
 CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 
 

APPLICATION NUMBER: 
 

205598Orig1s000 
 
 

NON-CLINICAL REVIEW(S) 



1

DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

PHARMACOLOGY/TOXICOLOGY NDA/BLA REVIEW AND EVALUATION

Application number: 205598

Supporting document/s: SN0031

Applicant’s letter date: June 23rd 2017

CDER stamp date: June 30th 2017

Product: Macimorelin Acetate (AEZS-130)

Indication: Diagnostic for Adult Growth Hormone Deficiency

Applicant: AEterna Zentaris

Review Division: DMEP

Reviewer: Jeffrey Quinn

Supervisor/Team Leader: Todd Bourcier

Division Director: Jean-Marc Guettier

Project Managers: Abolade Adeolu/Meghna Jairath

Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 205598 are owned by AEterna Zentaris or are data for 
which AEterna Zentaris has obtained a written right of reference.

Any information or data necessary for approval of NDA 205598 that AEterna Zentaris 
does not own or have a written right to reference constitutes one of the following: (1) 
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1 Executive Summary

1.1 Introduction
AEterna Zentaris resubmitted NDA 205590 on June 30th 2017 after receiving a Complete 
Response letter from the FDA on November 5th 2014 following the first-round submission in 
which the Sponsor was denied approval of the application based on the deficiencies identified in 
the clinical data and the lack of a thorough QT study. 

Macimorelin acetate (AEZS-130) is a synthetic, peptidomimetic which stimulates the release of 
GH by binding to the GHS receptor.  AEterna Zentaris is seeking approval for the proposed 
indication: “Diagnosis of adult growth hormone deficiency (AGHD)  

’ under this NDA.  

1.2 Brief Discussion of Nonclinical Findings
The Sponsor submitted a new pharmacology study with this resubmission that did not alter 
Pharm/Tox’s decision to support approval of NDA 205598 (Macimorelin Acetate).  A full review 
of the Sponsor’s nonclinical data package was completed on June 5th 2014 following the first-
round submission of NDA 205598.

1.3 Recommendations

1.3.1 Approvability
Pharmacology/Toxicology supports approval of NDA 205598 (Macimorelin Acetate).

1.3.2 Additional Nonclinical Recommendations
No additional nonclinical studies are required.

1.3.3 Labeling
Nonclinical labeling recommendation have not changed following resubmission of NDA 205598

2 Drug Information

2.1 Drug
Generic Name

Macimorelin acetate (AEZS-130)

Code Name(s)

EP-01572, JMV1843, GHS, ARD-07, D-87575, D-106760, ET-1

Chemical Name

Amino isobutiryl-D-tryptophanyl-gem-diamino-D-tryptophanylformaldehyde acetate salt

Molecular Formula/Molecular Weight: Aib-D-Trp-D-gTrp-CHO/474.56 amu

Reference ID: 4170921
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Structure or Biochemical Description

Pharmacologic Class

Synthetic tripeptide GH secretagogue - Growth hormone secretagogue receptor agonist

2.2 Relevant INDs, NDAs, BLAs and DMFs
Macimorelin was developed under IND 73196.   

2.3 Drug Formulation
The proposed commercial formulation is a  containing  mg macimorelin which will be 
dissolved in 120 mL water, resulting in a solution with a nominal concentration of 0.5 mg/mL 
administered orally to the patient at the same dose (0.5 mg macimorelin/kg body weight) used in 
the Phase III study.

2.6 Proposed Clinical Population and Dosing Regimen
Diagnosis of growth hormone deficiency in adult patients suspected of having AGHD.  Patients 
will be administered a single 0.5 mg/mL oral solution of macimorelin in water (0.5 mg 
macimorelin/kg body weight).  Systemic exposure at the 0.5 mg macimorelin/kg body weight 
dose is: AUC0- = 1200 ng.min/mL / 60 = 20 ng.hr/mL and Cmax = 7.59ng/mL (16nM).

2.7 Regulatory Background
The IND for macimorelin was opened in 2007 under a prior sponsor. At that time, the Division 
agreed that 28 day repeat dose oral toxicity studies in the rat and dog were sufficient to support 
clinical trials under the IND and eventual submission of the NDA. Reproductive toxicity studies 
and carcinogenicity studies were not required for this program based on the intended single-
dose use of the product and on the known pharmacology/toxicology of the drug target. 

