosarcoma
patients between the ages 2 and 30 in combination with postoperative
multiagent chemotherapy. Osteosarcoma, which is a primary malignant
bone tumor, is diagnosed in over 1000 new patients each year in North
America and Europe. The standard of care for osteosarcoma is surgical
removal of the tumor followed by chemotherapy. Doxorubicin, cis-
platin, high-dose methotrexate with leucovorin rescue, and ifosfamide
are the approved chemotherapeutic agents for osteosarcoma. These
agents increase the event-free survival (EFS) of patients at 3-5 years
by 60-70% in nonmetastatic conditions. Despite these advances, there is
a need to improve the EFS of patients with nonmetastatic osteosarcoma.
Mifamurtide is the first new drug approved for the treatment of osteo-
sarcoma in over 20 years. The active component of mifamurtide is
muramyl dipeptide (MDP), a component of bacterial cell walls, which
is linked via an alanine moiety to phosphatidyl ethanolamine (PE) to
form the tripeptide MTP-PE. Mifamurtide is combined with a liposome
formulation consisting of synthetic phospholipids dioleoyl phosphati-
dyl serine and 1-palmitoyl-2-oleoyl phosphatidyl choline in a ratio of
3:7. This liposome formulation (L-MTP-PE) allows for the specific
in vivo targeting of monocytes and macrophages in the liver, spleen,
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and lungs by mifamurtide [105]. In vitro and in vivo studies have shown
that activation of monocytes and macrophages by mifamurtide leads to
the production of proinflammatory cytokines such as TNF-o,, IL-1, IL-6, IL-8,
NO, prostaglandin E2 and PGD,, and adhesion molecules such as LFA-1
and ICAM-1 [106]. MTP-PE is a ligand for nucleotide-binding oligomeriza-
tion domain (Nod)-2 receptor, and it has been postulated that the activation
of monocytes and macrophages is mediated by Nod-2 following phagocy-
tosis of L-MTP-PE and liberation of MDP [105,107]. In vitro, human
monocytes treated with MTP-PE had tumoricidal activity on allogeneic
and autologous tumor cells but were nontoxic toward normal cells. The
liberation of proinflammatory cytokines following activation of monocytes
and macrophages and the tumoricidal activity of MTP-PE are not clearly
understood. Mifamurtide is synthesized by DCC coupling of (a) N-acetyl-
muramyl-L-alanyl-p-isoglutaminyl-L-alanine with 2-aminoethyl-2,3-dipal-
mitoylglyceryl-phosphoric acid [108] or (b) N-acetylmuramyl-L-alanyl-p-
isoglutamine and alanyl-2-aminoethyl-2,3-dipalmitoylglyceryl-phosphoric
acid [109]. In a Phase I pharmacokinetic study in 21 healthy subjects,
mifamurtide dosed at 4 mg intravenously over 30 min showed a Cpy,x of
~16nM, an AUC of ~17 nM h, and a mean half-life of ~2 h. The safety and
efficacy of mifamurtide were established in a randomized, Phase III study
comprising 662 patients with nonmetastatic resectable osteosarcoma [110].
All patients received similar doses of cisplatin, doxorubicin, and methotrex-
ate. Patients were then randomly assigned to receive or not to receive
ifosfamide and /or mifamurtide. There was a clear trend in the mifamurtide
group toward better EFS (p = 0.039) and overall survival (p = 0.030) com-
pared to the ifosfamide group. These results demonstrated that the addition
of mifamurtide to chemotherapy improved the 6-year overall survival from
70% to 78% (p = 0.03). Most common serious adverse events associated
with mifamurtide treatment were fever, chills, and tachycardia. The recom-
mended dose of mifamurtide is 2 mg/m?” administered as adjuvant therapy
intravenously over 1-h twice weekly for an initial 12 weeks followed by
once weekly for an additional 24 weeks for a total of 48 infusions in
36 weeks [111,112].

16. PERAMIVIR (ANTIVIRAL) [113-120]

Class Neuraminidase inhibitor
Country of origin ~ United States
Originator BioCryst Pharmaceuticals Inc.

First introduction ~ Japan
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Introduced by BioCryst Pharmaceuticals Inc.
Trade name Rapiacta, PeramiFlu

CAS registry no. 330600-85-6

Molecular weight ~ 328.4
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Peramivir is a neuraminidase (NA) inhibitor that was approved in Japan
in 2010 for treatment of patients with influenza. It is the only NA inhibitor
available for IV use and is the first of two N A inhibitors approved in 2010, the
second being the inhaled drug laninamivir octanoate (vide supra). Peramivir
is given as a 300-mg single dose for adult and pediatric uncomplicated
seasonal influenza infection, and as single- and multiple 600 mg dose for
patients at high risk for complications associated with influenza virus infec-
tion. From October 2009 to June 2010, peramivir was given Emergency Use
Authorization (EUA) in the United States for treatment of certain hospita-
lized patients with suspected or confirmed cases of HIN1 influenza virus
infection [113]; this is the first time an EUA has been granted for an unap-
proved drug [114]. Influenza is an infectious respiratory tract disease that
annually affects approximately 10% of the world’s population [115]. The
virus that causes the disease is divided into three main types: A, B, and C.
Influenza A viruses are responsible for seasonal flu, including the pan-
demics in 1918, 1957, 1968, and, most recently, in 2009 with the pandemic
caused by the HINT1 strain of influenza A. While influenza is usually a self-
limiting disease, there is a risk of complications and death, often in high-risk
populations such as the very young or the elderly, but also in healthy
individuals infected with highly pathogenic strains such as H5N1 (avian
influenza A). In addition, influenza is highly communicable and causes a
significant economic burden, for example, due to lost work time. Vaccines
are highly effective in prophylaxis and controlling a flu epidemic; however,
limitations in vaccine efficacy and delay in strain-specific production make
antiviral drugs important prophylactic and treatment options [90,116]. Two
classes of antiviral drugs have been approved for treatment of influenza:
M2-ion channel inhibitors (amantadine, rimantidine) and NA inhibitors
(zanamivir, oseltamivir). A major concern with antiviral agents is the devel-
opment of resistance. Indeed, resistance to M2 inhibitors is widespread,
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although some strains remain susceptible. Resistance to NA inhibitors has
also emerged, although thus far with lower frequency. Zanamivir is
approved for intranasal use, while oseltamivir is an oral agent. Peramivir
is the only NA inhibitor approved for IV use, which gives it a unique place in
influenza treatment for seriously ill patients. Peramivir was discovered
using structure-based drug design and is synthesized in six steps from
Boc-protected methyl (15,4R)-4-amino-cyclopent-2-enecarboxylate, which
is prepared from 2-azabicyclo[2.2.1]hept-5-en-3-one [117-119]. Cycloaddi-
tion of the cyclopentene olefin with a nitrile oxide provided an intermediate
fused cyclopentane-dihydroisoxazole. Hydrogenolysis and acetylation set
up a fully functionalized cyclopentane with all four stereocenters estab-
lished. Deprotection of the amine and acid groups was followed by installa-
tion of the guanidine moiety to provide peramivir. Like zanamivir and
oseltamivir, peramivir is a potent inhibitor of influenza virus A and B NA
[strain A(HIN1) IC5q = 0.34 nM; strain A(H3N2) IC5y = 0.60 nM; strain B
IC5p = 1.36 nM]. However, peramivir is less potent against oseltamivir-
resistant viruses that have the H275Y NA mutation. These viruses remain
sensitive to zanamivir. Peramivir is active against influenza A and B viruses
and has a low enzymatic off-rate, suggesting that it could inhibit NA activity
for a prolonged period and allow lower frequency of dosing. Peramivir has
proven efficacious in preclinical animal models of influenza infection [90].
The recommended dose of peramivir in adults is 600 mg IV over
30 min once daily for 5-10 days. Based on several Phase I trials in adults
[114], there is a linear relationship between the IV dose of peramivir and
the Cinax- The half-life was 7.7-20.8 h. The AUC following a single 600 mg
IV dose of peramivir was 80 pg-h/mL. Peramivir is excreted unchanged
by the kidneys after IV dosing, with renal clearance of unchanged parent
drug accounting for ~90% of total clearance. Peramivir clearance was
7.58 L/h/70 kg in adults with influenza and was 6.19 L/h/70 kg in
healthy adults. There was no accumulation following multiple dose
administration. The most common adverse events related to peramivir
include diarrhea, nausea, vomiting, and neutropenia [114]. Similar rates
of gastrointestinal events were observed in patients treated with perami-
vir and placebo. In a Phase II clinical study, 200 or 400 mg of peramivir
proved beneficial when given IV to patients hospitalized within 72 h of
the onset of symptoms [90]. In a Phase III clinical trial [115], previously
healthy adult subjects were recruited within 48 h of the onset of influenza
symptoms and randomized to single IV infusion of 300 mg peramivir,
600 mg peramivir, or matching placebo. Peramivir significantly reduced
the time to alleviation of symptoms at both the 300 and 600 mg doses
compared with placebo. No serious adverse events were reported. In
another Phase III trial [90], peramivir when given IV over multiple days
at 300 or 600 mg per day alleviated symptoms in all patients. In a limited
study under an emergency IND, severely ill patients in the United States
with HIN1 viral pneumonia and with progressing disease despite
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oseltamivir treatment were treated with IV peramivir for 1-14 days [120].
The drug was associated with recovery in most patients. Overall, perami-
vir has shown consistent efficacy in patients and has been safe and well
tolerated. Peramivir was approved in Japan in January 2010 and is mar-
keted under the trade name Rapiacta.

