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Introductory Comments:  
In the first review of this NDA, the pharmacology/toxicology reviewer and supervisor 
recommended that lorcaserin not be approved for the proposed indication. This 
recommendation was based on the finding of drug-related tumors in a 2-year rat bioassay. 
The applicant has provided additional analyses of the data in the 2-year rat bioassay and 
other information addressing the risk of carcinogenicity in humans from lorcaserin 
exposure at clinical doses. 
 
Discussion: 
The first review of the 2-year rat carcinogenicity data concluded that the following 
tumors appeared drug-related in male rats: astrocytoma, hepatocellular adenoma and 
carcinoma combined, mammary adenocarcinoma and fibroadenoma combined, skin 
subcutis fibroma, skin squamous carcinoma, schwannoma, and thyroid follicular cell 
adenoma. Mammary adenocarcinomas and fibroadenomas appeared to be drug-related in 
female rats. Because of apparent difficulties in distinguishing adenocarcinomas and 
fibroadenomas in the initial report, CDER combined these tumors for analysis. This 
resulted in an inability to determine an exposure at which the mammary adenocarcinomas 
were not statistically significantly increased. 
 
The applicant submitted a re-adjudication of the mammary tumors by a five member 
pathology working group. This group was able to distinguish fibroadenomas from 
adenocarcinomas. A reassessment of these tumors by CDER showed that the mammary 
fibroadenomas were still significantly elevated at all doses in female rats, but 
adenocarcinomas were only significantly elevated at the high dose of 100 mg/kg. This 
dose produces an AUC in rats that is 82 times higher than the human AUC. 
 
Brain astrocytomas in male rats were increased in groups treated with the mid and high 
doses (30 and 100 mg/kg). Originally, an accurate estimate of brain exposure in humans 
was not available. The applicant subsequently submitted information on cerebrospinal 
fluid levels of lorcaserin from mice, rats, monkeys and humans. These data indicated that 
cerebrospinal fluid levels could be used to reasonably predict brain levels. Based on these 
data, the AUC in the rat brain at 30 mg/kg appears to be over 300 times higher than the 
likely AUC in human brain at the clinical dose. 
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The other tumors observed in male rats occurred at AUC values that were 5 to 55 times 
higher than the human AUC. 
 
The applicant also provided some new pharmacology data examining the selectivity of 
lorcaserin for the 5HT2 receptors (A, B and C). These data show a greater selectivity of 
lorcaserin for the 5HT2C receptor than for 5HT2A and B. Drug levels achieved in 
humans appear unlikely to significantly activate the 5HT2A and B receptors. This 
suggests a reduced concern for cardiac valvulopathy because this toxicity is believed to 
be primarily associated with 5HT2B activation. 
 
Conclusions: 
It is noted that the increase in fibroadenoma in female rats occurred at all doses levels 
compared to control, although this is a common tumor in rats. Women taking lorcaserin 
may be at an increased risk for fibroadenoma. 
 
The pharmacology/toxicology reviewer and supervisor have reviewed the nonclinical 
findings in detail in their respective reviews. They have concluded that the newly 
submitted information is adequate to support approval of lorcaserin for the indication 
listed above from a pharmacology/toxicology perspective. 
 
I agree that the pharmacology/toxicology information are adequate to support approval of 
lorcaserin. 
 
Although no additional nonclinical information is recommended before approval for use 
of lorcaserin in adults, the pharmacology/toxicology reviewer and supervisor have 
recommended that a juvenile animal study be conducted to support development of 
lorcaserin in pediatric patients. This seems to be a reasonable recommendation given the 
effects observed in nonclinical studies thus far (e.g., mammary effects). 
 
I have provided comments on nonclinical portions of the labeling to the division. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Food and Drug Administration  
 

Memorandum 
Pharmacology/Toxicology  
Center for Drug Evaluation and Research 
Division of Metabolic & Endocrine Products 

 
  NDA SECONDARY REVIEW MEMO 
 

Date: 30 May 2012 

NDA #   22-529, Complete Response Submission 

Sponsor: Arena Pharmaceuticals 

Drug: Lorcaserin 

Primary Reviewer: Fred Alavi, Ph.D.  

Secondary Reviewer: Todd Bourcier, Ph.D. 
 
 
Arena Pharmaceuticals submitted a response to the CR letter issued by the Division in October 
2010 for NDA 22529, the marketing application for lorcaserin HCl, proposed tradename Belviq, 
as a treatment for obesity. The Division’s CR letter raised issues regarding the characterization 
and clinical relevance of the multiple tumor findings in rodents exposed to lorcaserin. Although 
not an issue in the CR letter, discrepant receptor pharmacology data in the NDA raised 
uncertainty regarding the receptor selectivity of lorcaserin, which is pertinent to interpretation of 
the valvulopathy data.  
 
Dr. Fred Alavi (the primary pharm/tox reviewer) and I recommended against approval in the first 
review cycle. The CR letter issued by the Agency and prior reviews written by Dr. Alavi and 
myself in the first review cycle articulated our reasons for recommending against approval at that 
time. The data provided in the sponsor’s resubmission sufficiently clarifies the rodent 
carcinogenicity data to enable re-assessment of clinical risk. As discussed below, based on the 
data provided to us by the sponsor, Dr. Alavi and I agree that the nonclinical data can now 
support marketing approval of lorcaserin.  
 
Rodent carcinogenicity 
Lorcaserin was identified as a non-genotoxic carcinogen that induces multiple tumor types in 
rats. Among the multiple tumor types observed, the occurrence of mammary and CNS tumors 
were identified in the CR letter as being of most concern because no safety margin was identified 
for the former and the safety margin was uncertain for the latter. Imbalanced diagnostic changes 
of benign and malignant mammary masses imparted little confidence that the tumor incidence 
data reported in the original NDA was reliable. Also, inadequate information regarding the 
tumorigenic mode of action was submitted in the first cycle, which is critical for evaluating 
human risk when safety margins are absent or uncertain.  
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Mammary Tumors 
All mammary masses from female rats were re-adjudicated by a five-member pathology working 
group (PWG). The PWG apparently had little difficulty in distinguishing benign from malignant 
masses which is reflected in the high level (> 92%) of diagnostic consensus reached in the 
blinded slide evaluation. When asked at the 2012 Advisory Committee how so many diagnostic 
changes could have been made in the original study report, the PWG chairman Dr. Kenneth 
Schafer could not offer any insight. The re-adjudicated data show that lorcaserin increased the 
incidence, tumor onset and multiplicity, and lethality of mammary adenocarcinoma with a safety 
margin of 24-fold to the clinical dose. Lorcaserin also increased the incidence, tumor onset and 
multiplicity, and lethality of benign fibroadenoma at all doses without a safety margin (≤ 7-fold) 
to the clinical dose. Although not addressed by the PWG, numerical increases in mammary 
adenocarcinoma and fibroadenoma occurred in male rats, which is an uncommon finding, with a 
safety margin of 5x (tumors at 17x clinical dose).  
 
How lorcaserin results in mammary tumors remains uncertain, and may eventually be found to 
include mechanisms beyond changes in prolactin as postulated by the sponsor. The mechanistic 
data weakly implicates prolactin as the intermediary factor. Specifically, it’s questionable that 
the minimal changes in prolactin reported with lorcaserin are sufficient to result in the observed 
robust tumor response in female and male rats. Plausibility of this mode of action relies more on 
the fact that robust prolactin elevation is known to induce mammary tumors in rats, that the 
Sprague Dawley strain is very sensitive to prolactin, and that no pattern of change was observed 
for other hormones linked to mammary tumors. The role of prolactin in human breast tumors 
remains unsettled, but it is not a ‘rodent-specific’ phenomenon as stated by the sponsor1,2.  Of 
note, the prolactin response to lorcaserin in female rats is recapitulated in human subjects, with a 
small acute rise occurring after a single dose of drug and equivocal increases observed thereafter. 
Additional nonclinical studies that further pursue prolactin as the tumorigenic mechanism to the 
exclusion of alternative possibilities would likely not provide useful additional information. The 
relevance of the fibroadenoma response in rats at clinically relevant doses of lorcaserin remains 
uncertain but may reflect an increased risk of developing benign breast masses in patients 
chronically exposed to lorcaserin. This assessment will be appropriately conveyed in the 
carcinogenicity section of the drug label.  
 
Astrocytoma 
The additional clinical study conducted by the sponsor showed that the level of lorcaserin in the 
cerebrospinal fluid (CSF) of humans is much lower than anticipated based on studies in monkeys 
and rodents or from the physiochemical characteristics of lorcaserin, a highly soluble and 
permeable drug substance. Reasons for the unexpectedly low level of lorcaserin in human CSF 
were not addressed. Based on a relatively constant relationship of CSF to (total) brain levels of 
drug as measured in monkeys and rodents, it is estimated that exposure in human brain tissue is 
1.7-fold higher than plasma drug levels. This data substantially changed the safety margin for 
brain neoplasms to 70-fold the clinical dose compared to 5- or 14-fold from the original NDA. 
Generally, a safety margin in excess of 25-fold the clinical dose for a rodent carcinogen would 
not be considered likely to reflect a relevant risk to humans. This re-analysis is predicated on the 
accuracy of the clinical data obtained from the nine subjects and on the reasonable 

                                                 
1 Tworoger SS & Hankinson SE (2008) Prolactin and breast cancer etiology: an epidemiologic perspective. J Mamm 
Gland Biol Neoplasia. 13(1):41-53 
2 Harvey PW (2012) Prolactin is tumorigenic to human breast: dispelling the myth that prolactin-induced mammary 
tumors are rodent-specific. J Appl Toxicol. 32:1-9 

Reference ID: 3137993



 3

presumption3,4 that the CSF/brain partitioning of lorcaserin is similar in rodents, monkeys, and 
humans.  
 
Other tumor types 
It is important to consider that lorcaserin also increased the incidence of benign subcutis fibroma, 
squamous carcinoma of the skin, and malignant schwannoma in male rats at the mid- and high 
doses. The increase in benign skin fibroma may have occurred at all doses if one considers the 
increase in incidence from 4.6% in control to 11% at the low dose as drug-related. 
 
It is notable for a non-genotoxic compound to result in this array of tumor types affecting 
multiple tissues. Tumors of the peripheral nervous system and skin/subcutis are not shared by 
marketed centrally acting dopaminergic or serotonergic drugs or by current obesity medications. 
No studies or credible explanation was provided to address the spectrum of tumors induced by 
lorcaserin or the mechanism by which lorcaserin increased these tumors, so risk assessment must 
be based on the difference in exposure between rats and the clinical dose in humans. These 
tumors occurred at exposure 17-fold higher than the clinical dose, with a slim but perhaps 
tolerable safety margin of 5x (i.e., tumors were not observed in rats at exposure 5-fold higher 
than the clinical dose). Of some assurance, no drug-related tumors were observed in mice at a 
similar safety margin (5x-7x). The clinical relevance of this tumor response in rats remains 
uncertain and will be appropriately conveyed in the carcinogenicity section of the drug label. 
 
 
Receptor Pharmacology 
The sponsor’s resubmission included additional studies intended to clarify discrepancies in the 
receptor potency data reported previously. The pharmacology data included in the original NDA 
made ‘off-target’ activation of 5HT2A and 2B either plausible or unlikely, depending on which 
dataset one considered, and had implications for potential adverse neurological and cardiac valve 
toxicity. Data in the resubmitted NDA could be considered the most reliable estimate of 
functional potency at each of the serotonin 5HT2 receptor subtypes based on the general 
concordance of receptor expression levels between relevant human tissues and the cells used in 
the in vitro potency assays. Clinically relevant drug concentrations of lorcaserin were shown to 
fall comfortably below the EC50 for activation of the 2A and 2B receptors. Most conservatively 
estimated, doses in excess of 40mg might be expected to result in activation of 2A in the CNS 
compartment, and doses in excess of 200mg might activate 2B in the peripheral compartment. It 
was questioned at the 2012 Advisory Committee meeting the degree to which one could rely on 
receptor selectivity data in predicting the risk of clinical valvulopathy. If one assumes, with 
notable justification5,6, that activation of 5HT2B is a key event in increasing the risk of 
valvulopathy, then demonstrating that the plasma drug concentration falls considerably below a 
level predicted to result in activation of that receptor reduces the level of concern. This is 
supported by the observation that clinical drug levels (as a free fraction) of the known 
valvulopathogens (+) norfenfluramine and pergolide are twice as high as the EC50 for activation 

                                                 
3 Lin JH (2008) CSF as a surrogate for assessing CNS exposure: an industrial perspective. Curr Drug Metab. 9:46-
59 
4 Watson J et al (2009) Receptor occupancy and brain free fraction. Drug Metab & Dispos. 37(4):753-760. 
5 Hutcheson JD et al (2011) Serotonin receptors and heart valve disease- it was meant 2B. Pharmacology & 
Therapeutics. 132:146-157. 
6 Huang XP et al (2009) Parallel functional activity profiling reveals valvuophathogens are potent 5HT2B receptor 
agonists: implications for drug safety assessment. Molec Pharmacol. 76:710-722. 
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of 5HT2B7. Conversely, and there are limitations to this analysis, lorcaserin’s potency at 5HT2B 
is similar to other 2B agonists (notably guanfacine and ropinirole) that are not known to be 
associated with clinical valvulopathy4. Unfortunately, limitations in the ability to screen for drug-
induced valvulopathy in animals render in vivo assessments less than definitive, so short of 
clinical studies, 5HT2 receptor pharmacology data is currently the ‘state of the art’ for 
identifying potential valvulopathogens. Additional nonclinical studies are unlikely to provide 
insight relevant to neurological and cardiac risks of long-term use of lorcaserin that cannot be 
gained from well-designed clinical studies in the obese patient population. 
 
 
 
 
Additional Regulatory Recommendations 
The current nonclinical data are sufficient to support approval without additional nonclinical 
post-marketing studies. The tumor risk raised by the nonclinical data (specifically mammary 
masses but perhaps should extend to all malignancies) could be considered as an adverse event 
of special interest in subsequent long-term clinical studies, though modalities for monitoring may 
prove difficult.  
 
The receptor pharmacology data supports the view but should not be interpreted as definitive 
evidence that the persistent clinical imbalance in FDA-defined valvulopathy reflects 
ascertainment bias in the studied patient population rather than a fenfluramine-type response. 
The published report that 5HT2B receptors are over-expressed in the heart of congestive heart 
failure patients8 implies that this and potentially other heart diseases may be associated with an 
as-yet uncharacterized increase in cardiac 5HT2B expression, and therefore may be more 
sensitive to activation by lorcaserin. Echocardiographic monitoring is prudent in clinical studies 
that enroll patients with underlying cardiovascular disease to define the risk of valvulopathy in 
this higher-risk population. 
 
Consistent with other obesity drugs, lorcaserin should be contraindicated during pregnancy 
(category X) based on clinical considerations of weight loss in pregnant women. The 
reproductive toxicology studies did not identify a teratogenic hazard for lorcaserin.  
 
A toxicology study in juvenile rats will be required to support long-term clinical studies in the 
preadolescent and adolescent pediatric populations. Endpoints specific to hormonal disruption, 
maturation, and neurological development should be emphasized.  
 

                                                 
7 FDA Advisory Committee Briefing Document (2010 EMDAC for lorcaserin) 
8 Jaffre F et al (2009) Serotonin and angiotensin receptors in cardiac fibroblasts coregulate adrenergic-dependent 
cardiac hypertrophy. Cir Res 104:113-123. 
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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 22-529 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 22-529 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 22-529. 
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1 Executive Summary 

1.1 Recommendations 

1.1.1  Approvability: Recommended for approval 

1.1.2  Additional Non-Clinical Recommendations: Yes 

The Division recommends a 3-month juvenile male and female rat study prior to 
initiation of the multiple dose pediatric study.  The study should explore the effect of 
lorcaserin (at 1 to 20x the clinical dose) on sexual development and performance, 
neurological development, plasma prolactin and changes in mammary tissue 
differentiation in juvenile rats aged PND day 14.  
 
1.1.3  Labeling- Recommended Draft labeling (subject to change) 

 
8.1 Pregnancy 
 

Pregnancy Category X.   

Risk Summary 
BELVIQ is contraindicated during pregnancy, because weight loss offers no potential 
benefit to a pregnant woman and may result in fetal harm.  Maternal exposure to lorcaserin 
in late pregnancy in rats resulted in lower body weight in offspring which persisted to 
adulthood. If this drug is used during pregnancy, or if the patient becomes pregnant while 
taking this drug, the patient should be apprised of the potential hazard of maternal weight 
loss to the fetus.   
 

Clinical Considerations 
A minimum weight gain, and no weight loss, is currently recommended for all pregnant 
women, including those who are already overweight or obese, due to the obligatory weight 
gain that occurs in maternal tissues during pregnancy. 
 
Animal Data 

Reproduction studies were performed in pregnant rats and rabbits that were administered 
lorcaserin during the period of embryofetal organogenesis. Plasma exposures up to 44 and 
19 times human exposure in rats and rabbits, respectively, did not reveal evidence of 
teratogenicity or embyrolethality with lorcaserin hydrochloride.  

 

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; pups were indirectly exposed 
in utero and throughout lactation. The highest dose (~44 times human exposure) resulted 
in stillborns and lower pup viability. All doses lowered pup body weight similarly at birth 
which persisted to adulthood; however, no developmental abnormalities were observed 
and reproductive performance was not affected at any dose.  
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13  NONCLINICAL TOXICOLOGY 
 
13.1 Carcinogenesis, Mutagenesis, and 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/day. 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/day lorcaserin hydrochloride. In females, mammary adenocarcinoma increased 
at 100mg/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. These 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.  

In male rats, treatment-related neoplastic changes were observed in the subcutis 
(fibroadenoma, 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. 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 astrocytomas was 
observed.  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. 
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2 Drug Information 

2.1 Drug:   Belviq ® 

2.1.1  CAS Registry Number: 856681-05-5 

2.1.2  Generic Name: Lorcaserin hydrochloride 

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, MW  

2.1.6  Structure: 

     
 
 
 
 

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

2.2 Relevant IND/s, NDA/s:  IND 69888 (Arena pharmaceuticals),              
     NDA 20344  (dexfenfluramine) 

2.3 Clinical Formulation: 10 mg lorcaserin hydrochloride tablets 

2.3.1 Drug Formulation 

 Active ingredient: 10.4 mg of APD356 Hemihydrate (10.4 mg tablets) 
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sponsor requested dose adjustment to 50 mg/kg.  Mid-way (63 weeks) 
through the rat carcinogenicity study the sponsor submitted a 15-day safety 
report on May 31, 2007 (#0047), showing a high incidence of mammary 
tumors in females and brain tumors in male and female rats.  At the time of 
the submission, the sponsor was 8 months into the 2-year clinical study 
#3182.  The Division recommended changes to the consent form to reflect the 
preliminary data describing higher than normal incidence of mammary tumors 
and brain tumors in the ongoing rat study.  The Division requested bimonthly 
updates of mammary and brain tumor incidence as histopathology evaluation 
became available (page 148).  In the 3rd bimonthly update on March 10, 2008 
(WK 96) with all the HD females necropsied, there was an apparent dose-
dependent increase in incidence of malignant mammary tumors 
(adenocarcinoma) in female rats at all doses.  The division met with the 
sponsor to discuss the mode of action for mammary tumors and the possibility 
of a clinical hold.  The Division allowed the ongoing phase 3 studies to 
continue since the data from other groups in the rat study were still missing, 
prolactin was a reasonable explanation of mode of action, and there were no 
mammary tumors in mice.  The Division requested a draft report of the rat and 
mouse carcinogenicity studies as soon as possible and requested changes to 
the clinical protocol to include analysis of human serum prolactin.  The 
bimonthly updates continued until the rat study was completed and draft 
report of the rat study was submitted (Feb 3, 2009).  The original NDA was 
submitted in Dec 22, 2009 with advisory committee meeting held on Sept 16, 
2010.  The advisory committee voted 9 to 5 against approval of lorcaserin.  
The division issued complete response on Oct 22, 2010.  The End-Of-Review 
meeting was held on Dec 15, 2010 where studies needed to resolve the 
nonclinical deficiencies listed in the CR letter were discussed.  The sponsor 
resubmitted the NDA in Dec 23, 2011 with new data to mitigate the mammary 
tumor diagnostic uncertainty in female rats and uncertain safety margin for 
brain tumors in male rats.   The second advisory committee meeting was held 
on May 10, 2012 to discuss in part the nonclinical safety concerns.  The 
committee members voted 18 to 4 for approval with one abstention.  The 
Division issued a CR letter on Oct 22, 2010 (Appendix C), listing nonclinical 
deficiencies that needed to be addressed.  The resubmission on Dec 23, 2011 
included new receptor potency and selectivity studies, re-adjudication of 
mammary tumors by PWG, prolactin mode of action studies and human brain 
lorcaserin exposure data to resolve brain tumor signal.  
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3 Studies Submitted in response to Complete Response letter: 

Pharmacology Studies (reviewed by Dr. Bourcier, Appendix A) 
Study#RP-11-001A: The Potency & Efficacy of Lorcaserin-Mediated Calcium and Inositol 
 Phosphate Signaling at Human, Rat and Monkey 5-HT2A Receptors in the Absence 
 of Receptor Reserve Effects 
Study#RP-11-001B:  The Potency & Efficacy of Lorcaserin-Mediated Calcium and Inositol 
 Phosphate Signaling at Human, Rat and Monkey 5-HT2B Receptors in the Absence 
 of Receptor Reserve Effects 
Study#RP-11-001C: The Potency & Efficacy of Lorcaserin-Mediated Calcium and Inositol 
 Phosphate Signaling at Human, Rat and Monkey 5-HT2C Receptors in the Absence 
 of Receptor Reserve Effects  
Study#RP-11-002: An Analysis of Lorcaserin Mediated Signaling at the Human 5-HT2B 
 Receptor 
 
Mammary Tumors and Prolactin Mechanistic Studies 
Study # DBR-11-001: The Effect of Lorcaserin, Dexfenfluramine and DOM on Behavioral 
 Signs Indicative of 5HT2C and 5HT2A Activation in the Male Rats 
Study # DBR-11-002: Three Month Evaluation of Lorcaserin Effects on Prolactin 
 Concentrations and Mammary Gland Histology in Female Sprague-Dawley Rats 
Study # DBR-11-003: Effects of Prolactin Receptor Antagonism on Lorcaserin-mediated 
 Changes in Mammary Glands of Female Sprague Dawley Rats 
Study #DBR-11-004: Three month evaluation of Lorcaserin effects on prolactin 
 concentrations and mammary gland histology in MALE Sprague Dawley rats 
Study # DBR-11-025:  Effect of Hypophysectomy on Lorcaserin-mediated Changes in 
 Mammary Glands of Female  Sprague Dawley Rats 
Study # DBR-11-026: Effect of Bromocriptine on Lorcaserin-induced Increases in Plasma 
 Prolactin 
 
Readjudication of female rat mammary tumors in the 2-year rat carcinogenicity study 
Study#TX05071: Fifth Amendment of the Final Report: A 2-Year Carcinogenicity Study of 
 APD356 Given by Oral Gavage to Rats 
Study#TX05071 (analysis): Time to Detection and Time to Death Analysis for Mammary 
 Tumors in Female Rats 
Study#TX11023: Tabular Listing of Tumor Incidence Before and After Re-Adjudication of 
 Individual Slides Prepared From Mammary Gland, Lung, and Subcutaneous Masses 
 from Female Rats in the Lorcaserin 2 Year Carcinogenicity Study 
 Rat 
Study#TX11024: Historical Control Data for the Incidence of Mammary Adenocarcinoma 
 Metastases to the Lung from Sprague Dawley Rats in a 2 Year Carcinogenicity 
 Study 
 
PK-Brain Exposure Studies 
Study#MPR-11-001: Evaluation of the Potential Accumulation of APD356 (Lorcaserin) in 
 the Female Rat Central Nervous System (CNS) after Multiple Daily Oral Dosing at 10 
 mg/kg 
Study#MPR-11-007: Estimated Lorcaserin Brain Concentrations in Healthy Obese Human 
 Volunteers and Associated CNS Safety Margin Determination for the Finding of 
 Astrocytoma in the Rat Carcinogenicity Study 
Study#MPR-11-017 (analysis): Estimated Lorcaserin Brain Concentrations in Humans 
 using Updated In-vitro Functional Activity data at the 5-HT2C Receptor – Brain 
 Safety Margin Calculations 
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drug, lorcaserin has the potential to be addictive and cause psychological 
disturbances in humans; therefore the neurobehavioral effect of lorcaserin in 
humans was also closely monitored.   
 
In the cardiovascular safety study, single oral doses of lorcaserin up to 100 mg/kg 
had no effect on cardiovascular parameters (MAP, HR, ECG, and QT) in monkeys 
(telemetry up to 20 hr post dose).  When the action potential effect was examined in 
isolated Purkinje fiber assay, lorcaserin significantly prolonged action potential 
duration at 90% (ADP90) in isolated canine Purkinje fiber assay at 30 µM (6.96 µg/ml 
vs. clinical of 85 ng/ml) but had no effect on ADP60 (3, 10 and 30 µM).  In hERG 
channel study, lorcaserin significantly inhibited hERG (IKr) current at all 
concentrations in a dose-dependent manner with IC50 =14 µM (3.25 µg/ml) but the 
potential clinical significance is minimal since the concentrations at which these 
findings were observed are several multiples higher than the anticipated plasma 
concentrations in humans (Cmax of 85 ng/ml at 20 mg/kg).   Therefore, lorcaserin is 
unlikely to prolong action potential in humans. A definitive human QT study in human 
subjects was conducted and reviewed by FDA. There was no apparent drug effect 
on QT in humans. 
 
A recent review article McCann et al (278(8): 666-672, JAMA, 1977) discussed long-
term use of fenfluramine on brain serotonin neurons, body weight, and pulmonary 
function in animals and humans. They reported that fenfluramine caused dose-
related, long-lasting reductions in serotonin axonal markers in all the animal species 
tested at doses similar to doses used in humans.  The primary human adverse 
findings were related to development of primary pulmonary hypertension.   In animal 
studies where high doses of fenfluramine and dexfenfluramine were administered for 
longer than 2 weeks, degeneration of 5-HT nerve terminals throughout the forebrain 
of animals were reported.  The degeneration of 5HT nerve terminals was 
characterized by depletion of tissue 5-HT, decreased 5-HT biosynthesis, and loss of 
5-HT transporters.  These effects are believed to be caused by accumulation of drug 
molecules into 5-HT nerve terminals and subsequent cytotoxic effects of these drugs 
or their metabolites.  Although there is no data to suggest that lorcaserin may share 
the same features with fenfluramine, the potential for neurotoxicity exist since rat 
data found significant accumulation of lorcaserin (13 to 30 fold) in rat brain relative to 
plasma.  It should be noted that no such findings of neuronal degeneration were 
reported in rats and it is not known if such damage occurs in humans or if there are 
clinical consequences.  Other potential CNS effects of chronic use of 5HT drugs is a 
condition called serotonin syndrome, a potentially dangerous and fatal condition 
characterized by a hyperserontonergic state.  Serotonergic syndrome which may 
occur when a combination of two or more serotonergic drugs are taken is relatively 
rare but could occur if lorcaserin is used in combination with another 5HT drug such 
as selective serotonin re-uptake inhibitors (SSRIs).   The sudden death in some of 
the high dose animal toxicology studies reported with lorcaserin could have 
potentially been caused by a hyperserontonergic state. 
 
Abuse liability:  As a CNS drug, serotonin receptor agonists including lorcaserin 
have the potential to activate 5HT2A if drug concentrations are sufficiently high.  
Activation of 5HT2A is known to result in psychological disturbances such as 
hallucinations.  The potential CNS effect of lorcaserin was examined in a series of 
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studies in animals.  In these studies, low doses of lorcaserin did not appear to result 
in adverse CNS effects, however since there was no reliable positive control in these 
studies and doses of lorcaserin were limited to 5 mg/kg, the absence of CNS 
behavioral effects is not reassuring.  The crude assessment of behavioral effects of 
lorcaserin in the toxicology studies found no notable adverse effect.  The sponsor 
provided additional new abuse potential studies in the 2011 resubmission.  Dr. 
Katherine Bronson (CSS staff) reviewed these studies.  Based on the abuse 
potential studies, CSS had recommended lorcaserin to be classified as a schedule 
IV drug. 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

Lorcaserin pharmacokinetic studies had been reviewed in the original NDA.  Only a 
summary of the PK data and brain lorcaserin distribution studies are discussed in 
this section.  Lorcaserin (APD356), prominently an R-enantiomer (>98% purity) is a 
highly bioavailable compound in animals (F: 93%, 51% and 37% in rats, monkeys 
and dogs respectively).  Food had no effect on lorcaserin bioavailability in rats or 
humans.  Animal studies found minimal chiral inversion.  Lorcaserin exposure 
increased in a dose-proportional manner in oral pharmacokinetic studies.  As a 
5HT2C receptor agonist, the appetite suppressant activity of lorcaserin occurs at the 
brain level and thus drug entry and accumulation in the brain are fundamental for its 
pharmacological effect.   Brain distribution studies found preferential distribution of 
lorcaserin to the brain in mice (26 x the plasma), rats (13-35x the plasma) and 
monkeys (10x the plasma).  The original NDA had no human brain exposure data.  
The new brain partitioning study in humans estimated the brain exposure based on 
the stable relationship observed in animals between CSF and brain levels.  Using 
human CSF data, the brain lorcaserin exposure in humans was estimated to be 1.7x 
the plasma exposure.   
Lorcaserin is metabolized to several prominent metabolites (7-hydroxy and N-
hydroxy metabolites). The two prominent metabolites, namely M1 (lorcaserin 
sulfamate, APD244208) and M5 (N-carbamoyl glucuronide) are inactive. However,  
M2, a minor metabolite showed some agonistic potency to human 5HT2C and 5HT2A 
with 17 fold selectively to 5HT2B.  The remaining metabolites constituted a fraction of 
total in plasma.  Several metabolites (M2, M3, M4 and M6) that were identified in-
vitro were also found in some instances in urine and feces of the tested species.  
Since the human metabolites were also found in animals (rats, rabbits and 
cynomolgus monkey), the toxicology profile of the metabolites was of minimal 
concern.  Lorcaserin reversibly increased hepatic microsomal enzymes (CYP1A, 
CYP2B, CYP1A1 and CYP2B1/2) in rats. It had no effect on CYP3A4 or CYP2C9.  
Lorcaserin minimally inhibited human CYP2D6 (2.9 μM), CYP2C19 (53 μM), 
CYP2C9 (61 μM), CYP1A2 (200 μM) and CYP3A4 (200 μM).  Lorcaserin has 
moderate protein binding in humans (~74%), monkeys (~73%), rabbits (~62%), rats 
(~70%) and mice (~ 67%).   
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Distribution   

Brain and plasma concentration profiles for lorcaserin after oral administration to 
male SD rats (single 10 mg/kg) were comparable with respect to t1/2 (plasma 4.9 hr, 
brain 4.7 hr).  The tmax for brain was 1 hr versus 0.25 hr to tmax for plasma 
concentrations in this study.  At 24 hr post-dose, the ratio of lorcaserin 
concentrations in brain over plasma were 11.5 to 30 fold (µg lorcaserin per g 
brain/µg lorcaserin per ml plasma) suggesting lorcaserin may have been actively 
transported across the blood brain barrier.  Choroid plexus is known to be highly 
enriched in 5HT2C receptors.  Whether 5HT2C at this site had some role in 
preferential partitioning of lorcaserin to the brain in animals is unknown.  
 
Plasma 14C levels approached background by 120 hr after single oral dose of 
radiolabeled lorcaserin.  In most tissues, the tmax for 14C-APD356 derived 
radioactivity was within 1 to 2 hr post-dose.  As expected, 14C-APD356-derived 
radioactivity was highest in tissues associated with the drug pathway 
(gastrointestinal, stomach, small intestine and bladder).  The lungs exhibited 
relatively high concentrations of 14C-APD356-derived radioactivity (tmax between 1 to 
2 hrs).  An earlier study had found brain exposure to be approximately 11 to 30 
times greater than plasma.   The ratio of 14C-lorcaserin in plasma to whole blood was 
between 1.5 and 1.6 through 24 hr post-dose, suggesting differential distribution to 
the plasma (75% to 80% of the total).  In the in vitro human whole blood distribution 
study (200 ng/ml of lorcaserin), approximately 95% of lorcaserin was found in the 
plasma similar to the radioactivity study results in rats.   
 
Brain tissue Distribution 
In series of drug distribution studies, the brain and cerebrospinal fluid (CSF) levels of 
lorcaserin and its prominent metabolites (M1 and M5) were evaluated in rats, mice 
and monkeys. The original NDA did not contain any human CNS exposure data. 
Brain distribution studies found lorcaserin to preferentially partition to brain in male 
mice, rats and monkeys.  Brain to plasma ratio for lorcaserin ranged from 10x in 
male monkeys to 24x in male SD rats.   The brain distribution studies in male mice, 
rats and monkeys were reviewed in the original NDA.  Since lorcaserin increased 
brain tumors in male rats at the site of pharmacological activity, the brain exposure 
in humans was needed for reliable determination of safety margin.  In the 
resubmission, the sponsor provided clinical CSF and plasma exposure data in obese 
subjects to estimate brain lorcaserin levels.  Brain exposure in humans was 
estimated from relatively consistent relationship between CSF and brain exposure 
across species.  The resubmission also included brain exposure data in female rats. 
The review only covers the new brain distribution studies in the 2011 resubmission.  
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Therefore, in the CR letter, the agency requested information that would clarify the 
safety margin to the dose causing astrocytoma in rats. In discussions with the 
sponsor, it was agreed that analysis of CSF would be an adequate approach to 
estimating brain levels of drug based on the observation that CSF levels in animals 
have held a steady ratio to brain levels of lorcaserin.  
 
Therefore, healthy obese patients were enrolled to receive 10 mg BID (20 mg/day, 
oral) lorcaserin for 7 Days.  Plasma and CSF levels of lorcaserin were determined 
on Day1 and Day 7.   
 
The CSF exposure in nine patients enrolled in study ranged from 5.29 to11.8 ng.h/ml 
with 42% CV.   The ratio of CSF/plasma lorcaserin in humans (0.0168) was 7 to 18 
fold lower than CSF/plasma ratio in monkeys (0.112) and rats (0.225 to 0.3).   
 

 
 
The table below lists the plasma, CSF and brain lorcaserin exposures across 
species.  The brain to CSF ratio across animal species was relatively consistent 
ranging from 75 to 117.  The ratio of brain to CSF was more consistent than brain to 
plasma or CSF to plasma.  The AUC0-12 for lorcaserin in different species are 
provided in table below: 
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6 General Toxicology 

6.1 Single-Dose Toxicity 

In the single dose studies (reviewed under the IND), 500 mg/kg of lorcaserin was 
considered the MTD in rats due to death at 1000 mg/kg.  Salivation, penile erection, 
reduced activity, tremor in addition to decrease in BW and food intake were 
hallmarks of single dose lorcaserin in rats.  Monkeys tolerated single doses up to 
300 mg/kg of APD356.  Similar to rats, penile erection was noted at doses ≥ 10 
mg/kg in monkeys.  Penile erection, a pharmacological side effect of 5HTc 
activation, was seen in the 10-day monkey study at all dose levels (10, 100, 150 
mg/kg).  In addition to the decrease in activity (≥100 mg/kg), an increase in AST 
(1.8X) at doses greater than 10 mg/kg and ALT (1.4X) at 300 mg/kg were noted.  
The NOAEL and MTD were 10 and 100 mg/kg in the 10-day monkey study, 
respectively. 

6.2 Repeat-Dose Toxicity 

Multiple dose toxicology including reprotox studies were reviewed for the original 
NDA.  In acute 10-day studies in rats, administration of lorcaserin doses up to 500 
mg/kg resulted in salivation, increased sensitivity to touch (≥50 mg/kg), clonic 
convulsion (500 mg/kg), and decrease in BW and food intake.  The increase in liver 
weight (≥ 50 mg/kg) was associated with hepatocellular vacuolation, likely due to a 
metabolic response.  Although kidney weights were increased at all doses (20 to 
23%) in rats, there was no evidence of macroscopic damage.  
In the 6-month rat study (1, 5 and 50 mg/kg), there were no notable heart or brain 
lesions at doses up to 50 mg/kg, however significant increase in kidney and liver 
weight was seen at 50 mg/kg. Two of twenty female rats treated with 50 mg/kg 
lorcaserin had minimal mammary ductal hyperplasia.  In the 12-month monkey study 
(2, 10, 50 and 125 mg/kg), there was a dose-dependent increase in incidence of 
renal tubular regeneration (minimal to moderate) at all doses of lorcaserin. They did 
not completely recover at the end of the short 4-week recovery period. There was no 
evidence of valvulopathy in any of the toxicology studies. 
 
 

8 Carcinogenicity 

Lorcaserin carcinogenicity was tested in CD-1 mice and SD rats.  Both studies were 
reviewed in the review of the original NDA submitted in 2009. Brief summary of 
mouse study is provided for reference.  The rat study was also reviewed earlier 
therefore the rat carcinogenicity study will examine the female rat mammary and 
lung tumor data re-adjudicated by the pathology working group.   
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When deaths by “presumed to be due to adenocarcinoma” was considered, both 30 
and 100 mg/kg lorcaserin rats were more likely than control to increase hazard ratio.  
The hazard ratio for MD and HD lorcaserin due to “presumed adenocarcinoma” were 
2.2 and 10.2x the control, suggesting, that adenocarcinoma induced deaths at MD 
had also slightly had raised the trend. 
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Analysis of deaths caused by fibroadenoma 
Deaths caused by fibroadenoma were significantly increased at all doses of 
lorcaserin relative to control female rats.   It should be noted that lorcaserin treated 
rats with fibroadenoma did not die quickly as seen with adenocarcinoma. 
 
   

  
 
      
  

     
 
Deaths due to “presumed fibroadenoma” were also significant at all doses of 
lorcaserin relative to control.    
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Time of First onset (detection) of Mammary Tumors and multiplicity 
Mammary adenocarcinoma onset was significantly shorter in the HD lorcaserin rats 
than control.  The first appearance of adenocarcinoma in the LD and MD was not 
different from control.  HD lorcaserin was also associated with significant increase in 
adenocarcinoma tumor multiplicity suggesting that adenocarcinoma in these rats 
were more aggressive.   
  
   

  
     
 
   Adenocarcinoma tumor onset in female rats 
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Mammary fibroadenoma tumor onset and multiplicity was significantly increased at 
all doses of lorcaserin relative to control.   
 
   

  
 
 
   Fibroadenoma Tumor Onset in female rats

  
 
The sponsor stated that the significance of increased fibroadenoma multiplicity at LD 
and MD as compared to HD is unknown.  
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growth of pituitary tumors from hyperplasia to adenoma which would support the 
decrease in prolactin in male rats. 
 
Malignant Schwannomas 
There was a lorcaserin-related increase in the incidence of malignant schwannomas 
(all sites combined) in male rats at 30 (2/65) and 100 (9/75) mg/kg.  There was no 
schwannomas in the control or LD males (4.8x the clinical dose of 10 mg BID).  The 
increase at the MD and HD is considered related to lorcaserin, thus providing a 
safety margin of 5x the clinical dose. Schwannomas across all locations (kidney, 
eyes thoracic and abdominal cavity, bone, skin subcutis) were characterized as 
small round neoplastic cells with unclear border.  In at least 3 of the HD male rats 
their metastasis were seen in the lungs and thymus.  Overall, the incidence of 
combined schwannomas in the HD males (p=0.0037) was above the historical 
control suggesting that schwannomas were drug-related.   
 
Skin fibroma and Squamous cell carcinoma  
Lorcaserin increased the incidence of benign skin fibroma in male rats in a dose-
dependent manner (3/65C, 7/65 LD, 11/65 MD and 17/75 HD). Although the 
incidence of fibroma was statistically increased only in MD (16.9%) and HD (22.7%) 
male, the rate in the LD males (10.8%) was numerically higher than concurrent 
control (4.6%) and the historical control data (0 to 5%). There were only few 
incidences of fibroma in female rats (3LD and 1 MD).  Lorcaserin also increased (p 
>0.05) the incidence of skin squamous cell carcinoma in MD (4/65, 6.15%) and HD 
(5/75, 6.67%) male rats relative to corresponding control and  historical control 
data (0 to 1.7%).  Only two HD females had squamous cell carcinomas. The 
increase in skin fibroma and squamous carcinoma at the MD and HD are considered 
related to lorcaserin. The squamous cell carcinomas were observed in the 
anogenital/inguinal, head and neck area.  The skin in these animals was visibly 
ulcerated.  The increased incidence of fibroma at 10 mg/kg (4.8x the clinical dose, 
based on AUC) in male rats suggest that lorcaserin may have an off target 
peripheral tumorigenic effect at close to the clinical dose.  Skin fibroma and 
squamous cell carcinomas occurred primarily in male rats. Whether shorter life span 
had played a role in female rats not developing these other tumors is not clear.  
 
Liver and Thyroid tumors 
Lorcaserin significantly increased the trend for hepatocellular adenoma in male rats 
(1/65, 2/65 and 6/75 in C, LD, MD and HD, respectively) but the increase was not 
significant in the pair wise comparisons relative to control.  Similarity, higher 
incidence of hepatocellular carcinoma in male rats was not significant in the trend 
and pairwise comparisons (1, 3, 3 and 4 in C, LD, MD and HD).   
Since the incidences of both adenoma and carcinoma in HD (adenoma 8% and 
carcinoma 5.3%) males were greater than the  historical data for adenoma (0-
5.7%) and carcinoma (0 to 1.7%) suggests that liver tumors in males at 100 mg/kg 
were likely drug metabolism related.  With no significant increase in pair wise 
comparison and high exposure multiples (> 55x the clinical dose of 10 BID on AUC 
basis), the potential risk to humans is deemed minimal.   
The trend for incidence of thyroid follicular cell adenoma was significant in lorcaserin 
treated males.  The incidence in the C, LD, MD and HD male rats were 0/65, 5/65, 
4/65 and 8/75, respectively.  Although the trend was positive only the incidence in 
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the HD (10.6%) was statistically significant.  The historical control for follicular 
cell adenoma in male rats ranged from 0 to 11.7% (x=2.2%). The incidence of 
follicular cell adenoma was within the historical range but it should be noted that 
historical range is skewed by one group at 11.7% with remaining between 0 and 3%.  
The trend for this tumor was not significant in female rats.   
Lorcaserin induced UGT and cytochrome P450 enzymes and resulted in a greater 
degree of hepatocellular hypertrophy in males than in females. Thyroid follicular cell 
tumors often accompany hepatic tumors that arise from induction of drug-
metabolizing enzymes, a likely consequence of increased triiodothyronine turnover 
by the liver with secondary chronic thyroid follicular cell stimulation. Induction of 
drug-metabolizing enzymes in the liver of human subjects is not known to lead to 
hepatic carcinogenesis, as typified by clinical experience with phenobarbital. With a 
reasonable safety margin to non-tumorigenic exposure and, more significantly, a 
recognized mechanism of tumorigenesis, the potential risk of hepatic and thyroid 
tumors to humans is considered minimal. 
 
