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Disclaimer

Except as specifically identified, all data and information discussed below and necessary for 
approval of NDA 208524 are owned by Arena Pharmaceuticals or are data for which Arena has 
obtained a written right of reference.
Any information or data necessary for approval of NDA 208524 that Arena does not own or 
have a written right to reference constitutes one of the following: (1) published literature, or (2) 
a prior FDA finding of safety or effectiveness for a listed drug, as described in the drug’s 
approved labeling.  Any data or information described or referenced below from a previously 
approved application that Arena does not own (or from FDA reviews or summaries of a 
previously approved application) is for descriptive purposes only and is not relied upon for 
approval of NDA 208524.
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In a pre- and postnatal development study, maternal rats were dosed from gestation through post-
natal day 21 at 5, 15, and 50mg/kg lorcaserin hydrochloride; pups were indirectly exposed in 
utero and throughout lactation.  Stillborns and lower pup viability was observed at 50mg/kg, or 
44 times the clinical dose, based on AUC. All other doses lowered pup body weight similarly at 
birth which persisted to adulthood; however, no developmental abnormalities were observed and 
reproductive performance was not affected.

8.2 Lactation

Risk Summary
There are no data on the presence of lorcaserin in human milk, effects on the breastfed infant, or 
effects on milk production. Because of the potential for serious adverse reactions in a breastfed 
infant, advise women that use of BELVIQ XR is not recommended while breastfeeding. 

8.4 Pediatric Use

The safety and effectiveness of BELVIQ XR in pediatric patients below the age of 18 have not 
been established and the use of BELVIQ XR is not recommended in pediatric patients.

13  NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Mutagenesis

Lorcaserin hydrochloride was not mutagenic in an in vitro bacterial mutation assay (Ames test), 
was not clastogenic in an in vitro chromosome aberration assay in Chinese hamster ovary cells, 
and was not genotoxic in an in vivo micronucleus assay in rat bone marrow.

Carcinogenesis

The carcinogenic potential of lorcaserin hydrochloride was assessed in two-year carcinogenicity 
studies in mice and rats.  CD-1 mice received doses of 5, 25 and 50 mg/kg.  There were no 
treatment-related increases in the incidence of any tumor in mice at doses that produced plasma 
exposure in males and females of 8 and 4-times the daily human clinical dose, respectively.

In the rat carcinogenicity study, male and female Sprague-Dawley rats received 10, 30, and 100 
mg/kg lorcaserin hydrochloride.  In females, mammary adenocarcinoma increased at 100 mg/kg, 
which was associated with plasma exposures that were 87-times the daily human clinical dose.  
The incidence of mammary fibroadenoma was increased in female rats at all doses with no safety 
margin to the clinical dose.  The increases in adenocarcinomas and fibroadenomas may be 
associated with lorcaserin hydrochloride-induced changes in prolactin homeostasis in rats.  The 
relevance of the increased incidence of mammary adenocarcinomas and fibroadenomas in rats to 
humans is unknown.
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In male rats, treatment-related neoplastic changes were observed in the subcutis (fibroma, 
Schwannoma), the skin (squamous cell carcinoma), mammary gland (adenocarcinoma and 
fibroadenoma), and the brain (astrocytoma) at greater than or equal to 30 mg/kg (plasma 
exposure 17-times human clinical dose).  At higher exposure, liver adenoma and thyroid 
follicular cell adenoma were increased but were considered secondary to liver enzyme induction 
in rats and are not considered relevant to humans.  Human brain exposure (AUC24h,ss) to 
lorcaserin at the clinical dose is estimated to be 70-fold lower than brain exposure in rats at the 
dose  at which no increased incidence of astrocytoma was observed. Excluding the liver and 
thyroid tumors, these neoplastic findings in male rats are of unknown relevance to humans.

Impairment of Fertility

Potential effects on fertility were assessed in Sprague-Dawley rats in which males were dosed 
with lorcaserin hydrochloride for 4 weeks prior to and through the mating period, and females 
were dosed for 2 weeks prior to mating and through gestation day 7.  Lorcaserin hydrochloride 
had no effects on fertility in rats at exposures up to 29 times the human clinical dose.