17. ROFLUMILAST (CHRONIC OBSTRUCTIVE PULMONARY
DISORDER) [121-126]

Class PDE4 inhibitor

Country of origin ~ Germany

Originator BYK Gulden Lomberg Chemische Fabrik GmbH
First introduction =~ Germany

Introduced by Nycomed (Altana)

Trade name Daxas®

CAS registry no. 162401-32-3

Molecular weight ~ 403.2
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Roflumilast is a selective, orally active PDE4 inhibitor that was approved
in Germany in July 2010 as an add-on to bronchodilator treatment for
maintenance therapy of severe chronic obstructive pulmonary disorder
(COPD) associated with chronic bronchitis in adult patients with a history
of frequent exacerbations [121,122]. COPD s a chronic inflammatory disease
that is characterized by an increase in neutrophils, macrophages, and CD8™"
T-lymphocytes in airways, lungs, and pulmonary vasculature. It is the sixth
most common cause of death worldwide and is a major cause of morbidity.
Disease manifestations include lung damage, progressive airway obstruc-
tion, chronic cough, and mucus hypersecretion. Acute exacerbations are
accompanied by deterioration of lung function and worsening disability.
PDEs are enzymes responsible for hydrolysis of cyclic nucleotide phos-
phates. PDE4 is expressed in several tissue types involved in diseases of
the airway and is known to play a role in inflammation [123]. Inhibition of
PDE4 blocks the hydrolysis of cAMP, leading to elevated levels of cAMP and
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regulation of inflammatory cells. There are four known subtypes of the
PDE4 family, PDEs A-D. Since PDE4D inhibition has been associated with
nausea and vomiting, a challenge in the development of PDE4 inhibitors as
therapeutic agents has been subtype selectivity. A classic example is roli-
pram, which showed promising antidepressant efficacy in early clinical
trials, but development was discontinued due to drug-induced nausea.
Roflumilast and its primary metabolite roflumilast N-oxide are potent and
competitive inhibitors of PDE4 and are equipotent against PDE4A, B, and D
but inactive against PDE4C and the other ten members of the PDE family
(PDEs 1-3, 5-11). Despite its inhibition of PDE4D (IC5; = 0.80 nM, N-oxide
IC59 = 2.0 nM), roflumilast shows the lowest incidence of nausea (3-5%)
among the PDE4 inhibitors investigated in clinical trials. Anti-inflammatory
effects of roflumilast have been demonstrated in preclinical cellular and
animal models [122,124,125]. Roflumilast is synthesized in four steps from
3-(cyclopropylmethoxy)-4-hydroxybenzaldehyde [126]. The difluoro-
methyl ether is introduced by alkylation of the free phenolic group with
chlorodifluoromethane and base. The aldehyde moiety is oxidized to the
benzoic acid, which is then converted to an acid chloride and coupled with
3,5-dichloro-4-aminopyridine.

Roflumilast is rapidly absorbed and metabolized to its active metabo-
lite, roflumilast N-oxide [121,122]. Metabolism is mediated by CYP3A4
and CYP1A2. Plasma protein binding is 98.9% for parent drug and 97%
for the N-oxide. After a single 500 pg dose, the Cpnax for roflumilast was
5.3 pg/mL (Tyax = 1.3 h) and for the N-oxide, 9.4 pg/mL (Tpax = 11 h).
AUCs were 35 and 350 pg-h/mL for the parent and N-oxide, respectively.
Steady state concentrations were reached after 7 days of daily 500 pg
doses of roflumilast, with the N-oxide Cpax being twofold higher than
with acute dosing. The absolute oral bioavailability was 80%, and termi-
nal plasma half-lives were 18 h for the parent and 21 h for the N-oxide.
There was no food effect on pharmacokinetics. Roflumilast and its meta-
bolites are primarily excreted in the urine (70%). Roflumilast and its N-
oxide metabolite are not inhibitors of CYP enzymes. Roflumilast is a weak
inducer of CYP2B6, but not of other CYP isozymes. Roflumilast has been
evaluated in several clinical trials involving over 9000 patients with
COPD, including 6-month and 12-month Phase III trials [121]. Patients
were allowed to continue with most other respiratory medications,
including short-acting B2 agonists. Primary outcome measures were
changes in FEV; and numbers of exacerbations. In the 6-month trials
with patients with moderately severe disease, roflumilast-treated patients
(250 or 500 pg daily oral dose) showed greater improvements in FEV; and
quality of life than placebo-treated patients, but these changes did not
reach clinical significance. Exacerbations were decreased with roflumilast
treatment, but more patients discontinued treatment in the roflumilast
arms than in the placebo group. In 12-month trials in patients with more
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severe COPD, daily treatment with 500 pg roflumilast statistically
increased FEV; but did not change the rate of exacerbations overall.
However, a subset of patients with more severe airway obstruction did
have a significant reduction in exacerbation frequency. In 12-month trials
in patients with chronic bronchitis, a 500-pug daily oral dose roflumilast
also gave a significant improvement in FEV; and a reduction in exacerba-
tion rate. Roflumilast was well tolerated, with slightly more discontinua-
tions than placebo. Diarrhea, nausea, and headache were the most
common reasons for discontinuation. Weight loss was also observed,
particularly in patients with GI effects and severe COPD. The incidence
of insomnia, anxiety, and depression was two to three times higher in
patients who received 500 pg of roflumilast than those receiving 250 pg or
placebo. Another potential adverse event was cancer, in that of the can-
cers observed during the trial, 60% were in the roflumilast-treated group
compared to 40% in placebo. The significance of this finding is still
unclear. In addition to the German approval in July 2010, the U.S. FDA
approved roflumilast in March 2011. Roflumilast is an oral drug taken
daily to decrease the frequency of flare-ups (exacerbations) or worsening
of symptoms from severe COPD.

18. ROMIDEPSIN (ANTICANCER) [127-133]

Class Histone deacetylase inhibitor
Country of origin ~ Japan

Originator Fujisawa (Astellas Pharma)
First introduction ~ United States

Introduced by Celgene

Trade name Istodax®

CAS registry no. 128517-07-7
Molecular weight ~ 540.7
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The U.S. FDA approved romidepsin (also referred to as FK228) in 2009 for
the treatment of cutaneous T-cell lymphoma (CTCL) for patients who
received at least one systemic therapy. The annual incidence of CTCL in the
United States is 0.96 per 100,000 persons, and the overall prevalenceis 16,000—
20,000 cases. Early-stage CTCL is primarily managed by dermatologists
using skin-directed therapies like phototherapy, topical agents, and local
radiation. Besides romidepsin, there are three approved systemic therapies
for advanced disease. Vorinostat and bexarotene are indicated for cutaneous
manifestations of CTCL and not for cases with blood, lymph node, or visceral
involvement. Denileukin diftitox is approved for CTCL patients expressing
the CD25 epitope (30-50% of CTCL cases). However, the relapse rate for
patients treated with most therapeutics for CTCL, regardless of the disease
stage, is high, and newer therapeutic options for patients with relapsed or
refractory CTCL are still needed. Romidepsin is a natural product that was
first isolated from the fermentation broth of C. violaceum. Romidepsin is the
second histone deacetylase (HDAC) inhibitor approved for CTCL, the other
being vorinostat, which was approved by the FDA in 2006. Unlike vorinostat
which is a pan-HDAC inhibitor, romidepsin shows modest selectivity for
class I HDACs in in vitro assays. It has been shown that after romidepsin
enters the cytoplasm, the disulfide bond is cleaved by glutathione to release
the sulfhydryl group which chelates with the active site zinc of class IHDACs
and inhibits the enzymatic activity at nanomolar concentrations [127].
Although romidepsin inhibits class I HDAC:s, it is 17-23 times less potent as
the parent than the corresponding reduced form at each isozyme. For exam-
ple, theIC5p of romidepsinat HDAC1is 36 + 16 nM while that of the reduced
formisICsp = 1.6 £ 0.9nM [127]. Romidepsin hasalsobeen shown toinduce
cell cycle arrest, differentiation, and apoptosis in tumor cells by mechanisms
that cannot be completely explained by HDAC inhibition alone. The synthe-
sis of romidepsin has been reported in the patent and open literature
[128,129]. In the first reported total synthesis, Simon et al. [129a] employ the
Carreira catalytic asymmetric aldol reaction to build the thiol containing -
hydroxy acid followed by a modified Mitsunobu macrolactonization and
iodine-mediated intramolecular oxidative coupling to form the disulfide
ring. The synthesis by Williams et al. [129b] utilizes Noyori's asymmetric
transfer hydrogenation of a propargylic ketone as a key step in the synthesis
of the B-hydroxy acid. Katoh ef al. [129c] employ a Julia-Kocienski olefination
of a 1,3-propanediol-derived sulfone as the critical step to access the B-
hydroxy acid.

In vitro studies show that romidepsin induces apoptosis in a variety of
tumor cells such as primary CLL cells, MM cell lines, primary myeloma cells,
and small cell lung cancer cells. Preclinical in vivo studies demonstrated that
romidepsin improved the survival rates of mice bearing murine ascitic
tumors (P388 and L1210 leukemia’s and B16 melanoma) and inhibited the
growth of human solid tumors (Lu-65 and LC-6 lung carcinomas and SC-6
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stomach adenocarcinoma) implanted in normal or nude mice. The pharma-
cokinetic parameters of romidepsin were evaluated ata dose of 17.8 mg/ m?
in a Phase I trial in cancer patients [130]. Following a 4-h IV infusion,
romidepsin had a Cpax of ~1.02 tM and an AUC of ~4.2 pM h, which
increased in a dose-proportional fashion, and it showed a mean elimination
half-life of ~41 h. The mean clearance was 10.5 L/h/m? and the terminal
half-life was ~8.1 h. Romidepsin is extensively metabolized in vitro by
CYP3A4 with minor contributions by CYP3A5, CYP1A1, CYP2B6, and
CYP2C19. The human plasma protein binding of romidepsin ranges from
92% to 94% at concentrations of 50-1000 ng/mlL, respectively, primarily
because of binding to ol-acid-glycoprotein. Romidepsin approval for
CTCL was based on two multicenter, single-arm clinical studies in patients
with CTCL [131,132]. The first study had 96 patients with CTCL after failure
of at least one systemic therapy. The second study comprising 71 patients
was also in patients with CTCL who received at least two prior skin-directed
therapies or one prior systemic therapy. Patients in these studies were given
romidepsin at a starting dose of 14 mg/m?” infused over 4 h on days 1, 8,and
15every 28 days. The overall objective disease response (ODR) and complete
response (CR) rates in both studies were similar (~34% and 6%, respec-
tively). The median response duration was ~ 15 months in study I and ~11
months in study II. The median times for CR for studies I and Il were 6 and 4
months, respectively. Most common serious adverse events associated with
romidepsin treatment were neutropenia, lymphopenia, thrombocytopenia,
anemia, fatigue, and nausea. The recommended dose of romidepsin is
14 mg/m? administered intravenously over 4 h on days 1 and 8 and 15 of a
28-day cycle [133].