Non-neoplastic findings in male rats: 
Microscopic evaluation of the tissues in the control and lorcaserin treated male rats 
were not changed. The most affected target organs in males are listed below.   

• Adrenal gland, cortical angioectasis/cyctic degeneration 
• Brain, minimal gliosis and mineralization 
• Bone, marrow atrophy and granulocytic hyperplasia 
• Epididymal, vacuolation  
• Liver, centrilobular hypertrophy, vacuolation, focal cystic degeneration,  
• Lung, alveolar histocytosis and lipidosis or cholesterol cleft 
• Pituitary gland hyperplasia of pars distalis 
• Skeletal muscle atrophy and degeneration 
• Spinal cord degeneration  
• Spleen and mesenteric lymph node lymphoid depletion  
• Skin ulceration 
• Thyroid, follicular cell  hyperplasia and hypertrophy, follicular cysts 

 
Non-neoplastic findings in female rats: 
Notable microscopic finding (hypertrophy, hyperplasia and vacuolation) in female 
rats have been reviewed earlier and have not changed.     

• Liver, centrilobular hypertrophy, cellular alterations and necrosis 
• Bone, femur and sternum hyperostosis 
• Bone marrow (femur and sternum), atrophy and granulocytic hyperplasia 
• Pituitary, hyperplasia/hypertrophy 
• Lung, alveolar lipidosis and histocytosis 
• Tibiofemoral cartilage joint degeneration/necrosis 
• Lymph nodes, hyperplasia 
• Extramedullary hematopoiesis in adrenal glands, liver, spleen 
• Vaginal atrophy  

 
Re-adjudication of mammary and lung secondary tumors reduced the number of 
adenocarcinoma and increased incidence of fibroadenoma in lorcaserin and control 
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10 Mechanistic Studies 

 
New Mechanistic Studies in the 2011 Resubmission Designed To Explore the 
Role of Prolactin in Lorcaserin Induced Mammary Neoplasia in Rats 
The sponsor has proposed the lorcaserin-related mammary tumors were likely due 
to activation of 5HT2C, which is reported to increase pituitary prolactin output, which 
is associated to induction of mammary hyperplasia and neoplasms in rodents.  
 

 
 
 
Anti-dopaminergic antipsychotic drugs are known to result in a robust and sustained  
increase in plasma prolactin in rodents and to some extent in humans.  Chronic 
administration of antidopaminergic drugs are known to result in mammary tumors in 
rodents via this mechanism.  The relevance of this MOA to human risk is 
unresolved, but rodents are clearly susceptible to this MOA.  In the original NDA, the 
sponsor performed series of prolactin mechanistic studies to support the prolactin 
hypothesis.  However, the studies (discussed in at the first advisory committee 
meeting) failed to show a dose dependent increase in prolactin in intact female SD 
rats.   An increase in prolactin was only observed in one study after a single dose of 
lorcaserin in male SD rats.   
In the post NDA review meeting, the sponsor cited improved methodology would 
enable detection of prolactin signal. New studies were designed to measure plasma 
and pituitary prolactin in female and male SD rats treated with lorcaserin up to 3 
months.  Mammary tissue preneoplastic changes were evaluated at specific time 
points.  The resubmission also included three prolactin intervention studies in female 
SD rats.  
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Study Title: Three-Month Evaluation of Lorcaserin Effects on Prolactin 
Concentrations and Mammary Gland Histology in Female Sprague-Dawley Rats 
(DBR-11-002) 
Non GLP Study: Initiated June 1, Completed on Oct 27, Finalized on Dec 14, 2011 
 
Key Findings: 

• Lorcaserin had no effect on 1 hr post dose plasma prolactin levels.  Lorcaserin dose 
of 100 mg/kg significantly increased 20 hr plasma prolactin levels during the first 10 
days (Day 1, 7 and 10).  Prolactin levels were unchanged after 10 and 30 mg/kg 
lorcaserin.   

• The positive control, perphenazine (5 mg/kg) significantly and robustly increased 1 
and 20 hr post dose plasma prolactin levels throughout the study.  Plasma prolactin 
levels at 1 hr post dose were up to 80x higher than 20 hr post dose prolactin levels 
(in spite of significant elevation at 20 hr post dose) corresponding to perphenazine 
Tmax. 

• Lorcaserin doses increased pituitary prolactin levels (28, 63 and 91) while 
perphenazine significantly reduced pituitary prolactin levels on Day 28 and 91. 

• Mammary gland epithelial prolactin levels were increased by perphenazine but not 
by lorcaserin.   

• Dr. Russo had performed the whole mount histopath evaluation of the mammary 
tissues in unblinded manner. There were no changes in the number of terminal ducts 
(TD) with lorcaserin treatment on Day 28 and only a slight decrease (78 vs. 88 in 
control, p<0.05) was seen on Day 91.  Perphenazine significantly decreased TD on 
both Day 28 and 91 (24.4-21 vs. 88 in control) relative to corresponding controls.   

• There was no lorcaserin related change in total lobular structures (TLS) on Day 28, 
however, they were increased on Day 91 at 10 mg/kg and 100 mg/kg.  In contrast, 
perphenazine significantly increased TLS on Day 28  and Day 91.  According to Dr. 
Russo, the pattern of reduced terminal duct and increase in lobular structures in the 
whole mount preparation observed in lorcaserin rats was consistent with increased 
prolactin.   

• Analysis of individual animal plasma prolactin levels and the incidence of terminal 
duct found no direct relationship between the prolactin and terminal duct.  
Furthermore, tissues identified with suspicious pathology did not match the animal 
number and treatment in most instances. There was a major error in assigning the 
right treatment to the right animal during unblinding. 

•  analysis of mammary tissues (blinded) found no significant increase in 
incidence of lobular hyperplasia on Day 28 or Day 91 at 30 and 100 mg/kg 
lorcaserin.  In contrast, perphenazine significantly increased lobular hyperplasia on 
Day 28 and 91 (mild to marked). Lobular hyperplasia was observed in 100% of the 
perphenazine treated rats. Small increase in secretory product on Day 28 in 
lorcaserin rats was not clear since there was no increase on Day 90. 

• Analysis of PCNA immunohistochemical staining of the mammary gland on Day 28 
and 91 found that lorcaserin increased the number of positive nuclei at 10 mg/kg on 
Day 91 and at 30 mg/kg on Day 28.  There was no change at 100 mg/kg.  In 
contrast, perphenazine increased PCNA score consistent with histologically-verified 
mammary tissue proliferationn. 

• Lorcaserin had no effect on reproductive hormones known to be associated with 
promotion of mammary tumors, such as estradiol, progesterone, and LH.  

• Plasma concentrations of perphenazine was greatest at 1 hr corresponding to 
maximal increase in plasma prolactin.  In contrast, the lorcaserin Tmax (~ 1 hr) did 
not correspond to maximal rise in plasma prolactin (20h post-dose).  
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Hypothesis:  “The sponsor had hypothesized that lorcaserin treatment in 3-month or 
less will cause histological changes in mammary tissue witch is associated with 
altered levels of prolactin in the pituitary, mammary gland, or plasma that is 
predictive of mammary tumor growth.”   
 
Objective:  The study was designed to evaluated plasma and tissue prolactin, 
mammary tissue histology (H&E and PCNA stain), reproductive hormone levels at 
different time intervals in female SD rats treated with lorcaserin and perphenazine 
for 3 months. 
 
Methods: In this non-GLP but pivotal 3-month mechanistic study (DBR-11-002), 6-7 
week old female SD rats from  were individually housed with ad 
lib access to food and water and acclimated for a week prior to the study.  At the 
time of drug dosing, rats were 8-9 weeks old (56 to 63 days old mature females, 190 
to 250 g).   Based on literature, the window of sensitivity to prolactin is at puberty, 
between Day 30 and 50. The rats were treated with lorcaserin (0, 10, 30 and 100 
mg/kg in water) or positive control, perphenazine (5 mg/kg in acidified water). 
Treatment arms were as follows: water (vehicle control), LD lorcaserin (10 mg/kg), 
MD lorcaserin (30 mg/kg), HD lorcaserin (100 mg/kg) and positive control, 
perphenazine (5 mg/kg,).  Rats were gavaged approximately 3 hrs after lights on 
(light cycle: 10:45 AM to 10:45 PM) which is approximately 2 PM.  The study had 5 
treatment arms run in parallel with data collection on Days 1, 7, 28, 60 and 90.   
More rats were used on Day 28 and 90 for histological examination of the mammary 
tissue samples. 
   

 
 
  Data Collection, time and day in the study   
• Blood collections for prolactin: Interim blood samples for plasma prolactin 

analysis were collected from tip of the tail at 1 and approximately 20 hrs post 
dose corresponding to 3 PM and 10 AM, respectively.  Pilot studies by the 
sponsor had found 1 and 20 hr post dose to be the best time points to collect 
blood while minimizing the effect of estrus- and circadian related effects on 
prolactin.  
In the preliminary single dose studies, lorcaserin was shown to produce maximal 
increase in prolactin at 15 min in males and 60 min in female SD rats. 

• Terminal trunk blood samples were collected after decapitation (i.e. Day 7, 28 
and 90).  Plasma prolactin levels were measured by standard sandwich ELISA 
(rat prolactin ALPCO Immunoassay DEV 9966, Salem, NH).   
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• Plasma hormone levels: estradiol, LH and progesterone levels at 20-h post dose 
on Day 1, 7, 28, 60 and 90 in control and 100 mg/kg lorcaserin rats 

• Mammary tissues were collected at terminal sacrifice on Days 7, 28 and 91.  
Right side mammary glands were harvested on Days 28 and 90 for whole 
mounts (mammary tissue analysis).   Left side was collected on Days 7, 28 and 
90.  Day 7 samples were used for mammary prolactin only while Day 28 and 90 
samples were used for histological analysis and mammary prolactin content.  
Two independent labs (Dr Russo’s lab  evaluated 
mammary tissue histology. Analysis of the samples by Dr Russo’s lab was not 
blinded while those at  were carried out in blinded manner. 

 
-Dr Russo lab examined the whole mount examination of the mammary tissue 
for tumorigenesis with special emphasis on the following structures:  

  
 

-  carried out standard histopath of H&E stained mammary tissue 
slides, PCNA (proliferating cell nuclear antigen, measure of DNA synthesis and 
repair) and mammary prolactin content (immunohistochemistry).  For Day 28, half 
of the randomly selected tissues from perphenazine treated rats but none of the 
LD lorcaserin (10 mg/kg) were analyzed.  For Day 90, again half of the randomly 
selected perphenazine group and all the remaining groups were analyzed.  It 
should be noted that rats have a total of 12 mammary glands (6 located in 
anterior thoracic, 2 abdominal area and 4 inguinal).  The higher incidence of 
mammary tumors in rats is also likely to be due to higher number of mammary 
glands in rats.  Both cats and dogs with 8 to 10 mammary glands have high 
incidence of mammary tumors. The incidence of mammary tumors in dogs (8 to 
10 glands) is 3 times that in humans. The most common tumor in rats is the 
mammary tumor with majority being fibroadenoma5 (adenocarcinoma incidence 
is less than 10%)6.  The incidence of breast cancer in women in US is about 
120/100000 females (1.2/1000) or 0.12%.   

 
• Pituitary tissue prolactin content was analyzed at 20 hr post dose on Day 7, 28, 

60 and 90.  The sponsor used methods developed by Haggi et al 1981.  Briefly, 
frozen tissues were placed in extraction buffer.  The homogenate was cleaned by 
centrifugation and prolactin content was measured by ELISA. 
 

                                            
5 Greenacre C (2004). "Spontaneous tumors of small mammals". Vet Clin North Am Exot Anim 
Pract,  7 (3): 627–651 2004 
6 Hillyer, Elizabeth V.;Quesenberry, Katherin E. (1997). Ferrets, Rabbits, and Rodents: Clinical 
Medicine and Surgery (1st ed.). W.B. Saunders Company         
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Statistical Analysis:   
The non-normally distribute data such as plasma, pituitary prolactin levels were 
analyzed by nonparametric methods (ranked before ANOVA).  Plasma prolactin 
levels were also categorized into low (<100 ng/ml) or high (>100 ng/ml) before 
analysis using Fisher’s Exact Test for contrast to the control group.    The normally 
distributed data such as mammary prolactin and PCNA immunohistochemistry were 
analyzed by standard one-way ANOVA.  If significant, pairwise 
comparisons/contrasts were made between the lorcaserin and the vehicle control. 
The sponsor describes the primary and secondary endpoints of the analysis of the 
collected data below: 
 

 

 
 
 
 
Results 
Mortality:  There were 10 deaths out of 780 rats in the study (1 from perphenazine, 2 
at 30 mg/kg lorcaserin and 7 at 100 mg/kg lorcaserin).  There were no deaths in the 
control animals. Two of the deaths in the high dose lorcaserin were due to seizure 
(WK 1 and 13). The most common clinical signs were labored breathing in the first 
two weeks in the HD lorcaserin rats (100 mg/kg). 
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Plasma Prolactin 
• Plasma prolactin levels at 1 hr post dose were not significantly increased by 

lorcaserin (10, 30 or 100 mg/kg) at any time point during the 90 day study. 
• Plasma prolactin levels at 20 hr post dose were significantly increased only at 

100 mg/kg lorcaserin during the first 10 days of the 90-day study.    
• Lorcaserin doses of 10 and 30 mg/kg had no effect on plasma prolactin at any 

time point on any day in female rats.  
• The mean prolactin levels over the 90 days however were increased at 10 

and 100 mg/kg lorcaserin. There were more spikes in prolactin in lorcaserin 
treated rats than control. 

• Positive control, perphenazine treatment (5 mg/kg) consistently and robustly 
and significantly increased plasma prolactin levels in female rats at 1 hr and 
20 hr post dose on every data collection day (Days 7, 28 and 90) in the study, 
suggesting that positive control was working as expected.  

• Plasma prolactin levels in the vehicle control rats tended to be slightly higher 
(up to 2x) at 20 hr post gavage than 1 hr post gavage.  In contrast, prolactin 
levels in positive control were dramatically higher (up to 80x) at 1 hr post dose 
vs. 20 hr post dose. 

• The number of rats with prolactin levels exceeding 100 ng/ml in the rats 
treated with 0, 10, 30 and 100 mg/kg lorcaserin and perphenazine were 0/60, 
1/60, 1/60, 7/60 and 49/60 rats respectively. 

• The number of rats with prolactin levels exceeding 40 ng/ml in the rats treated 
with 0, 10, 30 and 100 mg/kg lorcaserin and perphenazine were 1/60, 4/60, 
5/60, 16/60 and 52/60 rats respectively. 

 
Plasma prolactin levels at 1 hr post dose in female rats treated with lorcaserin or 
perphenazine on Day 1, 7, 28, 60 and 90. 
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Plasma prolactin levels at 20 hr post dose in female rats treated with lorcaserin or 
perphenazine on Day 1, 7, 28, 60 and 90. 
 

  
 
 
Averaging all plasma prolactin levels sampled during the 90-day study in each 
treatment group found mean prolactin in the LD and HD lorcaserin to be significantly 
higher than control prolactin levels (28-30 ng/ml vs. 20 ng/ml in control). Plotting all 
data points over time also showed occasional rise in plasma prolactin levels in 
lorcaserin treated rats.  Lorcaserin treated rats appeared to have more frequent 
spikes in plasma prolactin than control rats. 
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Pituitary Prolactin 

• Pituitary prolactin content tended to be higher in lorcaserin treated rats, 
reaching statistical significance on Day 91. Accumulation of pituitary prolactin 
might reflect prevention of release from pituitary into plasma over time.  As a 
weak dopamine transporter inhibitor (IC50 33 μM, EC50 23 μM,), lorcaserin 
might increase levels of dopamine, which is known to block prolactin release 
from the pituitary.  Although the IC50 for transport inhibition is very high,  brain 
accumulation of lorcaserin in rats (> 35x) might be sufficient to produce an 
effect with repeated administration.  

• In contrast, perphenazine, a dopamine receptor antagonist, resulted in a 
profound increase in initial plasma prolactin levels.  Over time, the persistent 
stimulation of pituitary by perphenazine may have resulted in depletion of 
pituitary prolactin by Day 90.  
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In normal aging SD rats and rats treated with antidopaminergic drugs, the mammary 
tumors are associated with increased incidence of pituitary tumors.  The process is 
believed to begin with stimulated pituitary prolactin release to mammary hyperplasia 
and eventually to mammary and pituitary tumors.  In the case of lorcaserin, the dose 
dependent increase in mammary fibroadenoma was associated with a dose-related 
decrease in pituitary tumors and a dose-related increase in pituitary 
hypertrophy/hyperplasia.  There were more pituitary tumors in the control group than 
in lorcaserin-treated rats.  It is not clear why lorcaserin did not increase pituitary 
tumors similar to antidopaminergic drugs. As a highly brain partitioning drug in rats, 
lorcaserin levels may have been high enough to inhibit dopamine transport resulting 
in pituitary hypertrophy but not tumors.   
 

 
 
The sponsor stated that mammary tumors develop under hormonal influence (i.e. 
prolactin, estradiol) where mammary tissue differentiates and, if excessive, leads to 
mammary hyperplasia and hormone-related tumor development. This is stated to be 
different than a genotoxic carcinogen which results in mammary atypia/dysplasia.  
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Plasma Reproductive Hormones 
• There were no changes in progesterone, estradiol and LH on Day 7, 28, 61 or 

91 in lorcaserin treated rats relative to the control.  
• A slight increase in progesterone and decrease in luteinizing hormone was 

seen in 100 mg/kg lorcaserin group on Day 1.   
 

 
 
 
 
 
 
 
Plasma Lorcaserin and Perphenazine Concentrations 

• Plasma concentrations of lorcaserin increased with dose.  Lorcaserin 
concentrations were higher at 1 hr than 21 hr post dose, thus greatest effect 
on plasma prolactin should have occurred at 1 hr post dose similar to 
perphenazine.    

• Low levels of lorcaserin were detected in some of the control and 
perphenazine-treated rats suggesting cross contamination of sample or drug 
delivery.   

• Exposure to perphenazine also was highest at 1 hr (approximately 4 to 6 fold 
higher than levels at 21 hr post dose) corresponding to sharp rise in plasma 
prolactin levels at 1 hr post dose. 

• Interestingly, nine of the perphenazine rats on Day 28 had high levels of 
lorcaserin, suggesting a dosing error.  These rats may have also received 100 
mg/kg lorcaserin in addition to perphenazine or lorcaserin and perphenazine 
doses may have been administered to wrong animals.  Whether occasional 
spikes in prolactin levels in the LD and HD lorcaserin rats were due to 
accidental administration of perphenazine is not clear. 
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evidence that lorcaserin was producing an effect similar to drugs acting via 
prolactin.  However, examining the animal ID, the reviewer found significant 
errors in the animal ID and treatment group designation. Only three rats 
appear to belong to the right treatment group. 

 

 
 
 
Box plot of mammary histopath data collected from female rats treated with 10, 30, 
100 mg/kg lorcaserin and 5 mg/kg perphenazine for 28 days are shown in figures 
below.  Kruskal-Wallis one way ANOVA was used to compare structure percentages 
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incidence in lorcaserin-treated rats.  The duration of the study may not have been 
long enough to show meaningful lorcaserin related changes in the mammary tissue.  
  
Direct Statement from the sponsor’s report (Dr. Russo). 
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Dr. Russo’s Lab: Mammary Tissue Morphology on Day 90 of the Study 
 
 
Blinded mammary tissue samples from Day 90 (60 rats /group) were sent by the 
sponsor to Dr. Russo’s lab for whole mount histomorphological analysis similar to 
day 28 discussed earlier.   The report was completed and signed by Dr. Russo on 
Nov 11, 2011. Again, the objective was to determine the percentage of 
undifferentiated terminal duct (TD) and terminal end buds (TEB) in the whole mount 
preparations as sign of prolactin related preneoplastic changes in the mammary 
tissue samples.  

 
Whole Mount Mammary Findings on Day 90: 

• Lorcaserin doses of 10, 30 and 100 mg/kg slightly decreased the 
number of the terminal ductal structures (TD) relative to control.  There 
was no dose-response relationship.   

  
• Perphenazine strongly reduced terminal duct structures (TD) in female rats, 

consistent with robust increases in prolactin and hormonal differentiation of 
mammary structures.  

• Lorcaserin at 10 and 100 mg/kg significantly increased lobular type 1. 
Perphenazine induced a significant increase in lobular type 1, 2 and 3.   

  
• The total lobular structures were increased slightly at 10 and 100 mg/kg 

lorcaserin and perphenazine.  
• Histological examination of main tissues found no evidence of intraductal 

carcinoma, adenocarcinoma or fibroadenoma. However, when selected 
suspicious areas were examined, according to the sponsor couple of animals 
(643 and 640) treated with 10 and 100 mg/kg had periductal and interlobular 
fibrosis, respectively.  The findings were used to further argue that 
lorcaserin’s effect on prolactin was producing mammary changes. However, 
this interpretation is wrong, because these two animals were in fact treated 
with 30 mg/kg lorcaserin and 5 mg/kg perphenazine, respectively.  

• The 3-month study appeared to have been too short to show significant and 
consistent dose-dependent changes that are supportive of prolactin 
hypothesis.  However, the study did show some lorcaserin related changes in 
the mammary gland, thus the role of prolactin in lorcaserin-induced increase 
in mammary tumors is plausible.  
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Whole mount mammary tissue evaluation of female SD rats on Day 91.  The positive 
control rats received 5 mg/kg perphenazine. 
  

 
 
 
Box plot of mammary histopath data collected from female rats treated with 10, 30, 
100 mg/kg lorcaserin and 5 mg/kg perphenazine for 90 days are shown in figures 
below.   
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Direct Statement from the sponsor’s report (Dr. Russo). 
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Per published articles by  Dr. Russo, the reviewer picked the Day 10 plasma 
prolactin to correspond to time of greatest sensitivity in rats (rat age at the start of 
the study + 10 days in the treatment).  The table also lists prolactin levels at few time 
points where an increase in prolactin levels were seen in lorcaserin treated rats.  
There was no apparent relationship between prolactin and lobular hyperplasia in 
lorcaserin treated rats. Since prolactin threshold is unknown, it is difficult to conclude 
for or against prolactin hypothesis based on data below. 
 
Rat ID Group Prolactin, ng/ml (day) Histopath 
382 LD  14 (D10)  82 (D84) 217 (D91) lob hyperpl/hemmr 
447 LD 15 (D10) 309 (D70) 774 (D77) 258 (D91) lob hyperpl/hemmr 
572 LD 15 (D10) 110 (D63)  53 (D91) lob hyperpl/hemmr 
309 HD 18 (D10) 59 (D28) 46 (D84)  lob hyperpl/hemmr 
324 HD 14 (D10) 60(D77) 617(D84)  lob hyperpl/hemmr 
364 HD 21 (D10)  44 (D83)  lob hyperpl/atypia 
558 MD 21 (D10)  35 (D84)  lob hyperpl/atypia 
580 PZ 287(D10) 118(D70) 84(D84 167(D91) lob hyperpl/atypia 
421 Cont 20 (D10) 77 (D70)  221 (D90) adenoma 

  
The data in table below shows the number of animals and severity of lobular 
hyperplasia in female rats treated with lorcaserin (10, 30, 100 mg/kg: LD, MD and 
HD) and positive control, perphenazine (5 mg/kg).  There was no significant increase 
in lobular hyperplasia in lorcaserin treated rats.  However, perphenazine significantly 
increased mammary lobular hyperplasia in all rats (30 in the study).  Prolactin levels 
in nearly all perphenazine rats were significantly above the control values (Day 1 
through Day 90).  The increase in prolactin in the perphenazine rats corresponded to 
minimal to marked lobular hyperplasia. 
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Note. The objective of prolactin score was 
to determine whether there was a local 
prolactin release by the cells residing in 
mammary tissue.  Although mast cells 
have been reported to be capable of 
releasing prolactin, nonspecific staining 
could have occurred (according to the 
sponsor) since staining also occurred in 
negative control mast cells as well.  
 
 
 
 
 

 
 
 
Study Title: three-month evaluation of Lorcaserin effects on prolactin concentrations 
and mammary gland histology in MALE Sprague (DBR-11-004) 
Study initiated July 28, 11, completed on Dec 14, Final Report Dec 22, 2011 
 
Key Findings: 

• Both lorcaserin (30 and 100 mg/kg) and perphenazine resulted in significantly 
lower BW than control at the end of the 3-month study in male rats.  The 
effect of perphenazine was greater than the highest dose of lorcaserin (100 
mg/kg).  

• There were three deaths early in the 100 mg/kg lorcaserin  group.   
• Plasma prolactin measured 15-min post dose was not significantly increased 

in lorcaserin or perphenazine treated male rats.   
• There was no clinically relevant or dose-dependent change in pituitary 

prolactin in lorcaserin or perphenazine treated male rats.  
• There was no notable increase in mammary hyperplasia or increase in PCNA 

score in lorcaserin or perphenazine treated male rats.   
• Absence of mammary tissue pathology is consistent with lack of rise in 

prolactin in lorcaserin and perphenazine treated rats.   
• Analysis of plasma drug levels found some irregularities in drug exposure 

suggesting improper dosing of male rats, i.e. some control and perphenazine 
rats had lorcaserin in blood suggesting significant dosing error.   

• The 3-month male rat study was considered a failed study, possibly due to   
a) significant dosing error, b) inadequate blood and mammary tissue sample 
collection method, time and analysis, c) limited sensitivity of male SD rats to 
lorcaserin and perphenazine type drugs, d) relatively short duration of 
treatment.  

 
3-Month Male Rat Study Protocol  
The 3-month non-GLP study in male SD rats was carried out by the sponsor to show 
that chronic administration of lorcaserin will result in persistent and robust increase 
in prolactin similar to positive control, perphenazine.   The protocol was submitted to 
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The original study was designed to terminate rats in cohort 1, 2 and 3 on Day 7, 45 
and 90 but at end rats were killed on Day 7, 43 and 91.    
 

 
 
 
Study Results 
 
Mortality and Clinical signs 

• There were 3 deaths in cohort 2 at 100 mg/kg (#3911, 3930 and 3939) on 
Day11, 18 and 19.  They were marked by dark discoloration of liver, heart and 
thymus and abdominal distention.  There were no deaths in cohort 1 or 3. 

• Both 30 and 100 mg/kg lorcaserin resulted in a significant decrease in BW of 
rats in cohort 3 at Day 91.   

• Perphenazine dose of 5 mg/kg resulted in a significant decrease in BW in 
cohort 3 rats by Day 91.  The impact of perphenazine appeared to be greater 
than 100 mg/kg lorcaserin (see figures below). 
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Body weight of SD male rats treated with lorcaserin (10, 30 and 100 mg/kg) and 
perphenazine (5 mg/kg) for 43 days (cohort 2) and 91 days (cohort 3) 
   

   
 

  
 
Changes in prolactin, mammary histology and PCNA data 

• There were no lorcaserin related changes in 15-min post dose plasma 
prolactin levels on Day 1, 7, 43 or 91 in male SD rats.  It is not clear why there 
was no lorcaserin effect even after single dose on day 1 since the only 
supportive evidence for prolactin in the 2009 application was the rise in the15-
min post dose plasma prolactin levels in male SD rats after single dose of 100 
mg/kg lorcaserin. 
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• There were no changes in 15-min post dose plasma prolactin levels in 
perphenazine (positive control) treated male rats.  Lack of change in prolactin 
levels were likely due to, a) dosing error, b) stress induced increase in basal 
levels of prolactin level 15 min after gavage, b) inadequate time to allow 
maximal prolactin release.  Closer examination of the data found significantly 
higher than normal prolactin in control males (up to 75 ng/ml) likely due to 
gavage or some other kind of stress, measurement, or dosing error.  The 
normal prolactin levels should have ranged between 15 to 25 ng/ml in male 
and female SD rats.  The sponsor was advised against collecting sample so 
soon after drug administration. Lower prolactin levels in cohort 2 on Day 43 
and cohort 3 on Day 90 were likely due to acclimation to the procedure 

• There were no mammary tissue changes in either lorcaserin or perphenazine 
treated rats.  It is not clear why perphenazine had no effect. 

•  There were no PCNA changes in either lorcaserin or perphenazine treated 
rats 

• Lorcaserin at 10 mg/kg on Day 43 and lorcaserin at 30 mg/kg on Day 91 
slightly increased pituitary prolactin levels in male SD rats.  

• There was a slight (P>0.05) increase in pituitary prolactin content in 
perphenazine rats on Day 90. 

 
Changes in plasma prolactin l in male rats at 15-min post treatment.   
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Graphical representation of plasma prolactin levels in male rats.  The lines in the 
graphs represent the mean prolactin levels. 
 

 
Pituitary tissue levels of prolactin were measured on Day 7, 43 and 91 in lorcaserin 
and perphenazine treated male rats.   There were no clinically meaningful changes 
in pituitary prolactin levels in perphenazine rats or a dose-dependent change in 
lorcaserin treated rats in the 3-month study. 
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Mammary tissue histopathology and PCNA in male rats  
   
There was no significant lorcaserin or perphenazine effect on mammary hyperplasia 
in male rats.  PCNA staining found no significant dose-dependent preneoplastic 
changes in lorcaserin or perphenazine treated rats.   
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Plasma lorcaserin and perphenazine concentrations in 3-month male rat study 
Plasma concentration of lorcaserin and perphenazine were measured at 0.25 hr post 
dose in male SD rats on Day 1, 7, 43 and 91.  Several vehicle treated rats as well as 
perphenazine treated rats appear to have detectable levels of lorcaserin suggesting 
dosing error.  Whether a dose mix-up would have resulted in poor study outcome is 
not certain but clearly dosing errors were relatively common.  
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Study Title: Effects of Prolactin Receptor Antagonism on Lorcaserin-mediated 
Changes in Mammary Glands of Female Sprague Dawley Rats (DBR-11-003) 
 
Key Findings 

• Oral administration of 100 mg/kg lorcaserin had no effect on plasma prolactin 
levels at any time point in this study.   

• HD lorcaserin (100 mg/kg) had no effect on mammary hyperplasia.  However, 
unlike the 3-month female rat study, 100 mg/kg lorcaserin (100 mkd) 
significantly increased mammary PCNA on Day 25 even though there was no 
increase in prolactin.   

• Perphenazine significantly increased mammary tissue hyperplasia consistent 
with increase in prolactin and “positive” PCNA score consistent with increase 
in prolactin. 

• The PCNA score may not be reliable in this study for the following reasons: 
a) S179 did not reduce PCNA score in the negative control rats;  
b) S179 did not block the effect of perphenazine on PCNA score or 

mammary hyperplasia  
c) significantly higher PCNA score in the lorcaserin group alone should 

have been associated with hyperplasia, similar to perphenazine  
e) More rats in the lorcaserin treated group (i.e, larger sample size) may 

have biased PCNA score outcome.  
• Overall, the prolactin antagonist reduced the effect of lorcaserin on PCNA 

staining, but again the interpretation is not clear because lorcaserin did not 
increase prolactin or mammary hyperplasia, and also failed to prevent the 
effect of perphenazine, which clearly acts through prolactin. 

 
Study Protocol 
 
The objective of this study was to block the prolactin’s biological action by blocking 
the prolactin receptor. If prolactin is the intermediary hormone  by which lorcaserin 
induces mammary tissues changes, then prolactin blockade should prevent 
mammary hyperplasia caused by lorcaserin and perphenazine.   
  
Study start Date: Sept 20th 2011 and completion Date: Oct 22, 2011 
 
Method:  
In this non-GLP study, 110 eight week old female SD rats (25/group for lorcaserin, 
15/group for others, weighting 200-250 g from  were 
individually housed with ad lib access to food and water.  They were then gavaged 
with vehicle (controls), lorcaserin or perphenazine (positive control) for 25 days.  
Gavage doses (1 ml/kg) were 
delivered two hours after light cycle.  
The 12 hour light cycle was between 
10:45 AM and 10.45 PM.  
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proliferation (proliferating cell nuclear antigen, PCNA) were carried out at  
   

PCNA staining is generally used to determine the number proliferating cells (positive 
staining cells) in the target tissue.   The right mammary tissue samples were frozen 
on dry ice for storage.  Prolactin data was analyzed by nonparametric methods.  The 
data was also categorized as low (<100 ng/ml) or high (>100 ng/ml) prolactin 
concentrations. PCNA and prolactin immunohistochemistry data were analyzed by 
one-way ANOVA.   Mammary tissue slides were evaluated by   
He used the following criteria in analysis of the H& E slides. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Study 
Results: 

• 100 mg/kg lorcaserin increased mean plasma prolactin levels on Day 7 and 
10 which returned to basal levels by Day 25.  Several rats appeared to have 
the greatest contribution to the mean prolactin levels (4/25 rats in lorcaserin 
alone and 3/25 in lorcaserin +antagonist had high plasma prolactin levels, 157 
to 521 ng/ml).  

• Plasma prolactin levels in perphenazine treated rats were significantly 
increased (3.5 to 8.8 fold) on Day 7, 10 and 25 relative to vehicle control.  A 
statistically significant number of rats in the perphenazine group had high 
prolactin levels (>100 ng/ml prolactin).  

• As expected, prolactin receptor antagonist (S179D, 24 μg/kg/day) had no 
effect on plasma prolactin levels.  
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• Mammary tissue hyperplasia (H&E stained tissues) significantly increased in 

both perphenazine (5 mg/kg/day) alone and perphenazine + S179D.  
Hyperplasia was greater on Day 28 in the 3-month study than observed here. 

• Lorcaserin (100 mg/kg) alone had no effect on mammary tissue hyperplasia.  
Infusion of prolactin receptor antagonist had no effect on hyperplasia score in 
lorcaserin treated rats.   The finding is similar to the 3-month study data.  

 

  
 

• PCNA staining of the mammary glands on Day 25 found a significant increase 
in cell proliferation in perphenazine and 100 mg/kg lorcaserin treated rats.  
This is opposite to the findings from the prior 3-month study, where the same 
dose of lorcaserin increased prolactin but did not increase PCNA staining.  
The PCNA score in this study appeared to be higher for lorcaserin while 
perphenazine matched the score in the previous study. 
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• Chronic infusion of S179D appeared to significantly reduce the number of 
positive nuclei in lorcaserin treated rats. The small decrease in positive nuclei 
in the perphenazine rats was not statistically significant [(it should be noted 
that there were more rats in lorcaserin treated groups than other groups, 
(n=25 vs. 15)]. 

• Chronic infusion of S179D had no effect on PCNA vs. vehicle control rats.  
• There was no significant change in mammary prolactin levels in lorcaserin 

treated rats. 
 

 
 

In the 3-month study (DBR-11-002, page 139) mammary tissue PCNA stained slides 
evaluated by  labs found no positive signal with 100 mg/kg on Day 28  
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Data tables provided for reference. 
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The combined weak, moderate, and strongly positive stained nuclei in the lorcaserin 
+ S179D rats were significantly lower than S179D alone.  Although perphenazine 
had significantly increased positive nuclei, in the presence of S179D, there was no 
significant reduction in the number of positive nuclei. 
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Study Summary: 
Data for perphenazine is consistent with earlier observations of mammary 
hyperplasia, hyperprolactinemia and PCNA score.  Prolactin receptor antagonist was 
unable to block the effect of perphenazine on mammary tissue changes, rendering 
this study inconclusive and non-interpretable.  The data for lorcaserin was 
inconsistent with earlier observations (hyperplasia, plasma prolactin and PCNA 
data).  In the absence of elevated plasma prolactin and hyperplasia, the mild but 
significant increase in PCNA score suggests that prolactin might be minimally 
involved in lorcaserin induced mammary tumors, but since lorcaserin failed to 
increase PCNA score in the 3-month study, the PCNA score in this study is not 
convincing.  
 
 
Study # DBR-11-026: Effect of Bromocriptine on Lorcaserin-induced Increases in 
 Plasma Prolactin 
Study start date: Jan 6, 11, completion date: Jan 19, 11, Report Date Dec 20, 2011 
 
Key Findings: 

• Plasma prolactin levels measured 15-min post dose, increased significantly 
after single dose of 100 mg/kg lorcaserin in female rats.  Multiple doses of 
lorcaserin were not tested. The rise in prolactin at 15 min post dose has been 
inconsistent in the earlier studies in female rats. 

• Subcutaneous infusion of bromocriptine, a dopamine agonist, blocked the 
single dose effect of lorcaserin on plasma prolactin. 

• This study demonstrated that the acute increase in plasma prolactin in 
response to a single dose of lorcaserin derives from the pituitary gland. 
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Study Protocol: 
 
In this non GLP study, 9 WK old female SD rats from  
individually housed with 6 AM-6PM light cycle  were implanted with a pellet to deliver 
continuous infusion of bromocriptine (25 and 50 mg/pellet) for 11 or 12 days.  At the 
end of the study on Day 11 or 12, a single dose of 100 mg/kg lorcaserin was 
delivered by gavage (1 ml/kg).  In earlier pilot studies, bromocriptine treated rats did 
not tolerate multiple doses of lorcaserin so multiple dosing was not carried out.  

      
 
Bromocriptine (Cycloset ®) is a potent dopamine D2 receptor agonist known to 
inhibit prolactin release from the pituitary gland.  Two dose levels of bromocriptine 
25 and 50 mg pellets were used to deliver 1.2 to 2.4 μg.h/ml/day.  In a pilot study, 10 
mg bromocriptine pellet implant (behind the neck) was only capable of partial 
blockade of lorcaserin-induced increase in plasma prolactin (data not provided by 
sponsor).   
Plasma concentrations of prolactin (ELISA, ALPCO, Salem, NH), lorcaserin and 
bromocriptine were measured at the end of the study by decapitation 15 min post 
dose.   
 
Results: 

• Single dose of 100 mg/kg lorcaserin significantly increased 15 min post dose 
plasma prolactin levels (82 ng/ml vs. 12 ng/ml placebo) in female SD rats.   

• Continuous SC infusion of 1.2 and 2.4 mg/day bromocriptine (25 and 50 mg 
pellet) for 11 days significantly reduced plasma prolactin levels independent 
of lorcaserin.  The inhibition of lorcaserin induced increase in prolactin by 
bromocriptine demonstrates that plasma prolactin in lorcaserin rats comes 
from the anterior pituitary gland under control of dopaminergic system, 
overcoming perhaps the role of 5HT2C in female rats.    
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Study Results: 
• Lorcaserin did not increase plasma prolactin in sham or hypophysectomized 

rats. 
• Lorcaserin increased the ‘mean hyperplasia score’ in sham but not in 

hypophysectomized rats.  
• Lorcaserin did not increase PCNA staining in sham or hypophysectomized 

rats, which is inconsistent with the histology data showing increased 
hyperplasia in sham animals. 

• Hypophysectomy alone substantially reduced PCNA staining and the 
hyperplasia score.  
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The tables below show the histological findings reported by the pathologist.  In all 
tissues examined, the severity of inflammation was minimal while fibrosis and 
hyperplasia ranged between minimal to mild.   
 

 
 

 
 

 

 

Reference ID: 3137962



 
 

101 

 
 
Study Summary 
Surgical removal of the pituitary should ablate lorcaserin-induced increases in 
prolactin and prevent any histological changes in mammary tissue. Unfortunately, 
the duration of dosing was limited to 10 days due to excessive body weight loss, and 
the dose was restricted to 30mg/kg lorcaserin because higher doses were toxic to 
hypophysectomized rats. Therefore, following hypophysectomy or a sham 
procedure, female rats were dosed daily for 10 days with 30mg/kg lorcaserin. The 
animals were allowed to recover, un-dosed, until day 28.  
 
Prolactin measured at 20h post-dose on day 10 (end of dosing) and 28 (end of 
recovery) did not show an increase with lorcaserin in either sham or 
hypophysectomized animals.  
 
The sponsor contends that 30mg/kg lorcaserin increased mammary hyperplasia in 
sham but not hypophysectomized rats within the 10 day dosing period, and is 
therefore evidence for an intermediary role of prolactin in the histological change to 
mammary tissue. Hyperplasia in this case was defined as the presence of secretory 
product as well as the number or size of lobules. The Agency does not agree with 
this conclusion, as lorcaserin did not increase prolactin in this study. Also, 18 of the 
25 sham-operated animals dosed vehicle for 10 days presented with mammary 
hyperplasia, which is an excessively high background rate for control animals. The 
further increase in hyperplasia to 24 of 25 animals with lorcaserin is considered 
marginal given the inexplicably high background rate of mammary hyperplasia in 
sham-operated animals.  
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Integrated Summary and Safety Evaluation 
 
Lorcaserin NDA Resubmission (Dec 2011): 
 
Receptor Pharmacology 
Lorcaserin is a 5HT2C serotonin receptor selective agonist developed for treatment of 
obesity. Binding affinity of lorcaserin for 5HT2c is within 7- to 10-fold the affinity for 
5HT2A and 5HT2B. Selectivity for functional activation of 5HT2c is within the range of 
8x-15x for 5HT2A and 45x-90x for 5HT2B. The sponsor’s resubmission addressed 
disparities in the receptor potency data from the original NDA and provided 
additional analyses addressing 5HT2C selectivity of lorcaserin. The newly submitted 
studies demonstrate that lorcaserin is notably less potent at all 5HT2 receptor 
subtypes than previously reported. As discussed in Dr. Bourcier’s review in 
Appendix A, the weight of evidence based on non-clinical data indicates that 
therapeutic exposure of lorcaserin is within the selective range for activation of 
5HT2C, and that activation of 5HT2A and 2B is unlikely both in the CNS and 
peripheral tissues.  
 