The IND was subsequently inactivated in 2008, and was reactivated under the current sponsor 
AEterna Zentaris in 2009. The Division confirmed in November of 2011 that the previously 
agreed-to nonclinical program was adequate to support NDA submission. In addition to the 
nonclinical studies previously discussed, AEterna conducted two in vitro hERG assays and an in 
vitro histamine release assay to augment their safety pharmacology program.  A complete 
listing of nonclinical studies submitted in support of this NDA can be found in the full NDA 
review completed on June 5th 2015.

Reference ID: 4170921
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3 Studies Submitted

3.1 Studies Reviewed Under Resubmission
Study Route Species Primary Review

Activity of AEZS-130 
synthesis byproducts, 
impurities, stereoisomers 
and degradation product for 
the human Ghrelin Receptor

in vitro Human NDA Resubmission

3.2 Studies Not Reviewed 
All nonclinical studies submitted by AEterna Zentaris have been reviewed.

3.3 Previous Reviews Referenced
Pharmacology/Toxicology reviews (1 thru 4) under IND 73196.
Pharmacology/Toxicology NDA review (first-round)

4 Pharmacology

4.1 Primary Pharmacology
Activity of AEZS-130 Synthesis Byproducts, Impurities, Stereoisomers and Degradation 
Product for the Human Ghrelin Receptor Expressed in Mouse LTK cells (non-GLP)

Key study findings:

 Two separate functional assays [induction of CRE-dependent reporter gene expression 
(EC50 = 3.8 nM) and calcium release (EC50 = 0.88 nM)] demonstrated that AEZS-130 (D, 
D-diastereomer) elicited an agonistic interaction with the human ghrelin receptor.

 The EC50s associated with the AEZS-130 synthesis byproducts/impurities, stereoisomers 
and the degradation product tended to be higher (less agonistic activity) than those 
associated with AEZ-130.

 The antagonist assay (competition with 10 nM Ghrelin) yielded no examples of notable 
receptor activity inhibition.

Study no.:  8100-2014-997
Sequence # and Date: SN0031 (6/30/2017)
Conducting laboratory and location:  Aeterna Zentaris GmbH, Germany
Date of study:   December 2nd 2014
GLP compliance:  No
QA report:  No
Drug, Lot/Batch #, and % purity:  See Sponsor Tables Below
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Tertiary Pharmacology/Toxicology Review - Addendum

From: Timothy J. McGovern, Ph.D., ODE Associate Director for Pharmacology and 
Toxicology, OND IO

NDA:  205598
Agency receipt date:  November 5, 2013
Drug:  Macimorelin acetate (AEZS-130)
Sponsor:  AEterna Zentaris

The purpose of this addendum is to correct an error in the conclusion of the original 
tertiary review. The conclusion incorrectly indicates that the drug substance is dulaglutide 
rather than macimorelin. The corrected conclusion is provided below.

Conclusion:
I agree with the division pharmacology/toxicology conclusion that macimorelin can be 
approved from the pharmacology/toxicology perspective. I have reviewed the proposed 
labeling and agree with the recommendations made by the division regarding the relevant 
nonclinical sections.
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1 Executive Summary

1.1 Introduction

Macimorelin acetate (AEZS-130) is a synthetic, peptidomimetic which stimulates the release of 
GH by binding to the GHS receptor.  Aeterna Zentaris is seeking approval for the proposed 
indication: “Diagnosis of adult growth hormone deficiency (AGHD)  

’ under this NDA.

1.2 Brief Discussion of Nonclinical Findings

Pharmacology

The GHS receptor binding characteristics of macimorelin are comparable to the natural ligand 
ghrelin, although its relative oral bioavailability and elimination half-life are proposed to enhance 
its efficacy during oral administration. Signal transduction consistent with GHS receptor 
activation is achieved by macimorelin in vitro.

Macimorelin is rapidly degraded in rat plasma and consequently the PD activity that is clearly 
identifiable in vitro is short lived in vivo.  Pharmacokinetic measurements in the rat do not 
accurately reflect intact macimorelin exposures and combined with the loss of PD activity the 
usefulness of this model to assess pharmacodynamically driven toxicity is limited.  Macimorelin 
is stable in dog and human plasma and despite its poor oral bioavailability the release of GH is 
maintained in dogs dosed orally or intravenously.  The dog is currently the most appropriate 
model to evaluate short-term pharmacodynamically driven toxicity.

Safety pharmacology assessments of the neurological, pulmonary, cardiovascular and 
immunomodulatory effects of macimorelin revealed extensive toxicological findings related to 
the intravenous (IV) administration of the compound to rats and dogs.  While the IV route of 
administration differs from the intended oral route to be used in human subjects the extremely 
low oral bioavailability of macimorelin in rats and dogs dictated the alternate route.