19. SIPULEUCEL-T (ANTICANCER) [134-138]

Class Therapeutic cancer vaccine for
hormone-refractory prostrate cancer
Country of origin ~ United States

Originator Dendreon
First introduction ~ United States
Introduced by Dendreon
Trade name Provenge®

CAS registry no. 917381-47-6

Sipuleucel-T is the first FDA-approved therapeutic cancer vaccine. It
is approved for the treatment of asymptomatic or minimally symptom-
atic metastatic castration-resistant (hormone-refractory) prostate cancer.
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Sipuleucel-T is described as a therapy rather than a precisely defined
therapeutic agent because it is an autologous vaccine that is generated
from each individual patient’s own blood cells. Patient peripheral blood
mononuclear cells (PBMCs) are isolated by leukophoresis and then
cultured together with a recombinant fusion protein, comprising
human prostatic acid phosphatase (a protein found in prostate and
prostate cancer cells) fused at its COOH terminus to full length human
GM-CSF via a gly-ser linker (PA2024, PAP-GM-CSF). The recombinant
PA2024 molecule is largely removed by washing, or is catabolized by
PBMC during culture, and it is not a significant component of the dosed
vaccine. Preparations are produced fresh for each treatment by a
manufacturing process that takes 34 days and includes in vitro culture for
36-44 h at 37 °C followed by washing, resuspension, and packaging. The
resulting vaccine is delivered in an infusion bag comprising a 250-mL cell
suspension in Ringer’s lactate solution. The actual cellular composition of
the infusion bag is incompletely defined. The release assay is a count of the
number of activated antigen presenting cells, defined as positive for expres-
sion of the cell surface marker CD54 [134]. Each dose is required to contain at
least 50 million CD54 positive cells. However, other lymphocytic cells (such
as T cells, B cells, and NK cells) that could contribute to the activity of
sipuleucel-T are found in the infusion bag, and the actual number and
activation state of these cell types is not controlled and will vary for each
individual manufactured dose. T cells may be a particularly important
component of the activity, and T cell activation has been reported to be
specifically induced by PA2024 during sipuleucel-T manufacture [135].
The therapeutic course for sipuleucel-T comprises three infusions, given at
approximately 2-week intervals. Patients are premedicated approximately
30 min prior to each dose with oral acetaminophen and an antihistamine
such as diphenhydramine to minimize infusion reactions. The safety and
efficacy of this treatment schedule were examined in three randomized (2:1)
Phase III trials enrolling 737 asymptomatic, or minimally symptomatic,
patients with metastatic, castration-resistant prostate cancer. In each of
these trials, the control group received placebo infusions comprising the
patient’s own leukophoresed PBMCs that had been cultured in the absence
of recombinant PA2024. The placebo infusion bag was released with the
same requirements, > 50 million CD54 positive cells, as sipuleucel-T. Two of
the Phase III trials were completed: the pivotal trial enrolling 512 patients
[136] and a smaller trial enrolling 127 patients [137]. A third trial was not
completed; however, 98 patients were enrolled and followed for time to
progression and survival [138]. The predefined endpoint for the smaller
non-pivotal trials was time to progression, and statistical significance was
not reached; however, in the 127-patient trial, sipuleucel-T was observed to
have abeneficial effect on overall survival, with a median survival difference
of 4.5months (p = 0.01,log-rank; HR, 1.70; 95% CI, 1.13-2.56). The data from
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the uncompleted trial were not inconsistent with a positive survival benefit
for vaccine therapy [137]. The primary endpoint for the pivotal trial was
overall survival, and sipuleucel-T was again found to have a beneficial effect,
with a median survival difference of 4.1 months (25.8 months in the sipu-
leucel-T group vs. 21.7 months in the placebo group). There was an observed
relative reduction of 22% in the risk of death as compared with the placebo
group (HR, 0.78; 95% CI, 0.61-0.98; p = 0.03). The 36-month survival proba-
bility was 31.7% in the sipuleucel-T group versus 23.0% in the placebo
group. The Kaplan—-Meier estimated survival probability did not show a
difference beyond 48 months; however, the number of patients still at risk at
these time points is too small to draw conclusions. Consistent with the earlier
trials, in the pivotal trial, the difference in time to progression for the
sipuleucel-T and the placebo groups was not significant. Because of the
difference in the mechanism of action compared to cytotoxic therapy, time
to progression may not be an appropriate endpoint for a therapeutic cancer
vaccine where activity is not expected until the host immune system
becomes engaged. In rapidly progressing cancers, such as metastatic castra-
tion-resistant prostate cancer, this engagement may be too slow to see an
effect on progression. Acute infusion reactions (reported within 1 day of
infusion) are a frequent occurrence for sipuleucel-T therapy. The most
common adverse events observed in the pivotal study for the sipuleucel-T
group within 1 day after infusion were chills (in 51.2%), fever (22.5%), fatigue
(16.0%), nausea (14.2%), and headache (10.7%). Grade 3 or higher adverse
events within 1 day after infusion were reported in 6.8% of the sipuleucel-T
group. These included chills (in four patients), fatigue (three patients), and
back pain, hypertension, hypokalemia, and muscular weakness (in two
patients each). Overall, only 3 of 338 patients (0.9%) in the sipuleucel-T
group were unable to receive all three infusions because of acute infusion-
related adverse events. In the pivotal trial, there was no statistically signifi-
cant difference in cerebrovascular events, including hemorrhagic and ische-
mic strokes, between the sipuleucel-T group (2.4%) and placebo group
(1.8%) (p = 1.00). Overall experience in controlled studies found cerebro-
vascular events observed in 3.5% of sipuleucel-T treated patients compared
with 2.6% of patients in the control groups.

20. TESAMORELIN ACETATE (HIV LIPODYSTROPHY)
[139-142]

Class Growth hormone-releasing factor
Country of origin Canada
Originator Theratechnologies
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First introduction United States
Introduced by Theratechnologies
Trade name Egrifta™

CAS registry no. 804475-66-9
Molecular weight 5135.9 Da

44-Amino acid polypeptide-trans-3-hexenoyl-YADAIFTNSYRKV
LGQLSARKLLODIMSROQQGESNQERGARARL-NH,

Tesamorelin acetate is an analog of growth hormone-releasing hormone
(GHRH) that was approved in the United States in 2010 for treatment of
lipodystrophy in HIV patients. With the advent of potent antiretroviral
treatment (ART) in the 1990s as a treatment regime for HIV infection, some
patients were observed to have either a loss or an accumulation of fat,
termed lipodystrophy. Individuals with lipodystrophy can develop excess
fat notably in the abdominal visceral adipose tissue (VAT), liver, trunk, and
breasts. Up to 30% of patients undergoing ART experience increases in
abdominal fat. Patients with HIV-associated lipodystrophy have an
increased need for health services when compared to ART patients without
lipodystrophy. The market size for the treatment of HIV-associated lipo-
dystrophy in the United States is currently projected to be $800 million to
$1.2 billion [139]. Lipodystrophy has both medical and social implications.
Increased VAT has been associated with dyslipodemia, thereby increasing
the risk of the progression of metabolic diseases. Excess VAT is associated
with increased coronary artery calcification, increasing the risk of cardio-
vascular events. The pathogenesis of lipodystrophy is not clearly under-
stood, but several biological processes have been implicated. Impaired fatty
acid metabolism in the adipocyte, deficiencies in adiponectin, increases in
leptin, and alteration in growth hormone secretion have all been studied.
Decreased growth hormone (GH) levels are found in HIV patients with
increased VAT. The impairment of the GH secretion through suppression
of GH by elevated fatty acids and decreases in ghrelin levels may contrib-
ute to lipodystrophy. The observation of lower GH levels in patients with
lipodystrophy and the observation that GH treatment to prevent HIV-
related wasting results in improved lipodystrophy have led to efforts to
target the GH axis to treat lipodystrophy [140,141].

Tesomorelin is an analog of GHRH. GHRH stimulates the synthesis
and release of GH. In the pituitary, GH is secreted in a pulsatile manner.
GH control is regulated by somatostatin and the negative feedback regu-
lator, IGF-1. Direct administration of GH to patients with lipodystrophy
decreases VAT but has associated side effects such as fluid retention and
joint swelling. Because of the side effects associated with direct GH
administration, GHRH represents a attractive mechanism for increasing
GH levels. Tesomorelin is an analog of GHRH in which the N-terminal
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amino acid, Tyr, is amidated with a trans-3-hexenoyl group. Capping of
the N-terminus protects GHRH from cleavage by DPP-4. Tesomorelin
demonstrates enhanced stability compared with GHRH in animal mod-
els. After subcutaneous administration, GH levels were increased out to
8 h when tested in rats, dogs, and pigs. In healthy male volunteers,
tesamorelin administered subcutaneously showed a linear increase in
pharmacokinetic parameters when dosed at 0.5, 1, or 2 mg per day. In
Phase II studies comparing 1 and 2 mg doses of tesamorelin, the 2 mg
dose showed better efficacy at reducing trunk and visceral fat. IGF-1
levels were found to be significantly increased relative to placebo. In
two Phase III clinical trials, tesamorelin was shown to significantly reduce
VAT and to improve body image. Significant reductions in trunk fat were
observed in the tesamorelin-treated group. Lean body mass increased and
waist circumference decreased. Tesamorelin was found to affect meta-
bolic biomarkers by reducing triglycerides and total cholesterol levels
[141,142]. In November 2010, tesamorelin, a GRF analog, was approved
by the U.S. FDA for the reduction of excess abdominal fat in HIV-infected
patients with Elpodystrophy. Tesamorelin is marketed under the trade
name Egrifta’™ by Theratechnologies and EMD Serono. Egrifta™ is
available as a subcutaneously administered 2 mg dose. Egrifta’™ is the
first FDA-approved treatment specifically approved for lipodystrophy.

21. TICAGRELOR (ANTITHROMBOTIC) [143-150]

Class P2Y;, antagonist

Country of origin ~ United Kingdom

Originator Astra-Zeneca

First introduction =~ European Union

Introduced by Astra-Zeneca

Trade names Brilique™ and Possia® in the European Union

CAS registry no. 274693-27-5
Molecular weight ~ 522.57
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In December 2010, the P2Y;, receptor antagonist ticagrelor (also
known as AZD6140) was approved in Europe for the treatment of acute
coronary syndrome (ACS), a condition that covers several clinical symp-
toms with the potential to cause acute myocardial ischemia (MI). The
symptoms range from unstable angina, to non-Q wave infarctions and
Q-wave myocardial infarctions, which can lead to life-threatening events.
ACS is the leading cause of death in the United States and represents 50%
of the deaths related to cardiovascular disease. In Europe, ACS affects an
estimated 1.4 million people every year [143]. Despite the availability of
current treatment options for ACS, data suggest that up to 15% of patients
die within 1 year of their cardiovascular event. The economic impact of
ACS is substantial and estimated to be $150 billion per year. The rupture
of an atherosclerotic plaque in coronary arteries triggers events that lead
to the formation of a platelet-rich thrombus plug or clot. This results in an
ischemic event, myocardial infarction, or stroke and often is fatal. When a
plaque ruptures, a cascade of biochemical events, termed platelet activa-
tion, is set in place. At initiation, several agonists of platelet activation are
released; among these are thrombin and adenosine diphosphate (ADP).
ADP binds to two purinergic receptors, the P2Y; and P2Y;, receptors. The
action of ADP binding to the P2Y;, receptor results in activation of the GP
IIb/1lla (integrin) receptor. GP IIb/Illa initiates and prolongs platelet aggre-
gation, which in turn results in the cross-linking of platelets through fibrin
and finally thrombus formation. Inhibition of ADP stimulation of the P2Y;,
receptor has been found to be an effective strategy for managing the ather-
othrombotic events associated with ACS and potentially resulting from
percutaneous coronary intervention (PCI, stent implantation) [144,145].