Re-Adjudication of Mammary Tumors in Female SD Rats  
Following the CR letter issued in the first review cycle, the Division requested re-
adjudication of all available mammary tissue slides from female rats by a pathology 
working group (PWG).  The sponsor convened a PWG comprised of 5 independent 
expert veterinary pathologists, and their findings are considered definitive. The PWG 
markedly lowered the incidence of adenocarcinoma in all lorcaserin treated female 
rats.  The numbers of adenocarcinoma were reduced by 2 in control and by 13, 11 
and 9 in LD, MD and HD, respectively. The numbers of fibroadenoma increased in 
all groups.  
 
The incidence of adenocarcinoma at 10 and 30 mg/kg was no longer numerically 
different from the control. Only the 100 mg/kg lorcaserin significantly increased 
mammary adenocarcinoma in female rats with 24x fold safety margin to clinical dose 
of 10 mg BID based on AUC.  The incidences of adenocarcinoma and fibroadenoma 
were not combined since there was a high degree of certainty in diagnosis and 
agreement among PWG. The 24x fold safety margin mitigated the Agency’s concern 
for mammary adenocarcinoma.  The incidence of fibroadenoma significantly 
increased at all doses of lorcaserin with no safety margin (<7x the clinical dose). 
 
When the tumor onset and multiplicity for adenocarcinoma was re-analyzed, only the 
100 mg/kg lorcaserin increased the tumor multiplicity and reduced the time for tumor 
onset in female rats.   In case of mammary fibroadenoma, lorcaserin increased the 
tumor multicity and reduced the time for tumor onset at all doses relative to control 
female rats.  
 
When the incidences of lung metastases originating from mammary 
adenocarcinoma were examined by the PWG, there were fewer lung metastases in 
female rats.  The lung metastases as percent of adenocarcinoma at 10, 30 and 100 
mg/kg lorcaserin were 5%, 21% and 10%, respectively.  There was no lung 
metastasis in the control rats.  The lung metastases at 30 mg/kg lorcaserin were 
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greater than the historical control (0-12.5%) in spite of fewer adenocarcinomas at 
this dose.  Although the number of lung metastases in the HD female rats was within 
the historical range, it was not reassuring since the majority of rats in this group had 
died prematurely which may have reduced the spread of adenocarcinoma 
metastases to the lungs.  The PWG considered lung metastases incidence at 10 
mg/kg to be similar to control and equivocally increased at 30 and 100 mg/kg. 
 
Prolactin Mode of Action Studies   
SD rats spontaneously develop mammary and pituitary tumors.  Prolactin is one of 
the primary driving hormones responsible for mammary tumors in aging SD rats as 
is considered the mode of action tumor induction associated with antidopaminergic 
antipsychotic drugs.  Increased incidence of mammary tumors with these drugs has 
been consistently associated with a robust sustained increase in plasma prolactin 
and increased incidence of pituitary tumors.  Prolactin was postulated by the 
sponsor to be responsible for lorcaserin-induced mammary tumors in rats. To 
provide evidence for the role of prolactin, the sponsor had submitted several 
mechanistic studies in the original NDA in 2009.  Unfortunately, none of the original 
studies resulted in any significant change in prolactin in the intact female rats.  
Plasma prolactin was only increased after a single dose of 100 mg/kg in one study in 
male SD rats.  Overall, the agency considered the prolactin role as inadequate to 
explain the lorcaserin-induced increase in mammary tumors.  At the end of the NDA 
review meeting, the sponsor stated that new methodology and timing of plasma 
collection was likely to show a lorcaserin-related increase in prolactin.  It should be 
noted that after PWG readjudication and the identification of a 24-fold safety margin 
for adenocarcinoma, the mode of action for adenocarcinoma is no long critical.  
However, since the incidence of fibroadenoma was increased at all doses of 
lorcaserin, prolactin as the mode of action studies were considered relevant.   To 
support the prolactin hypothesis, the sponsor conducted several mechanistic studies 
with lorcaserin in female and male SD rats up to 3-months.  The plasma and pituitary 
prolactin and the preneoplastic changes in the mammary tissue samples were 
measured at specific time points in these studies.  In the first 3-month study in 
female SD rats, oral administration of lorcaserin (10, 30 and 100 mg/kg) had no 
effect on 1 hr post dose plasma prolactin levels.  However, the highest dose of 
lorcaserin significantly increased the 20 hr post dose plasma prolactin but only 
during the first 10 days of the 3-month lorcaserin treatment.  With the appearance of 
more frequent spikes in plasma prolactin in the lorcaserin treated rats, the mean 90 
day plasma prolactin was calculated and found to be significantly increased at 10 
and 100 mg/kg lorcaserin, suggesting that collectively lorcaserin may minimally but 
nevertheless significantly increase the prolactin levels in female rats. 
 
In comparison to lorcaserin, perphenazine (positive control, 5 mg/kg PO), robustly 
and consistently increased plasma prolactin at all time points throughout the study 
and depleted pituitary prolactin. Unlike lorcaserin, the maximum increase in daily 
prolactin levels at 1 hr post dose with the perphenazine corresponded to it’s Tmax.  
The increase in prolactin at 20 hr post dose at the tail end of the lorcaserin exposure 
(trough levels) suggests perhaps lorcaserin recruits a cascade of steps in its 
stimulation of the pituitary to release prolactin.  
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Mammary tissue differentiates under hormonal influence (i.e. prolactin, estradiol) 
from terminal end buds (TEB) to mammary lobule types 1 to types 2 and 3.  In the 
mammary tumor differentiation analysis by Dr. Russo, a small but significant 
decrease in TEB was seen in the lorcaserin treated rats, suggesting that lorcaserin 
promoted differentiation in a manner consistent with hormonal action.  Perphenazine 
robustly increased prolactin and strongly differentiated mammary tissue to lobular 
types 1, 2, and 3. The small but significant decrease in terminal duct structures in 
lorcaserin-treated rats is consistent with the slight increase in prolactin. Thus, a 
plausible but weak argument can be made to support an intermediary role of 
prolactin in lorcaserin-induced mammary tumors in rats.    
 
Not all studies have been supportive. When mammary tissue was examined by the 
standard H&E method at  there was no effect of lorcaserin on 
mammary hyperplasia or PCNA score, which is consistent with the prior findings of 
no effect of lorcaserin on mammary tissues in 3- and 6-month toxicology studies. 
Lorcaserin did increase mammary tissue secretory product, but only on Day 28 and 
not on Day 90.  Whether this reflects a coincidental finding or a genuine drug effect 
is not clear. The robust and unequivocal response to perphenazine on mammary 
tissue and prolactin levels contrasts sharply with the minimal and inconsistent 
response to lorcaserin.   
The three intervention studies were of limited value due to several inconsistencies 
and limitations except for demonstrating that lorcaserin can acutely provoke prolactin 
release from the pituitary. Interpretation of the prolactin antagonist intervention study 
is uncertain because, among several issues, the prolactin antagonist failed to block 
perphenazine. Results of hypophysectomy study is similarly mixed, with lorcaserin 
increasing mammary hyperplasia without evidence of an increase in plasma 
prolactin or the PCNA score. The 3-month study in male rats was a failure, as 
plasma prolactin did not change in response to lorcaserin or to perphenazine.  
 
The prolactin mechanistic studies showed that lorcaserin minimally affected plasma 
and tissue prolactin and differentiation of mammary lobular structures in female rats 
and that these minimal changes are consistent with hormonal action on mammary 
tissue. No pattern of change was observed for estrogen, progesterone, or luteinizing 
hormone, and the Agency is not aware of a threshold of prolactin beyond which 
mammary tumors emerge. Given the high sensitivity of SD rats to prolactin and the 
absence of changes in other hormones, it is plausible that minimal increases in 
prolactin induced by lorcaserin contributed to the emergence of mammary tumors in 
female rats.   
 
Safety Margin for Lorcaserin-Emergent Brain Astrocytoma 
The second prominent clinically relevant lorcaserin- induced tumor was brain 
astrocytoma in male rats. Astrocytoma is a rare brain tumor. Lorcaserin induced a 
dose-dependent increase in brain astrocytoma tumors in male rats in the main study.  
Although there were tumors in female rats in the main study and toxicokinetic rats, 
they only reached statistical significance in male rats in the main carcinogenicity 
study.  There were total of 20 in the rat carcinogenicity study of which 19 occurred in 
the lorcaserin treated rats and only one occurred in a control male.  They occurred 
after as little as 52 weeks of lorcaserin treatment in rats.   
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Since lorcaserin preferentially partitions to the brain, an accurate assessment of a 
safety margin could not be established to determine the clinical risk in the original 
submission. The sponsor was requested to either establish a tumorigenic mode of 
action for lorcaserin-induced increases in astrocytoma or clarify the safety margin to 
the tumorigenic dose of lorcaserin.  
 
The sponsor chose to conduct a clinical pharmacokinetic study to measure CSF and 
plasma AUC at steady state after oral administration of 10 mg BID in 10 obese 
volunteers.  The relatively stable brain to CSF ratio in animal models was used to 
estimate the brain exposure from the concentration of lorcaserin in human CSF. The 
plasma and CSF exposures in humans were 1.02 and 0.00931 μg*h/ml AUC, 
respectively.  This very low CSF:brain ratio in human subjects differs from the rodent 
and monkey studies where the unbound fraction of lorcaserin in plasma is within 2-
fold the exposure in CSF, based on AUC. The brain lorcaserin exposure in human 
was estimated to be 1.73 ng.h/ml or approximately 1.7x the plasma in humans, 
significantly less than that observed in both rats and monkeys. The revised safety 
margin to the non-tumorigenic dose of lorcaserin is 70x the clinical dose, based on 
estimated brain exposure in rats vs. humans. A safety margin of 70-fold for 
astrocytoma in rats presents a negligible clinical risk and obviates the need for 
mode-of-action data. 
 
In conclusion, the data in the resubmission identified a sufficient safety margin (24-
fold) for lorcaserin-induced increases in mammary adenocarcinoma in female rats. 
Although lorcaserin increased mammary fibroadenoma at all doses with no safety 
margin to the clinical dose, the new mechanistic studies in female rats identified 
prolactin as a plausible though not definitive tumorigenic mode of action. 
Furthermore, as a benign mammary tumor, the potential clinical significance of 
fibroadenoma to humans is considered less concerning.  With a 70-fold safety 
margin for brain tumors based on brain lorcaserin exposure, the clinical risk is 
negligible.  Based on the new data the sponsor has submitted in response to the CR 
letter, the nonclinical safety signals have been resolved.  
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Application: Lorcaserin hydrochloride, NDA 22-529 
Drug Class: 5HT2c Receptor Agonist 
Clinical Indication: Obesity 
Reviewer: Todd Bourcier, Ph.D., Division of Metabolism and Endocrinology Products 
Re: Receptor pharmacology studies included in Complete Response Resubmission for 
lorcaserin 
 
Summary 
Lorcaserin is a new molecular entity that targets activation of the serotonin 5HT2C receptor 
and is intended to promote weight loss in an obese population.  Agonism at the intended 
target, 5HT2C, has been reasonably demonstrated to underlie the anorexigenic effect of 
lorcaserin. An important aspect of the non-clinical development program for lorcaserin was 
the assessment of receptor selectivity for 5HT2C relative to other serotonin receptor 
subtypes, particularly other members of the 5HT2 receptor family 5HT2A and 2B. Relative 
to drug action, the 5HT2A and 2B receptors are implicated in contributing to the 
hallucinogenic and addictive responses to drugs of abuse (5HT2A) and to drug-induced 
cardiac valvulopathy including that associated with use of dexfenfluramine in humans 
(5HT2B).  
The selectivity of lorcaserin for 5HT2C was assessed by a series of in vitro and in vivo 
pharmacology studies and by toxicological assessments of neurobehavioral and 
cardiac/valvular histological endpoints.  
Lorcaserin preferentially activates 5HT2C with 8- to 15-fold greater potency compared to 
5HT2A, and 45- to 90-fold greater potency compared to 5HT2B. Depending on the studies 
one considered in the original NDA submission, off-target activation of 5HT2A and 2B 
appeared unlikely (2002/04 data) or possible (2009 data) when compared to clinically 
relevant plasma levels of lorcaserin due to differing in vitro estimates of receptor potency.  
 
In their resubmission, Arena presents additional studies to clarify discrepancies in the 
receptor potency data reported in the original NDA. The new studies were designed to 
address potential receptor reserve effects in the in vitro assay systems that may have 
overestimated receptor potency of lorcaserin in the prior studies.  
The new studies (referred to as 2011 data) reduced receptor density to levels more consistent 
with expression levels reported in the literature for 5HT2 receptors in human neurological 
and cardiovascular tissues. The 2011 data show that lorcaserin is at least 3- to 5-fold less 
potent than originally reported at all three 5HT2 receptor subtypes. Based on the new 
estimates of receptor potency, maximal concentrations of lorcaserin (free fraction) observed 
in human plasma and anticipated in human brain tissue is notably lower than the EC50 for 
activation of 5HT2A and 2B, while remaining above the EC50 for activation of 5HT2C in 
vitro. Plasma concentrations of lorcaserin at the therapeutic dose are thus expected to remain 
within the selective range for activation of 5HT2C. 
 
Arena additionally demonstrated that based on functional activity across four in vitro assay 
platforms, lorcaserin grouped with low-potency 5HT2B agonists that are not known to be 
associated with clinical valvulopathy. By comparison, compounds known to cause clinical 
valvulopathy such as nordexfenfluramine and pergolide showed substantially higher 5HT2B 
receptor potency in these assays.  
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Figure 1: Lorcaserin concentration in human plasma compared to in vitro 5HT2 receptor 
potency data: (a) EC50 (nM) for inositol phosphate accumulation (2011 study) superimposed 
on scatter plot of lorcaserin plasma concentration from clinical study APD356-011. (b) 
Change in potency data (pEC50, nM) for calcium release and IP accumulation studies from 
2002/04, 2009, and 2011 relative to lorcaserin plasma concentration from clinical study 
APD356-011. Blue column represents range of therapeutic plasma concentrations (free 
fraction) of lorcaserin at 10mg bid. 
 
A.      B. 

          
 
Lorcaserin’s intended pharmacological target, 5HT2C, is expressed by hypothalamic nuclei 
within the CNS.   In addition to their expression by peripheral tissues, 5HT2A and 2B are 
also expressed in the CNS where they have a role in regulating aspects of behavior, including 
responses to hallucinogenic agents13.  Under the Complete Response, Arena conducted 
studies to clarify the degree to which lorcaserin partitions to the CNS in human subjects. This 
new clinical data indicates that levels of lorcaserin are approximately 1.7-fold higher in the 
CNS compared to systemic blood levels. By comparison, lorcaserin was present in brain 
tissue an average of 25-fold and 10-fold higher than systemic levels in rodents and monkeys, 
respectively. Figure 2 demonstrates that predicted brain levels of lorcaserin in human 
subjects aligns well with the EC50 for activation of 5HT2C, but falls substantially below the 
EC50 for activation of 5HT2A at the proposed clinical dose of 10mg bid.  
 

                                            
13 Filip M & Bader M (2009) Pharm Reports 61:761-777;  Giorgetti M & Tecott LH (2004) 
Eur J Pharmcol, 488: 1-9. 
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Figure 2: Lorcaserin free fraction predicted in human brain compared to functional potency 
at the human 5-HT2A and 5-HT2C receptors. (Figure adapted from Arena’s Complete 
Response submission) 

 
 
Neurological effects in Animals  
The neurobehavioral studies conducted with lorcaserin in rats and monkeys did not identify 
any major adverse neurological effect considered clinically prohibitive. The most likely 
adverse neurological effect predicted from the rat and monkey studies would be somnolence 
or lethargy, particularly early after initiation of dosing. Lorcaserin did not clearly elicit 
5HT2A-related behavior in rats but did elicit 5HT2C-related behaviors in a dedicated 
neurological studies submitted in the original NDA and in the Complete Response 
submission. These data suggest that neurological adverse events observed in clinical studies 
with lorcaserin at therapeutic exposure are likely initiated by activation of central 5HT2C 
receptors.  
 
 
Assessment of Valvulopathy in Animals 
 
Several lines of evidence persuasively argue that among the 5HT2 receptors, activation of 
5HT2B is the culprit mechanism underlying drug-induced valvular heart disease (VHD), 
such as that associated with dexfenfluramine14: 1) Cardiac valves express 5HT2A & B but 
very little or no 5HT2C, 2) Drugs associated with clinical VHD activate 5HT2B with high 
potency (e.g., methysergide, methylergonovine, ergotamine, MDMA); 3) Parkinsonian drugs 
pergolide and cabergoline associated with clinical VHD also activate 5HT2B, whereas 
structurally similar drugs (e.g., lisuride) void of 5HT2B activity are not associated with 
VHD; 4) Fenfluramines and serotonin are mitogenic for human cardiac valve tissue in vitro, 
an effect inhibited by a 5HT2A/B antagonist.  
 

                                            
14 Hutcheson JD et al (2011) Pharmacology & Therapeutics. 132:146-157. 
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Huang et al15 reported that functional profiling of pharmaceuticals for 5HT2B activity using 
a multi-readout platform identified known valvulopathogens as high-potency 5HT2B 
agonists. The authors state that such functional profiling might be useful in identifying 
compounds ‘likely to induce valvular heart disease’. Arena adapted Huang’s approach and 
compared the 5HT2B receptor potency of lorcaserin to two sets of reference compounds: 
Compound set 1 is associated with clinical VHD and are known to activate 5HT2B with high 
potency, and Compound set 2 are not associated with clinical valvulopathy but activate 
5HT2B with low potency. Potency of all compounds was assessed in four in vitro assays that 
measure separate signaling events downstream of 5HT2B activation. 
 
Table 6 shows that lorcaserin grouped with Compound set 2 which are not known to be 
associated with clinical valvulopathy and have comparatively low potency for activating 
5HT2B. By comparison, Compound set 1, which are known to cause valvulopathy, showed 
substantially higher potency for 5HT2B in these assays. The functional profile of lorcaserin 
suggests a low risk of this compound acting as a valvulopathogen like dexfenfluramine, 
though it must be noted that no single functional profile can conclusively predict whether a 
5HT2B agonist will act as a valvulopathogen in vivo. Also, among the ‘low potency’ drugs in 
compound set 2, only guanfacine and ropinirole are relevant because both are indicated for 
long-term indications similar to lorcaserin.  
 
Table 6: Potency data for lorcaserin and selected reference compounds across in vitro assay 
platforms (Table source: NDA 22529 CR submission) 

 
 
 
Nonclinical assessment of valvular heart disease is limited in that a reproducible and robust 
animal model to screen for drug-induced VHD is lacking. However, there are reports in the 
literature that cardiac alterations suggestive of VHD were produced in rats administered 
serotonin16, pergolide17, and the experimental 5HT2C agonist RO301318. Results with 
                                            
15 Huang X et al (2009) Molec Pharm 76(4):71-722 
16 Gustafsson BI et al. (2005) Circulation. 111: 1517-1522. 
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serotonin in rats have been criticized as being consistent with spontaneous age-related 
cardiac disease19, and have not been uniformly reproduced in the literature20. Also, the FDA 
is unaware of any prospective toxicology study that persuasively demonstrates cardiac 
findings consistent with VHD in adult animals administered dexfenfluramine. 
 
Extensive echocardiographic monitoring was conducted in the course of clinical studies with 
lorcaserin. For the nonclinical assessment, a comprehensive histological evaluation of cardiac 
tissue from preclinical species was submitted. The histological assessment included 
evaluation of chordae tendineae, cardiac and valve tissue, with reporting of the incidence and 
severity of any changes in the histopathology of these tissues. 
Lorcaserin binds to human, rat, and monkey 5HT2B with similar affinity, and activates 
human and monkey 5HT2B with reasonably similar potency. Lorcaserin was tested over a 
concentration range that substantially exceeded the in vitro activation potency for 5HT2B in 
rats and monkeys, so there was a reasonable expectation that cardiac lesions might be 
observed at the highest doses. Histological evaluations were conducted after dosing rats for 
1, 3, 6, and 24 months and in monkeys after dosing for 1, 3, and 12 months with lorcaserin. 
 
The histological appearance of the heart, endocardium, cardiac valves, and the chordae 
tendineae were described by the examining veterinary pathologists as within normal limits 
for the species examined and at all doses of lorcaserin evaluated. This result appears 
reassuring, but it is noteworthy that cardiac lesions were not observed at the highest 
concentrations of lorcaserin, which substantially exceeded the in vitro potency data for 
activation of 5HT2B. The sponsor suggests that still higher drug levels would be required to 
elicit activation of 5HT2B because the potency of lorcaserin in vivo may still be less than that 
predicted by the in vitro activation studies. However, other limitations may be more 
significant. For example, the ability to detect drug-induced VHD in any one of these 
experiments was not demonstrated by use of a positive control such as serotonin or pergolide. 
Thus, inherent insensitivity of the animal model is a more likely explanation that cannot be 
excluded. Additionally, published studies that detected drug-induced VHD in animals 
included evaluation of proliferative markers and echocardiography in addition to standard 
histology, whereas the studies done with lorcaserin were limited to evaluation of standard 
histology. Thus, insufficiently sensitive detection methods also cannot be excluded.  
Given the experimental limitations with the toxicological data, the more appropriate data in 
considering the VHD risk of lorcaserin is the receptor pharmacology data described above 
and the echocardiography data collected in the clinical trials with lorcaserin. 
 

                                                                                                                                       
17 Droogmans S et al. (2007) Eur Heart J. 28:2156-2162. 
18 Fielden MR et al (2010) Exp Toxicol Path 62:607-613 
19 Donnelly KB (2008) Toxicol Path 36: 204-217 
20 Hauso O et al (2007) Reg Peptides 143: 39-46 
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Comprehensive lorcaserin binding profile-  Assay 
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Discussion 
The revised draft prolactin protocol (DBR-11-002) is basically similar to earlier drafts thus 
no specific actions needed to be taken with ongoing live phase of the study.  The changes 
the sponsor had included in the study will have no impact on the ongoing study itself but 
may affect how the study results are reviewed.   
The amendments include several changes.  The sponsor has decided to use  

 as the source for mammary tissue pathology evaluations rather than the Dr. 
Russo’s lab originally described in the protocol.  They have increased the number of 
animals from 10 to 12 for evaluations on Day 1, 7 and 60.  The number of rats in the main 
arm of the study analysis on Day 28 and Day 90 has remained the same (60 rats/group).  
Although the time of blood collection is missing, plasma prolactin levels will be measured 
either by ELISA to determine immunoreactive prolactin (ALPCO Diagnostics, Inc) or by 
commonly used Nb2 rat lymphoma cell bioassay to determine biological active prolactin.  
Pituitary prolactin will be measure by the method described by Haggi et al 1.  
 
The revised protocol also describes prolactin as the primary analysis and mammary 
tissue as secondary analysis.  In the prolactin analysis, the sponsor will be examining the 
mean significant change in prolactin levels at various timepoints throughout the 90-day 
dosing period in lorcaserin treated rats relative to control female rats.  In addition to mean 
changes in prolactin, they will be evaluating the number of rats with circulating prolactin 
levels greater than the upper limit of normal in control at each time point (page 5). In all 
communications with the sponsor, the agency has noted that the changes in prolactin 
levels need to be robust, persistent and dose-dependent.  A statistically significant 
increase in prolactin along with greater number of rats with elevated prolactin above 
control range is reasonable but with out significant change in prolactin, a meager increase 
in individual rat prolactin levels greater than upper bound in the control rats may not be 
sufficient evidence to support the hypothesis that lorcaserin induced increase in 
mammary tumors were due to prolactin.  This is supported by the fact that a significant 
but small increase in prolactin with dexfenfluramine was insufficient to cause mammary 
tumors in rats.     
 
Recommendations: 
The new amendments include additional details on mammary histopathology and 
prolactin analysis.  According to the sponsor, changes in the mammary pathology 
evaluations were at the request of  the sponsor has selected to replace 
Dr. Russo’s labs.  Although the study has already been initiated (4 weeks in to the 
treatment) the changes introduced in the amendments are acceptable.  However, the 
sponsor should be advised that the increase in the prolactin in the lorcaserin treated rats 
should be statistically significantly greater than control in addition to the number of rats 
with elevated prolactin greater than control range.  Without achieving a significant 
treatment effect on prolactin, small increases in prolactin levels in some lorcaserin treated 
rats above control range may not be robust enough to support the sponsor’s hypothesis, 
especially in the absence of any mammary tissue pathology.   

                                                           
1 Haggi, E. and Aoki A. Prolactin content in rat pituitary gland. RIA of prolactin after 
different extraction procedures. Acta Endocrinol., 97(3):338-42 (1981) 
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External recommendations 
 
The Division has reviewed your amendments to the prolactin protocol DBR-11-002.  The 
revised protocol appears reasonable, but we have the following comment.  You list two 
primary analyses that presumably will serve as the basis to meet the primary end point. 
Your primary endpoint is stated as “Concentration of circulating prolactin throughout 90 
days of dosing with lorcaserin as compared to vehicle”. We note that this definition does 
not specifically state “mean concentration” of circulating prolactin. We consider the first 
primary analysis (difference in mean concentration of circulating prolactin) as most critical 
to meeting the stated primary endpoint. We view the second primary analysis (number of 
rats with circulating prolactin above ULN) as supportive of the first analysis. Failing the 
first but meeting the second primary analysis will likely be viewed as failing to meet the 
primary endpoint of demonstrating a statistically significant difference in mean 
concentration of circulating prolactin.  
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Protocol DBR-11-004 Deficiencies and Recommendations:  

1. The location of the testing facility is unknown.  
2. We recommend additional blood, mammary and pituitary tissue collections on 

Day 7 and Day 45.   
3. Mammary and pituitary tissues collected on Day 90 should be evaluated 

morphologically.  
4. Blood/ tissue harvested at 15-min post dose is likely to be impacted by gavage 

stress. With rat brain lorcaserin Tmax of 1 hr, we recommend blood collections at 
≥ 60 min post dose.   

 
 
Discussion 
 
The sponsor has proposed three nonclinical mechanistic studies to address the 
questions regarding the role of prolactin in lorcaserin induced mammary tumors in the 
female and male SD rat carcinogenicity study.   
In the 28-day study (DBR-11-003), the sponsor will be evaluating the effect of lorcaserin 
(10, 30 and 100 mg/kg, PO) on plasma prolactin and pituitary gland in intact female SD 
rats on Days 1, 7 and 28 at 15-min post dose. The study will also include a positive 
control, perphenazine (1 mg/kg).  Perphenazine is an antipsychotic drug known to 
increase plasma prolactin in humans and rats (up to 10 fold).  The study seems to be 
reasonable except for the limited duration of the lorcaserin treatment and timing of 
plasma/tissue sample collection.  Since there will be longer studies, the duration is 
acceptable but the trunk blood collected at 15-min post dose is problematic since it is 
likely to be impacted by gavage-induced stress leading to greater variance in plasma 
prolactin levels. With rat brain lorcaserin Tmax at 1 hr, the maximal drug effect is likely 
to be ≥ 1 hr post dose.  Therefore, the sponsor should consider samples at 60 min post 
dose to reduce any potential variation in plasma prolactin.  Although number of rats per 
data point (~ 7 rats/data point) is acceptable for a pilot study, ideally the number of 
animals should be ≥ 10 rats/time point considering that high variance in plasma 
prolactin among rats in the past studies have failed to show a consistent lorcaserin 
effect.  
 
The 3-month study in female rats (DBR-11-002) is considered a pivotal study.  It is  
designed to show lorcaserin induced (30 and 100 mg/kg) increases in plasma/tissue 
prolactin and related mammary tissue morphology on Day 90 and that these changes 
can be blocked by bromocriptine.  The study makes many assumptions, a) lorcaserin 
will increase plasma prolactin, b) lorcaserin will result in morphological changes in the 
mammary and pituitary by Day 90, c) bromocriptine dose is sufficient to block 
lorcaserin-induced increase in prolactin.  Since lorcaserin had no notable effect on 
mammary tissue in toxicology studies up to 6 months and plasma prolactin was not 
changes in studies up to 4 weeks, absence or equivocal changes in plasma prolactin or 
mammary tissue with lorcaserin alone will be considered a negative study.  Therefore, it 
is critical for the sponsor to show first that lorcaserin will independently increase plasma 
prolactin and cause mammary changes in female SD rats by Day 90.  Until the effect of  
lorcaserin on prolactin is clearly demonstrated, any change produced by bromocriptine 
+lorcaserin is of little value since bromocriptine effect via dopamine modulation on 
prolactin on mammary tumor may override any other mechanism.   Another issue that 
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may limit its values as proposed is the single data collection point on Day 90. The 
reviewer recommends data collection at ≥ 60 min post dose on Day 7, 45 and 90.  
Trunk blood collected at 60 min post dose on more than occasion (Day 90) will likely to 
improve the reliability of the study and possible trend in plasma prolactin over the span 
of the proposed study. 
 
The third study (DBR-11-004) is designed to measure prolactin levels in male SD rats at 
the end of the 90 days lorcaserin treatment.  Similar to previous studies, perphenazine 
will serve as positive control.  Since the study will rely on single data point 15-min post 
dose on Day 90, the sponsor will be advised to collect samples at ≥ 60 min post dose 
on from 10 animals per group on Day 7, 45 in addition to day 90. To further support the 
hypothesis that lorcaserin induced increase in mammary tumors in male rats was 
prolactin dependent, morphological evaluation of mammary and pituitary gland on Day 
90 is recommended.  
 
In the background information, the sponsor states, “Arena is continuously considering 
the value of experimental modifications or additional experiments to test the overarching 
hypothesis that lorcaserin causes mammary tumors in female rats by increasing 
prolactin release. We will evaluate data as they become available from preliminary 
experiments, from the re-adjudication of the female rat carcinogenicity study, and from 
the studies outlined above. We believe that if these experiments demonstrate (1) 
sustained increases in circulating, pituitary, or mammary gland prolactin; and/or (2) 
characteristic changes in the mammary gland that are inhibited by bromocriptine, then 
evidence sufficient to support the prolactin hypothesis will have been generated. 
However, should these results indicate that additional experimentation may be 
important to adequately characterize the role of prolactin in rat mammary tumor 
pathogenesis; appropriate new protocols will be submitted to the Agency for review. 
Such protocols could include a 12-month study in rats to determine whether short-term 
exposure to lorcaserin is sufficient to induce mammary neoplasia at 1 year.” 
 
This statement appears to suggest that the sponsor will deem prolactin as the 
mechanism for lorcaserin induced mammary tumors in SD rats.  The reviewer believes 
this statement is premature since the Division will make that decision upon review of the 
data.  The reviewer may not accept small equivocal changes in plasma prolactin with no 
evidence of lorcaserin related changes in mammary gland morphology.  
 
 
Recommendations: 
Overall, the proposed nonclinical mechanistic study protocols are acceptable pending 
modifications to the timing of the data collection, number of data collection points, 
morphological assessment of the target tissues and robustness of the data changes in 
plasma prolactin levels. 
The 3-month study protocol in female rats with or without bromocriptine pellet assumes 
that lorcaserin alone will increase plasma prolactin levels and result in morphological 
changes that potentially would be reversed by bromocriptine.  Since lorcaserin has 
failed to show any change in mammary tissue in 3- and 6-month rat study or increase 
plasma prolactin, the assumptions are optimistic and unsubstantiated.  Failure to show 
a change in these parameter with lorcaserin alone at Day 90 in female rats is likely to 
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prevent any conclusion.  It is the sponsors responsibility first to show that lorcaserin can 
indeed increase plasma prolactin and lorcaserin dependent mammary pathology.  
All three studies are designed to collect samples at 15-min post dose.  Since the brain 
Tmax for lorcaserin in rats is 60 min and oral gavage induced stress may impact 
prolactin levels, the sponsor is advised to collected samples at ≥ 60 min post dose at 
more frequent time intervals (i.e. Day 7, Day 45) to ensure more reliable data to reach a 
clear conclusion regarding the mechanism of lorcaserin induced mammary tumors in 
SD rats.   
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External recommendations 
 
The Division has reviewed the protocols intended to re-address the hypothesis that 
mammary tumors induced by lorcaserin in rats is secondary to elevations in prolactin. 
The proposed approach in part addresses the issues discussed in the End-of-Review 
meeting minutes. The Division has the following comments and recommendations: 
 
 
General Comments regarding all Protocols 
 

1. Consider harvesting blood/tissue samples at 60 minutes post-dose in all studies 
instead of 15-minutes post-dose as proposed. Collecting blood and tissues at 60 
minutes post-dose is consistent with the Tmax for lorcaserin in rat brain (~1 hr), 
and may avoid potential undue effects of gavage-related stress on prolactin 
levels. 

 
2. Identify the testing facility that will conduct the proposed studies.  
 
 
 

Protocol DBR-11-002: Three-month study in female SD rats ± bromocriptine 
 

1. Demonstrate that a pharmacokinetic interaction does not exist between 
bromocriptine and lorcaserin (e.g., exposure to lorcaserin increases or decreases 
with bromocriptine) after repeated exposure. It is recommended that this be 
determined in a pilot study before initiating the 3 month study, as a substantial 
change in exposure to either drug would likely invalidate the results of the 3 
month study.  

 
2. Justify the proposed dose of bromocriptine. Ideally, exposure to bromocriptine 

would be sufficient to blunt or prevent increases in prolactin provoked by 
perphenazine without severely reducing baseline prolactin. Dose-ranging studies 
that support the proposed 50mg dose of bromocriptine would be expected. 
Because bromocriptine would be administered in a slow-release pellet 
formulation, address whether the levels of drug at later time points (e.g., day 30-
50) remain sufficient to achieve the desired pharmacological activity.  

 
3. The protocol proposes to collect prolactin content data only at day 90, citing ‘in-

house’ data that terminal bleeds are most reliable for prolactin analysis. The 
basis for this statement is unclear, as collecting such data from multiple time 
points would be viewed as having greater utility than from a single time point. It is 
preferable that in addition to the 90 day time point, you include an additional 10 
females/group and collect blood, pituitary, and mammary tissue after 7 and 45 
days of dosing. Tissues collected at Days 7 and 45 would be used to determine 
prolactin content and the mammary tissue archived for histological analysis, if 
needed at a future date. 
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4. As the protocol proposes to evaluate only 2 doses of lorcaserin, it would be 
preferable to evaluate 10 and 100mg/kg to cover a greater range of drug 
exposure than 30 and 100mg/kg.  

 
 
Protocol DBR-11-003: 28-day study in female SD rats 
 

1. Consider evaluating 10 females per time point (Day 1, 7, 28, or n=30/group) 
instead of the ~7/time point proposed. 

 
2. Determine prolactin content of the pituitary and mammary tissues in addition to 

blood for each time point examined. One of the mammary pads could be 
reserved for histochemical evaluation, if such data would prove valuable at a 
later time.  

 
 
Protocol DBR-11-004: Three-month study in male SD rats 
 

1. We recommend additional data points to be collected on Day 7 and 45.  It is 
recommended that the number of animals be increased to 30 males per group to 
allow evaluation of 10 animals each at time point of 7, 45, and 90 days of dosing.  

 
2. Collect blood, pituitary, and mammary tissue from all animals at each time point 

for analysis of prolactin content. 
 

3. Include a histological evaluation of the mammary gland at the 90 day time point.  
 
 
Additional comments 
 

1. The Division remarked at the End-of-Review meeting that the toxicology reports 
for lorcaserin did not describe drug-related changes in the histopathology of the 
mammary glands of rats even after 6 months of dosing. Concern remains that 
changes in mammary histology may not be observed with lorcaserin in the 3 
month studies proposed herein. Small changes in prolactin in the absence of a 
change in mammary gland histopathology, while supportive of an effect of 
lorcaserin on prolactin, would fail to address the Division’s request to “consider 
experimental designs that demonstrate the necessity of prolactin in lorcaserin-
induced changes to normal or neoplastic mammary tissue (in vivo, in vitro, or 
both).” (End-of-Review meeting minutes, 15 of Dec 2010).   We again emphasize 
that you need demonstrated a clear robust lorcaserin dependent increase in 
prolactin and related mammary tissue changes.  Any change in bromocriptine 
arm of the study without showing first an effect on prolactin by lorcaserin will be 
of little value. 

 
2. An article by Wijsman1 describes a model of prolactin-dependent outgrowth of 

transplantable mammary carcinoma in rats. Perphenazine promoted tumor 
outgrowth in a manner sensitive to inhibition by bromocriptine. One concern 
expressed by the Division in the Complete Response letter was that lorcaserin 
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appears to increase the aggressiveness of mammary tumors based in part on the 
clear imbalance of lung metastases at 10, 30, and 100mg/kg lorcaserin. The 
model described by Wijsman appears quite appropriate to address this concern 
while also addressing the prolactin-dependence of responses to lorcaserin, if any 
are observed, and request that you consider studies in this model. 1Wijsman JH, et 
al. (1991) Br J Cancer 64; 463-468 

 
3. The Division notes that prior studies using similar doses of lorcaserin failed to 

reproducibly demonstrate a persistent increase in prolactin in intact rats, and 
reportedly failed to alter the histopathology of rat mammary tissue in the 6 month 
toxicology study.  The expectation that these endpoints would now be detectable 
in the proposed studies of ≤ 3 months duration is presumably based on your 
stated improvements in methodology.  A detailed discussion of these changes in 
methodology will be needed to address the failings of the former studies.  
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     Appendix B 
 
Stress-induced release of prolactin: blockade by dexamethasone and naloxone 
may indicate beta-endorphin mediation. 
J Rossier, E French, C Rivier, T Shibasaki, R Guillemin, and F E Bloom 
 Proc Natl Acad Sci U S A. 1980 January; 77(1): 666–669.     
 
Basal levels of immunoreactive (ir) beta-endorphin, corticotropin (ACTH), and prolactin 
(PRL) in plasma of male rats decrease after dexamethasone pretreatment (400 
microgram/kg at 24 hr and 200 microgram/kg at 2 hr before). Inescapable electric 
footshocks increase ir-beta-endorphin, ACTH, and PRL plasma levels and this effect is 
blocked by dexamethasone pretreatment. Morphine (20 mg/kg) also increases ir-beta-
endorphin, ACTH, and PRL levels. Dexamethasone pretreatment blocks the morphine-
induced release of ir-beta-endorphin but does not prevent the morphine-induced release 
of PRL. Naloxone, the opiate antagonist, decreases basal plasma levels of PRL and 
partially blocks the stress-induced increase of PRL, but it has no effect on the basal or 
stress-induced release of ir-beta-endorphin. These results are consistent with the 
proposal that beta-endorphin may interact with an opiate receptor involved in the 
regulation of PRL secretion. 
 
 
Prolactin stimulation test with perphenazine: an evaluation of plasma prolactin 
levels and pituitary secretory activity in the rat. 
A. A. Van Der Gugten, P. C. Sahuleka, G. H. Van Galen and H. G. Kwa 
Journal of Endocrinology (1976) 68, 355-368 
 
Many investigations of the regulation of prolactin synthesis and release are based on 
single plasma prolactin determinations. The purpose of the present experiment was to 
ascertain whether groups of rats (i.e. young or adult, male or female animals, being 
either intact, gonadectomized or gonadectomized and treated with oestrone), differing in 
age and/or endocrine status, will react to a single dose of perphenazine by an acute 
release of pituitary prolactin in proportion to their initial plasma prolactin levels.  No 
consistent relation existed between the classification of the twelve groups of rats into 
three categories of basal plasma prolactin levels (i.e. < 20, 25–50, > 125 ng/ml) and 
their response to perphenazine. Even though all groups showed a highly significant 
increase of plasma prolactin levels the magnitude of the maximum prolactin response at 
30 min varied greatly within the groups of one category and thus was not related to the 
initial prolactin levels.  
The effect of 14 days of oestrone treatment in increasing plasma prolactin levels in 
gonadectomized animals was greatest in young and adult male rats, less in young 
females and not significant in adult females. The results obtained after perphenazine 
treatment in the latter group made it clear that the effect of oestrogen treatment on 
prolactin release can be completely blocked by increasing synthesis and/or release of 
the prolactin-release inhibiting factor (PIF). Since perphenazine induces decrease of 
pituitary prolactin and a concomitant increase of plasma prolactin levels through 
lowered PIF-action, the positive effect of oestrogens on prolactin release (as observed 
in gonadectomized male and young female rats) apparently is caused by a different 
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mode of action. The implications of these findings for the regulation of prolactin release, 
as affected by the endocrine status of the rat, is discussed.  
Moreover, comparison of prolactin lost from the pituitary and gained in the circulation of 
the experimental animals, with amounts of prolactin that were observed to disappear 
from plasma during the experiment, provided suggestive evidence that the capacity to 
synthesize and/or eliminate prolactin, after a sudden provoked release of the hormone, 
differed among the groups.  The rates of synthesis by the pituitary, of release from the 
pituitary into the circulation as well as of elimination of the hormone from the circulation 
(equally involved in determining actual plasma levels) are thought, therefore, to be far 
more important for the elucidation of prolactin regulation than single plasma prolactin 
determinations.  
 
Acute Changes in Blood and Pituitary Prolactin After a Single Injection of 
Perphenazine 
M. Ben-David, A. Danon, F.G. Sulman 
Neuroendocrinology 1970;6:336-342 
 
The acute effects of a single injection of perphenazine on pituitary and blood prolactin 
levels were studied in male rats and rabbits. Prolactin from both sources was 
determined by bioassay. A significant rise in blood prolactin became visible as early as 
0.5 h after injection of perphenazine – earlier times were not studied – and remained 
high for at least 4 h. The prolactin peak following intravenous injection in rabbits was 
attained after 1 h, while in rats injected sub-cutaneously, it was reached after 2 h. 
Concomitantly, pituitary prolactin in rats decreased, falling to a minimum level within 2 h, 
and remaining low for at least 4 h. These results are interpreted as further evidence that 
perphenazine induces immediate release of prolactin from the pituitary into the blood. 
This release is probably due to suppression of the hypothalamic prolactin-inhibiting 
factor. The possibility that perphenazine promotes prolactin synthesis is also discussed. 
 