1.2 Brief Discussion of Nonclinical Findings

The sponsor is seeking the approval of once a day, extended release lorcaserin tablet (BELVIQ® 
XR, 20 mg QD) for the treatment of obesity in subjects with BMI ≥30 kg/m2.  The active 
ingredient, lorcaserin hydrochloride is a serotonin 5HT2C agonist approved by the FDA in June of 
2012 for the same indication but administered twice a day (BELVIQ, 10 mg BID).  The new 20 
mg dose formulation is designed to extend the period of drug absorption and deliver the same 
degree of exposure to lorcaserin without doubling of the Cmax. In the bioequivalence studies in 
humans, the Cmax for 20 mg BELVIQ® XR was similar to 10 mg BELVIQ, suggesting that the risk 
of adverse effects related to Cmax (e.g., cognitive/psychiatric effects, priapism) will not differ 
from 10 mg BELVIQ.  As total exposure and Cmax of the new formulation does not differ 
substantially from the IR formulation, no additional nonclinical studies with lorcaserin were 
needed, and interpretation of the toxicology profile of lorcaserin has not changed. 
The excipients in the tablet are hypromellose, Ethylcellulose dispersion Type B and  

 The 
sponsor has provided a DMF letter of authorization and specification from , the 
manufacturer of products.  All the excipients have been used in other FDA approved 
drugs and considered safe and pose no known safety risk.   The label for lorcaserin XR is in PLLR 
format and subject to change.  The findings of the juvenile rat study may be incorporated in the 
label pending the outcome of the pediatric clinical studies.  
In summary, given the pharmacokinetic profile for the new formulation, the previous finding of 
nonclinical safety for immediate release lorcaserin is applicable to the extended release 20 mg 
QD lorcaserin product. Also, no nonclinical issues were identified for the excipient profile of the 
new formulation. 
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2 Drug Information

2.1 Drug:   Belviq XR ®

2.1.1  CAS Registry Number: 856681-05-5

2.1.2  Generic Name:  Lorcaserin 

2.1.3  Code Name: APD356 hemihydrate, AR226173 hydrochloride hemihydrate

2.1.4  Chemical Name:  (R)-8-Chloro-1-methyl-2,3,4,5 tetrahydro-1H-3-benzazepine 
hydrochloride hemihydrate

2.1.5 Molecular Formula/Molecular Weight: C11H15Cl2N.5H2O,  FW 241.16 g/mol

2.1.6  Structure:

2.1.7 Pharmacologic class: Serotonin receptor 2 C (5HT2C) agonist

2.2 Relevant IND/s, NDA/s:  

IND 69888, immediate release lorcaserin (Arena pharmaceuticals)
NDA 22529, immediate release lorcaserin, BELVIQ® (Eisai Pharmaceuticals)
IND 119664, extended release lorcaserin (Arena Pharmaceuticals)

2.3 Clinical Formulation: 20 mg QD lorcaserin hydrochloride XR tablets  

2.3.1 Drug Formulation

Active ingredient:  mg of lorcaserin hydrochloride hemihydrate
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2.4 Proposed Clinical Population and Dosing Regimen: Obese adult population of 18 
years of age with BMI of 30 kg/m2 or over weight population with BMI ≥ 27 with 
existing risk factor (diabetes, hypertension) to be treated with 20 mg once a day 
BELVIQ XR. 

2.5 Regulatory Background:  The IND for extended release lorcaserin was submitted to 
the FDA on Aug 30, 2014.  The application was submitted in accordance with 505(b)(1) and 
cross referenced all the nonclinical data submitted for the immediate release lorcaserin IND 
and NDA.  Immediate release lorcaserin (BELVIQ, 10 mg BID) was approved by the FDA on June 
27, 2012.  The NDA application for extended release lorcaserin was submitted to the agency on 
Sept 18, 2015.  The sponsor has completed the PMR  

 

3 Studies Submitted:  

No new nonclinical studies were submitted for approval of once a day 20 mg 
BELVIQ XR. 

3.3 Previous Reviews Referenced:  Nonclinical studies in support of the original NDA 
were reviewed in 2010.  

4 Pharmacology

Lorcaserin selectively binds to serotonin 2C receptors (5HT2C).  Rats pretreated with 5HT2C 
antagonist (SB242084) had reduced response to lorcaserin suggesting that the appetite 
suppressant effect of lorcaserin is mediated via activation of the 5HT2C receptor (Ki 23 nM).   
Based on receptor binding studies, lorcaserin has approximately 14 fold and 61 fold selectivity 
over 5HT2A and 5HT2B receptors, respectively. Changes in the XR formulation should not alter 
the selectivity of lorcaserin in vivo, as the maximal drug concentration will be similar to the IR 
product. 

5 Pharmacokinetics 

Lorcaserin pharmacokinetic studies had been reviewed in the original NDA 22529.  The new 
formulation of BELVIQ XR is designed to match the total daily exposure (AUC) and drug 
concentration achieved with the twice-daily IR product, but with once-daily dosing. Not 
exceeding the Cmax of the IR product is important, as the risk of certain adverse effects (such 
as cognitive and psychiatric effects) would rise with an increase in plasma drug concentration. 
The bioequivalence studies in humans with the new (20 mg BELVIQ XR) and old (10 mg BID 

Reference ID: 3936403

(b) (4)





---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

FRED K ALAVI
05/25/2016
Pharmtox reviewer recommends approval of Lorcaserin XR (BELVIQ XR), NDA208524

TODD M BOURCIER
05/26/2016
I concur

Reference ID: 3936403