The first P2Y; inhibitor drugs to reach the market were of the thieno-
pyridine class represented by clopidogrel and prasugrel. Both are con-
verted by CYP-mediated processes to an active metabolite that binds
covalently and irreversibly to the P2Y;, receptor. A second class of
P2Y;, receptor inhibitors has been developed that are reversible and
bind directly to the receptor. Drug design efforts began with the structure
of the endogenous antagonist adenosine triphosphate (ATP). ATP con-
tains several functionalities which would in themselves make the discov-
ery of an orally active drug difficult. These are the acidic and unstable
triphosphate functionality, the ribose core and the purine-sugar bond.
Astra-Zeneca researchers postulated that many of these structural fea-
tures could be modified and replaced, resulting in the discovery of orally
bioavailable antagonists of the P2Y;, receptors. The phosphate moiety
was addressed by replacing the phosphate with dicarboxylic acids, then
monocarboxylic acids and ultimately with nonacidic, neutral groups,
such as the hydroxyl-ethyl ether group found in ticagrelor. The purine
group was replaced with a triazolopyrimidine, a known bioisostere, and
through substitution on the amino group, molecules with potent binding
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were identified. In addition, the ribose sugar was replaced by a cyclopen-
tane to prevent the possibility of enzymatic cleavage. The optimal mole-
cule discovered from this medicinal chemistry effort is AZD6140,
ticagrelor. The synthesis of ticagrelor is convergent. The cyclopentyl
core is built up from mono-protected cyclopentene diol. After elaboration
to add the adjacent diols and the ethyl alcohol via ether bond formation,
one of the ring alcohols is converted to an amine group. This amine is then
used to build up the triazolopyrimidine ring. Addition of the fully func-
tionalized phenyl-cyclopropyl amine to chloro ethylthio-triazolopyrimi-
dine completes the synthesis of ticagrelor. Ticagrelor binds reversibly to
the P2Y;, receptor and has been found to be a noncompetitive (with ADP)
allosteric antagonist with rapid on-/off-rate kinetics [146].

The metabolism, distribution, and elimination profiles of ticagrelor
have been published. In a study in six healthy male subjects, radiolabeled
ticagrelor was found to reach Tpax in 1.5 h. The major active metabolite
formed, AR-C124910XX, results from O-deethylation of ticagrelor. AR-
C124910XX circulates at 29% peak and 40% total exposure relative to
ticagrelor. Very little parent drug and AR-C124910XX were found in the
urine with the primary direct elimination pathway being in the feces.
Secondary O-glucuronide metabolites and ticagrelor metabolites where
the cyclopropyl-phenyl group is cleaved represent the metabolites
excreted in the urine. A total of 10 metabolites of ticagrelor were reported
[147]. Ticagrelor has been studied in several Phase II and Phase III studies.
The DISPERSE I trial, a Phase III trial, compared ticagrelor to clopidogrel
in non-ST-segment elevation myocardial infarction in 990 patients with
atherosclerotic disease where efficacy and bleeding events were evalu-
ated. In this study, ticagrelor lowered the incidence of MI and showed a
low bleeding risk and effective inhibition of platelet aggregation. Ticagre-
lor was studied in patients with stable coronary artery disease in the
ONSET/OFFSET (Phase III) trial. The purposes of this trial were to
show how rapidly platelets were inhibited after dose administration
and what the duration was for restoration of platelet function after drug
discontinuation. The results of the study showed that ticagrelor had a
faster and greater inhibition of platelet activation when compared with
clopidogrel. After termination of drug administration, platelet function
was restored within 5 days in the ticagrelor-treated groups compared to 7
days in the clopidogrel-treated group. The RESPOND trial (Phase III) was
designed to look at the effectiveness of ticagrelor in patients who are
nonresponders to clopidogrel. The outcome was that ticagrelor was effec-
tive in both patients that respond to clopidogrel and those that are nonre-
sponsive to clopidogrel. The PLATO trial (Phase III) was a large >18,000
patient trial. Patients hospitalized for ST-elevation ACS with scheduled
primary PCI or for non-ST-elevation ACS were evaluated for reduction in
the event rate of MI, vascular-related death, stroke- and drug-related
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bleeding risk. Ticagrelor was found to reduce all primary outcome events,
including MI, stroke, and death from vascular complication, ischemia,
and stent thrombosis [147-150]. In December 2010, the EC granted mar-
keting approval for Brilique™ (ticagrelor) for the prevention of athero-
thrombotic events in patients with ACS.

22. VERNAKALANT (ANTIARRHYTHMIC) [151-154]

Class Atrial potassium channel blocker
Country of origin ~ Canada

Originator Cardiome Pharma Corp.

First introduction =~ European Union

Introduced by Merck and Cardiome Pharma Corp.
Trade name Brinavess ™

CAS registry no. 794466-70-9
748810-28-8 (HCI)
Molecular weight ~ 349.46
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Vernakalant is a potassium channel blocker that was approved in
Europe in 2010 for treatment of atrial fibrillation (AF), a condition of
cardiac arrhythmia in which the atria of the heart beat irregularly due to
changes in cardiac ion channel function and distribution. Patients with AF
can have events that last from minutes to weeks to years depending on the
severity of the condition and other complicating factors. AF affects quality
of life by causing shortness of breath, chest pains, palpitations, and general
weakness. AF is associated with congestive heart failure (CHF) and
increases the risk of stroke through the increased chance of blood clot
formation. The risk of AF rises with age. There are an estimated 2.2 million
patients with AF in the United States and 4.5 million in the European
Union. The annual U.S. sales for antiarrhythmics are $1.6 billion [151].
The worldwide market for treating AF is growing as the population ages
and as the incidence of diabetes and hypertension increases. For the patient
with AF, therapeutic intervention involves heart rate management
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(B-blockers or calcium-channel blockers), reducing the risk of stroke (war-
farin or aspirin) and restoring sinus rhythm (SR) to normal (Class Ia, Ic, or
III antiarrhythmic agent) [152]. The pathogenesis of AF involves a multi-
tude of events which result in irregular impulses disrupting a normal
heartbeat. These irregular impulses originate from the atria which are out
of coordination with the ventricles of the heart. The changes in the atria are
both electrical and structural. Currently, marketed antiarrhythmic agents
vary in their safety and efficacy profile [152,153]. Antiarrhythmic agents
target sodium and potassium ion channels of the heart. Side effects result
from the lack of selectivity of agents for ion channels in atrial and ventricu-
lar tissues. This results in ventricular proarrhythmias and an increased risk
of Torsades de Pointes (TdP). Class I antiarrhythmic drugs primarily affect
the inward sodium current (In,), whereas Class III antiarrhythmic drugs
target the rapidly activating Iy, and ultra rapidly activating (Ii.,) delayed
rectifier potassium currents. Both Iy, and I, are found in atrial and ven-
tricular tissues, whereas Iy, is found only in the atria. Drugs with greater
atrial selectivity have been sought by targeting I, (the Kv1.5 channel).
Vernakalant has activity for cardiac Na+ and K+ channels and also for the
atrial-selective Kv1.5 channel. Vernakalant (RSD1235) was characterized
in animal models to assess efficacy, atrial selectivity, and reduction in side
effects. In canine models of AF, vernakalant given intravenously at 1, 2, 4,
and 8 mg/kg reduced in a dose-dependent manner the time of conversion
of AF to normal SR with no increase in QT (hERG) intervals. Primates given
IV vernakalantat2.5,5,and 10 mg/kg had dose-dependent increases in the
atrial refractory period with fewer increases in the ventricular refractory
period [151-153]. The absorption, metabolism, and distribution of verna-
kalant have been characterized by both oral and IV administration. IV
administration of vernakalant showed linear pharmacokinetics over the
dose range of 0.1-5 mg. The elimination half-life was found to be 2 h.
Vernakalant is rapidly metabolized by CYP2D6 to the 4-O-demethyl
metabolite (RDS-1385), which can form an inactive O-glucuronide. Verna-
kalant is cleared by both the liver and kidney. Vernakalant has been
studied and characterized in several Phase III trials (ACT I, ACT II, and
ACT III) where the drug was dosed as a 10-min IV infusion of 3 mg/kg
followed by a second 10-min infusion at a dose of 2 mg/kg 15 min later if
AF had not been terminated. In short duration AF patients (3 h to 7 days),
51.7% of the patients converted to normal SR versus 4% for the placebo-
treated group. In patients with long duration AF (845 days), the effective-
ness of vernakalant was lower with 7.9% achieving normal SR versus none
in the placebo group converting to SR [152-154]. In September 2010, IV
vernakalant (Brinavess™; Cardiome/Merck) was granted marketing
authorization by the EC for rapid conversion of recent onset AF to SR in
adults, fornonsurgery patients with AF of 7 days or less and for postcardiac
surgery patients with AF of 3 days or less.
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23. VINFLUNINE DITARTRATE (ANTICANCER) [155-162]

Class Tubulin inhibitor
Country of origin France
Originator Pierre Fabre
First introduction United Kingdom
Introduced by Pierre Fabre
Trade name Javlor®
CAS registry no. 162652-95-1

194468-36-5 [tartrate (1:2)]
Molecular weight 816.9

Vinflunine (also referred to as PM391) is a semisynthetic analog of the
natural vinca alkaloids vinblastine and vincristine that was approved by
the European Medicines Agency (EMEA) in 2009 for the treatment of
adult patients with advanced or metastatic transitional cell carcinoma of
the urothelial tract after failure of a prior platinum-containing regimen.
Bladder cancer is a significant health problem in the European Union with
104,400 new cases (82,800 men and 21,600 women) identified in 2006.
Cisplatin-based combination chemotherapy or single-agent-based che-
motherapy in patients unable to receive cisplatin is the standard first-
line treatment for metastatic bladder cancer. However, responses to cis-
platin-based regimens are not durable and most patients usually experi-
ence disease progression or recurrence. Single-agent therapies such as
gemcitabine, paclitaxel, docetaxel, ifosfamide, and ixabepilone have
produced low to moderate response rates (0-20%) in patients with plati-
num-pretreated advanced bladder cancer. Combination therapies have
produced higher response rates (30-60%) although this is accompanied
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with increasing toxicities. Therefore, there is need for newer chemother-
apeutics with increased response rates and manageable toxicities. Vinflu-
nine binds to the vinca-binding site on tubulin and inhibits microtubule
dynamics and treadmilling and induces cell cycle arrest at the G2/M
phase. This leads to the accumulation of cells during the mitotic phase
and eventually cell death by apoptosis [155]. Compared to other vinca
alkaloids, vinflunine exhibits the greatest tubulin-binding affinity leading
to higher antitumor activity (e.g., compared to vinorelbine) and reduced
neurotoxicity. Vinflunine is synthesized from anhydrovinblastine in a
superacid media (HF-SbFs) and in the presence of a chlorinated solvent
like CHCI; or CCly [156,157]. The net result is a novel gem-difluorination
at the allylic position and simultaneous reduction of the double bond,
followed by ring contraction to yield vinflunine.