 
Effect of raised serum prolactin on breast development. 
B M Stringer, J Rowson, and E D Williams 
J Anat. 1989 February; 162: 249–261.   
 
The effect of serum prolactin elevation on the growth and development of the rat breast 
was investigated. Oral administration of the dopamine antagonist, perphenazine, led to 
a 5-10-fold elevation of serum prolactin after two days of treatment which was 
maintained for the 54 days of study. A significant (P less than 0.01) 3.4-fold increase in 
total breast volume was seen by Day 4 of serum prolactin elevation. Breast volume 
continued to rise up to Day 14 reaching an 8.9-fold peak (P less than 0.001) which was 
maintained for the duration of the experiment. Epithelial, myoepithelial, lumen and 
stromal volume changes in the ductular and alveolar compartments were quantified 
separately. Highly significant (P less than 0.01) volume increases were seen in all 
components within the first few days of prolactin elevation. Similar time courses of the 
growth response to elevated serum prolactin were seen in the ductal tissues reaching 
an approximate 3-fold peak by 7 days in duct epithelium, myoepithelium and duct 
stroma. Time coordinated growth responses were also seen in the alveolar tissues with 
larger (7-15-xfold) increases in alveolar epithelium, alveolar myoepithelium and alveolar 
stroma, reaching a peak by 14 days. 
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Prolactin and the small intestine. Effect of hyperprolactinaemia on mucosal 
structure in the rat. 
E Muller and R H Dowling 
Gut. 1981 July; 22(7): 558–565.   
  
To study the mechanism for the adaptive mucosal hyperplasia which occurs 
independent of luminal nutrition and pancreatico-biliary secretions in isolated Thiry-Vella 
segments of intestine from lactating rats, and to examine the effects of prolactin on 
small bowel mucosal structure in the rat, we used two models of experimental 
hyperprolactinaemia and compared quantitative histology and several markers of 
mucosal mass in jejunum and ileum from control rats and from test and lactating 
animals. Hyperprolactinaemia, induced by perphenazine injections (5 mg/kg/day for two 
or seven weeks) or transplantation of four pituitary glands from donor animals to 
beneath the renal capsule in the recipient, was confirmed by radioimmunoassay. Proof 
of its biological activity was obtained by weighing the mammary pads and by 
demonstrating true breast hyperplasia on histological section. Median serum prolactin 
levels increased from 50 ng/ml in the controls to 570 ng/ml in the perphenazine treated 
animals and to 600 ng/ml in the pituitary transplanted rats-levels comparable with those 
seen in lactation (870 ng/ml). In the lactating rats, there was striking mucosal 
hyperplasia of both jejunum and ileum but, despite the hyperprolactinaemia, there were 
no such changes in villus height, crypt depth, or in mucosal wet weight, protein, or 
DNA/unit length intestine in the perphenazine-injected or pituitary-transplanted animals. 
We conclude that prolactin is not atrophic to the intestine in rats and that 
hyperprolactinaemia cannot explain the intestinal adaptive changes of lactation. 
 
 
A prolactin-dependent, metastasising rat mammary carcinoma as a model for 
endocrine-related tumour dormancy 
JH Wijsman1, CJ Cornelisse, R Keijzer, CJ van de Velde and JH van Dierendonck 
British Journal of Cancer (1991) 64, 463–468.  
 
In order to study the growth kinetics of breast tumours during long-term hormonal 
withdrawal, we developed a transplantable, invasive mammary carcinoma EMR-86 that 
originated in a female WAG/Olac rat bearing a subcutaneously implanted oestrogen 
pellet (EP). Outgrowth of transplanted tumours occurs only in the presence of an EP, 
and metastases are formed in lungs and regional lymph nodes. Subsequent EP removal 
induces rapid regression. However, tumours do not disappear completely, as small 
nodules persist. These dormant tumour remnants can be restimulated even after long 
periods. Because EP-stimulated tumours regressed after treatment with bromocriptine 
(5 mg/kg) and dormant tumours in non-oestrogenized rats grew out after treatment with 
perphenazine (5 mg/kg), prolactin is the major growth-stimulating hormone in this 
model. Cell kinetics in the growing, regressing and dormant phase were studied by 
immunocytochemical detection of DNA-incorporated bromodeoxyuridine (BrdUrd) in 
tissue sections. BrdUrd labelling indices decreased from 21.6 +/- 3.0% to less than 1% 
within 7 days after EP removal. After prolonged hormonal withdrawal (up to 90 days) 
BrdUrd-labelled tumour cells could always be demonstrated (range 0.4-0.8%), without a 
concomitant increase in tumour volume. Additional treatment either with bromocriptine 
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or with ovariectomy could not significantly reduce this residual proliferative activity, as 
demonstrated by continuous BrdUrd labelling experiments. The results indicate that in 
vivo dormancy may represent a steady state of cell division and cell loss, rather than an 
accumulation of cells in a non-cycling G0 state. 
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MEMO TO THE FILE 
  
   
 Fred Alavi, Ph.D.  
 Oct 25, 2010 
 
 
NDA: 22-529  (IND 69,888) 
Drug: Lorcaserin (LORQESS®)   
Class & Mechanism:  serotonin receptor 2C (5HT2C) agonist 
Indication:  Weigh loss 
Sponsor:  Arena Pharmaceuticals 
 
 
 
 
Attached to this memo are the tabulated histopathology data for the lorcaserin mouse (Appendix 
A) and rat (Appendix B) carcinogenicity studies.  The memo also includes the historical 
control data for SD rats between 12/26/2002 and 1/15/2007 (Appendix C).  Both rat and mouse 
carcinogenicity studies were reviewed with the lorcaserin NDA but due to large number of 
pages, only summary of the histopathology findings were included in the NDA review. 
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Tertiary Pharmacology/Toxicology Review 
 
From: Paul C. Brown, Ph.D., ODE Associate Director for Pharmacology and Toxicology 
 OND IO 
 

David Jacobson-Kram, Ph.D., DABT, Associate Director for Pharmacology and 
Toxicology OND IO 

 
NDA: 22-529 
Agency receipt date: 12/22/2009 
Drug: Lorcaserin HCl 
Sponsor: Arena Pharmaceuticals 
Indication: weight management, including weight loss and maintenance of weight loss 
 
Reviewing Division: Division of Metabolism and Endocrinology Products 
  
Introductory Comments:  
The pharm/tox reviewer and supervisor recommended that lorcaserin not be approved for 
the proposed indication. This recommendation was based on the finding of drug-related 
tumors in a 2-year rat bioassay.  
 
Discussion: 
The pharm/tox reviewer and supervisor have reviewed the nonclinical findings in detail 
in their respective reviews. The carcinogenicity evaluation of lorcaserin consisted of two-
year studies in rats and mice in which lorcaserin was administered orally by gavage. The 
protocols for these studies were submitted to the agency prior to initiation of the studies 
and the executive carcinogenicity assessment committee recommended doses of 0, 25, 50 
and 100 mg/kg in mice and 0, 10, 30 and 100 mg/kg in rats. The maximum dose was 
selected based on a maximum tolerated dose in both species. The studies were conducted 
with these doses. 
 
The division reviewed these studies and the results were presented to the executive 
carcinogenicity assessment committee on August 10, 2010. The committee concluded 
that there were no drug-related tumor findings in the mouse. Several tumors were 
considered to be drug-related in the rat. The tumors considered drug-related in rats as 
shown in the committee minutes are listed below. 
Males 
Brain: Astrocytoma at HD. Numerical, non-statistically significant increase in 
astrocytoma at mid-dose also considered drug-related. 
Liver: Hepatocellular adenoma and carcinoma combined, at HD. 
Mammary: Adenocarcinoma and fibroadenoma combined, at MD & HD. 
Skin, subcutis: Fibroma at MD & HD 
Skin: Squamous Carcinoma at HD. Numerical, non-statistically significant increase in 
squamous carcinoma at MD also considered drug-related. 
Schwannoma (all sites) at HD. Numerical, non-statistically significant increase at the 
MD also considered drug-related. 
Thyroid: Follicular cell adenoma at HD. 
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Females 
Mammary: Adenocarcinoma + fibroadenoma at LD, MD, HD 
  
Questions have been raised as to the appropriateness of combining adenocarcinoma and 
fibroadenoma in mammary tissue. However, combining these tumor types is routine in 
carcinogenicity study analysis and has been historically accepted. For example, the 
National Toxicology Program currently combines these tumor types and has done so for 
many years (see McConnell et al., JNCI, 1986, 76:283-289.) As noted below, 
distinguishing these tumor types can be challenging and a full understanding of the 
relationship between fibroadenomas and adenocarcinomas has not been reached in the 
literature.  In addition, although not reflected in the meeting minutes, fibroadenomas 
alone were statistically significantly elevated in female rats at all drug doses. 
 
As described in the pharm/tox review and supervisory memo, distinguishing between 
adenocarcinoma and fibroadenoma apparently proved challenging in this study. For 
example, at week 96 of the rat carcinogenicity study, 72 of 75 female animals in the high 
dose group were diagnosed with mammary adenocarcinomas while 36 of 75 were 
diagnosed with mammary fibroadenomas. However, in the information submitted to the 
NDA describing results at the end of the study, 60 of 75 female animals in the high dose 
group were diagnosed with mammary adenocarcinomas and 45 of 75 were diagnosed 
with mammary fibroadenomas. In addition, it appears that more tumors were reclassified 
from adenocarcinoma to fibroadenoma in the mid and high dose groups (20 
reclassifications) than in the low and control dose groups (2 reclassifications). This 
difficulty in diagnosis and other irregularities with the data were noted by the execCAC 
and further supported combining these tumors for analysis. 
 
Other drugs that cause mammary tumors in rodents have been approved. However, these 
drugs are for different indications that may carry a different risk/benefit profile and the 
mode of action by which these drugs produce the mammary tumors is typically defined. 
An elevation in prolactin was a potentially plausible mechanism for the increase in 
mammary tumors seen with lorcaserin and warranted further investigation. However, the 
applicant was not successful in establishing this or any other mechanism for the 
mammary tumor formation induced by lorcaserin. Therefore, it is not yet possible to 
dismiss the mammary tumors as irrelevant to humans. 
 
Of the other tumors identified as related to drug treatment, the astrocytomas in the brain 
are probably of most concern. The incidence of these tumors in male rats was 1, 0, 4 and 
8 in control, 10, 30 and 100 mg/kg, respectively. The high dose was statistically 
significantly elevated. Although the mid dose was not statistically elevated, the executive 
carcinogenicity assessment committee felt that the numerical increase observed at the 
mid dose was still likely to be drug-related in part due to the relative uncommonness of 
this tumor. The risk that these astrocytoma findings represent to humans is difficult to 
quantify because a mode of action for their formation has not been elucidated and 
because lorcaserin partitions preferentially into brain tissue in comparison to blood. 
Establishing a margin between therapeutic tissue levels and levels that resulted in tumor 
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formation is difficult given the absence of information on drug levels in human brain and 
the variability of brain levels measured in rats and monkeys. 
 
Conclusions: 
The pharm/tox supervisor has noted three major deficiencies in his memo. These are: 
1) The exposure response relationship for lorcaserin-emergent mammary adenocarcinoma 
is unresolved. 
2) An unidentified mode of action and unclear safety margin exists for lorcaserin-
emergent brain astrocytoma. 
3) Mode of action for lorcaserin-emergent mammary fibroadenoma is unresolved. 
 
Addressing these deficiencies may allow a better assessment of risk to patients. If the 
diagnostic uncertainty was resolved for the mammary adenocarcinomas then it may be 
possible to better understand the exposure response relationship for these tumors and 
whether an acceptable margin exists between human exposure and exposures associated 
with these tumors. A better understanding of the margin between human brain levels of 
lorcaserin and the level associated with astrocytomas or an understanding of a mode of 
action for the astrocytomas may permit a better understanding of whether this finding 
represents a risk to humans. If a mode of action for the fibroadenomas was identified and 
its relevance to humans understood then the human risk could be better assessed. If the 
diagnostic uncertainty for the mammary tumors was resolved, then even in the absence of 
a mode of action for fibroadenoma it may be possible to re-evaluate whether the risk for 
this tumor type is acceptable in balance with whatever clinical benefit is demonstrated. 
 
Lorcaserin carries an unquantifiable level of risk for tumor formation in humans at the 
proposed dose based on the current information. As with any nongenotoxic carcinogen, 
the risk of tumor development is likely to be small with short term exposure and increase 
with longer durations of exposure. Short term use of lorcaserin may minimize the risk of 
tumor formation. However, the acceptability of short term clinical use of this drug and 
the ability of the clinical benefit to sufficiently balance even a relatively small 
tumorigenic risk from short term use would need to be considered. 
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Arena Pharmaceuticals is seeking marketing approval for lorcaserin, proposed trade name 
Lorqess, as a treatment for obesity. Lorcaserin, a new molecular entity, is a heterocyclic 
benzazepine intended to selectively activate the 5HT2C serotonin receptor subtype. Serotonin 
acts in a milieu of other episodic and chronic regulatory signals that converge on central sites of 
appetite control, including the hypothalamic arcuate nucleus. The anorectic properties of 
serotonin involve not only 5HT2C, but also receptor subtypes 5HT1B and 1D. As a ‘selective’ 
agonist of 5HT2C, lorcaserin would be expected to activate anorectic POMC hypothalamic 
nuclei which promotes satiety and reduces food intake, resulting in a loss of body weight. The 
5HT2C-targeted approach of lorcaserin, while important for minimizing known adverse effects 
of activating other serotonin receptor subtypes, may also have contributed to the relatively 
modest weight loss achieved in clinical studies.  
 
Dr. Fred Alavi, the primary pharm/tox reviewer, recommends against approval of NDA 22529. 
Dr. Alavi’s primary concern is that lorcaserin was identified as a non-genotoxic carcinogen 
inducing multiple tumor types in 2-year lifetime studies in rats. Among the tumor types 
observed, the occurrence of mammary and brain tumors are of most concern regarding human 
risk assessment because no safety margin was identified for the former, and the safety margin is 
uncertain for the latter. Importantly, the applicant has provided inadequate information regarding 
lorcaserin’s tumorigenic mode of action, which is critical for evaluating human risk when safety 
margins are absent or are uncertain. I share Dr. Alavi’s concern and concur with his 
recommendation against approval of lorcaserin.  
 
Mammary Tumors 
No safety margin was identified in female rats for mammary tumors, which emerged within 7-
fold of the proposed clinical dose of 10mg bid. Mammary tumors emerged in male rats at 17-fold 
the clinical dose, which is notable because such tumors in males are less common. The relevance 
of the mammary tumors to human risk is dismissed by the applicant and their consultant,  

 for a variety of reasons. Chief among them is the supposition that prolactin 
mediates mammary tumors in rodents administered lorcaserin, similar to the tumorigenic mode 
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of action identified for anti-dopaminergic drugs. The applicant also argues that in human 
subjects, prolactin is not significantly elevated and does not represent an increased risk for breast 
cancer. I agree with Dr. Alavi’s argument that the data submitted by the applicant is 
unpersuasive that prolactin plays an intermediary role in the rodent mammary tumors that 
emerged with lorcaserin. Most convincingly, lorcaserin repeatedly failed to cause a robust and 
sustained increase in serum prolactin in rats, and the marginal increases that were observed 
occurred under experimental conditions that bear little resemblance to the rats used in the formal 
carcinogenicity study. Comparison of lorcaserin to the anti-dopaminergic agent haloperidol and 
the serotonergic agent dexfenfluramine in the mechanistic studies further eroded support of an 
intermediary role of prolactin.  Given the lack of a safety margin and an unresolved tumorigenic 
mode of action, the relevance of these finding in rats to human risk cannot be dismissed. 
Additional studies that address the tumorigenic mode of action of lorcaserin based on prolactin 
and, more importantly, on non-prolactin hypotheses may clarify the risk of this finding to the 
intended obese patient population.  
 
An issue raised at the September advisory committee meeting was that the incidence of 
mammary adenocarcinoma and fibroadenoma should not be combined for statistical purposes 
because of the distinct cellular lineage of these tumor types. Given this criticism, it is odd that 
the applicant provided exactly this analysis in the NDA (Section 2.6.6, page 39-40, Tables 15 & 
16). Distinguishing these two tumor types by histological exam alone can be difficult, 
particularly when both tumor types are present in the same animal. Indeed, there is evidence of 
such diagnostic difficulty in the study with lorcaserin (discussed below). This alone justifies a 
statistical analysis of the mammary tumors separately as well as combined. The FDA statistician 
evaluated these two tumor types alone and in combination, and the results mirror those found by 
the applicant: the incidence of fibroadenoma alone was statistically significantly increased at all 
doses of lorcaserin in females, whether or not combined with adenocarcinoma, and the incidence 
of adenocarcinoma was statistically significantly increased in females only at the high dose (by 
both trend and pair-wise testing). The numerical increases in adenocarcinoma and fibroadenoma 
in males was not statistically significant unless the tumor types were combined, in which case 
significance was achieved at the mid- and high doses. Despite the absence of statistical 
significance for each tumor separately in male rats, they are nonetheless considered related to 
lorcaserin because the incidences exceed the concurrent and historical control values and fall 
along a dose-response curve. In short, including an analysis of fibroadenoma and 
adenocarcinoma combined does not change the statistical outcome or our interpretation of the 
data.  
 
I believe the underlying argument of the above criticism is that adenocarcinoma presents the 
greater risk to humans than fibroadenoma does, and because lorcaserin increased 
adenocarcinoma only at very high drug levels, any risk to human subjects is negligible. Also, the 
argument has been made that fibroadenoma does not progress to adenocarcinoma in rodents (or 
humans). I do not agree that the increase in fibroadenoma within 7-fold of clinical exposure 
equates to an absence of human risk. The acceptability of an increased risk of fibroadenoma 
(e.g., patient distress, increased monitoring and clinical intervention) will be addressed by the 
clinical review team. Of more concern, I agree with Dr. Alavi that distinguishing between 
adenocarcinoma and fibroadenoma apparently proved challenging to the applicant. For example, 
twenty cases of adenocarcinoma were reclassified to fibroadenoma in the mid- and high dose 
groups compared to only three cases reclassified in the control and low dose groups after the rat 
study was nearly complete. This imbalance does not simply reflect more cases at the higher 



 

 

doses to reclassify; for example, the applicant reports a ‘final’ number of 34 and 35 cases of 
adenocarcinoma at the low and mid-dose groups, respectively, yet 8 cases were reclassified in 
the mid dose compared to 1 case in the low dose group. This imbalanced pattern of tumor 
reclassification favoring lorcaserin is concerning and, at least, indicates a degree of diagnostic 
uncertainty from the primary and peer-reviewing pathologists. Additional observations raise 
further concern that lorcaserin may have reduced latency and increased the aggressiveness of 
adenocarcinoma in the low and mid-doses, an effect that would not be obvious from final tumor 
incidence data: 
 
First, the incidence of adenocarcinoma was consistently higher in all dose groups from weeks 55 
to 96 of the study, which could not be explained by the difference in the number of animals 
evaluated at each time point.  
 
Second, mammary adenocarcinoma metastasized to the lung in groups administered lorcaserin 
but not in control, with an incidence of 0, 2, 7, and 6 for the control, low, mid, and high doses, 
respectively.  
 
Third, at all doses of lorcaserin, palpable nodules were detected earlier and a greater number of 
animals died at an earlier point in the study with mammary tumors listed as the cause of death 
(fibroadenoma and/or adenocarcinoma), suggesting reduced latency of tumor emergence.  
 
Fourth, a confusing yet concerning pattern is observed in the number of females found with 
multiple masses (as opposed to a single mass) of adenocarcinoma: 9, 21, 13, and 33 at the 
control, low, mid, and high doses, respectively.  
 
Finally, we have identified gross errors in the pathology reports of 2 cases, thus far, for female 
rats in the high dose group. In one case, female #4202 is reported as having all tissues ‘within 
normal limits’ despite the description a large (≥ 20mm) axillary mass present about 10 weeks 
prior to euthanasia. In the second, female #4212 is listed as having died of a mammary tumor, 
yet no mammary tumor is described in the histology report for this animal. These issues are 
sufficiently concerning to warrant re-evaluation of all mammary and lung tissues from the study 
by an FDA-appointed pathologist from an agency within HHS (e.g., National Toxicology 
Program), as has been done previously to clarify histological diagnoses. In addition, the clinical 
relevance of the apparent increased aggressiveness of adenocarcinoma has not been adequately 
addressed; presumably, the applicant dismisses this observation based on the mechanistic studies 
interpreted as evidence of an intermediary role for prolactin, an interpretation of the data that we 
do not share.  
 
Astrocytoma 
Lorcaserin increased brain astrocytoma in male rats at the mid and high doses using standard 
histological sampling and detection methods in the 2 year study. A more extensive evaluation of 
the brain tissue (e.g., increased sampling, gliosis marker staining, etc.) could conceivably 
uncover new cases of astrocytoma, a possibility that could be addressed at the same time the 
mammary tissues are being re-evaluated. As submitted, the tumor signal emerged at exposure 
17-fold higher than clinical exposure, with a safety margin of 5-fold (i.e., highest non-
tumorigenic exposure) based on plasma drug levels. Because astrocytomas are located in the 
CNS, which is also the site of pharmacodynamic action, comparison of drug levels in the brain 
across species is the more appropriate analysis for calculating a safety margin. Lorcaserin 



 

 

preferentially partitions to brain tissue in monkeys and rats, but brain levels in human subjects 
require assumptions because distribution of lorcaserin to the CNS was not assessed in clinical 
studies. If one assumes that brain partitioning in humans resembles rats, then the safety margin 
remains unchanged (5-fold). But if monkeys are more predictive, then the safety margin 
increases to ~14-fold. It is feasible that brain partitioning in human subjects exceeds both rats 
and monkeys, in which case the safety margin is less than 5-fold. This latter possibility may not 
be remote; for example, neurological adverse events of euphoria occurred in human subjects at a 
dose ~4-fold higher than sought for marketing, whereas adverse neurological effects were 
present only at substantially higher exposures in rats and monkeys. Demonstration of a 
sufficiently robust safety margin based on comparative drug levels in the brain would go far to 
mitigate human risk. Admittedly, this may be problematic to address directly because it would 
involve determining levels of lorcaserin in brain tissue of human subjects by imaging modalities 
that likely require the use of radiolabeled drug. The uncertain safety margin can alternatively be 
addressed by providing evidence that the tumorigenic mode of action for lorcaserin-emergent 
astrocytoma bears little relevance to human risk. This approach would entail identification of key 
events in lorcaserin’s mode of action in inducing astrocytoma, and demonstration that those key 
events do not or are unlikely to occur in human biology.   
 
Other tumor types 
It is important to consider that lorcaserin also increased the incidence of benign subcutis fibroma, 
squamous carcinoma of the skin, and malignant schwannoma in male rats at the mid- and high 
doses. Liver and thyroid follicular cell neoplasms were also increased at the high dose. The 
increase in benign fibroma may have occurred at all doses if one considers the increase from 
4.6% in control to 11% at the low dose as drug-related. It is notable for a non-genotoxic 
compound to result in this array of tumor types affecting multiple tissues. Tumors of the 
peripheral/central nervous system and skin/subcutis are not shared by marketed centrally acting 
dopaminergic or serotonergic drugs or by current obesity medications. No studies or credible 
explanation was provided to address the spectrum of tumors induced by lorcaserin or the 
mechanism by which lorcaserin increased these tumors, so risk assessment must be based on the 
difference in exposure between rats and the clinical dose in humans. These tumors occurred at 
exposure 17-fold higher than the clinical dose, with a safety margin of 5x (i.e., tumors were not 
observed in rats at exposure 5-fold higher than the clinical dose). Unlike astrocytoma, these 
tumors could be detected early should they arise with long-term exposure to lorcaserin in human 
subjects, but this presupposes that an increased susceptibility to tumor development represents an 
acceptable risk for lorcaserin. The acceptability of a 5x safety margin to these tumor types must 
take into consideration the benefits that lorcaserin provides to the obese patient population.  
 
The applicant and their consultant  provided a variety of arguments that the tumor 
types identified in rats are either species specific, gender specific, secondary to generalized 
toxicity, occur only at ‘very high’ drug levels, or are otherwise irrelevant to human biology. Dr. 
Alavi’s and my rebuttal to these arguments are detailed in the FDA review and the Advisory 
Committee briefing document. In brief, Dr. Alavi, the FDA Executive Carcinogenicity 
Assessment Committee, and I found the applicant’s explanations either without merit, without 
adequate experimental support, or without due consideration of alternative hypotheses. 
 
Other potential safety issues pertinent to lorcaserin and to serotonergic drugs in general were 
encountered in the preclinical development program. These included primarily the degree of 
selectivity of lorcaserin for 5HT2C versus 5HT2A and B, which has implications for potential 
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neurological and cardiac toxicity. Although the pharmacology data support the selectivity of 
lorcaserin for 5HT2C versus 2A and 2B, the actual potency of lorcaserin for these receptors is 
uncertain. The uncertainty arose from submission of new data in the NDA showing ~10-fold 
higher receptor potency than was originally reported during IND development. This change in 
potency changes our view of the potential for lorcaserin to activate off-target receptors at drug 
concentrations reached in human subjects, especially in the CNS. Reasonable efforts could be 
made with additional studies to clarify the potency of lorcaserin for the 5HT2 receptor subtypes, 
specifically by studies that control expression of receptor density. 
 
The neurological and cardiac assessments conducted in animals did not identify severe toxicities 
of relevance that would be anticipated if 5HT2A and 2B were activated by lorcaserin, despite 
achieving drug concentrations that exceed the in vitro receptor potency estimates. Short-comings 
in some of the neurological assessments and limitations in the ability to screen for drug-induced 
valvulopathy in animals render these assessments less than definitive, and it is difficult to predict 
that lorcaserin will be devoid of such toxicities should it be approved for marketing. 
Nevertheless, additional preclinical studies are unlikely to provide insight relevant to 
neurological and cardiac risks of long-term use of lorcaserin that cannot be gained from well-
designed clinical studies in the obese patient population.  
 
In summary, there are three major deficiencies in the nonclinical data that Dr. Alavi and I 
consider most pertinent to our regulatory recommendation: 
 
1) The exposure response relationship for lorcaserin-emergent mammary adenocarcinoma is 
unresolved. 

• Reasons for the imbalanced pattern of tumor type reclassification are unclear and indicate 
diagnostic uncertainty. 

• Lorcaserin appears to decrease latency and increase aggressiveness of adenocarcinoma at 
low and mid-doses (7 to 24-fold clinical dose). The clinical relevance of this observation 
has not been adequately addressed.  

• Re-evaluation of mammary tissue by FDA-appointed pathologists (e.g., from National 
Toxicology Program), or at least pathologists selected in consultation with the FDA, 
would clarify diagnoses, verify safety margins to clinical exposure, and permit re-
evaluation of clinical risk. Additional data would be required to address the clinical 
relevance of the apparent increase in adenocarcinoma aggressiveness with lorcaserin. 
Mode of action data of minimal relevance to human subjects, for example, would 
mitigate clinical risk regardless of safety margins.  

 
2) An unidentified mode of action and unclear safety margin exists for lorcaserin-emergent brain 
astrocytoma. 

• Evaluation of additional tissue samples from all experimental groups would verify the 
dose-response relationship for brain tumors; note, this recommendation is not an absolute 
requirement. 

• Additional information regarding the distribution of lorcaserin to the CNS in animals and 
human subjects would be needed to clarify the safety margin to brain tumors in rats. A 
robust difference in clinical exposure and exposure resulting in astrocytoma in rats would 
mitigate clinical risk.  



 

 

• Mode of action data would be needed to address human relevance if a safety margin is 
near clinical exposure or cannot be clarified. Mode of action data of minimal relevance to 
human subjects, for example, would mitigate clinical risk regardless of safety margins. 

 
3) Mode of action for lorcaserin-emergent mammary fibroadenoma is unresolved. 

• Lorcaserin increases fibroadenoma at the lowest dose tested in female rats (~7-fold the 
clinical dose). A dose of lorcaserin that does not increase fibroadenoma was not 
identified. 

• Prolactin mode of action data is unconvincing. Lorcaserin repeatedly failed to robustly 
and consistently increase serum prolactin in rats.  

• Additional studies are recommended to address the tumorigenic mode of action and 
human relevance, which would permit re-assessment of human risk. 

• It is recognized that from the clinical perspective of the review team, an increased risk of 
fibroadenoma with lorcaserin may be tolerable and compatible with drug approval 
regardless of the tumorigenic mode of action.   
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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 22-529 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 22-529 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 22-529. 
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1 Executive Summary 

1.1 Recommendations 

1.1.1  Approvability: Not recommended for approval until rodent carcinogenicity 
 findings are clarified. 

1.1.2  Additional Non-Clinical Recommendations:   

The mode of action for mammary neoplasm and brain astrocytoma needs to be 
addressed.  The reviewer recommends re-evaluation of mammary and brain tissue 
slides by an independent panel of pathologists.  Since brain tumors are small and can 
be easily missed, more sectioning of brain tissue is recommended.  The reviewer also 
recommends analysis of brain lorcaserin distribution in both male and female rats due to 
significant gender differences in lorcaserin kinetics in rats. 

1.1.3  Labeling- Not applicable at this stage 

1.2 Brief Discussion of Nonclinical Findings 

Lorcaserin is a new molecular entity designed to selectively to bind serotonin 2C 
receptors (5HT2C) in the brain. The sponsor is seeking approval of lorcaserin for a 
weight loss indication.  To assess the safety of lorcaserin, standard toxicological 
assessments of lorcaserin were carried out.  Evaluations included genotoxicity, rat and 
monkey toxicology and carcinogenicity studies in mice and rats.  The reproductive 
toxicity of lorcaserin was assessed in rats and rabbits.  The toxicological assessments 
identified two major findings of clinical concern, a) neoplastic tumors in male and female 
rats and b) renal tubular regeneration and degeneration in a 12-month monkey study. 
 
The genotoxicity and carcinogenicity of lorcaserin was assessed in a standard battery of 
genotoxicity tests and 2-year rodent bioassays, respectively.  Lorcaserin was not 
genotoxic nor mutagenic in the standard in-vitro and in-vivo genotoxicity assays. The 
mouse carcinogenicity study was initiated with lorcaserin doses of 0, 25, 50 and 100 
mg/kg.  Oral administration of 100 mg/kg of lorcaserin (7.5 and 15x the clinical dose of 
10 mg BID based on AUC) resulted in acute increase in mortality in both male and 
female mice within 16 days of the study initiation leading to a reduction of the lorcaserin 
dose after consultation with eCAC.  The cause of death at 100 mg/kg was not 
determined but suspected to be neuronal in origin since lorcaserin can partition into the 
mouse brain up to 25x the plasma levels.  The sharp increase in deaths in mice was 
unexpected since 100 mg/kg and higher doses of lorcaserin were tolerated for as long 
as 13 weeks.  The mouse study was continued (Day 19) with lower lorcaserin doses of 
0, 5, 25 and 50 mg/kg. The top dose of 50 mg/kg (4 and 7x the MRHD) was without any 
further incidence of mortality.  In fact, there were no statistically significant changes in 
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higher than the control and historical background in MD males (30 mg/kg).  With no 
brain exposure data, the safety margin for astrocytoma is difficult to predict.  
   

Lorcaserin exposure in mice and rats relative to the clinical dose of 10 mg BID, based 
on AUC (1.02 μg.h/ml) 

 

 
 
The absence of significant increases in mammary tumors in mice at the maximum 
tolerated dose of 50 mg/kg is not considered evidence of a species specificity because 
the highest drug exposure in mice was equal to or less than the lowest drug exposure in 
rats.  Furthermore, since lorcaserin partitions to the brain in mice (25x the plasma) less 
than that in rats (35x the plasma), the brain exposure to lorcaserin did not cover the 
same range seen in rats, suggesting that the absence of tumors in mice were primarily 
due to lower exposure to lorcaserin.     
 
 
Renal Tubular findings in monkey 
In the 12-month monkey study (2, 10, 50 and 125 mg/kg; 1, 6, 37 and 61x the clinical 
dose of 10 mg BID on AUC), lorcaserin resulted in minimal to moderate renal tubular 
regeneration and degeneration at ≥ 10 mg/kg in monkeys.  The severity and incidence 
of tubular regeneration and degeneration increased with dose and persisted at the end 
of the 4-week recovery in some animals at 50 and 125 mg/kg.  Lower doses were not 
included in the recovery phase.  Examination of renal slides from the rodent studies 
were not consistent.  Some early studies (i.e. 3-month rat) had identified a renal signal 
but there were no such findings in the 6-month or the 2-year rat carcinogenicity study.  
Although rats are prone to glomerulosclerosis, cynomolgus monkeys are not, thus 
making the renal signal in monkeys an important adverse effect.  The reason for 
concern stems from the high concentration and function of 5HT2A receptors in the 
kidney. Activation of 5HT2A has been shown to result in tubular hypertrophy in rodents.   
The relevance of renal degeneration at this point is not certain since there has been no 
notable renal signal in clinical studies.  Whether there are renal tubular changes in 
humans is currently unknown.   
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Nonclinical safety issues relevant to clinical use 
 
The most prominent non-clinical finding of potential relevance to chronic use of 
lorcaserin in human subjects is the increased incidence of mammary and brain tumors 
in the 2-year rat carcinogenicity study.  Prolactin as the intermediately hormone for 
mammary tumors is a plausible explanation but studies provided by the sponsor to date 
have failed to show a clear relationship between lorcaserin and prolactin. If the effect of 
lorcaserin on mammary tissue is by direct activation of off target receptors (5HT2A or 
5HT2B), resembling that of 5HT2B activation of heart valves, then the long-term risk to 
humans is substantial. 
 
The high incidence of astrocytoma in male rats at ≥ 30 mg/kg is a concern due to the 
absence of a reliable estimate of safety margins. Although the cell lineage and site 
concordance of rat astrocytoma to humans remains unresolved, the fact that lorcaserin 
is a CNS active drug with significant partitioning to brain tissue makes it a long-term 
clinical risk unless a reliable safety margin can be established or a mode of action that 
is irrelevant to human biology is demonstrated. 
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2 Drug Information 

2.1 Drug: Lorqess ® 

2.1.1  CAS Registry Number: 856681-05-5 

2.1.2  Generic Name: Lorcaserin hydrochloride 

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, MW 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 (Arena pharmaceuticals),  
 Sibutramine (IND 27,624, NDA 20-632, Abbott/Knoll)  
 IND  
 Dexfenfluramine (NDA 20344) 

2.3 Clinical Formulation: 10 mg lorcaserin hydrochloride tablets 

 

(b) (4)

(
b
) 

(b) (4)
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respectively.  Upon initiation of mouse carcinogenicity study, the unexpected rise in 
mortality within 16 days administration of 100 mg/kg of lorcaserin, the sponsor 
requested dose adjustment to 50 mg/kg.  Mid-way (63 weeks) through the rat 
carcinogenicity study the sponsor submitted a 15-day safety report on May 31, 2007 
(#0047), showing a high incidence of mammary tumors in females and brain tumors in 
male and female rats.  At the time of the submission, the sponsor was 8 months to the 
2-year clinical study #3182.  The Division recommended changes to the consent form to 
reflect the preliminary data describing higher than normal incidence of mammary tumors 
and brain tumors in the ongoing study.  The Division requested bimonthly updates of 
mammary and brain tumor incidence as histopathology evaluation of dead rats became 
available (page 148).  In the 3rd bimonthly update on March 10, 08 (WK 96) with all the 
HD females necropsied, there was an apparent dose-dependent increase in incidence 
of malignant mammary tumors (adenocarcinoma) in female rats at all doses.  The 
division met with the sponsor to discuss the mode of action for mammary tumors and 
the possibility of a clinical hold.  The Division allowed the ongoing phase 3 studies to 
continue since the data from other groups in the rat study were still missing, prolactin 
was a reasonable explanation of mode of action, and there were no mammary tumors in 
mice.  The Division requested a draft report of the rat and mouse carcinogenicity studies 
as soon as possible and requested changes to the clinical protocol to include analysis of 
human serum prolactin.  The bimonthly updates continued until the rat study was 
completed and draft report of the rat study was submitted (Feb 3, 2009). 

3 Studies Submitted:  

 Acute toxicology studies in rats and monkeys 
 PK, TK studies including brain distribution in mice, rats and monkeys 
 Standard battery of in-vitro and in-vivo genotoxicity tests 
 Mechanistic studies exploring role of prolactin  
 3- and 6-month SD rat toxicology studies 
 3-month dose ranging study in CD-1 mice 
 3- and 12-month cynomolgus monkeys studies 
 2-year rat and mouse carcinogenicity studies 
 Rat fertility and reproductive studies 
 Rat and rabbit embryofetal developmental studies 
 Rat pre- and post-developmental studies 

3.1 Studies Reviewed: All the above  

3.2 Studies Not Reviewed: None 

3.3 Previous Reviews Referenced:  Toxicology studies up to 3-months in 
mice, rats, and monkey studies, genotoxicity studies as well as some of the 
reproductive toxicology studies were review under lorcaserin IND 69,888. 
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4 Pharmacology 

4.1 Primary Pharmacology 

The FDA briefing document for the September advisory committee meeting reviews 
additional information regarding serotonin receptor selectivity and the nonclinical 
neurological and cardiac assessment of lorcaserin. 
 
Lorcaserin is a chiral compound (r-racemate, purity >98%) isolated from S-racemate.  
In-vivo and in-vitro studies have not found any chiral inversion of lorcaserin.    Rats 
pretreated with 5HT2C antagonist (SB242084) had reduced response to lorcaserin 
suggesting that the appetite suppressant effect of lorcaserin is mediated via 5HT2C 
receptor (Ki 23 nM).   Lorcaserin (R-configuration) and its S-enantiomer binding have 
been tested for affinity to 76 other receptor types, ion channels and transporters 
(appendix B).  The Neither enantiomers displayed significant inhibition of non-
serotonergic receptors at tested concentrations of 1 µM. Lorcaserin has approximately 
14 fold and 100 fold selectivity over 5HT2A and 5HT2B receptors, respectively.  
Lorcaserin was selective to 5HT2C in rats but in monkeys, lorcaserin affinity to 5HT2C 
and 5HT2A and 5HT2B were similar.  Since 5HT2C are primarily located in the CNS, the 
potential non-CNS effect is likely to be a consequence of central effects of lorcaserin in 
rats.   
 

  
 

   
 
In addition to CNS, 5HT2A is also expressed in platelets, fibroblast and cardiovascular 
cells as well as the peripheral neuronal cells. Lysergic acid (LSD) exhibits agonist 
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activity at both receptors. These data were interpreted as indicating that the 5HT2A 
receptor might be the initiating site of action for hallucinogens. 
 

  
 
The binding studies also included evaluation of the prominent metabolite, M1 and minor 
metabolites M2 and M5.  M1 and M5 were inactive but M2 did show some activity at 
5HT2C and 5HT2A (EC50 = 30 to 35 nM) with minimal activity at 5HT2B (17 fold more 
selective).  However, M2 had also appeared to have some inhibitory properties toward 
rat α2-adrenergic (65% inhibition) and human β1-adenergeic receptors (56% inhibition) 
(appendix B for receptor binding table).  
Potential off target activity was measured at well-known receptors, ion channels and 
enzymatic systemic.  Lorcaserin showed no notable binding to non-serotonin receptors.  
The EC50 for dopamine and serotonin transporter was minimal at 23 and 49 μM, 
respectively.  
 

  
   
Drug activity related to proposed indication:  Lorcaserin has been shown to reduce body 
weight in animal models as well as in humans.  .  Chronic administration of 4.5, 9, 18 
and 36 mg/kg of lorcaserin to male and female Levin dietary induced obese (DIO) for 4 
weeks reduced body weight and food intake.  
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Phase IIb clinical study showed a modest decrease in BW with 10 mg QD (-1.8 kg), 15 
mg QD (-2.6 kg) and 10 mg BID (-3.6 kg) lorcaserin in obese human subjects.  Based 
on this study the sponsor chose 10 mg BID as the clinical dose. 

4.2 Secondary Pharmacology 

 Published data suggest that drug-induced decreases in BW can reduce obesity 
associated diabetes, hyperlipidemia, insulin resistance, hypertension.  The benefits of 
weight loss stemming from the reduction in risk factors (blood lipids, cardiovascular etc.) 
have been demonstrated in obese animal studies.  The sponsor has proposed to 
evaluate the potential cardiovascular benefits, effect on mood and quality of life of 
lorcaserin treatment (10 mg BID) in phase III clinical trials.     

4.3 Safety Pharmacology 

Safety pharmacology studies have been reviewed in earlier reviews and only a brief 
summary is provided for reference.  Lorcaserin induced a dose-dependent reduction in 
locomotor activity and increased periods of inactivity in animals.  In the 28-day rat 
toxicology study there were no clinical sign of CNS toxicity at doses up to 50 mg/kg (>24 
X clinical dose, based on AUC).   Some rats at 50 mg/kg were hypersensitive.  An 
incidence of tremor was noted in 1 male rat at 50 mg/kg.    As a CNS active drug, 
lorcaserin has the potential to be addictive and cause psychological disturbances in 
humans; therefore the neurobehavioral effect of lorcaserin in humans was also closely 
monitored.   



NDA #22-529   Reviewer:  Fred Alavi, Ph.D. 
 

18 

In the cardiovascular safety study, single oral doses of lorcaserin up to 100 mg/kg had 
no effect on cardiovascular parameters (MAP, HR, ECG, and QT) in monkeys 
(telemetry up to 20 hr post dose).  When the action potential effect was examined in 
isolated Purkinje fiber assay, lorcaserin significantly prolonged action potential duration 
at 90% (ADP90) in isolated canine Purkinje fiber assay at 30 µM (6.96 µg/ml vs. clinical 
of 85 ng/ml) but had no effect on ADP60 (3, 10 and 30 µM).  In hERG channel study, 
lorcaserin significantly inhibited hERG (IKr) current at all concentrations in a dose-
dependent manner with IC50 =14 µM (3.25 µg/ml) but the potential clinical significance is 
minimal since the concentrations at which these findings were observed are several 
multiples higher than the anticipated plasma concentrations in humans (Cmax of 85 
ng/ml at 20 mg/kg).   Therefore, lorcaserin is unlikely to prolong action potential in 
humans. A definitive human QT study in human subjects was conducted and reviewed 
by FDA. 
 
In a recent review article McCann et al (278(8): 666-672, JAMA, 1977) discussed long-
term use of fenfluramine on brain serotonin neurons, body weight, and pulmonary 
function in animals and humans. They reported that fenfluramine caused dose-related, 
long-lasting reductions in serotonin axonal markers in all the animal species tested at 
doses similar to doses used in humans.  The primary human adverse findings were 
related to development of primary pulmonary hypertension.   In animal studies where 
high doses of fenfluramine and dexfenfluramine were administered for longer than 2 
weeks, degeneration of 5-HT nerve terminals throughout the forebrain of animals were 
reported.  The degeneration of 5HT nerve terminals was characterized by depletion of 
tissue 5-HT, decreased 5-HT biosynthesis, and loss of 5-HT transporters.  These effects 
are believed to be caused by accumulation of drug molecules into 5-HT nerve terminals 
and subsequent cytotoxic effects of these drugs or their metabolites.  Although there is 
no data to suggest that lorcaserin may share the same features with fenfluramine, the 
potential for neurotoxicity exist since rat data found significant accumulation of 
lorcaserin (13 to 30 fold) in rat brain relative to plasma.  It should be noted that no such 
findings were reported in rats and it is not known if such damage occurs in humans or if 
there are clinical consequences.  Other potential CNS effects of chronic use of 5HT 
drugs is a condition called serotonin syndrome, a potentially dangerous and fatal 
condition characterized by a hyperserontonergic state.  Serotonergic syndrome which 
may occur when a combination of two or more serotonergic drugs are taken is relatively 
rare but could occur if lorcaserin is used in combination with another 5HT drug such as 
SSRIs.   The sudden death in some of the high dose animal toxicology studies reported 
with lorcaserin could have potentially been caused by a hyperserontonergic state. 
 
Abuse liability:  As a CNS drug, serotonin receptor agonists including lorcaserin have 
the potential to activate 5HT2A if drug concentrations are sufficiently high.  Activation of 
5HT2A is known to result in psychological disturbances such as hallucinations.  The 
potential CNS effect of lorcaserin was examined in a series of studies in animals.  In 
these studies, low doses of lorcaserin did not appear to result in adverse CNS effects, 
however since there was no reliable positive control in these studies and doses of 
lorcaserin were limited to 5 mg/kg, the absence of CNS behavioral effects is not 
reassuring.  The crude assessment of behavioral effects of lorcaserin in the toxicology 
studies found no notable adverse effect.   
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5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

Lorcaserin (APD356), prominently an R-enantiomer (>98% purity) is a highly 
bioavailable compound in animals (F: 93%, 51% and 37% in rats, monkeys and dogs 
respectively).  Food had no effect on lorcaserin bioavailability in rats or humans.  
Studies have found minimal chiral inversion.  Exposure to lorcaserin increased in a 
dose-proportional manner in oral pharmacokinetic studies.  As a 5HT2C receptor 
agonist, the appetite suppressive effect of lorcaserin is exerted at the brain level and 
thus drug entry and accumulation in the brain are fundamental for its pharmacological 
effect.   Studies in rats have shown lorcaserin concentrations in the brain to reach 13 to 
30 times the plasma concentration. Whether brain exposure in humans is as high as 
that seen in rats is unknown.  Since a nominal dose of 10 mg BID (AUC of 1.02 μg.h/ml) 
was able to reduce BW in humans, one may conclude that there is significant brain 
exposure to lorcaserin in humans. Lorcaserin is significantly metabolized to prominent 
metabolites (7-hydroxy and N-hydroxy metabolites).  Since the metabolites identified in 
human liver microsomes were also found in animals (rats, rabbits and cynomolgus 
monkey), the toxicology profile of the metabolites has been assessed and no additional 
toxicology studies of metabolites are needed. Lorcaserin reversibly increased hepatic 
microsomal enzymes (CYP1A, CYP2B, CYP1A1 and CYP2B1/2) in rats. It had no effect 
on CYP3A4 or CYP2C9.  Lorcaserin minimally inhibited human CYP2D6 (2.9 μM), 
CYP2C19 (53 μM), CYP2C9 (61 μM), CYP1A2 (200 μM) and CYP3A4 (200 μM). 
Lorcaserin moderately bound plasma proteins in humans (~74%), monkeys (~73%), 
rabbits (~62%), rats (~70%) and mice (~ 67%).  Lorcaserin is rapidly metabolized to 2 
major metabolites, namely M1(lorcaserin sulfamate, APD244208) and M5 (N-carbamoyl 
glucuronide).  The remaining metabolites constituted a fraction of total in plasma.  
Several metabolites (M2, M3, M4 and M6) that were identified in-vitro were also found in 
some instances in urine and feces of the tested species. Neither M1 nor M5 showed 
any pharmacological activity, however, minor M2 showed some agonistic potency to 
human 5HT2C and 5HT2A with 17 fold selectively to 5HT2B 

 
Absorption   
Bioavailability of lorcaserin in male SD rats (2 to 30 mg/kg), male cynomolgus monkeys 
(1.5 to 100 mg/kg) and dogs (6 mg/kg) were 93%, 51% and 37%, respectively.  Food 
had no effect on lorcaserin bioavailability in rats; however, a delay in absorption was 
noted in fed animals.  Similarly, clinical PK study found no food effect on PK parameters 
as predicted by rat study.  In the cyclosporine-sensitive drug transporter model, 
Lorcaserin did not show signs of active efflux.  Hepatic extraction of lorcaserin was 
relatively low as demonstrated after jugular and portal vein administration of 5 mg/kg to 
male rats (~ 32%).  Analysis of brain levels of lorcaserin in rats found 13 to 35 fold 
higher brain levels than plasma suggesting an active transport system may be involved.  
At significantly higher brain exposure levels, one would expect significant PD effect in 
rats, yet only the highest doses in toxicology studies minimally affected appetite and 
BW.  
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Distribution   

Brain and plasma concentration profiles for lorcaserin after oral administration to male 
SD rats (single 10 mg/kg) were comparable with respect to t1/2 (plasma 4.9 hr, brain 4.7 
hr).  The tmax for brain was 1 hr versus 0.25 hr to tmax for plasma concentrations in this 
study.  At 24 hr post-dose, the ratio of lorcaserin concentrations in brain over plasma 
were 11.5 to 30 fold (µg lorcaserin per g brain/µg lorcaserin per ml plasma) suggesting 
a role for active transport of lorcaserin across the BBB and minimal active efflux from 
the brain.  Whether high brain to plasma exposure also occurs in humans is unknown at 
this point.   
 
Tissue distribution 
 
Plasma 14C levels approached background by 120 hr after single oral dose of lorcaserin.  
In most tissues the tmax for 14C-APD356 derived radioactivity was within the 1 to 2 hr 
post-dose.  As expected, 14C-APD356-derived radioactivity was highest in tissues 
associated with drug pathway (gastrointestinal, stomach, small intestine and bladder).  
The lungs exhibited relatively high concentrations of 14C-APD356-derived radioactivity 
(tmax between 1 to 2 hrs).  Earlier study had found brain exposure to be approximately 
11 to 30 times greater than plasma.   The ratio of 14C-lorcaserin in plasma to whole 
blood was between 1.5 and 1.6 through 24 hr post-dose, suggesting differential 
distribution to the plasma (75% to 80% of the total).  In the in vitro human whole blood 
distribution study (200 ng/ml of lorcaserin), approximately 95% of lorcaserin was found 
in the plasma similar to the radioactivity study results in rats.   
 
 
Brain tissue Distribution 
In series of drug distribution studies, the brain and cerebrospinal fluid (CSF) levels of 
lorcaserin and its prominent metabolites (M1 and M5) were evaluated in rats, mice and 
monkeys   
 
In one of the earliest brain distribution studies (PDR-03-0097) in 2004, a single 10 
mg/kg dose of lorcaserin was given to male SD rats (PO) with plasma and brain 
analysis determined over a 40 hr time period (part 1).  In part 2, single lorcaserin doses 
of 2, 10, 50 and 100 mg/kg were given to male SD rats (PO) with brain and plasma 
lorcaserin analysis carried out at 1 and 24 hr post dose.  This initial analysis did not 
include M1 metabolite exposure.  Based on the single dose test, the AUC for lorcaserin 
in the brain was about 13x greater than plasma AUC.  When plasma concentrations 
were compared at different dose levels, the brain to plasma lorcaserin ratio varied from 
16 to 34 fold suggesting that lorcaserin brain levels may vary with dose.   
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In a rat study (PDR-08-218), 10 mg/kg of lorcaserin HCl hemihydrate was administered 
by gavage to male Sprague Dawley CD rats for 14 days.  The plasma, CSF and brain 
tissue levels of parent and APD244208 metabolite (M1) were measured on Day 1 and 
Day14 similar to mouse study.  As expected lorcaserin was rapidly absorbed from the 
GI into the systemic circulation to CSF and finally to the brain.  Lorcaserin AUC and 
Cmax in the brain were 24x and 21x greater than plasma levels in male rats.  Repeated 
administration of lorcaserin for 14 days increased plasma AUC by 75% but brain levels 
were increased by 20%.  Contrary to parent drug, the prominent metabolite of lorcaserin 
was not reaching the brain in significant amounts. Although brain levels were nearly 24x 
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greater than plasma, the CSF levels were fraction of plasma levels suggesting that 
lorcaserin in the CNS removed and stored/trapped in the brain tissue in rats similar to 
mice. As noted in mice, the M1 exposure in the brain was a fraction (~110 fold lower) of 
plasma levels suggesting that any CNS effect is unlikely to be due to M1 metabolite in 
rats.  Overall, the rat study found up to 24x fold higher brain lorcaserin levels than 
plasma.  Exposure to metabolite in the brain and to parent in the CSF was negligible. 
 

 
 

 
 
In a third rat study (PDR-08-014), a higher dose of lorcaserin HCl hemihydrate (30 
mg/kg) was administered by gavage to male Sprague Dawley CD rats for 14 days.  The 
plasma, CSF and brain tissue levels of parent and APD244208 metabolite (M1) were 
measured on Day 1 and Day14 as noted before.  As expected lorcaserin was rapidly 
absorbed from the GI into the systemic circulation to CSF and finally trapped in the 
brain.  
Lorcaserin AUC and Cmax in the brain were 35x and 17.3x greater than plasma levels 
in male rats at the higher dose of 30 mg/kg.  The increase in lorcaserin from 10 to 30 
mg/kg appeared to increase brain exposure in rats (24 fold vs. 35 fold) suggesting that 
higher doses may lead to significantly greater brain levels. This may explain why there 
were notable CNS findings in rat carci study but not in mice. 
Repeated administration of lorcaserin increased brain AUC (64%) slightly more than 
plasma (43%).  Although increase in plasma AUC at 30 mg/kg was dose-proportional to 
10 mg/kg, the brain AUC at 30 mg/kg was greater (37%) than dose-proportional , 
suggesting that lorcaserin might accumulate to a greater degree at higher doses. 
Although CSF levels increase in proportion to plasma levels of lorcaserin, lorcaserin 
levels in CSF were about 3 and 116x lower than plasma and brain levels, respectively.  
It appears that as lorcaserin enters the CSF, it quickly partitions to brain tissue.  Unlike 
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the parent drug, the exposure to M1 metabolite in CSF and brain were 25x and 110x 
lower than plasma, respectively. It appears that 34 fold higher M1 metabolite levels in 
plasma than lorcaserin did not result in higher CSF and brain levels suggesting that 
lorcaserin is transported to the brain by some unknown mechanism.  
 
Overall, the rat study at 30 mg/kg found that lorcaserin partitions at a 35 to 1 ratio in 
brain versus plasma.  Higher dose of lorcaserin results in greater than dose-proportional 
increase in brain exposure.  The M1 metabolite stayed was largely excluded from the 
CNS, staying in the systemic circulation.  
 

 
 

 
 

 
 



NDA #22-529   Reviewer:  Fred Alavi, Ph.D. 
 

24 

 

 
 
In a mouse study (PDR-08-219), lorcaserin HCl hemihydrate was administered orally to 
ad lib fed male CD-1 mice (35.7 ± 2.9 g,  at 50 mg/kg for 14 
days and plasma levels as well as brain and cerebrospinal fluid (CSF) levels of parent 
and APD244208 metabolite (M1, HSO3-APD356) were evaluated on Day 1 and Day 14.   
The brain tissue AUC and Cmax in male mice were 26x and 22x greater than plasma 
levels in male mice.  Although there was no notable change in AUC exposure with 
repeated dosing of lorcaserin, the Cmax on Day 14 was increased by 38%.  
Interestingly the CSF levels for both lorcaserin and APD244208 metabolite were 
minimal relative to plasma and brain levels providing evidence that as soon as either 
parent or metabolite enters the CSF, it is shifted to the brain tissue. Relative to 
lorcaserin, there was no or very little M1 in the brain.  In fact the brain levels of M1 
metabolite were 126 to 190 fold lower than plasma suggesting minimal CNS role for M1 
metabolite.  The unexpected accumulation of lorcaserin in the brain suggests that even 
lower doses of lorcaserin could lead to significant and excessive brain exposure levels 
in mice.   
Overall, the 14-day mouse study found significant lorcaserin accumulation with no 
notable change in M1 metabolite suggesting that any CNS effect of lorcaserin is likely to 
be sole responsibility of lorcaserin in mice. 

(b) (4)
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In a preliminary monkey study (ARN-20080418), a single dose of 10 mg/kg of lorcaserin 
HCl hemihydrate was administered orally to 2 naïve male Cynomolgus monkeys 

 and plasma levels as well as brain and 
cerebrospinal fluid (CSF) levels of parent and APD244208 metabolite (M1, HSO3-
APD356) were determined. The brain concentrations were about 7 to 9x the plasma 
concentrations at 4.5 and 24 hrs post dose.  Although plasma M1 metabolite 
(APD244208) exposure was about 16 x greater than lorcaserin, the brain and CSF 
concentrations of M1 metabolite was fraction of the plasma M1 concentrations.  
 

 

(b) (4)
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The preliminary study in monkey found significant accumulation (~8x) of lorcaserin but 
not M1 metabolite after single 10 mg/kg dose of lorcaserin.   
 
 
In a monkey study (ARN-20080419), 10 mg/kg of lorcaserin HCl hemihydrate was 
administered orally to naïve male Cynomolgus monkeys  

 for 7 days and plasma levels as well as brain and cerebrospinal fluid 
(CSF) levels of parent and APD244208 metabolite (M1, HSO3-APD356) were evaluated 
on Day 1 and Day 7. The brain AUC was 10x greater than the plasma AUC in male 
monkeys.  The brain to plasma ratio on Day 7 was about 21% greater than the ratio on 
Day 1 suggesting slight accumulation in the brain with repeated oral administration of 
lorcaserin.   

 
 
Although the mean ratio of brain to plasma was about 10 fold in monkeys, the ratio 
ranged from 3 fold to 23 fold suggesting that not all animals accumulate lorcaserin in the 
brain tissue to the same extent.  Animals capable of accumulating more drug may show 
significant CNS effect.  With this large variance in brain exposure, the CNS safety can 

(b) (4)

(b) (4)
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not be reliably extended from one animal to another.   
 

  
 
Although lorcaserin accumulated in the monkey brain, accumulation multiples was not. 
Although the plasma M1 exposure was high relative to parent drug in all species, very 
little of it reached the CSF.  There was very little accumulation of M1 metabolite in 
monkeys or any other species suggesting that a) M1 metabolite was unlikely to play a 
CNS role, b) there is no active transport for M1, c) M1 profile in rodents and monkeys is 
likely to extent to humans. 
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The HPLC assay used by the laboratory in  had a LLOQ that ranged from 1 to 
5 ng/ml for lorcaserin.  

      
 
Overall, the 7-day monkey study found a 10-fold increase in brain lorcaserin exposure 
relative to plasma.  The brain accumulation in monkeys was not as high as those in rats 
(35x) and mice (25x), however wide range of variation in the brain lorcaserin 
accumulation among monkeys (3 to 23x) suggests that some animals may accumulate 
significantly more lorcaserin in the brain than other thus leading to wide range of 
pharmacological and toxicological response.  Exposure to M1 metabolite in monkeys 
was nearly 90 fold less than lorcaserin.  Similar to rodents, high plasma M1 exposure 
did not lead to high brain exposure in monkeys. 
 
Protein binding 
Lorcaserin protein binding ranged from 66 to 76% across species.  Percent binding of 
lorcaserin to human plasma proteins was 72.9% in females and 75.1% in males.  
Lorcaserin binding to human plasma proteins (mixed gender) did not change with 
lorcaserin starting concentrations of 0.1 to 10 µM. Plasma protein binding in mice was 
approximately 66%.  
 
 

(b) (4)
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Metabolism   
Enantiomeric conversion 
Potential enantiomeric conversion of lorcaserin was determined in plasma samples 
obtained from male SD rats (50 to 500 mg/kg, PO) and male cynomolgus monkeys (100 
and 300 mg/kg, PO).  Plasma samples collected from 0.5 to 24 hr post-dose were 
analyzed by a chiral HPLC method for lorcaserin and its (S)-enantiomer (AM-0012).  No 
change in the amount of the optical isomer was observed in any of the plasma samples.  
Potential enantiomeric conversion of lorcaserin was also measured in vitro in 
microsomes prepared from SD rat, cynomolgus monkey and human liver.  No change in 
the amount of the optical isomer was observed after in vitro incubation with rat, monkey, 
or human liver microsomes.  Metabolism of lorcaserin in these incubations resulted in 
20% to 50% loss of lorcaserin. 
 
Species comparison of microsomal metabolism 
14C-APD356 was incubated with human hepatic microsomes and microsomes from a 
variety of other species, including those used in toxicology studies (i.e., male and 
female SD rat, male and female cynomolgus monkey, and female New Zealand White 
rabbit).  Incubations were conducted at 37°C, and included an NADPH generating 
system, starting with 30 µM APD3S6. Turnover of 14C-APD356 in human liver 
microsomes was relatively low, and 5 hr incubation was required to obtain significant 
amounts of metabolites.  Human liver microsomes produced 7 metabolites that were 
identified by distinct HPLC retention times.  All metabolites were produced by hepatic 
microsomes from other species, including male and female rat, male and female 
monkey and female rabbit, thus metabolite safety were adequately assessed. 
 
Identification of Metabolites 
Lorcaserin (APD356) is rapidly and extensively metabolized in nearly all the species.  
The prominent circulating metabolite of lorcaserin is M1 also known as lorcaserin 
sulfamate (APD244208), see table blow.  The second most prominent metabolite is M5, 
an N-carbamoyl glucuronide conjugate of lorcaserin.   All the metabolites identified in 
human liver microsomes have been also identified in mouse liver microsomes.  After 
oral administration of lorcaserin to humans only minor levels of  7-hydroxy metabolite 
was observed.  Lorcaserin is directly conjugated to lorcaserin sulfamate (APD244208) 
in vivo. 
The remaining minor metabolites that constituted fraction of total drug exposure were 
M3 (N-hydroxy-APD356), M4 (1-hydroxy-APD356), M8 (4-keto-N-hydroxy glucuronide 
of APD356), M9 (N-hydroxy-O-glucuronide of lorcaserin), M10 (sulfate of 7-hydroxy 
APD356), M11 (O-glucuronide of 7-hydroxy-APD356), M12 (O-glucuronide of 5-hydroxy 
APD356), M13 (N-glucuronide of APD356), and M14 (N-oxide-N-glucuronide of 
APD356), M15 (glucuronide of an oxidative metabolite of APD356) and M16 
(glucuronide of 9-hydroxy APD356).   
Minor M2, M3, M4 and M6 metabolites were identified in-vitro but not in plasma, 
however, there was some exposure to M3 and M4 in urine and feces.  
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Induction of hepatic enzymes 
The ability of lorcaserin (APD356) to induce liver enzymes was evaluated in a 28-day 
rat study at 10 and 50 mg/kg of lorcaserin.  Lorcaserin induced liver microsomal 
enzymes in both male and female rats, marked by increase in total CYP450 content.  
Lorcaserin increased CYP1A, CYP2B and CYP1A1 and CYP2B1/2 in rats.  The levels 
of these enzymes had returned to normal level at the end of the recovery phase. 
 
Liver enzyme induction studies were also carried out using human hepatocytes 
incubated for 3 days with 0.2, 2 and 20 μM of lorcaserin. In contrast to the rat study, 
lorcaserin concentrations up to 20 μM had no effect on  CY1A2, CYP2C9 and CY3A4 
levels.  The highest concentration of lorcaserin slightly increased only the levels of 
CYP2D6(1.85 fold) and CYP2C19 (1.3 fold). Since the increase in CYP2B9 and 
CYP2C19 were less than 2 fold and occurred at 20 μM, the potential for induction of 
these enzymes under normal clinical conditions is minimal. 
 
The induction of CYP2B1/2 was evaluated in male and female SD rats due to liver and 
thyroid pathology findings in the toxicology studies in rats.  The induction of CYP 2B1/2 
and UDP-glucuronosyl transferase (UGT1A) by phenobarbital (PB) has been associated 
with hepatic and thyroid pathology in rats.  Male and female SD rats were treated with  
10, 30, and 100 mg/kg for 7 days.  A separate group of rats were treated with 80 mg/kg 
of PB,  positive control.   Lorcaserin dose-dependently induced CYP2B1/2 and 
CYP2B1/2 mRNA expression in both male and female rats.  Lorcaserin dose of 100 
mg/kg appear to induce both CYP2B1/2  and UGT1A enzyme the same extent as the 
positive control.  Lorcaserin also treatment increased hepatic mRNA expression of rat 
UGT1A1 and UGT1A6 suggesting that lorcaserin induction of these enzymes might be 
similar to the positive control.  
 
Lorcaserin also dose-dependently induced 
CYP1A1 and CYP3A1.  However, the 
CYP1A1 induction was much less than 3-
methylcholanthrene (3-MC), a well known 
CYP3A1/2 inducer.  In contrast to rat liver 
induction assay, lorcaserin at concentrations 
up to 20 μM had no effect on human 
CYP1A1 or CYP3A1 suggesting that the 
liver and thyroid pathology (tumors) in rat 
carcinogenicity study are less likely to occur 
in humans at therapeutic dose of 10 mg/kg 
(Cmax). 
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Inhibition of human liver enzymes 
The ability of lorcaserin to inhibit human hepatocyte CYP 450 isozymes (CYP1A2, 
CYP2C9, CYP2C19, CYP2D6 and CYP3A4) was evaluated in human liver microsomal 
preparation using CYP-specific substrates.  
Lorcaserin inhibited the metabolism of dextromethorphan (CYP2D6) in a concentration-
dependent manner with an IC50 value of 3.99 ± 0.41 μM (781 ng/mL), whereas it did not 
inhibit phenacetin (CYP1A2), tolbutamide (CYP2C9), (S)-mephenytoin (CYP2C19), or 
midazolam (CYP3A4) metabolism up to the concentration of 100 μM.   Additional 
studies were carried out since only CYP2D6 was inhibited by lorcaserin.  Lorcaserin 
inhibited dextromethorphan metabolism in a competitive manner with a Ki value of 2.03 
± 0.18 μM (397 ng/mL).    
In summary these studies found lorcaserin to be a capable completive inhibitor of 
human CY2D6 but not CYP1A2 (200 μM), CYP2C9(61 μM), CYP2C19(53 μM), or 
CYP3A4 (200 μM) human microsomal enzymes.  The inhibition of CYP2D6 by 
lorcaserin suggests that lorcaserin may increase the exposure of drugs metabolized by 
this CYP2D6. 
 

Excretion   

Lorcaserin (APD356) is metabolized and excreted primarily by the kidneys (70 to 82%) 
and to some extend by feces (14 to 25%) in SD rats.   When rats were dosed with14C 
Lorcaserin approximately 96% of the radioactivity was recovered by 120 hr in both male 
and female rats.  Percent excretion of radioactivity was greater than 70% of dose after 
24 hr, greater than 85% of dose after 48 hr, and greater than 96% of dose after 120 hr 
(the last time-point).  Recovery of lorcaserin itself in urine was 1.7% of total oral dose in 
male rats and 4.0% of total oral dose in female rats (to 120 hr post-dose).   Biliary 
excretion of lorcaserin after single oral dose of 10 or 100 mg/kg represented less than 
1% of the total lorcaserin dose at both 10 and 100 mg/kg. 
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Toxicokinetic parameters collected from 3-month rat, monkey and mouse toxicology 
studies.  The AUC for 100 mg/kg/d lorcaserin (APD356) was 50 to 66% higher ( M:55.9, 
F:83.8 μg.h/ml) at 52 weeks in the carcinogenicity study than the AUC at the same dose 
level at 13 weeks in SD rats.  The safety margin at 100 mg/kg in the 13-week study was 
33x (M) and 55x(F) the clinical dose of 10 mg BID based on AUC vs. 55x(M) and 82x(F) 
in the rat carcinogenicity study at week 52.  
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Induction of liver CYP2B1/2 and UDP-glucuronosyltransferase (UGT) in SD rates 
treated with lorcaserin doses of 10, 30 and 100 mg/kg of lorcaserin for 7 days. 
Phenobarbital (PB) was used as positive control.  
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Induction of liver CYP1A1/2 and CYP3A1 in SD rates treated with lorcaserin doses of 
10, 30 and 100 mg/kg of lorcaserin for 7 days. 3-Methylcholanterene (3-MC) was used 
as positive control.  
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• Significant decrease in BW gain  during WK1 at 50 mg/kg (M -29% and F -49%) was 
only slightly lower than control (M -15% and F -7%) at the end of the study 

• Slight decrease in food intake during WK1  at 50 mg/kg 
• There were no ophthalmic findings  
• Significant decrease in erythroid parameters were noted at 50 mg/kg with associated 

increase in reticulocytes 
• Small changes in clinical  chemistry parameters were not considered clinically 

meaningful 
• No notable change in urinalysis except for an increase in urine volume at ≥ 5 mg/kg 
• Gross findings included enlarged liver in 2 HD males and moderate renal pelvic 

dilatation in 1 male at MD dose (5 mg/kg) 
• There was significant increase in relative kidney, liver heart and spleen weight at HD 
• Minimal centrilobular hepatocellular hypertrophy in 2 MD males and minimal to 

moderate hepatocellular hypertrophy in 18/20 males and 16/20 females at 50 mg/kg  
• Dose-related increase in centrilobular hepatocellular vacuolation at all doses in males 

but not females even though drug exposure was higher in female rats.  No evidence of 
hepatic vacuolation during recovery 

• Minimal to mild incidences of focal liver necrosis in 1 male and 1 female at 1 and 5 
mg/kg and 1 female and 2 males at 50 mg/kg. Only 1 HD female at recovery had 
minimal focal liver necrosis. 

• Minimal to mild increase in extramedullary hematopoiesis at 50 mg/kg 
• There were no drug related valvular or cardiac or renal histopath findings in rats 
• Minimal hyperplasia of mammary ducts in 2 HD female rats. There were no such 

findings in the recovery animals. 
• The AUC exposure on Day 183 was greater than Day 1 by 1.1 to 2.6 fold in both male 

and female rats although exposure in females tend to be 50% greater than males.  
The greater exposure to parent drug in females was attributed to lower Cyp3A4 in 
female rats 

• The most prominent metabolite, M1 (lorcaserin sulfamate, APD244208) and 
APD306388 (M2) were identified in both male and female rats. 

• The exposure to M1 was 20 to 160 fold greater than the parent drug while the 
exposure to M2 was 20% less than parent drug  

• The NOAEL was 5 mg/kg was approximately  1.6 to 3 fold greater than clinical 
exposure at 10 mg BID (AUC 1.02 μg.h/ml) 

 
Methods 
Rats were treated daily with lorcaserin hemihydrate (correction factor, 1.037) for 
6-months of with a 4-week recovery phase (control and HD).  The lorcaserin was 
prepared in deionized water and administered by oral gavage.  Rats in the 
toxicokinetic satellite groups (12/sex/group) were similarly treated for PK analysis 
of parent and metabolites (M1 and M5).  Animals had ad lib access to food and 
water.  The stability studies showed lorcaserin solutions were stable for 3 months 
at room temperature or stressed temp (40C).  Solution concentrations were 
within 91.1 to 104.5% of the target solution concentrations.   
 

Doses: 0, 1, 5 and 50 mg/kg 
Frequency of dosing: daily 
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Route of administration: Oral gavage 
Dose volume: 5 ml/kg/day 

Formulation/Vehicle: water 
Species/Strain: CD® [Crl:CD ® (SD)]  rats,  

Number/Sex/Group: 25/sex/C and HD, 20/sex/LD and MD 
Age: 6 weeks old 

Weight: 180-210 g males and 153-176 g females 
Satellite groups: 12/sex/group 

Unique study design: Liver samples were also collected at the end of 
the study for enzymatic analysis. In addition, 
methylene blue was used to stain blood smears 
for Heinz bodies.  

Deviation from study protocol:  

Observations and Results 

Mortality 

 Main Study  
• 2 control males (Found dead on D142 and D163) 
• 5 males and 1 female at 50 mg/kg (Found dead: 1 M on D42, 1 F D49, 1 M on 

D103, 1 M on D172, 1 M on D126; Moribund euthanized 1 M on D107) 
• The cause of death was not determined except in 2 HD males (1 male was 

euthanized due to shoulder jury abrasion/laceration/skin inflammation/necrosis 
and 1 male died due to lymphoma).  Although the cause of death in other HD 
animals was not determined, the reviewer considered them drug-related as they 
may have died to seizure or other CNS toxicity. 

 
 TK study 

• 3 males (D95, 118 and 119) and 1 female (D 119) at 50 mg/kg were found dead. 
• No deaths at lower doses (1 and 5 mg/kg) 

Clinical Signs 

• Salivation (prominent during WK1) and red/yellow/black/brown material around 
the nose/mouth/eyes in both sexes at 50 mg/kg and as a minor incidence in 
males at 5 mg/kg 

• No notable clinical signs were noted in rats during recovery period 

Body Weights 

• Significant decrease in body weight gain in both males (-29%) and females (-
49%) during the first week at 50 mg/kg and slight non-significant decrease in BW 
gain during week 1 at 5 mg/kg. 

• The final BW (M: -10%) and BW gain (M: -15%, F: -7%) at 50 mg/kg reflected the 
initial decrease in BW gain during week 1. 

(b) (4)
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The changes in body weight in rats in the main and TK studies 
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Feed Consumption 

• Slight decrease in food intake at 50 mg/kg correlating to slight decrease in initial 
BW gain. The decreases were primarily seen in the first few days of the 
treatment.  It appears that only the HD was capable of reducing food intake and 
correlated decrease in BW in rats. 

   
 
Ophthalmoscopy: Nothing abnormal was found at the end of the study in the 

treated rats 
 
ECG: Not applicable 
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List of prominent histopathology findings at the end of the 4-week recovery in rats 
treated with lorcaserin for 6 months: 
 

    
 

   
 



NDA #22-529   Reviewer:  Fred Alavi, Ph.D. 
 

56 

Toxicokinetics 

• Lorcaserin (APD356) AUC exposure increased in a dose-proportional manner in 
both male and female rats.  AUC on day 28 was nearly twice the AUC on Day 1. 

• The exposure on Day 182 (end of the study) was greater than Day 1 (1.1 to 2.6 fold) 
• Lorcaserin was rapidly absorbed with Tmax of 1.25 hrs (0.5 and 4 hrs) 
• Lorcaserin exposure was nearly 50% greater in females than males at the end of the 

study. 
• Female rats have lower CYP3A4 metabolizing capacity but since the M1 metabolite 

exposure was also higher in females suggest that either female rats received larger 
lorcaserin dose or drug was more bioavailable in them. 

• Two major metabolites APD244208 (M1) and APD306388 (M5) were identified in 
both male and female rats.  The exposure to M1 was 20 to 160 fold higher that the 
parent exposure while M5 exposure was 20% of the parent drug exposure.  

• AR244208 was formed in male and female rats after oral administration of 
lorcaserin. 

• A244208 exposure ranged from 20- to 160-fold higher than the concomitant 
lorcaserin exposure across gender, dose and day of dosing. 

• AR306388 was formed in male and female rats after oral administration of 
lorcaserin. 

• AR306388 exposure was 20% or less than the concomitant lorcaserin exposure 
across    gender, dose and day of dosing. 
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Safety Margins for lorcaserin based on AUC in rats: 
NOAEL of 5 mg/kg was based on liver histopath findings in the 6-month rat study..  
 

Species Dose, 
mg/kg 

AUC0-t 
µg.h/ml 

Animal to human dose 
exposure ratio based on AUC

1 M: 0.27, F:0.389 <1 
5  M: 1.53,  F: 2.9 M: 1.5,  F: 2.8 

26-Week Rat Study 
with a  
4-Week Recovery 50 M: 22.7,  F: 37.7 M: 22.2  F: 37 

MRHD: 10 mg BID 1.02  
 
Safety Margins for M1 metabolite (APD244208, sulfamate metabolite), based on AUC: 
 

Species Dose, 
mg/kg 

AUC0-t 
µg.h/ml 

Animal to human dose 
exposure ratio based on AUC 

1  M: 22.2, F: 13.9 M1: 4,  F: 2.6 
5   M: 112,  F: 83.3 M: 21,  F: 15 

26-Week Rat Study 
with  
a 4-Week Recovery 50 M: 473, F: 779 M: 87,  F: 144 

MRHD: 10 mg BID 5.422  

Stability and Homogeneity 

The stability studies showed lorcaserin solutions were stable for 3 months at room 
temperature or stressed temperature (40C).  Solution concentrations were within 91.1% 
to 104.5% of the target solution concentrations. 
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Study Title: A 52-Week Toxicity Study of APD356 Administered by Nasogastric 
 Intubation to Cynomolgus monkeys with a 4-Week Recovery Period. 
 
Key Findings: 

• There were 2 deaths in HD (1 F: Day15; 1 M: Day64) due to apparent gavage 
error.  These two animals had frequent emesis and deaths may have been due 
to aspiration of dose or stomach content.   In 13-WK study, there were also two 
deaths (1 F at 125 mg/kg, 1 M at 75 mg/kg) of unknown cause.   

• Dose-related clinical signs consisted of decreased activity, emesis, hunched 
appearance, tremors, and emesis which were absent during recovery.  Monkeys 
at 125 mg/kg displayed greater incidence of tremor (females only) and emesis 
(both gender) 

• Incidence of seizure was noted in 1 HD male 20 min post dose on Day 1.  There 
were no more seizure in this male after administration of  diazepam, IV  

• Dose-related decrease in food consumption and some decrease in body weight 
at doses ≥ 50 mg/kg.  There was no change in BW or BW gain at 2 and 10 
mg/kg.  

• There was no drug-related change in cardiovascular parameters in monkeys  
• Significant decrease erythroid parameters (Hgb, Hct and RBC) in HD monkeys 

was associated with compensatory increase in reticulocytes at 125 mg/kg 
• lorcaserin reduced serum lipids (LDL, HDL and Cholesterol) at ≥ 50 mg/kg  
• There was a mild increase in ALT in HD monkeys likely due to mild hepatic 

lipidosis 
• Urinalysis found presence of WBC in 1 F at 50 mg/kg and 3 F at 125 mg/kg two 

of which had protein and cellular casts suggesting renal damage 
• Although there were no notable differences in organ weights, the absolute kidney 

weights appeared to be unchanged or slightly heavier even though they had 
lower BWs.  The relative organ /BW weight for kidney, liver and heart were 
increased in HD females. 

• There was a dose-dependent increase in the incidence of renal tubular 
regeneration at all doses but more frequently at 10, 50 and 125 mg/kg.  The 
incidence of renal tubular degeneration (minimal to moderate) was only observed 
at 125 mg/kg, while cellular casts were seen at doses ≥ 50 mg/kg suggesting that 
drug-related renal histopathology was lorcaserin related but more notable at 
doses ≥ 10 mg/kg (regeneration) with degeneration limited to 125 mg/kg where 
both regeneration and degeneration occurred.  Renal findings were not reversed 
at the end of the 4-week recovery phase in MD and HD monkeys. 

• As a 5HT2C agonist, there was no evidence of valvulopathy although some 
questionable findings were noted in couple of drug treated monkeys such as 
aortic intima fibrosis (1 M at 50 mg/kg) and atrial epicardial inflammation (1 F at 
125 mg/kg)  

• Minimal bone marrow lymphoid nodules in 1 male at 50 and 125 mg/kg 
• Incidence of liver necrosis in 1 HD male in the main study and 1 HD recovery 

female 
• Minimal to mild thyroid follicular degeneration at 10 mg/kg (2 M) and 50 mg/kg (1 

M, 1 F) and at 125 mg/kg (1 F).  Similar findings were noted in 2 HD females in 
the recovery phase of the study. 
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Dosing: 0, 2, 10, 50 and 125 mg/kg 
Species/strain: Cynomolgus monkeys (Macaca fascicularis) from  

 
Age:    3.4 to 5.6 years for males and 2.8 to 4.8 years for females 
Weight:  2.8 to 4.7 kg males and 2.5 to 3.6 kg females 
Satellite groups used for toxicokinetics or recovery: Recovery animals  
Drug, lot#, radiolabel, and % purity:  04P0222  (Day 1-91) and 04L018 (Day 92-264), 
99.2% 
Formulation/vehicle: distilled water, 5 ml/kg 
 
OBSERVATIONS AND TIMES: 

Clinical signs:  Twice daily  
Body weights:   weekly 
Food and Water consumption:  daily first week, weekly there after 
Ophthalmoscopy: Pre-dose and on Week 13, 26, 39 and 52 (4-6 hrs postdose)  
ECG:  pre-dose and during WK 13, 26, 39 and 51 (4-6 hrs post dose) 

using Lead I, II, III, aVR, aVL and aVF. No ECG during recovery.  
Hematology:  Standard hematology evaluations before treatment and post dose 

during Week 13, 26, 39 and 52 from overnight fasted animals 
Clinical chemistry: Standard clinical chemistry from serum samples collected 

prior to treatment and on Week 13, 26, 39 and 52 of the treatment 
after an overnight fast 

Urinalysis: Urine samples before treatment on Week 4 and 13 
 Gross pathology: All animals after an overnight fast 

Organ weights: Standard list. Liver samples were obtained for total CYP content 
determination 

 
Histopathology: Standard histopath on all controls and mid high dose (MHD, 50 

mg/kg) and HD (125 mg/kg) animals and suspected tissues from 
in LD (2 mg/kg) to MD (10 mg/kg) groups. In addition heart, liver 
and seventh rib bone marrow samples were collected.  The liver 
sample was used for CYP450 enzyme analysis.   Furthermore, 
glycogen and fat content of the liver samples were determined.  
Bone marrow analysis was later determined unnecessary.  Due to 
potential drug-induced valvulopathy, comprehensive cardiac 
histopathology was performed. Histology slides were reviewed by 
study pathologist, ) and peer reviewed and 
agreed by the second pathologist,  

.   The interpretation of the kidney findings in 
monkeys by the study pathologists were challenged by the 

(b) (4)

(b) (6)

(b) (6)
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RESULTS: 
Mortality:  
• Two deaths: 1 male (#60, Day 365) and 1 female (#25, Day 16) treated with 125 

mg/kg of lorcaserin died due to gavage error. Male monkey (#60) died within 
minutes of the dose.  This animal was found lying down several times on the 
bottom of the case until approached at the end of the study.  This behavior was not 
observed in other animals. The female monkey (#25) died shortly after drug 
administration also on Day 16.  This animal was replace by another *#8) since the 
death occurred early in the study.  In both cases, the histological data support 
gavage error.  It is not clear why gavage error occurred in both instances in the 
high dose group.  It is not clear if emesis or tremor or any thing else had 
contributed to intubation error. 

• In the earlier 3-month study the previous study, there were also several deaths: 1 
HD female on Day 3, right after gavage (on Day 2 this animal had elevated ALT, 
AST and LD); 1 male (# 2145) treated with 75 mg/kg was found dead on Day 43.  
According to the sponsor, this animal was difficult to intubate during that day and 
had severe emesis.  No adverse clinical signs or any histological abnormalities 
were noted, with cause of death still undetermined.  The role of lorcaserin in 
causing sudden deaths in both animals in the 3-month study could not be ruled out 
since there were no clear signs of lung injury.  It is highly possible that the deaths 
were drug-induce serotonin toxicity related.    

 
Clinical signs: 

• The most common dose-related signs were emesis, tremor, decreased 
activity/lethargy, sleepy and tired appearance, droopy eyes, (≥10 mg/kg),  

• Orange discoloration of skin noted only in the treated monkeys (≥ 2 mg/kg) was 
attributed to poor grooming. 

• Dose-related increase in emesis (1-3 hrs post dose, especially in the MD males 
and both sexes at HD), at ≥10 mg/kg.  The incidences of emesis at lower doses 
were similar to controls.  Emesis did not occur during recovery period. 

• Dose-related increase in incidence of hunched appearance at ≥ 10 mg/kg 
• Notable increases in incidences of tremors were noted with increase in lorcaserin 

in both sexes. The incidences of emesis were greater in animals treated with 75 
and 125 mg/kg of lorcaserin.  

• One incidence of seizure was noted on Day 1 in 1 HD male (20 min post dose).  
The veterinarian found the animal to be recumbent with continued seizure every 
3-5 seconds thus treated with diazepam intravenously.  There were no incidence 
of seizure on the following days and animal was considered fit to stay in the 
study. 