The significantly superior anticancer activity of vinflunine compared
to its close analog vinorelbine was demonstrated upon intraperitoneal
dosing in a range of murine and human tumor xenografts [158]. Preclini-
cal in vitro studies demonstrated the cytotoxic ability of vinflunine
to inhibit colon, prostrate, bladder, breast, and ovary cell lines with ICs
values ranging from 60 to 300 nM [159]. Like other vinca alkaloids, vin-
flunine is a substrate for P-gp-mediated drug resistance mechanisms,
although the induction of drug resistance is significantly lower than that
of vinorelbine or vincristine. In a Phase I clinical trial, vinflunine showed
linear pharmacokinetics over a dose range of 30-400 mg/m? following IV
administration on day 1 of a 3-week cycle to patients with solid tumors
[160]. A dose-proportional increase in exposure was noted and no accu-
mulation was seen between cycles. The terminal half-life of vinflunine is
~40 h. The mean clearance and volume of distribution were ~44 L/h and
~2422 L/m?, respectively. The human plasma protein binding ranges
from 40% to 78%. Vinflunine is predominantly metabolized by CYP3A4;
4-O-deacetylvinflunine (DVFL) is the major circulating and active metab-
olite. The safety and efficacy of vinflunine were established in a rando-
mized Phase III study comparing vinflunine + best supportive care (BSC)
versus BSC alone in patients with advanced transitional cell carcinoma of
the urothelial tract (TCCU) and who were previously treated with a first-
line platinum-containing regimen [161]. Of the 370 patients, 253 were
treated with vinflunine + BSC and 117 were treated with BSC.
The study indicated that vinflunine treated patients showed improve-
ment in the median overall survival of 6.9 months compared to 4.3
months for patients who were treated with BSC (p = 0.040). Other
parameters such as overall response rate, disease control, and progres-
sion-free survival were all statistically significant favoring the vinflunine
+ BSC group (p = 0.006, 0.002, and 0.001, respectively). The most com-
mon serious adverse events associated with the vinflunine + BSC group
treatment were neutropenia (50%), febrile neutropenia (6%) anemia,
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fatigue, and constipation. The recommended dose of vinflunine
ditartrate is 320 mg/m” administered intravenously over 20 min once
every 3 weeks [162].

24. ZUCAPSAICIN (ANALGESIC) [163-170]

Class Transient receptor potential vanilloid type I
channel activator
Country of origin ~ Germany

Originator E Merck AG
First introduction Canada
Introduced by Winston
Trade name Civanex®

CAS registry no. 25775-90-0
Molecular weight ~ 305.4

HBCOD/\ N /U\/\/E)\CH3
H

HO

Zucapsaicin is a topical analgesic that was approved in Canada in July
2010 for use in conjunction with oral COX-2 inhibitors or NSAIDs to
relieve severe pain in adults with osteoarthritis of the knee [163]. Zucap-
saicin is the cis-isomer of the natural product capsaicin. Capsaicin is
available without a prescription in creams, lotions, and patches for the
treatment of neuropathic and musculoskeletal pain. Zucapsaicin is avail-
able as a 0.075% by weight cream. The advantages of zucapsaicin com-
pared with capsaicin are reported to be a lesser degree of local irritation
(stinging, burning, erythema) in patients and a greater degree of efficacy
in preclinical animal models of pain [163,164]. The analgesic action of
zucapsaicin and capsaicin is mediated through the transient receptor
potential vanilloid type 1 (TRPV1) channel [165-168]. TRPV1 is a ligand-
gated ion channel that is expressed in the spinal cord and brain and is
localized on neurons in sensory ganglia, with peripheral projections to the
skin, muscles, joints, and gut and central terminals to the spinal dorsal
horn. Activation of TRPV1 triggers an influx of calcium and sodium ions,
which initiates a cascade of events associated with pain transmission,
including membrane depolarization, neuronal firing, and release of pain
transmitters. Topical application of an agonist such as zucapsaicin initi-
ally activates TRPV1. The constant activation of the channel results in
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high intracellular levels of calcium, ultimately leading to desensitization
to a variety of noxious stimuli through functional and morphological
alterations to the peripheral ends of nerve fibers. The antinociceptive
effects of zucapsaicin have been demonstrated with oral treatment in
pain models in rats, including the formalin test, the thermal paw with-
drawal test, and in the Chung model of neuropathic pain [169]. Zucapsai-
cin has been synthesized by coupling of vanillin amine with (Z)-8-
methylnon-6-enoyl chloride [170]. In preclinical species, there was mini-
mal absorption of zucapsaicin into systemic circulation following topical
administration. The only evidence of a systemic effect was a decrease in
mean body weight in male rats treated with 3.0% zucapsaicin cream. At
the clinically relevant concentration of 0.075%, zucapsaicin cream pro-
duced slight erythema in minipigs and slight to moderate erythema in
rats. In clinical studies, zucapsaicin serum concentration levels were
below the level of quantitation for subjects receiving 0.075% cream
applied three times daily to the knees for seven days. Zucapsaicin
cream (0.075%) produced local reactions of burning and stinging that
were tolerable and reversible. No serious adverse events were reported.

Evidence of efficacy for zucapsaicin was based on a single 12-week
Phase III randomized, double-blinded, controlled study in subjects with
osteoarthritis of the knee who were taking oral COX-2 inhibitors (42% of
patients) or NSAIDs (58% of patients) [163]. Patients received applications
of zucapsaicin as either a 0.075% by weight cream (the active arm) or a
0.01% by weight cream (the control arm) three times a day. Primary
endpoints were knee pain assessment, physical function, and subject
global evaluation. Patients with mild-to-moderate pain showed similar
efficacy with both strengths of zucapsaicin cream. However, in patients
experiencing severe pain, 0.075% zucapsaicin was significantly more
efficacious in reducing pain than 0.01% zucapsaicin cream. Thus, patients
who exhibited the best response to zucapsaicin were those in the worst
condition as determined by baseline scores. Application site burning
sensations were the most frequently reported adverse events and were
predominantly mild to moderate. The number of withdrawals in the
0.075% zucapsaicin group was 7%, while fewer patient withdrawals
occurred in the 0.01% zucapsaicin group (2%). On the basis of the safety
and efficacy data, zucapsaicin was approved in Canada in 2010.

REFERENCES

[1] The collection of new therapeutic entities first launched in 2010 originated from the
following sources: Prous Integrity Database; Thomson-Reuters Pipeline Database; The
Pink Sheet; Drugs@FDA Website; FDA News Releases; IMS R&D Focus; Adis Business
Intelligence R&D Insight; Pharmaprojects; (b) A. Mullard, Nat. Rev. Drug Discov., 2011,
10, 82.



To Market, To Market—2010 497

[2] C. Origlieri and L. Bielory, Expert Opin. Emerg.Drugs, 2009, 14, 523.
[3] S.]. Ono and K. Lane, Drug Des. Dev. Ther., 2011, 5, 77.
[4] H. Bohets, C. McGowan, G. Mannens, N. Schroeder, K. Edwards-Swanson and
A. Shapiro, J. Ocul. Pharm. Ther., 2011, 27, 187.
[5] J. V. Greiner, K. Edwards-Swanson and A. Ingerman, Clin. Ophthalmol., 2011, 5, 87.
[6] G. Torkildsen and A. Shedden, Curr. Med. Res. Opin., 2011, 27, 623.
[7] B. Gallwitz and H. U. Haering, Diabetes Obes. Metab., 2010, 12, 1.
[8] J. J. Neumiller, L. Wood and R. K. Campbell, Pharmacotherapy, 2010, 30, 463.
[9] J. Gerich, Diabetes Res. Clin. Pract., 2010, 90, 131.
[10] H. Zettl, M. Schubert-Zsilavecz and D. Steinhilber, ChemMedChem, 2010, 5, 179.
[11] J. Feng, Z. Zhang, M. B. Wallace, J. A. Stafford, S. W. Kaldor, D. B. Kassel, M. Navre,
L. Shi, R. J. Skene, T. Asakawa, K. Takeuchi, R. Xu, D. R. Webb and S. L. Gwaltney,
J. Med. Chem., 2007, 50, 2297.
[12] B. Lee, L. Shi, D. B. Kassel, T. Asakawa, K. Takeuchi and R. J. Christopher, Eur.
J. Pharmacol., 2008, 589, 306.
[13] R. Christopher and A. Karim, Expert Rev. Clin. Pharmacol., 2009, 2, 589.
[14] L. Scott and J. Lesley, Drugs, 2010, 70, 2051.
[15] R. E. Pratley, Expert Opin. Pharmacother., 2009, 10, 503.
[16] A. del Cuvillo, J. Sastre, J. Montoro, I. Jauregui, I. Davila, M. Ferrer, J. Bartra, J. Mullol,
A. Valero and J. Invest, Allergol. Clin. Immunol., 2009, 19(Suppl. 1), 11.
[17] R. Corcostegui, L. Labeaga, A. Innerarity, A. Berisa and A. Orjales, Drugs Res. Dev.,
2005, 6, 371.
[18] R. Corcostegui, L. Labeaga, A. Innerarity, A. Berisa and A. Orjales, Drugs Res. Dev.,
2006, 7, 219.
[19] N. Jauregizar, L. de la Fuente, M. L. Lucero, A. Sologuren, N. Leal and M. Rodriguez,
Clin. Pharmacokinet., 2009, 48, 543.
[20] C. Garcia-Gea, J. Martinez-Colomer, R. M. Antonijoan, R. Valiente and M.-J. Barbanoj,
J. Clin. Psychopharmacol., 2008, 28, 675.
[21] A. V. Orjales and V. Rubio-Royo, ES2048109, 1994.
[22] S.]. Collier, X. Wu, Z. Poh, G. A. Rajkumar and L. Yet, Syn. Commun., 2011, 41, 1394.
[23] E. Ferrer, R. Pandian, J. Bolos and R. Castaner, Drugs Future, 2010, 35, 98.
[24] E. Didier, G. Oddon, D. Pauze, P. Leon and D. Riguet, Patent Application W0O9925704,
1999.
[25] P. Vrignaud, P. Lejeune, F. Lavelle, D. Chaplin and M. C. Bissery, Proc. Am. Assoc.
Cancer Res., 2000, 41, Abstract 1365.
[26] M. C. Bissery, H. Bouchard and H. Riou, Proc. Am. Assoc. Cancer Res., 2000, 41, Abstract
1364.
[27] A. C. Mita, L. J. Denis, E. K. Rowinsky, J. S. DeBono, A. D. Goetz, L. Ochoa,
B. Forouzesh, M. Beeram, A. Patnaik, K. Molpus, D. Semiond, M. Besenval and
A. W. Tolcher, Clin. Cancer Res., 2009, 15, 723.
[28] J.S. DeBono, S. Oudard, M. Ozguroglu, S. Hansen, J. H. Machiels, L. Shen, P. Matthews
and A. O. Sartor, J. Clin. Oncol., 2010, 28(Suppl. 15), Abstract 4508.
[29] M. D. Galsky, A. Dritselis, P. Kirkpatrick and W. K. Oh, Nat. Rev. Drug Dis., 2010, 9,
677.
[30] B.P. Bouchet and C. M. Galmarini, Drugs Today, 2010, 46, 735.
[31] D. Biek, I. A. Critchley, T. A. Riccobene and D. A. Thyne, Antimicrob. Chemother., 2010,
65(Suppl. 4), 9.
[32] G. G. Zhanel, G. Sniezek, F. Schwiezer, S. Zelenitsky, P. R. S. Lagace-Wiens,
E. Rubenstein, A. S. Gin, D. ]. Hoban and J. A. Karlowsky, Drugs, 2009, 69, 809.
[33] M. E. Steed and M. J. Rybak, Pharmacotherapy, 2010, 30, 375.