• Incidence of periorbital swelling and dilated pupils was more common at 50 and 
125 mg/kg, although were also rarely noted in controls 

• Most of the clinical signals such as emesis and tremor in the 12-month study 
were also observed in the 13-WK monkey study. These clinical signs generally 
disappeared after the cessation of dosing. 
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Body weight:  

• The mean body weight in females at ≥ 50 mg/kg were lower than controls.  
Lorcaserin had no effect on BW of female monkeys at 2 and 10 mg/kg (see table 
below) 

• No notable effect on BW was noted in males although BW gain of both male and 
female monkeys were lower at ≥ 50 mg/kg  

• The decrease in body weight was associated with decrease in food intake in 
females 
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• The HD animals had greater incidence of emesis (both sexes) and tremor 
(females).   

• Tremors and emesis did not occur during recovery phase. 
• There was no difference in the BW of lorcaserin treated and controls during 

recovery 
 
 Percent Increase in mean BW at the end of the study relative to day 1 

  
 

Food and Water Intake: 
• There was an apparent decrease in appetite in treated monkeys.  Some animals 

were given fruit to supplement calories.  It wasn’t clear after that if monkeys 
wouldn’t eat expecting fruit or had reduced appetite and would eat only tasty treats.  It 
should be noted that lorcaserin decreased activity in a dose dependent manner.  
Since BW was reduced only at high doses of lorcaserin with clinical signs of 
hypoactivity, hunched back suggests that decrease in appetite may have been 
partially due to ill effect of the drug and hence the weight loss. 
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ECG:  

• There were no treatment related changes in cardiovascular parameters (i.e. 
ECG) monitored 4 to 6 hr post dose.  Since the Tmax was generally between 3 
and 5 hrs, the ECG analysis was acceptable.   

• In in-vitro studies (hERG and Purkinje fiber assays) lorcaserin significantly 
prolonged action potential duration at 90% (ADP90) in isolated canine Purkinje 
fiber assay at 30 µM (6.96 µg/ml) but had no effect on ADP60 (3, 10 and 30 µM).  
In hERG channel study, lorcaserin significantly inhibited hERG (IKr) current at all 
concentrations in a dose-dependent manner with IC50 =14 µM (3.25 µg/ml).   
The concentrations at which these findings were observed are significantly higher 
than the anticipated peak plasma levels in humans (Cmax of 85 ng/ml at 20 
mg/kg).  Based on the nonclinical data thus far lorcaserin is unlikely to prolong 
action potential in humans.  

 
Ophthalmoscopy:  Nothing abnormal  
Hematology:  

• Significant decline in Hgb, hematocrit and RBC in HD monkeys week 39 and 52.  
The decreases were associated with increase in reticulocytes 

• There was no change in coagulation parameters  
 

Urinalysis: 
• White blood cells were noted in urine of 1 female at 50 mg/kg and 3 females 

treated with 125 mg/kg. 
• 2 of the HD females also had protein and cellular casts in the renal tubules  
• 1 HD female had protein cast during recovery 
• The increase in incidence of WBC was consistent with drug-related inflammation, 

renal tubular degeneration and regeneration noted in these groups. 
 

Clinical chemistry:    
• Reduced serum lipids (LDL, HDL and cholesterol) at several time points were 

noted ≥ 50 mg/kg.  The slight decrease at 2 and 10 mg/kg was not consistent at 
all time intervals.   

• Serum triglycerides were generally lower at WK 13, 26 and 39 and 52 at 2, 10 
and 50 mg/kg.  Serum triglycerides for some reason were increased at 125 
mg/kg at WK 52.  

• Mild increase in ALT was seen in most groups including controls, however only 
the HD animals had histological correlates (mild hepatic lipidosis) with the 
increase in ALT.  
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Gross Pathology:  
• Kidney of one female at 50 mg/kg was small in size 
• No differences in the recovery animals 
 

Histopathology:  
• Minimal to moderate drug-related increase in incidence of tubular epithelial 

degeneration of renal cortex (6/8) at 125 mg/kg.  There was also an incidence at 
10 and 50 mg/kg in male monkeys 

• Minimal to moderate dose-related increase in renal tubular cortical epithelial 
regeneration (0/8, 1/8, 2/8, 3/8 and 7/8 at 0, 2, 10, 50 and 125 mg/kg, 
respectively) with slight increase in mitotic figures in area’s of regenerating 
tubules at high dose. There were no notable renal findings in the control 
monkeys.  

• Drug-related increase in incidence of cellular casts in renal tubules at ≥ 50 mg/kg 
(M) and at 125 mg/kg in females also suggesting renal injury 

• There were also incidences of glomerular sclerosis, tubular epithelial vacuolation 
and atrophy in some of the monkeys treated with lorcaserin. 

• The renal tubular injury was not reversed during 1 month recovery.  The 
incidence of tubular degeneration and regeneration and cellular casts (minimal to 
mild) were noted in recovery male and female monkeys at 50 and 125 mg/kg.  In 
the 13-week monkey study, minimal tubular regeneration was noted in 1 monkey 
at 125 mg/kg.  The renal finding was evaluated by a peer review pathologist.  
The sponsor had also requested the assistance of two additional renal 
pathologists to review newly prepared kidney slides from Group 1 and 5.  The 
two renal pathologists concluded that the renal findings were not drug-related.  
The reviewer agrees with the original study pathologist and considers renal 
findings to be drug-related for several reasons: 1) the new pathologists were 
given new slides from both old and newly prepared tissue blocks, 2) the external 
pathologists can hardly be considered blinded since they were instructed to read 
slides from group 1 and 5 first (control and HD), 4) neither groups appeared to 
have reviewed the same slides, thus new slides could have been different from 
the original slides, and 5) the external pathologists were clinicians, not veterinary 
pathologists.  

• Non-selective 5HT agonists are know to cause valvulopathy by supposedly 
activation 5HT2b receptors in the heart.  In this study, there was no evidence of 
valvulopathy in the monkeys.  The significance of some minor findings such as 
mild incidence of aortic intima fibrosis in 1 male at 50 mg/kg and fibrosis of hear 
epicardium in 1 male at 2 mg/kg and mild atrial epicardial inflammation in 1 
female at 125 mg/kg is not clear. Myocardial fibrosis was also noted in 1 HD 
male during recovery phase of the study. 

• Bone marrow minimal lymphoid nodules in 1 male at 50 and 125 mg/kg 
• An incidence of liver necrosis (focal, minimal) in 1 male at 125 mg/kg in the main 

study and in 1 female (125 mg/kg) during the recovery phase 
• Minimal to mild thyroid follicular degeneration at 10 mg/kg (2 M) and 50 mg/kg (1 

M, 1 F) and at 125 mg/kg (1 F).  Similar findings were noted in 2 HD females in 
the recovery phase of the study 
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Liver, necrosis, focal F - - -  1mi 
Thyroid, degeneration, follicular, 
multifocal 

     2mi 

 M=male, F= female, mi=minimal, ml= mild, md=moderate 
 
 

The study pathologist and peer review pathologist’s statement on renal pathology 
findings in the 12-month lorcaserin study in monkeys 
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Histopathology of notable tissues at necropsy, Day 365 
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Histopathology of notable tissues at the end of recovery  (Day 393) 
 
 

 
 
 
Toxicokinetics: 

• Monkeys were treated with 2, 10, 50, and 125 mg/kg of lorcaserin for 1year and 
evaluated at several time intervals (Day 1, 22, 91 for anhydrous and Day 92 and 
358 for hemihydrate lorcaserin) 

• There was no notable gender differences in lorcaserin parameters in monkeys  
• Lorcaserin plasma exposure increased in a linear manner in monkeys. 
• There was no significant difference in lorcaserin when the anhydrous formulation 

on Day 91 (Day 1-Day 91) was switched to hemihydrate formulation on Day 92 
(Day 92 –Day 358)  

• Repeated administration of lorcaserin increased parent exposure by 1 to 1.8 fold 
relative to Day 1 at 2 and 50 mg/kg.  The exposure at 125 mg/kg was 10 to 40% 
lower on Day 358 relative to Day 1 

• Lorcaserin was metabolized to APD244208 (M1) and APD306388 in monkeys.   
• The AUC exposure to APD244208 was 20 to 60 fold greater than the parent drug 
• The AUC exposure to APD306388 was 1 to 3 fold greater than the parent drug 
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Safety Margins for lorcaserin in monkeys: 
The NOAEL dose of 2 mg/kg was based on notable renal regeneration at ≥ 10 mg/kg.  
Due to notable renal tubular regeneration at ≥ 10,Based on notable renal tubular 
regeneration, a  
 

Species Dose, mg/kg AUC0-t 
µg.h/ml 

Animal to human dose 
exposure ratio based on AUC 

2 (NOAEL) M:1,     F:0.6 ~ 0.8 
10   M:7.9,   F: 4.5 6 
50 M:43.6,  F:31.1 37 

52-Week Monkey Study 
with a 4-Week Recovery 
 

125 M:50.9,  F:51.1 50 
MRHD: 10 mg BID 1.02  

 
Safety Margins for M1 metabolite (APD244208, sulfamate metabolite) in monkeys: 
 

Species Dose, mg/kg AUC0-t 
µg.h/ml 

Animal to human dose 
exposure ratio based on AUC 

2 (NOAEL) 47.9 ~ 9 
10   272.4 50 
50 837.4 154 

52-Week Monkey 
Study with a 4-Week 
Recovery 

125 1521.6 281 
MRHD: 10 mg BID 5.422  

 

Stability and Homogeneity 

The stability studies showed lorcaserin solutions were stable for 3 months at room 
temperature or stressed temp (40°C).  Solution concentrations were within 91.1% to 
104.5% of the target solution concentrations.   
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7 Genetic Toxicology 

Mutagenicity of lorcaserin was tested using Ames assay. Salmonella strains (TA98, 
TA100, TA 1535, TA1537) and E.coli (WP2 uvrA) at lorcaserin concentrations ranging 
from 25 to 5000 µg/plate were tested with and without S9 mix.  Lorcaserin was not 
mutagenic in Ames test in presence or absence of S9 mix.   
In the preliminary human lymphocyte chromosomal aberration test, samples were 
incubated for 3 hr (with and without) and 20 hr (without S9).  In the confirmatory test, the 
3 hr incubation was conducted with and without S9 and the 20 hr incubation without S9.   
Lorcaserin concentration used in the confirmatory assay did not include lorcaserin 
doses that increased mitotic index up to 50% (i.e. 250 and 275 µg/ml).  Overall, 
lorcaserin did not cause chromosomal aberration in CHO cells at non cytotoxic 
concentrations up to 37.5 µg/ml without S9 mix and 225 µg/ml with S9mix.  A 
statistically significant increase in endoreduplication was observed at some doses.  The 
significance of the endoreduplication is not clear.  The increase is thought to be related 
to cytotoxicity since it occurred at doses that caused severe reduction in dividing cells. 
Of note, the sulfated M1 metabolite would not be generated by incubation with S9, so 
the in vitro genotoxicity of M1 was not assessed. However, M1 is generated by rats in 
vivo, so the in vivo genotoxicity assessment would adequately address the M1 
metabolite. 

The clastogenicity of lorcaserin was evaluated in the rat bone-marrow erythrocyte 
micronucleus assay (62.5, 125 and 250 mg/kg, oral gavage).  Lorcaserin doses greater 
than 250 mg/kg has been shown to be toxic in rats.  No evidence of bone-marrow 
toxicity was observed.  There were no toxicologically significant increases in MNPCE in 
any drug-treated animals, and exposure to the parent and the sulfated M1 metabolite 
was adequate.  LORCASERIN was non-genotoxic in the oral mouse bone-marrow 
micronucleus test when tested up to the maximum dose level (250 mg/kg). 
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In conclusion, once daily oral administration of APD356 to mice for 2 years at new 
reduced dose levels of 5, 25, and 50 mg/kg were well tolerated and APD356 did not 
produce any evidence of a carcinogenic effect in mice.   Since the survival was the 
same among control and revised low doses up to 50 mg/kg, the only potential concern 
remains to be the steep increase in death at the initial HD dose of 100 mg/kg.   
 

   
 
 
Adequacy of Carcinogenicity Study:  Yes 
Appropriateness of Test Models: Yes 
 
Evaluation of Tumor Findings:  
There were no significant drug-related tumors in mice.  The incidence of mammary 
adenocarcinoma were similar among groups in female mice (2/75, 1/65, 1/65 and 4/75 
in control, 5, 25 and 50 mg/kg, respectively).  With exposure at top dose of 50 mg/kg in 
female and male mice being  4 and 7x the clinical dose of 10 mg BID on AUC basis, 
lorcaserin exposure appeared to be low in mice thus absence of pharmacodynamic 
effect and neoplasia is not unexpected.  
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Methods  
The study was initiated with 25, 50 and 100 mg/kg of lorcaserin but had to be revised 
lower due to high incidence of mortality (unknown cause).   The revised doses of 
lorcaserin to 5, 25 and 50 mg/kg were administered to mice for 2-year. The unexpected 
sharp rise in mortality at the initial dose of 100 mg/kg (7.5x-15x the clinical dose) 
suggests a steep dose response with respect to death in mice  
 

Doses: 5, 25 and 50 mg/kg 
Frequency of dosing: Daily 

Dose volume: 5 ml/kg 
Route of administration: Oral gavage 

Formulation/Vehicle: water 
Basis of dose selection: MTD (mortality at higher doses ≥ 250 mg/kg) 

Species/Strain: Crl:CD1® (Icr) mice 
Number/Sex/Group: 75/sex/control and HD and 65/sex/LD and MD 

Age: 6 weeks of age 
Animal housing: Housed individually in stainless steel wire mesh cages

Paradigm for dietary restriction: Add lib water and food 
Dual control employed: One control group 

Interim sacrifice: No 
Satellite groups: Yes (27/sex/treatment group and 6/sex/control) 

Deviation from study protocol: 
Diet: 

Lower dose adjustment due to mortality at 100 mg/kg  
Certified Rodent Chow #5002, Nutrition Internat. Inc. 
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Observations and Results 
 
Mortality 
• Due to significant drug-related mortality within the first 2-weeks of study at 100 

mg/kg (8F, 2M within 2 days to total of 21 deaths in 16 days) lorcaserin doses were 
reduced to 5, 25 and 50 mg/kg on Day 19.  Additional 10 mice/sex were added to 
the control and new HD groups (75/sex for control and HD).  It should be noted that 
mice had tolerated as much as 250 mg/kg with few deaths for as long as 13-weeks 
and up to 350 mg/kg with no deaths in a 2-week study. 

• The cause of death early in the study that lead to dose reduction was not 
determined.  Whether convulsion played a role is not clear but since only one 
incidence of convulsion was noted in a male at 100 mg/kg on Day1, convulsion may 
not have been the culprit but clearly highly sensitive mice were more responsive.  It 
is possible that surviving mice at 100 mg/kg could have tolerated this dose for the 
remainder of the study since there were no findings at the reduced dose of 50 
mg/kg.   

• The cause of death after dose reduction was also generally unknown in most of the 
mice that died before necropsy (11/75, 11/65, 11/65 and 22/75 males and 14/75, 
13/65, 15/65 and 16/75 females). Interestingly, deaths of 3 female mice at 50 mg/kg 
(HD) were attributed to mammary tumor (D 603, D603, D624). Although mammary 
tumors (adenocarcinoma) were identified in 2 controls (D457 and D678), 1 LD 
(D680) and 1 MD (D661) and 1 HD female (D661) female, their deaths were not 
attributed to mammary tumors.  Some of these animals had lung adenocarcinoma 
(secondary) to other tumors including mammary tumor (1 C and 3 HD) suggesting 
that secondary lung tumors were not limited to mammary adenocarcinoma alone. 

• The incidence of mortality and survival rate (%) was similar among groups at the end 
of the 2-year study. 

• Serological analysis was negative suggesting that infections had no role in the study 
outcome.  
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suggest that lorcaserin was not tolerable due to convulsion, significant 
decreased activity.  

• Following dose reduction to (5, 25 and 50 mg/kg), the clinical signs from week 2 
to 105 appeared to be similar among groups in both males and female mice in 
with regards to decreased activity, tremor and external appearance.  The 
slightly higher incidence of decrease activity in control females was not 
considered significant (18/75 mice in control vs. 10/75 mice in HD females). 

• Two episodes of convulsion were noted in 1 female at 5 mg/kg during week 2 to 
week 105. 

Body Weights 

• There was no significant overall drug effect on BW in mice.  The BW in MD (25 
mg/kg) and HD (50 mg/kg) males tended to be lower while in the HD females 
the BW tended to be higher than concurrent controls.   

• In the TK mice, the BW in the HD males and females appeared to be higher 
than controls but since the starting weight in HD mice were slightly higher, there 
was no effect on BW in TK animals. 

• The absence of drug effect on BW in the 2-year mouse study is reasonable 
since the exposure to lorcaserin doses of 5, 25 and 50 mg/kg were 0.1x, 3x and 
7x the clinical dose in males and 0.1x, 2x and 4x the clinical dose in females 
suggesting that drug exposure was insufficient.   
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Feed Consumption:  

• There was no consistent increase in food intake, however, at several time points 
food intake in lorcaserin treated male and female mice were higher than control.  
The occasional increase in food intake may explain the increase in BW in 
female mice. 

• The absence of decrease BW and food intake and low exposure multiple in 
male and female mice suggests that lorcaserin doses were not high enough to 
produce the desired pharmacological effect of appetite suppression in mice. 

• Serological health screen evaluations were negative thus there was no 
evidence that any external pathogen had played any role. 

 
 

 
 
Gross Pathology 
• There were no notable lorcaserin related gross findings in either sex.  
• Tissues with notable gross findings in control and lorcaserin treated mice are shown 

in table below for reference purpose. 
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Non Neoplastic findings 

• There were no treatment-related histopath findings in mice treated with 5, 25 and 50 
mg/kg of lorcaserin. 

• There were no notable drug-related changes in heart tissue including valves or renal 
pathology in mice treated with lorcaserin doses up to 50 mg/kg. 

 

 
 
• The absence of any notable microscopic finding in mice is reasonable since the top 

dose of 50 mg/kg was 3.6 to 7x the clinical dose.   
• Overall, there were no notable treatment related non-neoplastic/histopath findings in 

mice treated with lorcaserin up to 50 mg/kg.  
 

Toxicokinetics:   
Blood samples (predose, 0.5, 1, 2, 4, 8, 12 and 24 hrs) were collected from nonfasted 
mice via orbital sinus after CO2 anesthesia at week 52 of treatment (TK satellite 
animals).  In addition to concentrations of lorcaserin (ADP356), levels of two common 
metabolites M1 (lorcaserin sulfamate, AR244208) and M5 (N-carbamoyl glucuronide, 
AR306388) were measured. 
 
• Lorcaserin AUC at 5, 25 and 50 mg/kg were 0.5x, 3.8 and 7.3x the clinical dose in 

males and 0.3x, 1.5 and 3.6x the clinical dose of 10 mg BID based on AUC. 
• Lorcaserin was rapidly absorbed from the GI tract.  
• Lorcaserin exposure was dose-proportional and linear although plasma exposure 

was lower in female mice than male mice.  The AUC in male mice was 1.7 to 2.4x 
the AUC in female mice.  

• The t1/2 in male and female mice was 2.37 hr to 3.01 hr, respectively 
• APD356 was rapidly absorbed from the gastrointestinal tract. 
• Both M1 (AR244208) and M5 (AR306388) metabolites were formed at all doses in 

mice. 
• Exposure to sulfamate metabolite (M1, APD244208) was 41 to 93x greater than 

lorcaserin suggesting significant and rapid metabolism of lorcaserin to M1 in mice. 
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Stability and Homogeneity 

The concentrations of lorcaserin in the solutions administered to mice were with in 92.2 
to 107% to the target concentrations.  The solutions were stable and homogenous (98 
to 100% of the label claim).  Analysis of the vehicle control samples did not present any 
lorcaserin.   
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Skin:  Squamous Carcinoma at HD. Numerical, non-statistically significant increase in 
squamous carcinoma at MD also considered drug-related. 
 
Schwannoma (all sites) at HD. Numerical, non-statistically significant increase at the 
MD also considered drug-related. 
 
Thyroid: Follicular cell adenoma at HD. 
 
Females 
Mammary: Adenocarcinoma + fibroadenoma at LD, MD, HD 
 
Note that for females, statistical significance was achieved at all doses for fibroadenoma 
and at the mid-dose for adenocarcinoma. 
 
 
 
 
Methods 

Doses: 0, 10, 30 and 100 mg/kg (C, LD, MD & HD) 
Frequency of dosing: single oral dose/day 

Dose volume: 5 ml/kg 
Route of administration: oral gavage 

Formulation/Vehicle: water 
Basis of dose selection: 3-month rat tox study 

Species/Strain: CD® [Crl:CD®(SD)] rats 
Number/Sex/Group: 65/sex/C, LD, MD and 75/sex/HD  

Age: 6 weeks plus acclimation 
Animal housing: individually in stainless steel cages 

Paradigm for dietary 
restriction: 

ad lib food (Lab Diet #5002) and water 

Dual control employed: No 
Interim sacrifice: No (TK animals were sacrificed after 1 year ) 
Satellite groups: TK rats (6, 15, 15 & 15 rats/sex for C, LD,MD and HD, 

respectively) 

  
 



NDA #22-529   Reviewer:  Fred Alavi, Ph.D. 
 

102 

Deviation from study protocol:  
Deviations from the protocol were generally minor except for the following changes.   

• Due to significant incidence of mammary and brain tumors, TK animals 
were also evaluated for incidence of mammary and astrocytoma and 
reported in the bimonthly interim reports.  The histopath evaluations from 
the TK animals were not provided in final NDA report. 

• Remaining pooled plasma from zero time TK samples (Week 52) were 
used to analyze Thyroid Stimulation Hormone (TSH).  

• Pituitary and mammary tissues from TK animals were evaluated with 
immunohistochemistry to detect prolactin positive staining cells. To do so, 
some of the TK animals were allowed additional 3 (M) to 4 (F) weeks of 
lorcaserin treatment (post Week 52) to allow determination of estrous 
cycle and blood levels hormones prolactin (males and females) and 
estradiol (females) during diestrus.  These rats were also necropsied 
during diestrus (Week 55 and 56) with macroscopic and microscopic 
evaluation.   However, according to the sponsor the “results of these 
evaluations were not submitted” with the NDA.   

• Brain immunohistochemistry was also performed in rats with brain tumors 
(n=20) using three different stains to investigate astrocytoma lineage  

• One HD female (4255) was accidentally and prematurely killed on Day 
467.  

• A minor addition to the study protocol was bimonthly updates following the 
initial 15-day safety report of high incidence of mammary tumor related 
deaths in female rats (WK 55). Mammary tumor-related death in HD 
females occurred as early as WK 42. 

 
 
Observations and Results 
Mortality 

• There was a significant increase in drug-related mortality in both male and 
female rats.  The most affected groups were the HD rats.   The incidence of 
death/euthanasia in extremis in control, LD, MD and HD were 15.4%, 21.5%, 
23.1% and 48%, respectively, while the incidence of death/euthanasia in the 
control, LD, MD and HD females were 66.2%, 75.4%, 69.2% and 94.7%, 
respectively. The rate of mortality was increased after week 61 in males.  In 
females, deaths due to mammary tumors started rising after week 42. 

• The number of deaths in TK animals at week 56 were highest among treated with 
30 and 100 mg/kg.  (C:0F,1M; LD:1M,1F; MD 4M,1F; HD:1M, 5F). 

• Serological evaluation of rats at 6, 12 and 18 months  found 
no evidence of microbial infections suggesting that dose-related increase in 
deaths were not caused by any commonly known rodent microorganisms. 

• The most frequently cited cause of death in HD males were brain tumor (5/71), 
fibroma (4/71), alveolar lipidosis/histocytosis (5/71), mammary tumor (2/71), 
malignant schwannoma (5/71) and skin tumors (5/71).  

• The most common cause of death in HD females was mammary tumor (68/75).  
Mammary tumor also caused death in control (15/65), LD (31/65) and MD (43/65) 
females.  All probable cause of deaths in rats are listed below: 

(b) (4)
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Kaplan-Meier survival estimates in male and female rats treated with 10, 30 and 100 
mg/kg of lorcaserin. 
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additive effect of large number of mammary tumors on BW of female rats was 
unlikely to be significant.  It should be noted that the BW of TK female rats was 
also unaffected by lorcaserin.  For some reason, lorcaserin pharmacodynamic 
effect in female rats is minimal in spite of higher plasma exposure than male rats. 
Whether there is a gender effect on brain lorcaserin levels is uncertain.  

 
The Body weight in female rats treated with lorcaserin for 2 years 

 
 

BW in the interim TK animals treated with lorcaserin for a year 
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Food Consumption 
• There was a drug-related decrease in food intake in both sexes during WK 1 that 

was significant at ≥ 30 mg/kg in both sexes.  However, the food intake returned 
to control levels with time more so in females.  Food intake in males at 100 
mg/kg tend to be lower than controls which corresponded to lower BW noted in 
HD males.  Lack of drug effect on food intake in females corresponded with 
absence of change in BW noted earlier in female rats. 

  
Serological Health Screen: 
• Serum samples were collected from all animals for potential infections caused by 

common laboratory microorganisms listed in the table below at  
testing facility. 

• All serological assays were negative suggesting that the high incidence of 
mammary and brain tumors were not influenced by other health issues (viral, 
microbial infections) in the 2-year rat study. 

 
 
 
 
 

(b) (4)
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Prolactin Positive Staining cells of the Mammary gland (immunohistochemistry staining) 
• The incidence and severity of prolactin positive staining cells were similar among 

control, LD and MD and 40% lower in the HD female rats.  No actual data was 
provided. 

• To quote the sponsor “the mammary gland lobular hyperplasia with atypia, and benign 
and malignant mammary tumors were primarily prolactin negative.  There was no 
correlation between incidence of mammary gland prolactin stain and the incidence of 
pituitary gland prolactin stain in females at any dose level”. 
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Immunohistochemistry staining of brain tissues in rats with astrocytoma: 
 
In an effort to characterize the lineage of brain astrocytoma in 20 male rats with brain 
tumors (astrocytoma), new sections of the brain tissue tumors were pretreated with Tris 
buffer solution and incubated with the primary antibodies.    Three 
immunohistochemistry stains/antibodies used in the study were GFAP (glial fibrillary 
acidic protein), ED-1 (anit-CD68 clone ED-1) and MHHII (major histocompatibility 
complex II).  Slides were incubated with a secondary antibody conjugated to horse 
radish peroxidase and detected via enzymatic color reaction using Ventana’s 
diaminobenzidine detection kit (GLP, at  facility).  The sponsor had provided little or 
no description of the method and the immunohistochemistry stains. The background 
information on the immunohistochemistry stains described below was acquired from the 
literature by the reviewer.   
 
Brief description of the stains: 
GFAP 
GFAP is the predominant component of astrocyte intermediate filaments in the central 
nervous system.  Any cell staining positive to GFAP would identify the cell as an 
astrocyte in humans.  Although it is known to be a marker for astrocytes, it has also 
been detected in the glial cells of the enteric nervous system and some Schwann cells 
in the peripheral nervous system. It is involved in many cellular functioning processes, 
such as cell structure and movement, cell communication, and the functioning of the 
blood brain barrier leading to conclusion that GFAP may be involved in the long term 
maintenance of normal CNS myelination.  Astrocytes lacking GFAP do not form the 
extensions normally present in neurons. 
   
ED-1 
ED-1 is an anti CD-68 antibody used to stain various white blood cells. This stain has 
been effectively used to characterize many macrophage and monocytes expressing 
CD68 in normal and neoplastic tissue using light microscopy. Since CD-68 is an 
intracellular glycoprotein found in plasma and cell membrane of many cell types 
(macrophages, monocytes, basophils, neutrophils and large lymphocytes) the stain will 
bind any such cell in brain tissue. 
 
MCHII 
MHC II represents external/ foreign peptides/proteins digested by the immune cells. As 
such they are generally found in antigen presenting cells.  Antibodies against MCH II 
polypeptide is used to identify and to differentiate types of lymphocytes (T and B cells) 
and macrophages.  
 
Results  
• Out of 20 rats with brain tumors used in the test, 7/20 did not have any tumors 

(astrocytoma) present on the newly prepared tissue sections.  The remaining 13 with 
tumors were all positive for ED-1 antibody (anti-CD 68) suggesting cells with 
macrophage/ histiocytes cell lineage and only one positive for MHCII (a HD male, 
4141).   

• None of the sections were positive for GFAP, marker for human astrocyte 

(b) (4)
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• According to the sponsor’s description, there was no distinctive staining pattern 
among the different astrocytoma.  They appeared solid homogenous neoplastic cell 
population, less cellular infiltrating pattern with prominent perivascular cuffing or 
necrotic areas surrounded by a palisading cell formation.  

• According to the sponsor, some astrocytes did stain positive with GFAP within the 
tumors but these cells were part of the normal brain tissue and not neoplastic cells 

• Based on strong reactivity to ED-1, neoplastic cells in the tumors appeared to be of 
macrophage/histiocyte lineage and not from astrocytes leading to the conclusion that 
“lorcaserin dose-dependably increased spontaneously” forming brain tumors. 
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In summary, brain tumors identified in 20 rats from the main and TK study were 
processed for  immunohistochemistry staining (GFAP, ED1 and MHCII).  Out of 20 brain 
tumors, only 13 had tumors present on the newly prepared brain tumor section. This 
itself suggests that brain tumors can be easily missed with new tissue sectionings.  All 
of these 13 tumors stained positive with ED1, a marker of macrophage/ histiocyte cell 
lineage and one stained positive for MHCII, a marker for antigen presenting cells.  None 
were positive for GFAP, a marker for human astrocyte, however various number of 
astrocytes were positive for GFAP within the tumors but these cells were part of the 
normal brain tissue and not neoplastic.   Based on the findings, the sponsor concluded 
that the neoplastic cells in the brain tumors were of macrophage/histiocyte lineage and 
did not derive from astrocytes as is the case in humans.   The sponsors finding appears 
to be in agreement with the literature that reports a lack of GFAP staining in rat 
astrocytoma, and with a paper by Nagatani et al suggesting that rat astrocytoma has a 
monocytic or neuronal progenitor lineage. 
  
The study has several shortcoming that cast a shadow on utility of the findings, a) at 
least 7/20 sections did not contain tumors/neoplastic cells, suggesting that tissues 
collected/used in the immunohistochemistry might have been collected peripheral to the 
tumor site which may include a high macrophage population, b) although some “normal” 
astrocytes within the tumor were GFAP positive, it is not clear if the sponsor used a 
positive control to show that the assay was carried out properly, c) the sponsor provided 
no evidence that these tumors from whatever origin were not drug-related, d) the 
emergence of drug-related, fatal brain neoplasms in rats is evidence of a tumorigenic 
mode of action which signals a tumor hazard to human subjects, regardless of the 
specific cellular lineage of the neoplasm. Evidence that key events of that tumorigenic 
mode of action are irrelevant to human biology would be a more persuasive argument 
that human risk is negligible. 
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Gross Pathology 
 
Male rats 
• Dose-dependent increase in subcutis masses in male rats 
• Dose-related increase in incidence of discoloration of liver, liver masses  
• Dose-related increase in discoloration of lungs and enlarged spleen 
• Dose-related increase in incidence of palmar/plantar ulcers was noted in the feet. 

The greatest number of palmar ulcerations were seen in the LD where survival rate 
was greater than MD and HD. The lower incidence of ulcers in HD males was 
therefore likely due to high incidence of premature death.  It is not clear why rats 
treated with lorcaserin were more susceptible to foot ulceration than controls.   

 

  
 
 
 
Female rats 
• Dose-dependent increase in incidence of subcutis masses 
• Majority of the masses appeared to be mammary tumors.  Although similar 

observation was made in male rats as well, the incidences of these masses were 4 
fold higher in females.  It should be noted that lorcaserin exposure in females was 
about 1.5 fold greater than males. The similar incidence of subcutaneous masses 
between HD and MD females (n=221 vs. 225 in MD) may have been impacted by 
greater premature mortality in HD rats.   

• Dose-related increase in the incidence and severity of lung nodules and 
discoloration   

• Dose-related increase in incidence and severity enlarged spleen 
• Drug-related increases in incidence of palmar/plantar ulcers in the feet were seen 

at all doses of lorcaserin relative to the control.  The greatest increase in foot ulcers 
was in the LD where survival rate was greater than MD and HD. The pattern was 
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similar to male rats suggesting that high premature mortality was affecting the total 
incidence of foot ulcers at 30 and 100 mg/kg. 
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The astrocytomas were characterized as a homogeneous neoplastic cell population with 
poorly defined borders and round nuclei.  They were found in the fore, mid and 
hindbrain.  According to the sponsor some of the cells around the surrounded vessels 
infiltrated the meninges or the surrounding preexisting neurons.  Larger tumors had a 
palisading pattern which is considered to be secondary to necrosis.  These tumors were 
fatal in nearly all cases (control and MD) except for some HD rats where they may have 
succumbed early to other tumors or causes (M#4101M, 4110, 4136, 4140, 4159 and 
F#4238). 
In the original report (submitted with the NDA) the sponsor had identified 9 
astrocytomas in HD males.  However, in an amendment to the NDA, one of the 
previously identified astrocytoma was removed and reclassified as infarct in male #4111 
due to lymphocytic leukemia.   Since astrocytomas occasionally had infiltrated neurons 
and surrounding blood vessels, it is not clear if this reclassification was justified.   
 
In an effort to identify the lineage of the brain astrocytes in male rats, 20 astrocytoma 
identified in the carci study were processed by immunohistochemistry staining (ED1, 
GFAP and MHCII).  Out of 20 tumors, only 13 of the new slides had astrocytoma.  
Seven of the tumors were missed in the new slides.  All the 13 slides stained positive for 
ED1 and none for GFAP and only one was positive for MHCII suggesting a 
macrophage/histiocyte lineage (ED1).  The lineage of astrocytoma has been questioned 
for over 20 years and remains controversial. The high incidence of astrocytoma is a real 
concern since they were, a) generally lethal,  b) 7 out of 20 tumors were missed 
suggesting that a slight change in sectioning could easily miss a brain tumor, c) the new 
tissue samples may have been closer to the periphery and closer to the surrounding 
vessels, d) lorcaserin significantly partitions to the brain (up to 35x the plasma).  
With no clinical data, it is assumed that the brain levels in humans is likely to be similar 
to that in monkeys (10x the plasma).  The brain exposure in monkeys can vary from 3 to 
23 fold, suggesting that large variability may also exist in humans, with some individuals 
having significantly more brain lorcaserin than others, translating to a greater clinical 
risk for some but not others.  
 
In the final analysis, the numerical and statistically significant increase in astrocytoma at 
the mid- and high doses (17x and 55x clinical dose) was considered related to 
lorcaserin.. Actual safety margins based on brain concentrations of lorcaserin are 
unknown, because the degree of partitioning of lorcaserin to the CNS in human subjects 
is unknown. 
 
Mammary tumors 
In female rats, there was a dose-dependent and statistically significant increase in the 
incidence of fibroadenoma at all doses versus control (72%, 82%, 60% vs. 31%, in LD, 
MD and HD vs. C). Statistical significance for adenocarcinoma was achieved at the HD, 
although a numerical increase is seen at the LD and MD: (52%, 54% and 80% vs. 43%,  
in LD, MD and HD vs. C). The combined incidence of fibroadenoma and 
adenocarcinoma was significantly (p<0.0001) increased at all dose levels, but 
combining these two tumor types is not necessary to achieve statistical significance at 
all doses for the increase in fibroadenoma.  The mean  historical data for mammary 
fibroadenoma (22 to 54%, mean=36) and adenocarcinoma (8.3 to 37%, mean=24%) 
appear to be lower than the control in this study.  

(b) (4)
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In males, the incidence of mammary fibroadenoma was also increased in MD and HD.  
Although the incidence of adenocarcinoma was not significantly increased, the 
combined incidence of fibroadenoma and adenocarcinoma was significant in MD and 
HD males.  Tumor nodule (all types) first appearance in males was notably later (7 to 17 
weeks) than that in female rats (mammary tumors).  The shortened duration of 
exposure to lorcaserin in female may explain why some tumors such as astrocytoma 
were not increased in female rats.  Furthermore, since brain measurements of 
lorcaserin were made only in male rats, there might be gender effect on brain levels as 
well.  
 
 

    
For some reason two HD females (4202 and 4212) that were euthanized due to 
mammary tumor burden, had not histopath record suggesting these animals ever had 
mammary tumors. 
 
The exact mechanism by which lorcaserin increased the incidence of mammary tumors 
in rats was not well characterized by the sponsor. The mechanistic studies submitted 
with the NDA are described in section 10. It has been hypothesized that CNS active 
drugs may increase prolactin levels, leading to hyperplasia of mammary gland which 
can eventually lead to mammary tumors.  This hypothesis was tested by the sponsor by 
measuring serum prolactin, estradiol and prolactin positive cells in the mammary and 
pituitary gland in the surviving TK animals at week 52.  In male rats, the prolactin levels 
at all doses of lorcaserin were 48 to 59% lower than the corresponding control (57.8 
ng/ml vs. 23.7 ng/ml in HD).  In females, there were no notable differences in prolactin 
levels in control and lorcaserin treated rats (114.8 ng/ml vs. 116.62 ng/ml in HD 
females). Analysis of estradiol in female rats found no difference in estradiol levels 
among groups (2 pg/ml).  The mean cycle length appeared to be slightly greater in MD 
and HD females (7.2 days) than control and LD females (5.9-6.2 days).   
When estradiol levels and estrous cycle were monitored, there was no notable effect on 
estradiol and the number of estrous cycle suggesting that estradiol was not involved in 
high incidence of mammary tumors in lorcaserin treated rats.  Using 
immunohistochemistry, the sponsor found no apparent difference in the number of 
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prolactin positive cells in pituitary in male rats.  In female rats, the numbers of prolactin 
positive cells were slightly higher in MD and HD.  The percent prolactin positive cells in 
mammary glands were similar among control, LD and MD females but 40% lower in HD 
females. The reliability of this data is questionable since the numbers of control animals 
tested in the study were small (5 vs. 14 in the treated group).  Analysis of serum 
prolactin in other toxicology and clinical studies found no notable change in prolactin 
levels in female rats.  In ovariectomized rats supplemented with suprapharmacological 
doses of progesterone and estradiol (up to 20x the normal levels), an elevation in 
prolactin was seen in lorcaserin treated rats.  In absence of evidence of direct elevation 
in prolactin levels in rats and humans, makes the ovariectomized rat model treated with 
pharmacological doses of estradiol/progesterone irrelevant and not resembling the 
animals in the study.  The antipsychotic drug with high incidence of mammary tumors 
were shown to produce a robust and persistent increase in prolactin levels no matter 
what model was used.    
 
According to the sponsor own statement, “The mammary gland lobular hyperplasia with 
atypia, benign and malignant mammary tumors were primarily prolactin negative.  There 
was no correlation between incidence of mammary gland prolactin stain and the 
incidence of pituitary gland prolactin stain in females at all dose levels.” With decrease 
in prolactin in males or no change in lorcaserin treated females and 40% lower prolactin 
positive cells in mammary gland in females suggests that the lorcaserin induced 
mammary tumors in rats was independent of prolactin. 
 
In the final analysis, lorcaserin significantly increased mammary fibroadenoma in 
females at all doses (< 7x the clinical dose of 10 mg BID on AUC basis) and at 100 
mg/kg/d in males (55x the MRHD).  The incidence of adenocarcinoma was increased 
only at 100 mg/kg/d of lorcaserin (82x the MRHD) but was numerically higher in MD 
than control and historical data.  Oral administration of lorcaserin produced, a) no 
change in serum prolactin in the carci, b) no change in prolactin in the mechanistic 
studies in intact or ovariectomized female rats, c) increase in prolactin in ovariectomized 
female rats replenished with hormone in an altered model is irrelevant to the rat study 
d) no change in the number of prolactin positive staining cells in the pituitary or 
mammary gland, e) no change in the brain dopamine or serotonin levels [haloperidol 
↑dopamine; dexfenfluramine  ↑ serotonin], f) no change in estradiol, progesterone, 

FSH or LH levels.   The main trust of the sponsor hypothesis and supportive studies 
aimed to explain a role for prolactin failed to show a positive link between prolactin and 
lorcaserin induced mammary tumors in rats.   
 
Pituitary adenoma 
The incidence of benign pituitary tumors of pars distalis (encompassing anterior 
pituitary) was significantly lower in the lorcaserin treated male (LD: 22/65, MD: 22/65, 
HD: 15/75) and female (LD: 46/65, MD: 31/65, HD: 20/75) than control male (32/65) and 
female rats (50/65).  The incidence of benign pituitary tumors in the concurrent control 
males (49%) and females (77%) were within the  historical data range for male (44 
to 67%) and female SD rats (74 to 84.6%).  In pairwise comparisons, the incidence was 
increased in males at 100 mg/kg and in females at ≥ 30 mg/kg.  Pars distalis makes up 
the biggest section of the pituitary gland.  It arises from rathke’s pouch surrounding pars 
nervosa from the brain.  Pars distalis is under control of the brain and responsible for 

(b) (4)
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to corresponding control and historical control data (0 to 1.7%).  Only two HD 
females had squamous cell carcinomas. The increase in skin fibroma and squamous 
carcinoma at the MD and HD are considered related to lorcaserin. The squamous cell 
carcinomas were observed in the anogenital/inguinal, head and neck area.  The skin in 
these animals was visibly ulcerated.  The increased incidence of fibroma at 10 mg/kg 
(4.8x the clinical dose, based on AUC) in male rats suggest that lorcaserin may have an 
off target peripheral tumorigenic effect at close to the clinical dose.  Skin fibroma and 
squamous cell carcinomas occurred primarily in male rats. Whether shorter life span 
had played a role in female rats is not clear.  . 
 
Lung Tumors 
Secondary lung carcinomas were increased in females in all dose groups, with an 
incidence of 0, 4, 9, and 6 in the C, LD, MD, and HD groups, respectively. Examination 
of individual histopathology reports indicates that the lung metastases arose from a 
primary mammary malignancy in 2, 7, and 6 cases in the LD, MD, and HD groups, with 
no cases observed in the control group. This suggests that lorcaserin increased the 
aggressiveness of mammary malignancies in females at all doses.  
 
Liver and Thyroid tumors 
Lorcaserin significantly increased the trend for hepatocellular adenoma in male rats 
(1/65, 2/65 and 6/75 in C, LD, MD and HD, respectively) but the increase was not 
significant in the pair wise comparisons relative to control.  Similarity, higher incidence 
of hepatocellular carcinoma in male rats was not significant in the trend and pairwise 
comparisons (1, 3, 3 and 4 in C, LD, MD and HD).   
Since the incidences of both adenoma and carcinoma in HD (adenoma 8% and 
carcinoma 5.3%) males were greater than the  historical data for adenoma (0-5.7%) 
and carcinoma (0 to 1.7%) suggests that liver tumors in males at 100 mg/kg were likely 
drug metabolism related.  With no significant increase in pair wise comparison and high 
exposure multiples (> 55x the clinical dose of 10 BID on AUC basis), the potential risk to 
humans is deemed minimal.   
The trend for incidence of thyroid follicular cell adenoma was significant in lorcaserin 
treated males.  The incidence in the C, LD, MD and HD male rats were 0/65, 5/65, 4/65 
and 8/75, respectively.  Although the trend was positive only the incidence in the HD 
(10.6%) was statistically significant.  The  historical control for follicular cell 
adenoma in male rats ranged from 0 to 11.7% (x=2.2%). The incidence of follicular cell 
adenoma was within the historical range but it should be noted that historical range is 
skewed by one group at 11.7% with remaining between 0 and 3%.  The trend for this 
tumor was not significant in female rats.   
Lorcaserin induced UGT and cytochrome P450 enzymes and resulted in a greater 
degree of hepatocellular hypertrophy in males than in females. Thyroid follicular cell 
tumors often accompany hepatic tumors that arise from induction of drug-metabolizing 
enzymes, a likely consequence of increased triiodothyronine turnover by the liver with 
secondary chronic thyroid follicular cell stimulation. Induction of drug-metabolizing 
enzymes in the liver of human subjects is not known to lead to hepatic carcinogenesis, 
as typified by clinical experience with phenobarbital. With a reasonable safety margin to 
non-tumorigenic exposure and, more significantly, a recognized mechanism of 
tumorigenesis, the potential risk of hepatic and thyroid tumors to humans is considered 
minimal.   

(b) (4)

(b) (4)

(b) (4)
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Non-neoplastic findings in male rats: 
 
Microscopic evaluation of the tissues in the control and lorcaserin treated male rats 
found significant drug related histopath findings (hypertrophy, hyperplasia and 
vacuolation) in male rats.  The most prominent organs affected by lorcaserin were the 
liver, brain, thyroid, lung, epididymides, pituitary, skeletal muscle, spinal cord, spleen 
and adrenal gland.  Some of the changes may have been due to adaptation to drug 
metabolism (i.e. liver hypertrophy) and age (atrophy) however, the increased incidences 
of vacuolation and degeneration were likely lorcaserin related.   It is not clear how the 
early euthanization of HD male rats (48%) relative to control (15.4%), LD (21.5%) and 
MD (23.1%) had affected the incidence of some these findings.  Since lorcaserin is a 
weight loss drug and reduced BW in male rats, one would have expected the severity 
and incidence of the histopath findings to be more attenuated but this was not the case.  
The most affected target organs in males are listed below.   
 

• Adrenal gland, cortical angioectasis/cyctic degeneration 
• Brain, minimal gliosis and mineralization 
• Bone, marrow atrophy and granulocytic hyperplasia 
• Epididymal, vacuolation  
• Liver, centrilobular hypertrophy, vacuolation, focal cystic degeneration, and 

cellular alteration Lung, alveolar histocytosis and lipidosis or cholesterol cleft 
• Pituitary gland hyperplasia of pars distalis 
• Skeletal muscle atrophy and degeneration 
• Spinal cord degeneration  
• Spleen and mesenteric lymph node lymphoid depletion  
• Skin ulceration 
• Thyroid, follicular cell  hyperplasia and hypertrophy, follicular cysts  
 
 

The tables below show the incidence and severity of histopath findings in male rats 
treated with 10, 30 and 100 mg/kg of lorcaserin in the 2-year rat carcinogenicity study.  
The table provides the histopathology of target organs in animals that died/ euthanized 
during the study (DOS) and scheduled necropsy (SNC). 
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Pituitary hyperplasia of pars distalis was increased in a dose dependent manner in 
lorcaserin treated male rats while the incidence of pituitary adenoma of pars distalis was 
decreased.  It appears that rats treated with lorcaserin had lower incidence of adenoma 
but higher incidence of hyperplasia.  Since the survival was significantly reduced by 
lorcaserin, the reviewer concludes that the time to pituitary tumor was reduced by 
premature deaths resulting in high incidence of pituitary hyperplasia and low incidence 
of adenoma in male rats.  
 
The analysis of TSH in TK animals at 1 year found no significant rise in TSH when 
pituitary hyperplasia was in place.  Since prolactin levels were also not increased 
suggests that pituitary was not releasing more hormones in the lorcaserin treated rats.  
  

 
 
Skeletal muscle atrophy and degeneration was increased with dose.  It is not clear if the 
severity or incidence had been altered due to early deaths and lower BW. 



NDA #22-529   Reviewer:  Fred Alavi, Ph.D. 
 

139 

 
 

 
 
Spinal cord degeneration in the lumbar region appeared to be higher in the HD male 
rats but overall trend was weaker since the incidence of degeneration was also 
relatively high in the control groups.  
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As a serotonin agonist, lorcaserin has the theoretical potential to cause valvulopathy.  
Therefore the Division had requested detailed examination of the heart tissue in rats 
(multiple sections of myocardium, endocardium, chordae tendineae and all four valves).  
The severity and incidence of cardiac findings (fibrosis of endocardium, endocardial 
hyperplasia, hypertrophy of tendineae) did not appear to be dose-dependent.  Again, it 
is not clear if premature mortality had affected the cardiac histopathology (lack of dose-
response).   
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Non-neoplastic findings in female rats: 
 
Notable microscopic finding (hypertrophy, hyperplasia and vacuolation) in female rats 
treated with 10, 30 and 100 mg/kg of lorcaserin are shown in tables below.  As noted 
before it is not clear how the premature mortality in the females affected the dose-
related relationship.  Lorcaserin affected many tissues, chief among them were: 
 

• Liver, centrilobular hypertrophy, cellular alterations and necrosis 
• Bone, femur and sternum hyperostosis 
• Bone marrow (femur and sternum), atrophy and granulocytic hyperplasia 
• Pituitary, hyperplasia/hypertrophy 
• Lung, alveolar lipidosis and histocytosis 
• Tibiofemoral cartilage joint degeneration/necrosis 
• Lymph nodes, hyperplasia 
• Extramedullary hematopoiesis in adrenal glands, liver, spleen 
• Vaginal atrophy  

 
 
 
Although there was a trend to lower weight in HD female, there was no significant 
change in BW of lorcaserin treated female rats suggesting that BW was not a factor.  
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As noted earlier the detailed examination of the heart tissue (multiple sections of 
myocardium, endocardium, chordae tendineae and all four valves) was made in the 
carci study animals.  Although there were one or two female rats in the LD and MD 
groups with hypertrophy of chordae tendineae, aortic valve, left ventricular valve and 
pulmonic valves, the overall severity and incidence did not appear to be dose-
dependent.  Whether high incidence of premature mortality in female rats had affected 
the incidence of cardiac histopathology developments is not clear.  
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Incidence of mammary tumors at WK 55, Sept 5, 2007 
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Incidence of mammary tumor, Sept 5th, 2007 update (#0061) 
 

 
 
 
Incidence of mammary tumors at WK 68, 1st update (Nov 9, 2007) 
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Incidence of mammary tumors at WK88, 2nd update (Jan 09, 08) 
 

 
 
 
Incidence of mammary tumors at WK 96, 3th update (March 10, 08) 

 
 
Incidence of mammary tumors, End of study for females, 6th update  
(May 16, 2008) 
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 Incidence of astrocytoma in rats, final update 
  

 
 
The incidence of astrocytoma in was reduced by 1 to 8 in HD males in an amendment 
to the NDA.  The astrocytoma in this case was reclassified as infarct.
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Stability and Homogeneity 
The drug concentrations in the gavage and stock solutions were measured during WK 
1, 13, 26, 39, 52, 65, 78, 91 and 104.  The concentrations were within the specific range 
(±10%) of the target concentrations.  
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9 Reproductive and Developmental Toxicology 

 
The sponsor had carried out several dose ranging studies in rats and rabbits.  These 
studies will be summarized here for reference.   
 
Study Title: Oral gavage dosage-range development toxicity study of APD356 in rats. 
Methods: The study was carried out at  (GLP protocol #6401-
001P, Sponsor#TX03024).  Pregnant Crl:CD®(SD)IGS BR VAF/Plus®  rats (5 groups, 
9/group) were treated with 2, 10, 30 and 50 mg/kg of lorcaserin (lot number AR 222154-
A-04-001) from gestation day 7 through day 17 (DG 7-17).  Lorcaserin was prepared in 
deionized water which also served as vehicle (1 ml/kg).  The BW and food intake as 
well as the TK data were also determined. Dams were sacrificed after C-section on DG 
21 and the number and distribution of corpora lutea, implantation sites and uterine 
content were determined. Additional evaluations included gross necropsy of the 
thoracic, abdominal and pelvic viscera as well as fetal weight, gross external alterations 
and fetal sex. TK animals were sacrificed on the last day of the treatment, DG 17 or 18.  
Blood samples were also collected from each fetus in the litter in the TK groups. 
 
Results: There were drug-related deaths.  Lorcaserin appeared to increase salivation at 
all doses.  Body weight and BW gains were reduced in all lorcaserin treated groups.  
The BW gain was 96.6%, 94.2%, 87.5% and 74.3% of the control at 2, 10, 30 and 50 
mg/kg, respectively. A decrease of 25% in BW gain suggest that the top dose of 50 
mg/kg is reaching the MTD in dams.  The decrease in BW was correlated with a 
decrease in food intake (92.6%, 87.0% and 81.5% of the control at 10, 30 and 50 
mg/kg, respectively). Animals regained weight following termination of treatment. 
 

   
 
 

(b) (4)
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Lorcaserin doses up to 50 mg/kg had no effect on any of the reproductive parameter 
evaluated in the study.  There were no lorcaserin related fetal gross alterations occurred 
in rats. 
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Study Title: Oral Dosage-Range Development Toxicity Study of APD356 in Rabbit. 
Methods: The study was also carried out at  (GLP protocol #6401-002P, 
Sponsor#TX03025).  This was a two part study.   
In part 1, non-pregnant New Zealand White [Hra:(NZW)SPF] rabbits (4 groups, 3/group) 
were treated with 3 10, 30 and 100 mg/kg of lorcaserin (lot number AR 222154-A-04-
001) for 5 days (Study day DS1 to 5). As stated for other studies, lorcaserin was 
prepared in deionized water and also served as control vehicle (5 ml/kg). Rabbits were 
sacrificed on DS6 for gross necropsy of thoracic, abdominal and pelvic vices along with 
changes in BW and food intake.  
All non-pregnant rabbits survived lorcaserin treatment up to 100 mg/kg. There were no 
adverse findings or toxicity at doses up to 100 mg/kg.  There was no change in BW or 
food intake.  
In Part 2, higher doses of lorcaserin were administered since there was no toxicity at 
100 mg/kg in part 1. Two rabbits were given 1000 mg/kg but due to toxicity, a lower 
dose of 300 mg/kg lorcaserin was given for 4 days.   
Clinical signs of toxicity at 1000 mg/kg included opistotonus, tonic extensor convulsion, 
vocalization, dark mucosa areas and trismus.  Based on this data pregnant rabbits were 
treated with 30, 100 and 300 mg/kg of lorcaserin from DG 7 through DG19. Rabbits 
were sacrificed on DG 29 by C-section and standard maternal and fetal data was 
collected (i.e. number and distribution of corpora lutea, implantation sites and uterine 
contents, gross examination of the thoracic, abdominal and pelvic viscera, fetal weight 
and sex as well as gross external alterations).  Blood samples were also collected from 
each fetus for TK analysis. 
 
Results Part 2 
• Of all the treated pregnant rabbits, there were two dead rabbits at 300 mg/kg one 

due to drug, the other due to intubation error. Adverse clinical signs included ptosis, 
tachypnea at ≥ 100 mg/kg and scant feces at 300 mg/kg.  Red area around fundic 
mucosa was seen in one dead rabbits at 300 mg/kg.  

• Lorcaserin reduced BW and BW gain at 30, 100 and 300 mg/kg. Food intake was 
reduced at ≥ 100 mg/kg.  Fetal BW was also reduced at 300 mg/kg.   

• There were no adverse findings in reproductive parameters at doses up to 300 
mg/kg.  There were no fetal gross alterations. 

 

(b) (4)
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Observations and Results 
 
Mortality:  There were no drug-related deaths in the study.  A high dose male rat that 

was sacrificed on Day 12 had nasal bone fracture due to trauma. 
 
Clinical Signs:  There were minimal signs of toxicity.   
 
Body Weight: Slight decrease in BW gain was noted in HD males (50 mg/kg) during the 

first week (9%).  The final BW gain at week 9 of treatment in the HD males was 
about 6-7% less then control.  The slight decrease in BW gain in the MD (15 
mg/kg) with in the first 3 days was similar to control at the end of the treatment.  
There was no change in BW in the LD (5 mg/kg) group. There was no clear drug 
related effect on BW gain in female rats.  Female rats with initial decrease in BW 
gain in the first 3 days of the treatment recovered rapidly.  

 

   
 
Feed Consumption: There was a transient decrease (up to 25%) in the food intake in 

the first few days corresponding to the decrease in BW in the HD male and female 
rats.  The effect on food intake at the end of the study was insignificant. 

 
Toxicokinetics: TK analysis was performed in male but not female rats. Blood samples 

were collected via orbital sinus at 1, 2, 4, 8 and 24 hrs post dose after anesthesia 
with CO2/O2 mixture. Lorcaserin exposure in male rats increased in a dose-
proportional manner.  The Cmax and AUC in male rats at NOAEL dose of 50 
mg/kg were 2.511 μg/ml and 29.287 μg.h/ml, respectively. 
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Necropsy 
Fertility Parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.) were 
not affected by lorcaserin doses up to 50 mg/kg.  Sperm motility and numbers were not 
determined.  The pregnancy rate was 95 to 100%. There was no drug-related effect on 
estrous cycle, mating performance, fertility or the maintenance of normal pregnancy up 
to mid gestation.  There were no drug related changes in BW, testes, epididymis, 
prostate, seminal vesicles and coagulating glands in male rats. The NOAEL dose for 
fertility in males was 50 mg/kg.  The NOAEL for early embryonic development was also 
50 mg/kg. 
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Methods 
Doses: 2, 10 and 50 mg/kg 

Frequency of dosing: Once a day 
Dose volume: 1 ml/kg 

Route of administration: oral  
Formulation/Vehicle: Deionized water 

Species/Strain: Crl:CD@(CD)IGS BR 
Number/Sex/Group: 25/sex/group 

Satellite groups: TK rats 
Deviation from study protocol Small deviations with minimal consequence 

Study Design Gestation Day (GD7-17) with C-section on 
GD21 

 

    
 
 
Observations and Results 
 
Mortality:  There were no drug-related deaths in the study 
 
Clinical Signs: Salivation appeared to be the most prominent clinical signs.  Some rats 

had dark material around nose or mouth at 50 mg/kg.  
Body Weight:  Maternal BW was slightly reduced at 10 and more at 50 mg/kg, 

corresponding to slight decrease in food intake.  There were no statistically 
significant differences in BW at GD 21.  Mean gravid and uterine weight were not 
affected by the treatment 
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Toxicokinetics: Blood samples were collected from pregnant rats on GD 7 and 17.
 The exposure at 50 mg/kg was approximately 44x the clinical dose of 10 mg 
 BID, based on AUC.   

     
 
Stability and Homogeneity:  Lorcaserin solution was stable and concentrations were 

within ±10 of the target concentrations. 
 
Necropsy: There were no notable gross findings except for a single subcutaneous 

mass found in the abdominal region in one female HD female rat. 
 
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.) 

• The pregnancy rate in C, 2, 10 and 100 mg/kg were 100%, 96%, 100% and 96%, 
respectively.   

• Although there was a significant difference in the fetal sex ratio at 10 and 50 
mg/kg, relative to control, the ratio of male to female in the treated animals was 
close (±1.6%) relative controls (±6.7%).  The difference in sex ratio was of little 
clinical consequence since the ratio in MD and HD was closer to normal range 
than the control.    

• There were no statistically significant or toxicologically meaningful differences in 
C-section parameters among groups.   
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Offspring (Malformations, Variations, etc.) 

• There were no drug-related changes in fetal external, visceral or skeletal 
malformations or developmental variations between lorcaserin-treated groups 
and control.   

• Minor variations such as an incidence of omphalocele in one fetus at 10 mg/kg 
and anal atresia with shortened torso and filamentous tail in one fetus in the HD 
groups were incidental.  

• The sponsor selected 2 mg/kg as NOAEL due to small decrease in BW at 10 and 
50 mg/kg.  Since the changes in the BW at 10 mg/kg was minimal, the reviewer 
selected 10 mg/kg as maternal NOAEL dose (8x the MRHD). 
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Methods 
Doses: 20, 60 and 200 mg/kg 

Frequency of dosing: Daily from GD 7 to 19 
Dose volume: 5 ml/kg 

Route of administration: oral  
Formulation/Vehicle: deionized water 

Species/Strain: New Zealand White Rabbits 
Number/Sex/Group: 20/group 

Satellite groups: Yes (6/group) 
Study design: GD 7 through GD19 with sacrifice on GD 29 

Deviation from study protocol: Minor 

   
Observations and Results 
Mortality 

• There was a dead female (Day 8) which appeared to be due to intubation error.   
 
Clinical Signs 

• Clinical signs consisted of few/soft stool, rapid breathing and arched back in the 
HD rabbits.  These signs were also noted in the female that died on GD8. 

• Some of the clinical signs were seen in MD but not in the LD females 
• One HD and a LD aborted on Day 23 and 26 while one MD female delivered 

prematurely on GD 28 
 
Body Weight 

• Significant decreases in BW and BW gain were seen in the females at 200 
mg/kg.  The weight lost during treatment phase was recovered during post 
treatment phase (GD 19-29). 

• There was no significant difference in BW, BW gain and gravid uterine weight 
between lorcaserin treated and control group at the end of the study. 
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Feed Consumption 

• The food intake was significantly decreased in the HD with corresponding 
decrease in BW (seen above).  The decrease in food intake reversed after 
cessation of lorcaserin treatment. 

 
Toxicokinetics 
• The exposure at 20 and 60 mg/kg on Day 7 were similar to GD 19.   
• AUC exposure at 200 mg/kg on Day 19 was 6.6 fold less than Day 7. 
• Lorcaserin exposure appeared to be dose-proportional from 20 to 60 mg/kg but not 

from 60 to 200 mg/kg, specifically on Day 19 (GD 19).  The exposure on Day 19 at 
200 mg/kg was 43x higher than AUC at 60 mg/kg. 

• Since there were no changes in exposure at 20 and 60 mg/kg on Day 7 vs. Day 19, 
the high exposure on Day 19 suggests changes to absorption (empty GI) or 
decreased metabolism.   

• Based on AUC, lorcaserin bioavailability is very poor in rabbits relative to rats, 
monkeys and humans but closer to mice. 

• In the dose ranging study, lorcaserin exposure at 300 mg/kg on Day 1 and 19 was 
4.2 and 15.3 μg.h/ml, respectively, which is significantly less than AUC exposure at 
200 mg/kg on Day 19. The overall trend suggests changes in absorption and 
possible metabolism. The fetal exposure is likely to be minimal due to poor 
maternal exposure. This also suggests that maternal incidences may not be drug 
related but due to maternal weight loss. 
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Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.) 

• There was no notable difference in C-section parameters among groups 
regarding  corpora lutea, implantation sites, pre-implantation loss, live fetuses, 
post-implementation loss, dead fetuses, early resorption, late resorption and 
mean fetal body weight  

• The pregnancy rate was 94.7% in control and 100% in the treated rabbits 
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Offspring (malformations, variations, etc.) 

• There was statistically significant in incidence of total fetal external, visceral or 
skeletal malformations or developmental variations between lorcaserin treated 
animals and control.  The incidence of hear and or great vessel anomaly was 
slightly higher than the background.  Since serotonin agonists are known to affect 
the valves, the significant of this observation is uncertain.  It is very likely the 
small variations at 200 mg/kg were due to significant weight.  

• Since fetal exposure was likely below detection limits, any fetal variation was 
likely due to poor food intake and maternal BW gain than lorcaserin. 
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Notable fetal observations are shown in table below.  Since most findings occurred at 
the high dose of 200 mg/kg (19x the clinical dose) were likely due to significant weight 
loss. 
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Methods 
Doses: 0, 5, 15 and 50 mg/kg (C, LD, MD & HD) 

Frequency of dosing: daily 
Dose volume: 5 ml/kg 

Route of administration: oral gavage 
Formulation/Vehicle: deionized water 

Species/Strain: Crl:CD(SD) female rats 
Number/Sex/Group: 25/group 

Satellite groups: No 
Study design: Seg III: DG9 though DL 20 or GD24 (no litter) 

Deviation from study protocol: Minimal 

Female rats (F0) were treated with lorcaserin from gestation day (DG 7) through 
lactation day 20 (DL 20).  Dams that did not deliver a litter were treated until DG 24 
before sacrifice.  F1 generation did not receive drug directly except for any drug during 
maternal gestation or via milk during nursing.  Milk samples were collected following 
intravenous oxytocin injection for evaluation of lorcaserin (but not evaluated/submitted).  

 
 
F1 generation were evaluated for sexual maturation (beginning on postpartum day 28 in 
females and postpartum day 39 in males) and behavioral changes (passive avoidance 
test, water maze test, reproductive capacity).  The reproductive capacity of F1 
generation was tested at approximately 90 days of age in both males and females. After 
completion of the data collection, rats were sacrificed by carbon dioxide asphyxiation.  
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Observations and Results 

F0 Dams 
Survival: There were no drug-related deaths during dosing 

 
Clinical signs: Salivation and chromorhinorrhea were noted at 15 and 50 mg/kg.  

Other findings did not appear to be dose-dependent thus not considered drug-
related. 

 
Body weight:  
• Body weight gain was significantly reduced in a dose-dependent manner at 5, 

15 and 50 mg/kg (87%, 82% and 72% of control value).   
• The absolute BW at DG 20 (390 g, 377 g, 374g and 361g ) and DL 21 (332 g, 

327 g, 322 g and 310g) in the control, LD, MD and HD, respectively. 
• Significant decrease in BW was noted at 15 and 50 mg/kg.  The decrease in 

BW in the HD is similar to fetal developmental study at 50 mg/kg.  
• The decrease in BW and BW gain continued after parturition during the lactation 

phase. 
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Feed consumption:  
• The food intake was affected in the same manner as BW changes. Food intake 

was significantly reduced during gestation phase at 5, 15 and 50 mg/kg (91%, 
86% and 75% of the control value).  By far the highest dose, 50 mg/kg had the 
greatest impact on food intake suppression. 
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Uterine content:  
• All pregnant dams delivered litters with exception of one LD which was found to 

be pregnant at terminal sacrifice on DG 25.   
• The number of pregnant dams were 25 (100%), 22 (88%), 25 (100%) and 23 

(92%) females at 0, 5, 15 and 50 mg/kg, respectively. 
• The gestation index (live birth/pregnant) was 100%, 95%, 100% and 100% at 0, 

5, 15 and 50 mg/kg. 
• The number of dams with stillborn were 1, 1,1 and 4 in the control, LD, MD and 

HD, respectively 
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• Only two dams lost all their pups (post partum Day 1 and 2) and they occurred 
at 50 mg/kg.  There were no such findings in the control, LD or MD dams.  It is 
not clear if this was due to significant weight loss or not. 

 

 
 
Necropsy observation:  
• Necropsy observation included fluid filled cyst on the papillary process of the liver 

in 1 HD dam.   
• Two HD dams that were sacrificed on Day 1 or 2 of lactation due to having no 

surviving pups.  Parts of the pups were found in the stomach suggesting 
cannibalization of the pups.  

 
 
Toxicokinetics: Plasma drug levels were not determined. According to the protocol, 
 milk samples were collected but no data on analysis was provided to show drug 
 presence in the milk. 
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Stability and homogeneity: Lorcaserin was stable in the solutions.  The drug 
concentrations in the solutions were within the specified range of ±10%. 
 
F1 Generation 
Survival:  

• Overall, the number of pups delivered among groups was similar but the 
number of surviving pups per litter was lower in the HD group relative to control. 

• 1 male in the MD and 2 in HD were sacrificed or found dead during postweaning 
Days 2 and 3 due to poor health caused either poor maternal care or presence 
of lorcaserin in the milk.  The clinical signs in these pups included one or all of 
the clinical signs: cold to touch, dehydration, reduced motor activity, reduced 
BW. 

• Percent male to female ratio was similar among groups (no treatment effect) 
• The percentage of live born pups delivered was significantly reduced in HD 

group  
• Dams with still borne pups totaled 1, 1, 1 and 7 in control, LD, MD and HD, 

respectively. 
• As noted before, 2 dams in the HD group lost all their pups on postpartum day 1 

and 2.   
• The viability index was significantly but slightly lower in the HD dams (98%, 

98%, 98% & 87% in C, LD, MD & HD, respectively). 
• The lactation index was also significantly but slightly lower in the MD and HD 

dams (99%, 98%, 96% & 96% in C, LD, MD & HD, respectively). 
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Clinical signs: 

• The Clinical signs were minor and did not appear to be drug-related.  Some of 
the observations included cold to the touch (among all groups) and purple or 
black tail tip appearance in 3 pups in HD. 

• Tip of tail was missing in 1 pup in LD and HD 
 

  
 
Body weight:  

• The BW of pups tended to follow the BW trend in dams discussed earlier.  High 
dose male pups had lower BW than controls up to Day 50 with terminal BW 
being similar to the control group (516 g vs. 542 g in controls).  The BW 
changes in the F1 HD males tend to be significantly less than control on several 
time intervals up to day 36 but not later. 
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• The BW of female pups (F1) in LD, MD and HD rats were significantly less than 
controls up to Day 50, corresponding to lower maternal BW.  The terminal BW 
in treated females was similar to control.  Interestingly LD and MD were affected 
longer than HD. BW during cohabitation was similar. 
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Feed consumption:  
 
• The absolute food intake in F1 males was reduced in LD, MD and HD initially.  The 

effect of MD and HD lasted longer (day 29 of postweaning in MD and day 71 in HD). 
• The absolute food intake was also reduced in F1 females at LD, MD and HD.  Again 

the effect lasted longer at higher doses. 
• The food intake during gestation was unaffected. 
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Necropsy observation: 
• Examination of the stomach of the 2, 1, 2 and 12 pups in control, LD, MD and HD 

groups found no milk in stomach, respectively. 
• One pup in the HD group on DL1 had black heart and intestine. 
• All pups except for 1 LD pup (herniated diaphragm) appeared normal at the 

scheduled sacrifice on lactation day 21. 
 

 
 

 
 
Neurological assessment:  
• The passive avoidance test found no statistically significant differences among 

groups in learning, short-term retention, long-term retention or response inhibition in 
the F1 males and female.  The significance of reduced latency in MD and HD males 
in trial 1 is not clear since other tests did not show any change.  
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• In water maze test, there was no statistically significant watermaze performance 
regarding learning, short-term retention or response inhibition.  However, the 
number of error per trial in the MD groups was significantly increased. Again the 
significance of this finding is also not clear as it occurred in session 1 but not 2. 
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Reproduction (F1 generation): 
• Sexual maturation was unaffected by the lorcaserin treatment.  There were no 

apparent differences among groups in the fertility index, number of rats mated, and 
the number of confirmed pregnancies.  

• Pregnancy rate was 96%, 84%, 96% and 88% in F1 generation. 
• The vaginal patency was delayed in the HD F1 females than control (p<0.05).  The 

delay may have been due to smaller size in the HD pups. 
• The reproductive parameters listed in table below were not affected by the lorcaserin 

treatment.  The significantly lower corpora lutea in the LD rats was likely a 
coincidental finding. 
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F2 Generation 
 
Survival: The numbers of live fetuses were similar among groups 
Body weight: There was no treatment effect on BW of fetuses (F2 generation)  
External evaluation: There were no drug-related external variations 
Male/Female ratio: The male to female ratio was similar among groups 
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10 Special Mechanistic Studies 

 
Mechanistic Studies Designed To Explore the Role of Prolactin in Lorcaserin 
Induced Mammary Neoplasia in Rats 
 
The sponsor had performed series of mechanism studies to support the hypothesis that 
lorcaserin induced increase in mammary gland neoplasia in rats was due to lorcaserin 
related increase in serum prolactin levels.  The studies were designed to show that the 
lorcaserin effect is via prolactin similar to several approved antipsychotic drugs which 
are recognized to increase prolactin and prolactin-related increase in mammary tumors 
in rats.    

    
 
Lorcaserin is a 5HT2C selective agonist (Ki=13 nM).  Binding and functional tests have 
shown lorcaserin to be at least 5 and 11 fold more selective to 5HT2C than to 5HT2A 
(Ki=92 nM) and 5HT2B (Ki=147 nM), respectively.  The EC50 for human 5HT2A, 5HT2B 
and 5HT2C is estimated to be 133, 811 and 9 nM, respectively.  Lorcaserin had no 
notable binding to dopamine receptors in the  assay. Oral administration of 
lorcaserin (36 mg/kg) did not alter intracellular dopamine or serotonin in nucleus 
Accumbens in rat while dexfenfluramine (2.6 mg/kg), a nonselective serotonin agonist 
increased intracellular serotonin but not dopamine, suggesting both compounds may  
low abuse potential (a dopamine effect in nucleus accumbens).   Lorcaserin is 
extensively metabolized in all species but the prominent inactive metabolites are M1 
(lorcaserin sulfamate) and to some extent M5 (N-carbamoyl glucuronide).  
 
 
Study Title: Acute Effects of Lorcaserin on Serum Prolactin Levels in Rats (DBR-08-
031) 
 
In an acute non-GLP study, single dose of lorcaserin (30-100 mg/kg, PO) and 
neuroleptic haloperidol (positive control,0.3 mg/kg, SC) were administered to 12 week 
old male and female SD rats (Arena Discovery Labs, March 20, 2008).  Haloperidol is a 
dopamine antagonist known to increase serum prolactin levels.  Prolactin levels were 
measured 30 min after administration of each compound via cardiac puncture under 
CO2 anesthesia.  A subset of females were bled (1 ml) prior to drug administration via 

(b) (4)
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tail vein.  Serum samples were sent to  for prolactin 
analysis.  
In this single dose study, lorcaserin increased prolactin levels in male rats but not in 
females.  In female rats, serum prolactin levels appeared to decrease while haloperidol 
consistently increased serum prolactin levels in both male and female rats suggesting 
that haloperidol is a very potent stimulator of prolactin release.   Since the lorcaserin 
induced increase in prolactin in male rats was relatively weak compared to haloperidol, 
the finding may be related to an a acute effect possible stress related.  For example, 
even administration of vehicle increased prolactin in females by ~5 fold.  However, 
based on the study, the sponsor concluded that ovarian hormones may have been 
interfering with the prolactin release in female rats. Since haloperidol was able to 
increase prolactin levels in males by 15 fold and in females by as much as 80 fold, the 
role of lorcaserin in prolactin release in male rats thus was likely incidental.   
 

 
In summary acute administration (single dose) of lorcaserin increased prolactin levels in 
male rats but not in female rats.  In contrast, haloperidol, a dopamine antagonist, 
robustly increased prolactin levels in both males and female rats.   
 
 
Study Title: Sub-chronic Effects of Lo on Serum Prolactin Levels in Ovariectomized 
Female Rats (DBR-08-032) 
 
In a follow up sub-chronic non-GLP study, the role of multiple doses lorcaserin on 
prolactin levels was evaluated in ovariectomized female rats (May 28, 2008, Area 
Discovery Labs).  The study was similar to the single dose study described above 
except that lorcaserin dose of 100 mg/kg was administered by gavage for 10 days to 
ovariectomized rats replenished with ovarian hormones (0.1 mg estradiol-β + 15 mg 
progesterone or 2.5 mg estrodial-β+35 mg progesterone).  Haloperidol (0.3 mg/kg, SC) 
served as positive control. 
As expected, haloperidol increased serum prolactin levels after acute and 10 day dosing 
in ovariectomized female rats replenished with ovarian hormones regardless of 
hormone replacement regimen.  In contrast, lorcaserin increased prolactin levels only in 
animals receiving hormone replacement and not in placebo implanted ovariectomized 

(b) (4)
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rats.  Since lorcaserin’s effect was minimal with low dose hormone replacement (normal 
levels) and only increased with supra-pharmacological doses of estradiol and 
progesterone, the relevance of this finding is questionable. The normal estradiol levels 
in female rats is about 2 to 50 pg/ml vs. estradiol levels with mega dose of implanted 
pellets. The reviewer estimated estradiol levels were up to 20x the normal levels. The 
study conditions do not resemble the conditions in the carci study.  The estradiol levels 
in the ovariectomized rats were closer to high normal (next study) than it should have 
been and hormone replenishment itself produced a significant increase in serum 
prolactin. 
 

 
 
Study Title: Sub-chronic Effects of Lorcaserin on Serum Prolactin Levels in 
Ovariectomized Female Rats (DBR-09-001) 
 
The sponsor repeated the same study above (Nov 4, 2008) in the same animal model 
as described in study # DBR-08-032 (Arena Discovery Labs).  The study findings were 
pretty much similar to those in the earlier study.  As discussed earlier, the relevance of 
ovariectomized rats replenished with supra- pharmacological doses of estradiol/ 
progesterone is questionable and not similar to rats in the carci study.  For prolactin to 
be the intermediary hormone between lorcaserin and mammary tumors there should 
have been persistent elevation in prolactin levels in intact rats in the chronic studies as 
was the case for most antipsychotic drugs. 
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initiated on Jan 16, 2008 and was carried out at  for the 
sponsor. 

  
 
Study Findings 
Lorcaserin had no significant effect on prolactin, LH or estradiol levels in normal or 
ovariectomized female rats.   Occasional changes were noted in serotonin, FSH, 
progesterone, GH, IGF-1 and corticosterone levels with no statistical significance on 
Day 9.  Variation in these hormone are shown in the bar plots on Day 0 and Day 9 for 
reference. 
Fenfluramine increased prolactin levels relative to the control normal rats (p>0.05).  Of 
the 10 females in the study 4 were in proestrus while others were in diestrus or estrous 
at the time of analysis.  The Cmax at 2 hours on Day 0 and at 1 hr post dose on Day 9 
after 100 mg/kg of lorcaserin were 1.45 and 4.2 μg/ml in normal female rats, 
respectively.  The AUC on Day 0 and 9 were 6.91 and 17.9 μg.h/ml, respectively.  In the 
ovariectomized rats the Cmax at 1 hr post dose on Day 1 and Day 9 were 1.25 and 4.23 
μg/ml.  The lorcaserin AUC in ovariectomized rats was increased by 2.7 fold on Day 9 
(16.3 μg.h/ml) relative to Day 0 (5.93 μg.h/ml). 
 

 
 

(b) (4)
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In summary, oral administration of lorcaserin 100 mg/kg of lorcaserin had no significant 
impact on serum prolactin, LD or estradiol concentrations in intact or ovariectomized 
rats in the course of 10 day study.   
 
 
Study Title:  APD356: Assessment of serum prolactin and estradiol in female rats during 
daily  dosing for 28 days (MPI 900-101 & TX07035) 
 
In this 28-day GLP comprehensive mechanistic study carried out for the sponsor at MPI 
facility (July 3, 2007), the role of lorcaserin on serum prolactin and several other 
parameters were evaluated in female CD®[Crl:CD®(SD)] rats.  The primary objective of 
the study was to examined the changes in serum prolactin on different days at different 
time intervals post lorcaserin administration in female SD rats.  The study also 
examined the pituitary and mammary prolactin positive staining cells.  
The lorcaserin treated group received 100 mg/kg (n=20) of lorcaserin while control 
animals received water (n=20, 5 ml/kg).   Additional TK animals were used for plasma 
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with castration.    Immunohistochemical staining of adenohypophysis and mammary 
tissue for prolactin positive staining cells found no significant difference between vehicle 
(water) and lorcaserin treated rats.  Ovariectomized females had vaginal morphology 
similar to anestrous and slight glandular atrophy of mammary gland on Day 20.   
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In summary, oral administration of 100 mg/kg of lorcaserin (to achieve highest drug 
exposure) for 10 and 20 days had a minimal effect on prolactin and estradiol levels in 
intact or ovariectomized SD rats.  In contrast, D-fenfluramine significantly increased 
prolactin levels.  Immunohistochemistry evaluation of the pituitary (adenohypophysis) 
and mammary gland found no significant lorcaserin-related change in percent prolactin 
positive staining cells in intact or ovariectomized rats.   
The rationale for using fenfluramine was to test whether a non-selective 5HT2C would 
have any effect on prolactin since earlier studies were failing to show a lorcaserin effect. 
The increase in prolactin was supposedly through the fenfluramine induced increase in 
brain serotonin levels.  Since fenfluramine does not increase mammary tumors (NDA 
20-344) in rats, the slight increase in prolactin by fenfluramine but not by lorcaserin 
suggests that prolactin levels have to increase significantly and persistently in order to 
result in mammary tumors in rodents which is the case with haloperidol.   
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Integrated Summary and Safety Evaluation 

Lorcaserin is a serotonin 2 C receptor (5HT2C) agonist under development for 
treatment of obesity.  Lorcaserin is highly pure (99.9%) and predominantly an R-
enantiomer (>98%) with minimal potential for chiral inversion in-vivo.  The safety of 
lorcaserin was assessed in series of in-vitro and in-vivo nonclinical studies. Lorcaserin 
was not genotoxic in series of tests carried out for the parent drug. The toxicity of 
lorcaserin was evaluated in mice, rats, rabbits and monkeys.  
 
Lorcaserin is rapidly metabolized by several liver microsomal and non-microsomal 
enzymes to numerous metabolites, with two prominent being M1 (lorcaserin sulfamate) 
and M5 which were identified in circulation in nearly all the species tested including 
humans.  The exposure to M1 metabolite was 15 to 160x the parent drug in blood, while 
exposure to M5 metabolite was 2 to 3x the parent drug in nonclinical studies.  All the 
metabolites identified in humans were found in at least one of the species used in the 
nonclinical evaluations thus sufficient coverage is provided for all the major and minor 
lorcaserin metabolites.  
 
Lorcaserin appears to have minimal inhibitory effect on liver CYP1A1, CYP2C9, 
CYP2C19 or CYP3A4 enzymes in human.  However, a slight inhibition of human 
CYP2D6 (Ki of 2.03μM =397 ng/ml) may occur.   Using rat liver, lorcaserin induced 
CYP1A, CYP2B and CYP1A1 and CYP2B1/2.  In contrast, no such induction was seen 
in humans.  Lorcaserin had no effect on human CY1A2, CYP2C9 and CY3A4 enzymes 
suggesting that lorcaserin is unlikely to enhance metabolism of coadministered drugs 
metabolized by CY1A2, CYP2C9 and CY3A4 enzymes.  Pharmacokinetic studies in rats 
found no food effect on lorcaserin bioavailability.  Since lorcaserin is primarily excreted 
by the kidneys (70 to 82%) with small fraction lost to feces (14 to 25%) in rats suggests 
that renal condition might be an important factor in drug exposure in humans. 
 
As a CNS active drug, distribution of lorcaserin to the brain was measured in the brain 
and CSF of male mice, rats and monkeys.  Lorcaserin partitions significantly more to the 
brain tissue than plasma. The partitioning to the brain tissue does not appear to be 
specific to a region in the brain. The ratio of brain to plasma ranged from 13 in the initial 
studies in rats to 35 fold in recent multiple dose rat studies.  In mice, the brain to plasma 
ratio was about 25 fold and about 10 fold in monkeys (range of 10 to 23).  Lorcaserin 
concentration in the human brain is unknown. Interestingly, the CSF concentrations of 
lorcaserin is a fraction of plasma levels.  It appears that lorcaserin partitions to brain 
rapidly against a large concentration gradient suggesting perhaps a role for an active 
transport system since both the CSF and plasma levels are significantly less than the 
brain levels.  The brain distribution studies found no meaningful levels of the 
metabolites in the brain and CSF, again pointing to some active transport system 
specific to lorcaserin (5HT2C).  Protein binding studies found lorcaserin to be moderate 
(mice:66%, rats:70%, monkeys:73%, humans:74%). Whether high free fraction (26 to 
34%) in the circulation was contributing to high brain partitioning is not clear.   
The toxicity of lorcaserin was assessed up to 6 months in rats (1, 5 and 50 mg/kg), and 
up to 12-months in monkeys (2, 10, 50 and 125 mg/kg). Lorcaserin significantly reduced 
BW gain in male rats at 50 mg/kg at the end of first week (M: -29%, F:- 49%) but most 
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of the weight loss was recovered by the end of the study (M:-15%, F:-7%).  The 
decrease in BW gain was result of CNS suppression of appetite, marked by significant 
decrease in food intake in HD male rats.  There was no change in BW gain in female 
rats at any dose level which is a consistent phenomenon in all studies in female SD 
rats.  The absence of appetite suppression and BW in female rats is puzzling since 
plasma lorcaserin exposure in female rats at 50 mg/kg is about 60% higher than males.  
Since appetite suppressive effect of lorcaserin is via 5HT2C receptors in the CNS, one 
might conclude that females have potentially lower 5HT2C receptor concentrations 
and/or lower lorcaserin levels in the brain.  Both are plausible since the brain lorcaserin 
and 5HT2C receptor numbers are unknown in female rats.  Since the brain distribution 
studies had only examined the brain lorcaserin levels in males which ranged from 13 to 
35x the plasma, determination of brain lorcaserin exposure in females is warranted.  
Potential brain exposure differences may explain some of disparity in the rat studies 
(male vs. female SD rats). 
 