498 Joanne Bronson et al.

[34] R. M. Klevens, M. A. Morrison, J. Nadle, S. Petit, K. Gershman, S. Ray, L. H. Harrison,
R. Lynfield, G. Dumyati, J]. M. Townes, A. S. Craig, E. R. Zell, G. E. Fosheim,
L. K. McDougal, R. B. Carey and S. K. Fridkin, . Am. Med. Assoc., 2007, 298, 1763.

[35] R. Kock, K. Becker, B. Cookson, J. E. van Gemert-Pijnen, S. Harbarth, J. Kluytmans,
M. Mielke, G. Peters, R. L. Skov, M. J. Struelens, E. Tacconelli, A. Navarro Torné,
W. Witte and A. W. Friedrich, Eur. Surveill., 2010, 15, 19688.

[36] A.Villegas-Estrada, M. Lee, D. Hesek, S. B. Vakulenko and S. Mobashery, J. Am. Chem.
Soc., 2008, 130, 9212.

[37] T. Ishikawa, N. Matsunaga, H. Tawada, N. Kuroda, Y. Nakayama, Y. Ishibashi,
M. Tomimoto, Y. Ikeda, Y. Tagawa, Y. lizawa, K. Okonogi, S. Hashiguchi and
A. Miyake, Bioorg. Med. Chem., 2003, 11, 2427.

[38] Y. Wang, N. Mealy, N. Serradell, E. Rosa and J. Bolos, Drugs Future, 2008, 33, 302.

[39] J. Boivin, L. Bunting, J. A. Collins and K. G. Nygren, Hum. Reprod., 2007, 22, 1506.

[40] P. Verbost, W. N. Sloot, U. M. Rose, R. de Leeuw, R. G. J. M. Hanssen and
G. F. M. Verheijden, Eur. ]. Pharmacol., 2011, 651, 227.

[41] D. Loutradis, P. Drakakis, A. Vlismas and A. Antsaklis, Curr. Opin. Invest. Drugs
(BioMed Cent.), 2009, 10, 372.

[42] A.van Schanke, S. F. M. van de Wetering-Krebbers, E. Bos and W. N. Sloot, Pharmacol-
ogy, 2010, 85, 77.

[43] B. C. J. M. Fauser, B. M. J. L. Mannaerts, P. Devroey, A. Leader, I. Boime and
D. T. Baird, Hum. Reprod. Update, 2009, 15, 309.

[44] http://www.nationalmssociety.org/about-multiple-sclerosis.

[45] K. C. Hayes, CNS Drug Rev., 2004, 10, 295.

[46] J. M. Burton, C. M. Bell, S. E. Walker and P. W. O’Connor, Neurology, 2008, 71, 1833.

[47] W. Smith, S. Swan, T. Marbury and H. Henney, |. Clin. Pharmacol., 2010, 50, 151.

[48] A. D. Goodman, T. R. Brown, L. B. Krupp, R. T. Schapiro, S. R. Schwid, R. Cohen,
L. N. Marinucci and A. R. Blight, Lancet, 2009, 373, 732.

[49] A. D. Goodman, S. R. Schwid and T. R. Brown, Multiple Sclerosis, 2008, 14(Suppl. 1),
5298.

[50] A.D. Goodman and M. Hyland, Drugs Today, 2010, 46, 635.

[51] B. F. Boyce and L. Xing, Arthritis Res. Ther., 2007, 9(Suppl. 1), S1.

[52] L. Green, M. C. Hardy, C. E. Maynard-Currie, H. Tsuda, D. M. Louie, M. J. Mendez,
H. Abderrahim, M. Noguchi, D. H. Smith, Y. Zeng, N. E. David, H. Sasai, D. Garza,
D. G. Brenner, J. F. Hales, R. P. McGuinness, D. J. Capon, S. Klapholz and
A. Jakobovits, Nat. Genet., 1994, 7, 13.

[53] P. J. Kostenuik, H. Q. Nguyen, J. McCabe, K. S. Warmington, C. Kurahara, N. Sun,
C. Chen, L. Li, R. C. Cattley, G. Van, S. Scully, R. Elliott, M. Grisanti, S. Morony,
H. L. Tan, F. Asuncion, X. Li, M. S. Ominsky, M. Stolina, D. Dwyer, W. C. Dougall,
N. Hawkins, W. J. Boyle, W. S. Simonet and J. K. Sullivan, ]. Bone Miner. Res., 2009, 24,
182.

[54] S. R. Cummings, J. San Martin, M. R. McClung, E. S. Siris, R. Eastell, I. R. Reid,
P. Delmas, H. B. Zoog, M. Austin, A. Wang, S. Kutilek, S. Adami, J. Zanchetta,
C. Libanati, S. Siddhanti and C. Christiansen, N. Engl. ]. Med., 2009, 361, 756. Erratum
in: N. Engl. ]. Med., 2009, 361, 1914.

[55] D. L. Kendler, C. Roux, C. L. Benhamou, J. P. Brown, M. Lillestol, S. Siddhanti,
H. S. Man, J. San Martin and H. G. Bone, J. Bone Miner. Res., 2010, 25, 72.

[56] J. P. Brown, R. L. Prince, C. Deal, R. R. Recker, D. P. Kiel, L. H. de Gregorio, P. Hadji,
L. C. Hofbauer, ]. M. Alvaro-Gracia, H. Wang, M. Austin, R. B. Wagman, R. Newmark,
C. Libanati, J. San Martin and H. G. Bone, ]. Bone Miner. Res., 2009, 24, 153.

[57] A. T. Stopeck, A. Lipton, J. J. Body, G. G. Steger, K. Tonkin, R. H. de Boer,
M. Lichinitser, Y. Fujiwara, D. A. Yardley, M. Viniegra, M. Fan, Q. Jiang, R. Dansey,
S. Jun and A. Braun, J. Clin. Oncol., 2010, 28, 5132.


http://www.nationalmssociety.org/about-multiple-sclerosis
http://www.nationalmssociety.org/about-multiple-sclerosis

To Market, To Market—2010 499

[58] D. H. Henry, L. Costa, F. Goldwasser, V. Hirsh, V. Hungria, J. Prausova,
G. V. Scagliotti, H. Sleeboom, A. Spencer, S. Vadhan-Raj, R. von Moos,
W. Willenbacher, P. J. Woll, ]. Wang, Q. Jiang, S. Jun, R. Dansey and H. Yeh, J. Clin.
Oncol., 2011, 29, 1125.

[59] K. Fizazi, M. Carducci, M. Smith, R. Damiéao, J. Brown, L. Karsh, P. Milecki, N. Shore,
M. Rader, H. Wang, Q. Jiang, S. Tadros, R. Dansey and C. Goessl, Lancet, 2011, 377, 813.

[60] Santen Pharmaceuticals and Inspire Pharmaceuticals Press Release, April 2010.

[61] A. Peral, C. O. Dominguez-Godinez, G. Carracedo and J. Pintor, Drug News Perspect.,
2008, 21, 166.

[62] K. K. Nichols, B. Yerxa and D. J. Kellerman, Expert Opin. Invest. Drugs, 2004, 13, 47.

[63] J. Fischbarg, Curr. Opin. Invest. Drugs, 2003, 4, 1377.

[64] W. Pendergast, B. R. Yerxa, J. G. Douglass and S. R. Shaver, Bioorg. Med. Chem. Lett.,
2001, 11, 157.

[65] B. R. Yerxa and E. G. Brown, US Patent 7528119, 2009.

[66] FDA Dermatologic and Ophthalmic Drugs Advisory Committee Meeting Briefing
Document, June 2009.

[67] Thomson Reuters Report for Diquafosol, updated March 14, 2011.

[68] A. Banerji, Allergy Asthma Proc., 2010, 31, 398.

[69] J. A. Bernstein and M. Qazi, Expert Rev. Clin. Immunol., 2010, 6, 29.

[70] K. P. Garnock-Jones, Drugs, 2010, 70, 1423.

[71] US FDA. Center for Drug Evaluation and Research application number 125277: ecal-
lantide summary review [online]. http://www.accessdata.fda.gov/drugsatfda_docs/
nda/2009/125277s000SumR.pdf.

[72] Ecallantide (Kalbitor) Advisory Committee Briefing Document. http://www.fda.gov/
downloads/advisorycommittees /committeesmeetingmaterials /drugs/pulmonary-
allergydrugsadvisorycommittee /ucm170334.pdf.

[73] M. J. Towle, K. A. Salvato, J. Budrow, B. F. Wels, G. Kuznetsov, K. K. Aalfs, S. Welsh,
W. Zheng, B. M. Seletsky, M. H. Palme, G. ]J. Habgood, L. A. Singer, L. V. Dipietro,
Y. Wang, J. J. Chen, D. A. Quincy, A. Davis, K. Yoshimatsu, Y. Kishi, M. J. Yu and
B. A. Littlefield, Cancer Res., 2001, 61, 1013.

[74] J. A. Smith, L. Wilson, O. Azarenko, X. Zhu, B. M. Lewis, B. A. Littlefield and
M. A. Jordan, Biochemistry, 2010, 49, 1331.

[75] C.-G. Dong, ]J. A. Henderson, Y. Kaburagi, T. Sasaki, D.-S. Kim, J. T. Kim, D. Urabe,
H. Guo and Y. Kishi, . Am. Chem. Soc., 2009, 131, 15642.

[76] Y.-R. Yang, D.-S. Kim and Y. Kishi, Org. Lett., 2009, 11, 4516.

[77] Y. Wang, N. Serradell, J. Bolos and E. Rosa, Drugs Future, 2007, 32, 681.

[78] C. Twelves, D. Loesch, J. L. Blum, L. T. Vahdat, K. Petrakova, P. J. Chollet,
C. E. Akerele, S. Seegobin, J. Wanders and J. Cortes, Proc. Am. Soc. Clin. Oncol., 2010,
28, 18s.

[79] P. G. Morris, Anti-Cancer Drugs, 2010, 21, 885.

[80] K. Adachi, T. Kohara, N. Nakao, M. Arita, K. Chiba, T. Mishina, S. Sasaki and T. Fujita,
Bioorg. Med. Chem. Lett., 1995, 5, 853.

[81] V. Brinkmann, M. D. Davis, C. E. Heise, R. Albert, S. Cottens, R. Hof, C. Bruns,
E. Prieschl, T. Baumruker, P. Hiestand, C. A. Foster, M. Zollinger and K. R. Lynch,
J. Biol. Chem., 2002, 277, 21453.

[82] S. Mandala, R. Hajdu, J. Bergstrom, El Quackenbush, J. Xie, J. Milligan, R. Thornton,
G. J. Shei, D. Card, C. Keohane, M. Rosenbach, J. Hale, C. L. Lynch, K. Rupprecht,
W. Parsons and H. Rosen, Science, 2002, 296, 346.

[83] (a) M. Kiuchi, K. Adachi, T. Kohara, M. Minoguchi, T. Hanano, Y. Aoki, T. Mishina,
M. Arita, N. Nakao, M. Ohtsuki, Y. Hoshino, K. Teshima, K. Chiba, S. Sasaki and
T. Fujita, J. Med. Chem., 2000, 43, 2946 (b). M. Tadashi, O. Toshiyuki and A. Kunitomo,


http://www.accessdata.fda.gov/drugsatfda_docs/nda/2009/125277s000SumR.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2009/125277s000SumR.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2009/125277s000SumR.pdf
http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/pulmonary-allergydrugsadvisorycommittee/ucm170334.pdf
http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/pulmonary-allergydrugsadvisorycommittee/ucm170334.pdf
http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/pulmonary-allergydrugsadvisorycommittee/ucm170334.pdf
http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/pulmonary-allergydrugsadvisorycommittee/ucm170334.pdf

500 Joanne Bronson et al.

JP 1999310556; (c) S. Sugiyama, S. Araj, M. Kiriyama and K. Ishi, Chem. Pharm. Bull,
2005, 53, 100.
[84] L. Kappos, E. W. Radue, P. O’Connor, C. Polman, R. Hohlfeld, P. Calabresi, K. Selmaj,
C. Agoropoulou, M. Leyk, L. Zheng-Auberson and P. Burtin, N. Engl. ]. Med., 2010, 362,
387.
[85] J. A. Cohen, F. Barkhof, G. Comi, H. P. Hartung, B. O. Khatri, X. Montalban, J. Pelletier,
R. Capra, P. Gallo, G. Izquierdo, K. Tiel-Wilck, A. de Vera, J. Jin, T. Stites, S. Wu,
S. Aradhye and L. Kappos, N. Engl. |. Med., 2010, 362, 402.
[86] V. Brinkmann, A. Billich, T. Baumruker, P. Heining, R. Schmouder, G. Francis,
S. Aradhye and P. Burtin, Nat. Rev. Drug Discov., 2010, 9, 883.
[87] D. M. Sobieraj, Formulary, 2010, 45, 245.
[88] C. Reviriego, Drugs Future, 2010, 35, 537.
[89] M. Yamashita, Antiviral Chem. Chemother., 2010, 21, 71.
[90] D. A. Boltz, J. R. Aldridge, R. G. Webster and E. A. Govorkova, Drugs, 2010, 70, 1349.
[91] L. V. Gubareva, A. A. Trujillo, M. Okomo-Adhiambo, V. P. Mishin, V. M. Deyde,
K. Sleeman, H. T. Nguyen, T. G. Sheu, R. J. Garten, M. W. Shaw, A. M. Fry and
A. 1. Klimov, Antiviral Ther., 2010, 15, 1151.
[92] T. Honda, S. Kubo, T. Masuda, M. Asai, Y. Kobayashi and M. Yamashita, Bioorg. Med.
Chem. Lett., 2009, 19, 2938.
[93] M. Yamashita, T. Tomozawa, M. Kakuta, A. Tokumitsu, H. Nasu and S. Kubo, Anti-
microb. Agents Chemother., 2009, 53, 186.
[94] M. Kiso, S. Kubo, M. Ozawa, Q. M. Le, C. A. Nidom, M. Yamashita and Y. Kawaoka,
PloS Pathog., 2010, 6, €10000786.
[95] H. Ishizuka, S. Yoshiba, H. Okabe and K. Yoshihara, . Clin. Pharmacol., 2010, 50, 1319.
[96] A.Watanabe, S. C. Chang, M. J. Kim, D. W. Chu and Y. Osashi, Clin Infect. Dis., 2010,
51, 1167.
[97] N. Sugaya and Y. Ohashi, Antimicrob. Agents Chemother., 2010, 54, 2575.
[98] C.R. Hopkins, ACS Chem. Neurosci., 2011, 2, 58.
[99] L. Citrome, Int. ]. Clin. Pract., 2011, 65, 189.
[100] T. Ishibashi, T. Horisawa, K. Tokuda, T. Ishiyama, M. Ogasa, R. Tagashira,
K. Matsumoto, H. Nishikawa, Y. Ueda, S. Toma, H. Oki, N. Tanno, I. Saji, A. Ito,
Y. Ohno and M. Nakamura, J. Pharmacol. Exp. Ther., 2010, 334, 171.
[101] T. Ishiyama, K. Tokuda, K. Ishibashi, A. Ito, S. Toma and Y. Ohno, Eur. ]. Pharmacol.,
2007, 572, 160.
[102] T. Enomoto, T. Ishibashi, K. Tokuda, T. Ishiyama, S. Toma and A. Ito, Behav. Brain Res.,
2008, 186, 197.
[103] P. Cole, N. Serradell, E. Rosa and J. Bolos, Drugs Future, 2008, 33, 316.
[104] J. M. Meyer, A. D. Loebel and E. Schweizer, Expert Opin. Invest. Drugs, 2009, 18, 1715.
[105] W. E. Fogler and I. J. Fidler, Int. ]. Immunopharmacol., 1987, 9, 141.
[106] (a) T. Asano, A. McWatters, T. An, K. Matsushima and E. S. Kleinerman, J. Pharmacol.
Exp. Ther., 1994, 268, 1032; (b) P. Dieter, P. Ambs, E. Fitzke, H. Hidaka, R. Hoffman and
H. Schwende, |. Immunol., 1995, 155, 2595.
[107] W. Strober, P. J. Murray, A. Kitani and T. Watanabe, Nat. Rev. Immunol., 2006, 6, 9.
[108] J. R. Prous and ]. Castaner, Drugs Future, 1989, 14, 220.
[109] D. E. Brundish and R. Wade, |. Label. Compd. Radiopharm., 1985, 22, 29.
[110] P. A. Meyers, C. A. Scwartz, M. D. Krailo, J]. H. Healey, M. L. Bernstein, D. Betcher,
W. S. Ferguson, M. C. Gebhardt, A. M. Goorin, M. Harris, E. Kleinerman, M. P. Link,
H. Nadel, M. Nieder, G. P. Siegal, M. A. Weiner, R. ]J. Wells, R. B. Womer and
H. E. Grier, |. Clin. Oncol., 2008, 26, 633.
[111] K. Ando, K. Mori, N. Corradini, F. Redini and D. Heymann, Expert Opin. Pharmacother.,
2011, 12, 285.
[112] P. M. Anderson, M. Tomaras and K. McConnell, Drugs Today, 2010, 46, 327.



To Market, To Market—2010 501

[113] D. Birnkrant and E. Cox, N. Engl. . Med., 2009, 361, 2204.

[114] C.E.Mancuso, M. P. Gabay, L. M. Steinke and S. J. VanOsdol, Ann. Pharmacother., 2010,
44, 1240.

[115] S. Kohno, H. Kida, M. Mizuguchi and J. Shimada, Antimicrob. Agents Chemother., 2010,
54, 4568.

[116] F. Hayden, Clin. Infect. Dis., 2009, 48(Suppl. 1), S3.

[117] Y. S. Babu, P. Chand, S. Bantia, P. Kotian, A. Dehghani, Y. El-Kattan, T. H. Lin,
T. L. Hutchison, A. J. Elliott, C. D. Parker, S. L. Ananth, L. L. Horn, G. W. Laver and
J. A. Montgomery, J. Med. Chem., 2000, 43, 3482.

[118] P.Chand, P. L. Kotian, A. Dehghani, Y. El-Kattan, T. H. Lin, T. L. Hutchison, Y. S. Babu,
S. Bantia, A. J. Elliott and J. A. Montgomery, J. Med. Chem., 2001, 44, 4379.

[119] P. Chand, Expert Opin. Ther. Patents, 2005, 15, 1009.

[120] J. E. Hernandez, R. Adiga, R. Armstrong, J. Bazan, H. Bonilla, J. Bradley, R. Dretler,
M. G. Ison, J. E. Mangino, S. Maroushek, A. K. Shetty, A. Wald, C. Ziebold, J. Elder,
A. S. Hollister and W. Sheridan, on behalf of the eIND Peramivir Investigators, Clin.
Infect. Dis., 2011, 52, 695.