With up to 35 fold partitioning of lorcaserin to the brain, the brain concentrations at 
pharmacodynamically effective dose of 50 mg/kg (AUC 37.7μg.hr/ml) in male rats might 
have been as high as 1320 μg.hr/ml.  This suggests that chronic weight loss in male 
rats is achieved by very high brain concentrations of lorcaserin.  Interestingly, the few 
deaths seen in rats of unknown causes occurred mostly in HD males in the main (M: 2 
C, 5 HD, F:1HD) and TK study (M:3 HD, F:1 HD).   
 
Consistent with the 13-week rat study, lorcaserin decreased erythroid parameters (RBC, 
Hgb, Hct) in HD rats with corresponding increase in reticulocytes. Hypertrophy of liver 
(relative to BW) was seen in HD males (28%) and to some extent in HD females (19%) 
which may have been due to metabolic responses to drug load. Lorcaserin resulted in a 
dose-related hepatocellular vacuolation at all doses in male rats. Liver hypertrophy due 
to metabolic load was likely the reason for liver tumor in male rats.   Minimal to 
moderate centrilobular hepatocellular hypertrophy was noted in most of the HD rats. 
Minimal to mild increase in incidence of extramedullary hematopoiesis and pigmented 
macrophages in HD rats is consistent with the findings in the 2-year rat carci study. 
Except for incidence of 2 HD females with mammary lobular hyperplasia, there was no 
notable change in mammary gland pathology to suggest that lorcaserin would result in 
significant increase in mammary tumors in rats.  It is highly likely that longer treatment 
would have resulted in more mammary tubular hyperplasia.  In the 2-year 
carcinogenicity study, mammary tumors were palpable at 9 months. 
  
In the 12-month monkey study (2, 10, 50 and 125 mg/kg) the two deaths at 125 mg/kg 
which occurred within a short time after dosing on Day 15 (F, replaced) and Day 64 (M) 
were attributed to apparent gavage error.  Histopath data appear to support this 
explanation. However, there were also 2 deaths at 125 and 75 mg/kg in the 13 week 
study (1 F on day 3 at 125 mg/kg, 1 M on day 43 at 75 mg/kg) which raises the 
possibility that other factors may have contributed such as tremor, emesis (aspiration) 
and seizure which were seen at lorcaserin doses ≥ 75 mg/kg.  Clinical signs of emesis 
and tremor appeared to be more common in female than male monkeys.  Unlike in rats, 
the greatest effect of lorcaserin (≥ 50 mg/kg, ≥ 30x the MRHD) on BW was observed in 
female monkeys.  Only a small decrease in BW gain was noted in HD male monkeys.  
Lorcaserin doses of 2 and 10 mg/kg (up to 5 to 8x the MRHD) had no effect on BW or 
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BW gain in monkeys.  The slight decrease in BW at HD was associated with lower LDL, 
HDL and cholesterol.  Interestingly, the triglyceride levels were increased in HD (36 to 
58%) at 52 wks likely due to mobilization of lipids.  However, similar to rats, lorcaserin 
reduced erythroid parameters with associated increase in reticulocytes. As expected, 
the decrease in BW gain was associated with a decrease in food intake. Since only 
higher doses reduced BW, chronic weight loss with lorcaserin may require greater drug 
exposure in animals.  The clinical signs noted above (lower BW and food intake at ≥50 
mg/kg, reduced erythroid parameters and reduced lipid profile at ≥ 50 mg/kg) were 
similar to those in the 13-week monkey study.    
 
ECG evaluations of monkeys at near Tmax found no notable changes to suggest a 
lorcaserin related hemodynamic effect in monkeys.  In the in-vitro tests, lorcaserin 
prolonged action potential duration and inhibited hERG current at concentrations ≥ 14 
μM.  Since these concentrations are unlikely to be achieved in plasma in humans, the 
potential QT effect is minimal.   Histopath analysis of the heart found no evidence of 
valvulopathy, although some questionable findings were noted in couple of monkeys 
such as aortic intima fibrosis (1 M at 50 mg/kg) and atrial epicardial inflammation (1 F at 
125 mg/kg).  In the 13-week study, there was a single incidence of fibrosis of the heart 
(1 HMD male) and myocardium fibrosis and necrosis (1 LMD female).  Whether these 
incidences were related to drug or coincidental is unknown. 
      
Two of the organs most affected by lorcaserin in monkeys were the liver (hypertrophy, 
vacuolation) and kidneys (hypertrophy, degeneration/regeneration).  The liver signal 
was relatively weak (necrosis in 1 HD male, vacuolation in 1 female at 10 mg/kg and 
occasional incidences of lipidosis) relative to the 13-week monkey and 26-week rat 
study considering the duration of the treatment.  In the 13-week monkey study, 
lorcaserin was associated with vacuolated liver cells marked by swelling which 
increased in a dose-dependent manner in both male and female monkeys (absent 
during recovery).  It is highly possible that the liver effect was due to initial weight loss 
and fatty acid utilization/mobilization and subsequent adaptation to the treatment.  Since 
the liver subsided and recovered, it is possible that this effect is reversible upon drug 
withdrawal and has no long-term consequences.  Lorcaserin’s effect on the kidneys in 
monkeys was the primary concern for the reviewer.  The incidence of renal tubular 
regeneration increased with dose (≥ 10 mg/kg) while renal tubular degeneration 
(minimal to moderate) was noted at 125 mg/kg.  The renal histopathology was 
associated with cellular casts in the tubules at doses ≥ 50 mg/kg.  The renal findings 
were also supported by white blood cells and protein in the urine in the HD monkeys.  
Since some of the renal signals persisted even during the recovery, renal tubular 
regeneration/degeneration is apparently not readily reversed. The renal signal in 
monkeys was unexpected since it was not seen consistently observed in rats.   The 
renal effect of lorcaserin was peer reviewed.  Both the original and peer review 
pathologists agreed that renal signal in monkey was treatment related.  The sponsor 
objected to the CRO’s interpretation and hired two external renal pathologists to 
examine the slides.  The external pathologist concluded that the renal tissue findings 
were an artifact and common to monkeys, and thus unrelated to lorcaserin.  The 
external reviewer’s assessments are not as credible as the original pathologist’s report 
since the external pathologists had examined new semi-blinded slides.  Furthermore, 
the renal data is supported to some degree by the renal findings in the 13-week monkey 
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study (i.e. renal tubular regeneration in 1 HD male, tubular protein casts in 1LD female, 
2HD males and 1HD female).  
The 13-week and 12-month monkey studies overall appear to suggest that renal signal 
in monkeys is a treatment effect albeit at ≥ 8x the clinical dose and the effect becomes 
more established and prominent with time and dose of lorcaserin.  Other noteworthy 
histopath findings include bone marrow lymphoid nodules (minimal) in 1 male at 50 and 
125 mg/kg, ovarian follicular cysts (minimal to mild) at ≥ 10 mg/kg and thyroid follicular 
degeneration (minimal to mild) at ≥ 10 mg/kg and arteriolar focal necrosis in the brain of 
1 HD female.       
 
Carcinogenicity Assessment of Lorcaserin  
Lorcaserin and its major sulfated metabolite (APD244208) showed no evidence of 
genotoxicity in in-vitro and in-vivo tests.  Since lorcaserin was carcinogenic in rats, non-
genotoxic mechanisms are therefore thought to underlie lorcaserin-induced tumors 
observed in the rat.  
 
Mouse Carcinogenicity study 
The carcinogenicity study in mouse was initiated with 25, 50 and 100 mg/kg of 
lorcaserin and a vehicle control.  Despite the evidence of tolerability of 100 mg/kg in the 
acute and 13-week dose-ranging study, excessive mortality was seen within the first 16 
days of dosing at 100mg/kg. The deaths were clearly related to lorcaserin of 
undetermined causes. Since lorcaserin can partition to the brain up to 25x the plasma 
levels and there was an incidence of convulsion in 1 male on Day 1 at 100 mg/kg, the 
deaths may have had a neural origin.  In consultation with the FDA, the doses of 
lorcaserin were decreased and treatments were reintroduced on Day 19 at 5, 25 and 50 
mg/kg.  
Lorcaserin exposure in male mice achieved a 0.5x, 4x, and 7x multiple at the LD, MD, 
and HD compared to the clinical dose. Exposure in female rats was higher, achieving a 
0.3x, 1.5x, and 4x multiple of the clinical dose of 10 mg BID based on AUC. The 
lowered doses were well tolerated and survival in lorcaserin-dosed groups was similar 
to the control group for the 
remainder of the 2-year study.  
Lorcaserin doses up to 50 mg/kg 
had no effect on BW or food intake 
in mice.  There was no statistically 
significant treatment related 
increase in non-neoplastic or 
neoplastic findings.  The only 
notable finding was the numerical 
increase in the number of 
adenocarcinoma in female mice at 
50 mg/kg relative to controls.  The 
incidence of adenocarcinoma in 
control, LD, MD and HD  female 
rats were 2/75, 1/65, 1/65 and 
4/75, respectively.  The lack of 
pharmacodynamic and neoplastic 
response in the rat study appears to be due to lower lorcaserin exposure, since the 
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mammary tissue in the TK rats in the carci study. Serum analysis found prolactin levels 
to be similar among groups in female SD rats (~115 ng/ml).  The levels in treated males 
was reduced by 50 % relative to control males.  The numbers of pituitary prolactin 
positive staining cells were similar among males while MD and HD females had slightly 
higher incidence than control females.  The incidence of mammary prolactin positive 
cells in the HD was lower than the corresponding control.   
 
Additional single dose (males) and multiple dose mechanistic studies in intact and 
ovariectomized female rats with or without hormone supplement were conducted.  The 
single and multiple doses of lorcaserin (10 to 100 mg/kg) consistently failed to show a 
significant rise in serum prolactin levels in female rats at any time period (2 to 24 hrs 
post dose) whether intact or ovariectomized.  In contrast, animals treated with positive 
control, haloperidol (dopamine antagonist) saw a robust and significant rise in serum 
prolactin levels in intact and ovariectomized rats, consistent with prolactin’s role as a 
central hormone for haloperidol-induced mammary tumors. Contrary to lorcaserin, 
dexfenfluramine, a non-selective 5HT agonist, increased serum prolactin presumably by 
increasing brain serotonin levels. However, dexfenfluramine does not increase 
mammary tumors in rats (albeit a different strain), suggesting that perhaps a robust 
chronic increase in prolactin is needed for rats to develop mammary tumors as is the 
case for haloperidol. The lack of lorcaserin on prolactin was further supported by the 
absence of any change in pituitary and mammary immunohistochemistry staining in the 
28-day study in female SD rats.   
 
There is some evidence from the single dose study that lorcaserin may have a small 
acute effect on prolactin in male but not female rats, even though there was a 50% 
decrease in prolactin in males after 54 weeks of dosing.  The acute rise in prolactin in 
the single dose male rat study lead to the hypothesis that reproductive hormones in 
females were masking detection of an increase in prolactin with lorcaserin.  To achieve 
a controlled level of reproductive hormones, females were ovariectomized then 
replenished with specified doses of estradiol+progesterone.  Under these conditions, 
lorcaserin increased prolactin levels a marginal degree over the robust increase 
observed with the hormones. The relevance of the finding is questionable because the 
degree of increase in prolactin was marginal, and occurred under experimental 
conditions that bear little resemblance to those encountered by the rats tested in the 
carcinogenicity study. Interestingly, the estradiol level (~ 50 pg/ml) in the ovariectomized 
rats before hormone replenishment for some reason was equivalent or higher than 
normal estradiol levels in intact animals (2 to 50 pg/ml), raising concern regarding the 
validity of these non-GLP studies carried out at the sponsor’s own labs, which appears 
inconsistent with the expectation of reduced estrogen with ovariectomy. 
 
Overall, the effect of lorcaserin on serum prolactin in rats is consistent with the clinical 
observation that a small increase in prolactin may occur for a short time following a 
dose of lorcaserin but is not sustained under chronic conditions.  The acute effect of 
lorcaserin is consistent with the published literature showing that repeated dosing with a 
serotonin 5HT2A/C agonist can quickly lead to rapid tolerance in rats (Aulakh CS et al 
1994) and humans (Greenberg J et al, 1996).  Together these studies suggest that a 
lorcaserin related increase in prolactin, if any, is likely to be short lived with minimal 
consequences. It is the reviewer’s opinion that the sponsor failed to show a meaningful 







NDA #22-529   Reviewer:  Fred Alavi, Ph.D. 
 

224 

hepatocellular hypertrophy in HD males.  Females at the high dose had a lesser degree 
of hepatocellular hypertrophy and displayed basophilic foci of cellular alterations 
(preneoplastic). The disproportionate effect on the liver in males may reflect greater 
induction of drug-metabolizing enzymes, as reflected by the 1.5 fold decrease in drug 
exposure in males.  With no significant increase in pair wise comparison and high 
exposure multiples (> 55x the clinical dose of 10 BID on AUC basis), the potential risk to 
humans is deemed minimal.   
 
Thyroid Tumors 
The trend for incidence of thyroid follicular cell adenoma was significant in lorcaserin 
treated males (0/65, 5/65, 4/65 and 8/75 for C, LD, MD and HD male, respectively).  No 
significant thyroid tumors were noted in females. The profile of thyroid and liver tumors 
appears similar, as a possible adaptation to increased T3 turnover and high liver drug 
load.   
 
To summarize carcinogenicity studies, lorcaserin significantly increased the incidence of 
mammary tumors (fibroadenoma and/or adenocarcinoma) at all doses in females and 
MD and HD males and brain tumors (astrocytoma) in HD males in the 2-year rat 
carcinogenicity study.  There was no safety margin for mammary fibroadenoma in 
females (< 7x the MRHD).  Both fibroadenoma and adenocarcinoma were fatal.  Since 
the mechanistic studies failed to persuasively demonstrate prolactin as the intermediary 
hormone as is the case for antipsychotic drugs, the mechanism remains unresolved and 
clinically relevant.  With regards to astrocytoma in males, a safety margin to the NOAEL 
was identified (5x to 17x the MRHD) based on plasma exposure. A safety margin based 
on comparative brain levels of lorcaserin is most appropriate because lorcaserin 
significantly accumulates in the brain (drug pharmacology target). Because brain levels 
of lorcaserin in human subjects is not known and there is a significant variability in brain 
exposure among species, the estimated safety margin of 5x to 17x is somewhat 
unreliable and may be greater or smaller depending on the degree of drug partitioning in 
the human brain.  Lorcaserin also dose-dependently increased liver adenoma, benign 
skin fibroma, benign thyroid adenoma and malignant schwannoma in male rats.   The 
NOAELs for these tumors provides a safety margin of 5x to 17x.  Although lorcaserin 
did not result in neoplasm in mice, the AUC exposure at the high dose (50 mg/kg, 4 to 
7x the MRHD) was less than the exposure at the lowest dose of lorcaserin in rat study, 
therefore absence of neoplastic tumors in mice might be due to low lorcaserin exposure. 
 
Reproductive Studies 
The reproductive effect of lorcaserin was evaluated in rats and rabbits.  Lorcaserin 
doses of 5, 15 and 50 mg/kg were given to male (before and after mating) and female 
rats (before and after mating DG 7) for fertility assessment.  Lorcaserin slightly reduced 
BW gain (~7%) in males at 50 mg/kg but was unremarkable in female rats. Lorcaserin 
doses up to 50 mg/kg had no effect on fertility parameters in male or female rats.  The 
NOAEL for embryonic development and fertility was 50 mg/kg.   
In the Seg II rat study, lorcaserin doses of 10 and 50 mg/kg (DG7 to DG17) resulted in 
slight but significant decrease in maternal BW.  The decrease in BW correlated with a 
decrease in food intake in dams. There was no statistically significant change in fetal 
external, visceral or skeletal malformations.  Minor fetal variations were considered 
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incidental. The maternal NOAEL was selected as 10 mg/kg (8x the MRHD) in rats due 
to weight loss at 50 mg/kg, which was also selected as fetal NOAEL (48x the MRHD). 
 
The fetal developmental study in New Zealand white lorcaserin doses of 20, 60 and 200 
mg/kg were administered to pregnant rabbits from DG 7 through DG 19.  One HD and 
one LD dam aborted on Day 23 and 26, respectively while one MD female delivered 
prematurely on GD 28.  The incidence of spontaneous abortion in LD and HD was 
within the historical control (0 to 6.9%). Lorcaserin significant decreased BW and food 
intake of dams at 200 mg/kg.    Gross necropsy findings were limited in one LD, MD and 
HD dam. These animals had either empty implantation sites or early resorption in the 
case of MD and LD females.  Overall, there were no statistically significant differences 
in C-section parameters, total fetal external, visceral or skeletal malformations or 
developmental variations between lorcaserin treated animals and control.  However, 
there was incidence several variations i.e. heart and greater vessel anomaly in 2 HD 
fetuses were greater than historical background.  Based on significant decrease in BW, 
the NOAEL for maternal toxicity was 60 mg/kg (0.6x the MRHD). Even though fetal 
variations in the HD were not significant, the reviewer selected 60 mg/kg (0.6x the 
MRHD) as the NOAEL for fetal toxicity due to slightly higher incidence fetal variations 
such as heart and greater vessel anomaly at high dose. 
The pre- and post-natal development studying rats were performed with 5, 15 and 50 
mg/kg of lorcaserin.  There were no drug-related deaths; however, lorcaserin reduced 
BW gain of dams in a dose-dependent manner during gestation and lactation which 
lead to lower pup (F1) weight at all doses but reaching statistical significant at 50 mg/kg.  
The percentage of live pups was reduced and the number of pups found dead was 
increased by lorcaserin dose of 50 mg/kg resulting in reduced viability index (87.3% vs. 
98% in control).  The gestation index was similar while lactation index.  The slightly 
lower postweaning BW of the F1 generation recovered as the terminal BW was similar 
to control. There were no notable differences in F1 behavioral tests.  Pups generation 
from mating of F1 generation had no significant gross alterations.  The NOAEL dose of 
5 mg/kg was selected for dams (weight loss).  The reproductive NOAEL in dams was 15 
mg/kg due to reduction in lactation index, increased stillborn pups at higher lo dose. 
 
In summary, lorcaserin was not teratogenic in rat and rabbit reproductive studies. 
Lorcaserin appeared to reach fetal plasma in rats at concentrations equivalent to 1/3 of 
the maternal exposure.  Surprisingly, the relative bioavailability of lorcaserin in rabbits 
was very poor, less than that in mice and significantly less than those in rats and 
monkeys.  Therefore, it wasn’t surprising when no measurable drug levels were 
detected in fetal plasma due to poor systemic maternal exposure in rabbits.  Lorcaserin 
had no notable effect on fertility and mating in female and male rat.  Lorcaserin dose-
dependently reduced BW in pregnant rats and rabbits. The maternal and fetal NOAEL in 
rats was 10 and 50 mg/kg (1.3x and 48x the MRHD), respectively.  The maternal and 
fetal NOAEL in rabbits was 60 mg/kg (0.6x the MRHD).   In the pre- and post-natal 
developmental study in rats, lower BW gain at ≥ 5 mg/kg resulted in lower initial pup 
weight at 50 mg/kg.  By the study termination, the BW of the affected was recovered 
matching those in the controls.  The maternal NOAEL in dams was 5 mg/kg (4x the 
MRHD) while reproductive NOAEL was 15 mg/kg (12x the MRHD) in F1 generation 
rats.    
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• Arena’s archival practices were poor in that records of study conduct 
(laboratory notebooks, loose data records such as printed chromatograms) 
were not readily retrieved.  Furthermore, the firm lacked a procedure for 
archiving study-specific email correspondence.  This concern affected not 
only study portions carried out at Arena but their oversight of contracted 
activities (e.g., the re-evaluation of renal tissue for the 1 year monkey study).   

• Several additional issues of non-compliance cited on Form 483 are 
summarized in Attachment 4.  Although objectionable and corrective action is 
required for future studies, the findings in Attachment 4 do not impact study 
outcome.  

 
Conclusions and Recommendation 
 
Following the above inspections, DSI concludes that: 
   
1. For the 2 year rat carcinogenicity study with APD356 conducted at  the 

discrepancy in the incidence of malignant and benign mammary tumors (namely, 
adenocarcinoma and fibroadenoma) in the MD and HD treated female animals 
between the final data and that provided to the Agency during the in-life phase (study 
Weeks 88 and 96) resulted from reclassification by the study pathologist  

  
2. For the incidence of mammary gland tumors of female rats in the 2 year 

carcinogenicity study, some errors and a few cases of misdiagnosis were discovered 
through the inspection.  However, these errors or misdiagnosis were mostly “over-
estimatation” rather than “under-estimation” of the malignancy incidences in the mid- 
and high-dose treated female animals.  They were not considered to be affecting the 
study conclusions of the two-year carcinogenicity bioassay in rats; DSI review and 
evaluation of slides during the inspection found only minimal or no change on the 
reported benign or malignancy incidences.  DSI concludes that the study should be 
accepted for the NDA review.  

3. For the one-year monkey toxicity study conducted at  DSI recommends that the 
kidney histopath findings reported by  be accepted as the valid data.  The process 
of the tertiary review by the two external human pathologists managed by Arena 
lacks documentation to assure the data integrity of the re-evaluation.       

4. Although Arena needs to improve their record keeping practices and adherence to 
written procedures for future studies, the analytical portions for dosing formulation 
analyses conducted by the sponsor are acceptable for review.  

5. The in-life portions of Studies, 900-062 and 900-063, conducted at are 
acceptable for review. 

 
• Recommended HQ Classification:  

Arena Pharmaceuticals – Voluntary Action Indicated (VAI)  
- Voluntary Action Indicated (VAI)  
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Attachment 1 
 
Review and Verification of Histopathology Tissue Slides (all mammary gland tissues and masses in 
selected groups of the female rats) at   
 
The priority of this inspection was to verify the histopathology diagnosis of the mammary gland tumors 
after treatment of APD356 in the 2-year carcinogenicity study in rats, and to discover the rationale for 
reclassification of the mammary gland adenocarcinoma and fibroadenoma in the MD and HD groups at the 
site.   
 
More than 600 mammary gland tissue slides, including all female rats from control, MD and HD groups, 
were carefully reviewed under microscope with the  pathologists.  Please refer to “Attachment 1” 
(Review and Verification of Histopathology Tissue Slides) and “Attachment 2” (Selected 
Photomicrographs of the Mammary Gland Tumors) for details.  
 
The findings through microscopic review of the mammary tissue slides are summarized in this report.  
Some representative fibroadenoma cases that might have previously been counted as malignancy during 
early updates to the agency in the three groups of female rats audited are also highlighted: 
 
METHODS 
 
From June 29 through July 1, 2010, DSI's Dylan Yao reviewed histopathology slides from Study  900-
063 under a multi-head light microscope. All histology slides of the mammary gland tissues in female rats 
from the vehicle control, mid-dose and high-dose groups were reviewed accompanied by veterinary 
pathologists  and both are DVM and Diplomat A.C.V.P. 
 
Tissue slides of mammary gland in the control, mid-dose and high-dose groups were reviewed and 
evaluated (female animals only) for verifying the original diagnosis.  
 
AUDIT RESULTS 
 
Control Group (0 mg/kg/day): 

Animal No. No. Masses No.  
Fibroadenoma 

(FA) 

No. 
Adenocarcinoma 

(AC) 

 
Diagnosis Modified  

by Audit (*) and photo shot (**) 
1201     
1202 1  1  
1203     
1204 1  1  
1205 1 1   
1206 1 1   
1207     
1208     
1209     
1210 1  1  
1211 1 1   
1212 1  1  
1213 2 1 1  
1214     
1215 1  1  
1216     
1217 1 1   
1218     
1219 Multi  1+  
1220 1  1  
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1221     
1222 1  1  
1223 1  1  
1224 1  1  
1225 1  1  
1226 1 1   
1227 Multi  1+  
1228     
1229 2 1 1  
1230     
1231 2 1 1  
1232     
1233     
1234 1 - 1  
1235 2 1 1** ** photo taken, 10x, verified to be 

a carcinosarcoma 
1236     
1237 Multi  1+  
1238     
1239     
1240 Multi 1 1+  
1241 1  1  
1242 Multi  1+  
1243 1  1  
1244 1  1  
1245 1  1  
1246 1 1   
1247     
1248 Multi  1+  
1249 1  1  
1250 Multi 1+   
1251 Multi 1+   
1252 1 1   
1253     
1254     
1255     
1256 1 1   
1257     
1258 1 1   
1259 Multi 1+ 1+  
1260     
1261 1 1   
1262     
1263     
1264     
1265 1  1  

    
   
Mid-Dose Group (30 mg/kg/day): 

 
Animal No. 

 
No. Masses 

No.  
Fibroadenoma 

(FA) 

No. 
Adenocarcinoma 

(AC) 

 
Diagnosis Modified  

by Audit (*) and photo shot (**) 
3201 5 5   
3202 5 5**  **photo taken, 4x, 10x, 
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3203 4 3 1** **Photo taken, 4x, 20x 
3204     
3205 3 3   
3206     
3207 3 2 1  
3208 1  1  
3209 3 Slide missing 1+1* *Plus 1 mammary gland skin 

squamous cell carcinoma 
3210 2 1 1  
3211 5 5   
3212 5 5**  **Photo taken, 4x, 20x 
3213 5 3 2*&** *1 is benign, but called malignant; 

**Photo taken, 4x 
3214 1 1   
3215 4 2 2  
3216 4 2** 2 ** photo taken, 4x 
3217 2  2** ** 2x could have been called FA 

** 20x typical AC  
3218 6 6   
3219 4 3 1*&** *Small focus had been called AC , 

should be corrected. 
**Photo taken 2x 

3220 4 4   
3221 2 1 1  
3222 6 6   
3223 1  1  
3224     
3225 3 2 1  
3226 7 7   
3227 2 2   
3228 2 1 1  
3229     
3230 2 2   
3231 3 2 1  
3232 1  1** ** photo taken, 2x 
3233 4 3 1  
3234 2  2  
3235 4 3 1  
3236 5 2 2 1 missing 
3237 3 2 1  
3238 2 1 1  
3239 4 4   
3240 7 5 2  
3241 5 5**  **Photo taken, 4x, small focus 

could have been called AC 
3242 5 5   
3243 3 1 2** ** photo taken, 2x, 20x, typical 

AC 
3244 9 8** 1 ** photo taken, 4x, small focus 

could have been called AC 
3245 4 4   
3246 5 5   
3247 5 5   
3248 3 2  1 mass is a lymph node 
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3249 5 5   
3250 4 3 1  
3251 2  2  
3252 2 1 1  
3253 5 5   
3254 6 6   
3255 1  1** ** photo taken, 4x, 10x, 20x, 

typical AC 
3256 4 4   
3257 2 2   
3258 3 2 1  
3259 3 2 1  
3260 4 4   
3261 4 4   
3262 7 5 2  
3263 4 3 1  
3264 3 2 1  
3265 3 3* (3*) *Reported “multiple AC”, verified 

as FA for all 3  
Total 

animal# 
bearing 
tumors 

  
53 

 
34 

 

 
• Animal #3209, one mass of the 2 reported mammary gland adenocarcinomas is now verified to be 

(mammary gland) skin squamous cell carcinoma, which is supposed not to be classified into the 
mammary gland tissue. 

• Animal #3213, one mass of the 2 reported adenocarcinomas is now verified to be a benign 
fibroadenoma. 

• Animal #3219, there is a small focus inside the tumor parenchyma showed atypical hyperplasia in 
one of the two previously diagnosed adenocarcinomas, now it is verified to be a fibroadenoma 
(benign), refer to the attached photomicrograph.  This did not affect the total malignancy numbers 
since the animal still bear an adenocarcinoma.  

• Both animals #3241 and #3244 had similar small focus of lesions like that in animal #3219 (this 
sort of small foci may have been called adenocarcinoma during the update time to DMEP before 
completion of the study at Week 104), refer to the attached photomicrographs.  

• Animal #3265, all 3 masses of reported adenocarcinomas are now verified to be fibroadenomas, 
which reduced one of the total animal numbers bearing malignancy (adenocarcinoma) in this 
group. 

• Mammary gland adenocarcinoma should be corrected to be 34 of 65 female animals (originally 35 
of 65) due to the correction of animal 3265) in this group. 

• The total number of animals bearing mammary gland fibroadenoma did not change (still count as 
53 of 65 animals as reported) in this group.   

 
High-Dose Group (100 mg/kg/day): 

Animal No. No. Masses No.  
Fibroadenoma 

(FA) 

No. 
Adenocarcinoma 

(AC) 

Diagnosis Modified  
by Audit (*) and photo shot (**) 

4201 6 5 1  
4202     
4203 1  1  
4204 3  3  
4205   2  
4206   1  
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4207 4 3 (1*) *a skin fibriosarcoma is now 
verified as malignant fibrous 
histiocytoma, and should not be 
count as mammary tumor 

4208 2 2   
4209 4 2* 2 *Originally all 4 diagnosed as AC  
4210 4 3 1  
4211   1  
4212     
4213   1  
4214   1  
4215 3 2 1  
4216 4 3 1  
4217 4 3** 1 ** photo taken, 4x, small focus 

could had been called AC 
4218   1  
4219 1  1  
4220 1  1  
4221 1  1  
4222   1  
4223 5 4 1  
4224 2 2   
4225 6 3 3  
4226 5 3 2  
4227 5 3 2  
4228 5 5   
4229 2 1 1  
4230 1  1  
4231 3 3   
4232 4 3 1  
4233 4 2 2  
4234 0  1  
4235 2 1 1** ** photo taken, 20x, was called 

AC,  verified as carcinosarcoma 
4236 1  1  
4237 7 2 4 1 FA was verified as hyperplasia 
4238 4 2 2  
4239 5 3 2  
4240 2 1 1  
4241 2 1 1  
4242 4 1 3  
4243 1  1  
4244     
4245   2  
4246 3 2 1  
4247     
4248 2 1 1  
4249 4 2 2  
4250   1  
4251 1  1  
4252 5 5   
4253 2 1 1  
4254 1 1   
4255     
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4256 1  1  
4257 5 5   
4258 8 4 4  1 hyperplasia 
4259 2 2   
4260 6 5 1  
4261 7 7   
4262 4 3 1  
4263 3 2 1  
4264 3 1 2  
4265 4 1 3  
4266 2 1 1  
4267 1  1  
4268 2 1 1  
4269 5 4 1  
4270   1  
4271   2  
4272 4 2 2  
4273 7 6 1  
4274 2 1 1  
4275 4  4  
Total 

animal# 
bearing 
tumors 

  
46 

 

 
60 

 

 
• In animal #4207, a skin fibriosarcoma is now verified to be “malignant fibrous histiocytoma”, 

which was not misdiagnosed within the "Mammary Gland Individual Data" table in the report, but 
was archived (mixed?) within mammary gland slides. 

• In animal #4209, originally all 4 masses were diagnosed as adenocarcinoma, now 2 of the 4 were 
corrected to be benign fibroadenoma.  Therefore, the total animal # bearing benign tumors 
(fibroadenoma) is adjusted from 45 out of 75 to 46 out of 75.  

• Animal #4217, a small focal lesion inside the tumor parenchyma showed atypical hyperplasia that 
could have been called adenocarcinoma previously, refer to the attached photomicrograph. 

• The malignant tumor in animal #4235 was originally diagnosed as adenocarcinoma, now verified 
to be a carcinosarcoma (still malignant and therefore it did not change the reported results, see 
photomicrograph), refer to the attached photomicrograph. 

• Animal #4237 has recorded 7 masses originally, 3 of which were diagnosed as fibroadenoma and 
4 were adenocarcinoma; now one of the 3 benign tumors is verified to be hyperplasia (not a 
tumor). 

• The total numbers of animals bearing fibroadenoma are adjusted to 46 of 75 (instead of 45 out of 
75 reported) due to the tumor verification in animal # 4209 in this group. 

• The total numbers of animals bearing adenocarcinoma did not change (60 of 75) after audit. 
 
SUMMARY AND CONCLUSIONS 
 
The results of the histopathology slides audit in the 2-year rat carcinogenicity study ( 900-063) 
demonstrated that there were some errors in the mammary tumor diagnosis; most of these are considered 
"over-estimated" rather than "under-estimated" for the malignancy.  Tumor incidence in the final study 
report was finalized based on the data the study pathologist  evaluated, the internal 
and external peer review pathologists did not adjust the incidence markedly.  There was no correspondence 
in the study record to suggest that the sponsor or the CRO management affected  decision 
to re-classify the diagnosis.  Based on the audit results, it is concluded that in spite of some errors in the 
tumor diagnosis, these errors did not affect the study results adversely, and no impact on the final study 
conclusions of the carcinogenic effect of Lorcaserin in the female rats.   
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    Attachment 2: Selected Photomicrographs of the Mammary Gland Tumors 

 
Animal #3213(MD group),Photomicrograph of a fibroadenoma, a small focus showing fast growth with    
atypical hyperplasia, originally may have been diagnosed as an adenocarcinoma.  H&E, x20   

 
     Animal #3219 (MD group). Photomicrograph of a fibroadenoma with a small focus of atypical      
     hyperplasia, originally may have been diagnosed as an adenocarcinoma.  H&E, x20 
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     Animal #3241 (MD group).  Photomicrograph of a fibroadenoma with a small focus of atypical     
      hyperplasia, originally may have been diagnosed as an adenocarcinoma.  H&E, x40 

 
     Animal #3244 (MD group).  Photomicrograph of a fibroadenoma with a small focus of atypical     
       hyperplasia, originally may have been diagnosed as an adenocarcinoma.  H & E, x40 
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  Animal #4217 (HD group).  Photomicrograph of a fibroadenoma with a small focus of atypical     
      hyperplasia, originally may have been diagnosed as adenocarcinoma.  H&E, x40    

 
      Animal #4235  (HD group).  Photomicrograph of a carcinosarcoma (malignant), originally    
       was diagnosed as adenocarcinoma.  H&E, X200  
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     Animal #3202 (MD group).  Photomicrograph of a typical fibroadenoma.  H&E,  x40 

 
      The same tumor of animal #3202 above, higher magnification, H&E, x200 
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  Animal #3255 (MD group).  Photomicrograph of a typical adenocarcinoma. H&E, x40 

 
  The same tumor of animal #3255 above, higher magnification, H&E, x200 
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Attachment 3. Additional Inspectional Findings at   
 
The following pertains to the Form 483 observations for   Please note that, as of the date of this 
review, DSI has not received a 483 response from    
 
GLP Non-compliance issues: 
 

1. The study director failed to assure that all applicable GLP regulations were followed.  
Specifically, the study director prepared the final report using unsigned draft reports from 
contributing scientists.  21 CFR 58.33(e) 

 For example:  
 

Study 
Number 

Draft Study Report 
to Sponsor 

Contributing Scientist Report Final Study 
Report 

900-062 12/19/2008 - Pathologist 5/6/2009 
- Formulation analysis 4/2/2009 

5/8/2009 

900-063 8/7/2008 - Pathologist 6/9/2009 
- Control plasma and metabolite 
report 3/3/2009 
- Plasma and metabolite TK report 
8/20/2008 

6/10/2009 

 
Our inspection found that uses unsigned draft reports from contributing scientists for preparation 
of final reports and submission to sponsors.  According to firm management, the above examples are 
not isolated and this has been a standard practice.  This is not an acceptable practice in that signed and 
dated contributing scientist reports are critical to assure individual accountability for accurate reporting 
(GLP Final Rules in 1978 and 1987)2.  In addition, draft final reports in the above examples were 
submitted to the sponsor (Arena) without having all the raw data from the contributing scientists.  
Furthermore, this finding concerns the possibility of biased data interpretation because submitted 
the draft final reports to Arena and invited them to comment and to edit the draft reports.   
 
2. The study director failed to assure that all raw data, documentation, protocols, specimens, 

and final reports were transferred to the archives during or at the close of the study.  For 
example, for study 900-062, email correspondence specific to study related activities was not 
maintained with study records.  21 CFR 58.33(f) 

 
Email correspondence specific to study related activities was not maintained with study records.  For 
example, email correspondence between Arena and the study director regarding early deaths and dose 
reduction for Study 900-062 was kept only in the study director’s personal email account.  These 
records were provided by request during the inspection. 

 
 
Recommendation (Surveillance portion at  

 
• DSI should consider an Untitled Letter to  to address the aforementioned non-compliance 
issues and to ensure  is aware of the regulatory requirements.     
• Based on the GLP workload,  should be scheduled for routine surveillance at a two-
year interval.  The next inspection should verify whether corrective actions have been implemented for 
preparation of final reports and archiving of study records.    
 
 
 
 

                     
 2 52 FR 33768; September 4, 1987. 
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Attachment 4. Additional Inspectional Findings at Arena Pharmaceuticals 
 
The following issues were also cited on Form 483 issued at the Arena inspection:  
 

• The amount of test article weighed to prepare the reference standard solution used to determine the 
concentration of APD356 in week 52 dosing formulations for Study # TX04039 was not recorded; 
however, the final solution concentration was documented. 

 
• Unjustified re-assay of dosing formulation samples and selective reporting of valid study data.   

For example, the 6 mg/ml samples for week 78 in Study # TX05071 were repeated multiple times 
before a final result was accepted.  The results of the various analyses are the following: 

  
Analysis # Result 1 Result 2 

1 104.5 80.5 
1 – Reinjection 104.9 80.5 
2 119.4 97.7 
2 – Reinjection 118.7 97.1 
3 102.3 95.4 

 
 The firm accepted results of the third analysis and included the results of the first and second 
analysis as footnoted information in the data table; however, there was no justification at the time of 
analysis to reject the original results.  Nevertheless, the remaining concentration results across the 104 
week study were within 90-110% of label claim.   
 
• Discrepant Laboratory Results Examination Forms to document repeat analysis of out of 

specification dosing formulation results were not completed contemporaneously with study 
conduct. 

 
• Remedial actions for sample receiving deviations were not documented within the SOP-required 

time frame.   
 
Although it is objectionable that the firm failed to properly document all aspects of study conduct and 
follow their own written procedures, these issues should not impact study outcomes. 
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement 

File name: Pharmacology and Toxicology Filing Checklist for NDA22-529 

NDA Number: 22-529 Applicant: Arena Pharmaceuticals Stamp Date: Dec 22, 2009 

Drug Name: lorcaserin NDA/BLA Type: 505(b)(1)  

 
On initial overview of the NDA/BLA application for filing:  
  

 
 

Content Parameter 
 

Yes 
 

No 
 

Comment 
1 Is the pharmacology/toxicology section 

organized in accord with current 
regulations and guidelines for format and 
content in a manner to allow substantive 
review to begin?   
 

x  

 The sponsor has done a good job of organizing 
and linking files and data. 

 
2 

 
Is the pharmacology/toxicology section 
indexed and paginated in a manner 
allowing substantive review to begin?  
 

x 
  

 
 

 
3 

 
Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?  
 

x  
 

 
All PDF files for nonclinical studies are created 
rather than scanned therefore very legible. 

 
4 

 
Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 
 

x 
 

 
 

 
Nonclinical section is consistent with 
recommendations made at the pre-NDA meeting.

 
5 

 
If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 
 

x 
 

 
 

 
 

 
6 

 
 

Does the route of administration used in 
the animal studies appear to be the same 
as the intended human exposure route?  If 
not, has the applicant submitted a 
rationale to justify the alternative route? 

x 
 

 
 

 
 

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with 
the GLP regulations (21 CFR 58) or an 
explanation for any significant deviations?

x 
 

 
 

 



PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement 

File name: Pharmacology and Toxicology Filing Checklist for NDA22-529 

 
 

 
Content Parameter 

 
Yes 

 
No 

 
Comment 

8 Has the applicant submitted all special 
studies/data requested by the Division 
during pre-submission discussions? 

 
 
 
 
 
 

x 

 

1. Abuse potential: yes 
2. Cardiac valve evaluation in tox studies: yes 
3. Brain exposure after multiple dosing in rats 
and monkeys: Yes  
4. Several mechanistic studies submitted to 
measure plasma prolactin levels in rats were not 
well executed. 
5.  Brain tissue samples were evaluated with 
immunostaining with glial fibrillary acidic 
protein (GFAP), anti-CD68 clone ED-1 (ED-
1), and major histocompatibility complex II 
(MHCII) to further explore brain tumors in 
rat carcinogenicity study. 

9 Are the proposed labeling sections 
relative to pharmacology/toxicology 
appropriate (including human dose 
multiples expressed in either mg/m2 or 
comparative serum/plasma levels) and in 
accordance with 201.57? 

x  

 
  

10 Have any impurity – etc. issues been 
addressed?    (New toxicity studies may 
not be needed.) 

x 

There are at least 4 impurities identified by 
MultiCASE to be potentially genotoxic.  
According to the sponsor the concentrations of 
these potential genotoxic impurities are less than 

 which is significantly less than 1.5 µg/day 
allowed to be ingested by humans on a daily 
basis.  If the levels of the impurities as claimed 
by the sponsor are correct, no additional 
genotoxicity assessment are needed. 

11 Has the applicant addressed any abuse 
potential issues in the submission? n/a  

 
 
Will be addressed by CSS staff 

12 If this NDA/BLA is to support a Rx to 
OTC switch, have all relevant studies 
been submitted? 

n/a  

 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ___Yes 
 
If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant. 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
Additional Internal Comments:    None at this point 
 
Reviewing Pharmacologist:  Fred Alavi, Ph.D.    Date:  Feb 16, 2010 
Team Leader/Supervisor:  Todd Bourcier, Ph.D.    Date:  Feb 16, 2010 
 

(b) (4)



Application
Type/Number

Submission
Type/Number Submitter Name Product Name

-------------------- -------------------- -------------------- ------------------------------------------
NDA-22529 ORIG-1 ARENA

PHARMACEUTICA
LS INC

LORQESS (lorcaserin
hydrochloride) Tablets

---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
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signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

FRED K ALAVI
02/17/2010
PharmTox filing form for NDA 22529, lorcaserin HCl
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