[121] M. A. Giembycz and S. K. Field, Drug Des. Dev. Ther., 2010, 4, 147.

[122] M. Sanford, Drugs, 2010, 70, 1615.

[123] G. Higgs, Curr. Opin. Invest. Drugs, 2010, 11, 495.

[124] A. Hatselmann and C. Schudt, J. Pharmacol. Exp. Ther., 2001, 297, 267.

[125] S. K. Field, Expert Opin. Invest. Drugs, 2008, 17, 811.

[126] L. A. Sorbera, P. A. Leeson and ]. Castafier, Drugs Future, 2000, 25, 1261.

[127] R. Furumai, A. Matsuyama, N. Kobashi, K. H. Lee, M. Nishiyama, H. Nakajima,
A. Tanaka, Y. Komatsu, N. Nishino, M. Yoshida and S. Horinouchi, Cancer Res., 2002,
62, 4916.

[128] For example, see N. H. Vrolijk and G. L. Verdine, Patent Application US20100093610,
2010.

[129] (a) W. L. Khan, J. Wu, W. Xing and J. A. Simon, J. Am. Chem. Soc., 1996, 118, 7237; (b)
T.]. Greshock, D. M. Johns, Y. Noguchi and R. M. Williams, Org. Lett., 2008, 10, 613; (c)
K. Narita, T. Kikuchi, K. Watanabe, T. Takizawa, T. Oguchi, K. Kudo, K. Matsuhara,
H. Abe, T. Yamori, M. Yoshida and T. Katoh, Chem. Eur. J., 2009, 15, 11174.

[130] V. Sandor, S. Bakke, R. W. Robey, M. H. Kang, M. V. Blagosklonny, ]J. Bender,
R. Brooks, R. L. Piekarz, E. Tucker, W. D. Figg, K. K. Chan, B. Goldspiel, A. T. Fojo,
S. P. Balcerzak and S. E. Bates, Clin. Cancer Res., 2002, 8, 718.

[131] M. Demierre, S. Whittaker, Y. Kim, E. Kim, R. Piekarz, M. Prince, J. Nichols, J. Balser,
A. Prentice and S. Bates, ]. Clin. Oncol., 2009, 27(Suppl. 15), Abstract 8546.

[132] R. L. Piekarz, R. Frye, M. Turner, J. J. Wright, S. L. Allen, M. H. Kirschbaum, ]J. Zain,
H. M. Prince, J. P. Leonard, L. J. Geskin, C. Reeder, D. Joske, W. D. Figg, E. R. Gardner,
S. M. Steinberg, E. S. Jaffe, M. S. Syevenson, S. Lade, T. Fojo and S. E. Bates, J. Clin.
Oncol., 2009, 27, 5410.

[133] C. Campas-Moya, Drugs Today, 2009, 45, 787.

[134] N. A. Sheikh and L. A. Jones, Cancer Immunol. Immunother., 2008, 57, 1381.

[135] N. A. Sheikh, J. D. Wesley, E. Chadwick, N. Perdue, C. P. dela Rosa, M. W. Frohlich,
F. P. Stewart and D. L. Urdal, J. Clin. Oncol., 2011, 29(Suppl. 7), Abstract 155.

[136] P. W. Kantoff, C. S. Higano, N. D. Shore, E. R. Berger, E. J. Small, D. F. Penson,
C. H. Redfern, A. C. Ferrari, R. Dreicer, R. B. Sims, Y. Xu, M. W. Frohlich and
P. F. Schellhammer, the IMPACT Study Investigators, N. Engl. J. Med., 2010, 363, 411.

[137] E. J. Small, P. F. Schellhammer, C. S. Higano, C. H. Redfern, J. J. Nemunaitis,
F.H. Valone, S. S. Verjee, L. A. Jones and R. M. Hershberg, |. Clin. Oncol., 2006, 24, 3089.

[138] C. S. Higano, P. F. Schellhammer, E. J. Small, P. A. Burch, J. Nemunaitis, L. Yuh,
N. Provost and M. W. Frohlich, Cancer, 2009, 115, 3670.

[139] V. L. Leung and M. J. Glesby, Curr. Opin. Infect. Dis., 2011, 24, 43.



502 Joanne Bronson et al.

[140] J. Falutz, J. C. Mamputu, D. Potvin, G. Moyle, G. Soulban, H. Loughrey, C. Marsolais,
R. Turner and S. Grinspoon, J. Clin. Endocrinol. Metab., 2010, 95, 4291.

[141] C. Grunfeld, A. Dritselis and P. Kirkpatrick, Nat. Rev. Drug Discov., 2011, 10, 95.

[142] Y. Wang and B. Tomlinson, Expert Opin. Invest. Drugs, 2009, 18, 303.

[143] Z. Zhao and M. Winget, BMC Health Serv. Res., 2011, 11, 35.

[144] E. Abergel and E. Nikolsky, Vasc. Health Risk Manage., 2010, 6, 963.

[145] L. Wallentin, Eur. Heart ]., 2009, 30, 1964.

[146] B. Springthorpe, A. Bailey, P. Barton, T. N. Birkinshaw, R. V. Bonnert, R. C. Brown,
D. Chapman, J. Dixon, S. D. Guile, R. G. Humphries, S. F. Hunt, F. Ince, A. H. Ingall,
I. P. Kirk, P. D. Leeson, P. Leff, R. J. Lewis, B. P. Martin, D. F. McGinnity,
M. P. Mortimore, S. W. Paine, G. Pairaudeau, A. Patel, A. J. Rigby, R. J. Riley,
B. J. Teobald, W. Tomlinson, P. J. H. Webborn and P. A. Willis, Bioorg. Med. Chem.
Lett., 2007, 17, 6013.

[147] R. Teng, S. Oliver, M. A. Hayes and K. Butler, Drug Metab. Dispos., 2010, 38, 1514.

[148] J. M. Siller-Matula and B. Jilma, Future Cardiol., 2010, 6, 753.

[149] D. L. Jennings, Formulary, 2010, 45, 148.

[150] S. D. Anderson, N. K. Shah, J. Yim and B. J. Epstein, Ann. Pharmacother., 2010, 44, 524.

[151] J. R. Ehrlich and S. Nattel, Drugs, 2009, 69, 757.

[152] J. W. M. Cheng and I. Rybak, Clin. Med. Ther., 2009, 1, 215.

[153] D. Dobrev, B. Hamad and P. Kirkpatrick, Nat. Rev. Drug Discov., 2010, 9, 915.

[154] G. E. Billman, Curr. Opin. Invest. Drugs, 2010, 11, 1048.

[155] V. K. Ngan, K. Bellman, D. Panda, B. T. Hill, M. A. Jordan and L. Wilson, Cancer Res.,
2000, 60, 5045.

[156] J. C.Jacquesy, J. Fahy, C. Berrier, D. Bigg, M. P. Jouannetaud, F. Zunino, A. Kruczynski
and R. Kiss, Patent Application WO 95/03312, 1995.

[157] ]J. Fahy, A. Duflos, J. P. Ribet, J. C. Jacquesy, C. Berrier, M. P. Jouannetaud and
F. Zunino, . Am. Chem. Soc., 1997, 119, 8576.

[158] A. Kruczynski, F. Colpaert, J. P. Tarayre, P. Mouillard, J. Fahy and B. T. Hill, Cancer
Chemother. Pharmacol., 1998, 41, 437.

[159] A. Kruczynski and B. T. Hill, Crit. Rev. Oncol. Hematol., 2001, 40, 159.

[160] J. Bennouna, P. Fumoleau, J. P. Armand, E. Raymond, M. Campone, F. M. Delgado,
C. Puozzo and M. Marty, Ann. Oncol., 2003, 14, 630.

[161] J. Bellmunt, C. Theodore, T. Demkov, B. Komyakov, L. Sengelov, G. Daugaard,
A. Caty, J. Carles, A. Jagiello-Gruszfeld, O. Karyakin, F. M. Delgado, P. Hurteloup,
E. Winquist, N. Morsli, Y. Salhi, S. Culine and H. von der Maase, J. Clin. Oncol., 2009,
27, 4454.

[162] J. E. Frampton and M. D. Moen, Drugs, 2010, 70, 1283.

[163] Summary Basis of Decision CIVANEX, Health Canada, 2010.

[164] (a)]. E. Bernstein, US Patent 5063060, 1991; (b) ]J. E. Bernstein, US Patent 7244446, 2007.

[165] M. ]. Caterina and D. Julius, Annu. Rev. Neurosci., 2001, 24, 487.

[166] K. Bley, Expert Opin. Invest. Drugs, 2004, 13, 1445.

[167] S. M. Westaway, ]. Med. Chem., 2007, 50, 2589.

[168] H. Knotkova, M. Pappagallo and A. Szallasi, Clin. |. Pain, 2008, 24, 142.

[169] X.Y. Hua, P. Chen, ]. Hwang and T. L. Yaksh, Pain, 1997, 71, 313.

[170] P. M. Gannett, D. L. Nagel, P. J. Reilly, T. Lawson, J. Sharpe and B. Toth, . Org. Chem.,
1988, 53, 1064.



	To Market, To Market-2010
	Overview
	Alcaftadine (0.25%) (Ophthalmologic, Allergic Conjunctivitis) [2-6]
	Alogliptin (Antidiabetic) [7-15]
	Bilastine (Antiallergy) [16-23]
	Cabazitaxel (Anticancer) [24-30]
	Ceftaroline Fosamil (Antibacterial) [31-38]
	Corifollitropin Alfa (Infertility) [39-43]
	Dalfampridine (Multiple Sclerosis) [44-50]
	Denosumab (Osteoporosis and Metastatic Bone Disease) [51-59]
	Diquafosol (Ophthalmologic, Dry Eye) [60-67]
	Ecallantide (Angioedema, Hereditary) [68-72]
	Eribulin Mesylate (Anticancer) [73-79]
	Fingolimod Hydrochloride (Multiple Sclerosis) [80-87]
	Laninamivir Octanoate (Antiviral) [88-97]
	Lurasidone (Antipsychotic) [98-104]
	Mifamurtide (Anticancer) [105-112]
	Peramivir (Antiviral) [113-120]
	Roflumilast (Chronic Obstructive Pulmonary Disorder) [121-126]
	Romidepsin (Anticancer) [127-133]
	Sipuleucel-T (Anticancer) [134-138]
	Tesamorelin Acetate (HIV Lipodystrophy) [139-142]
	Ticagrelor (Antithrombotic) [143-150]
	Vernakalant (Antiarrhythmic) [151-154]
	Vinflunine Ditartrate (Anticancer) [155-162]
	Zucapsaicin (Analgesic) [163-170]
	References