Neurological (tremors/stupor, etc.) and respiratory toxicity (increased inspiratory/expiratory 
times, etc.) were observed in Wistar rats following single IV doses (LOAEL = 70x MRHD) of 
macimorelin during safety pharmacology assessments.  Pharmacokinetic data generated in rats 
with drug product comparable to the clinical lot indicates that clinical exposure is approximately 
3-fold lower than the NOAEL identified in rats for intravenous neurological and respiratory 
toxicity. 

The respiratory safety pharmacology assessment of macimorelin administered intravenously to 
unconscious dogs yielded results that were consistent with those observed in the conscious rat. 
In the concurrent cardiovascular safety pharmacology assessment unconscious dogs presented 
with rapid, but transient episodes of hypotension characterized by increased HR, decreased BP, 
and increased carotid blood flow (LOAEL = 300x MRHD).  A sustained decrease in the 
maximum ventricular dP/dT was noted in dogs and indicates a paradoxical negative inotropic 
effect of macimorelin.  These effects were amplified in the two high dose dogs (600x MRHD), 
and led to severe adverse events (convulsive spasms and cardiac/respiratory arrest) and death 
in one dog and convulsions, tremors and hypersalivation with vomiting, in the other.  Clinical 
exposure is approximately 15-fold lower than the NOAEL identified in dogs for IV pulmonary and 
cardiovascular toxicity. 

Reference ID: 3519026
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The immunomodulatory safety pharmacology assessment of macimorelin revealed that 
hypersensitivity reactions (lying down, reddening of the mucous membranes and excessive 
salivation) were present in dogs intravenously dosed with the original drug product formulation 
(300x MRHD).  These findings were replicated in a subsequent SD/repeat dose IV dog study of 
macimorelin (≥ 600x MRHD) in which clinical signs progressed in severity to include unsteady 
gait or poor motor coordination and tremors at the highest dose tested (2100x MRHD).  
Histamine release was not evaluated during either of these IV dog studies.  Hypersensitivity
reactions were not observed in a parallel dog study utilizing the oral route of administration and 
despite significantly lower drug exposures (≤ 18x MRHD) a 2-fold increase in serum GH levels 
was achieved at the highest dose tested.

The safety pharmacology assessments indicate that hypersensitivity reactions were likely 
present in the rat; however, macimorelin did not induce histamine release from rat mast cells (in 
vitro) at concentrations ≤ 178 M (11000x MRHD). Though not demonstrated, it is feasible that 
breakdown products formed in vivo provoked hypersensitivity reactions in the rat. Based on the 
significant safety margins to the IV NOAELs and the lack of hypersensitivity reactions in orally 
dosed animals these effects are not likely to occur in human subjects at the MRHD.

Absorption, Distribution, Metabolism, and Excretion

Macimorelin is poorly absorbed by rats and dogs via the oral route of administration
(bioavailability < 1%).  Metabolism is CYP450 and NADPH-dependent in dogs, rats, humans 
and mice and occurs independently of Phase II enzymes (in vitro).  The noted instability of 
macimorelin in rat plasma is likely due to a species specific plasma protease activity.

Macimorelin is predominantly metabolized by CYP3A4 and concomitant use of drugs that inhibit 
this enzyme may decrease its metabolism.

General Toxicology (MRHD, Maximum Recommended Human Dose, or 0.5 mg/kg)

 Oral toxicology studies were pivotal, as they incorporated a clinically comparable 
formulation of macimorelin and utilized the intended clinical route.

 Oral administration achieved sufficient blood drug levels to adequately assess toxicity of 
clinically relevant exposures.

 Lack of dose-limiting toxicity from oral studies that dosed up to 8x (males) and 36x
(females) the MRHD in rats and up to 55x (males) and 35x (females) the MRHD in dogs 
provides the pivotal toxicity data that supports our assessment of safety, and is the basis 
for our recommendation of approval.

 Gender-related differences in drug exposures were noted during the pivotal toxicity 
studies and may represent a complication when using this compound as a diagnostic 
agent in human subjects.

 Intravenous studies demonstrate the capacity of the drug to cause extensive toxicity 
when significantly higher blood drug levels are achieved, but are otherwise essentially 
irrelevant to the intended clinical indication and labeled use of the drug.

Reference ID: 3519026
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Reproductive Toxicology

The endogenous ligand (ghrelin) for the growth hormone secretagogue receptor (GHSR) is 
primarily secreted from the stomach into the circulation but it is also synthesized by reproductive 
tissues suggesting local activity (autocrine and/or paracrine) at these locations.  The GHS 
receptor is expressed at different levels along the hypothalamic-pituitary-gonadal axis and 
activation of this receptor appears to play a role in the regulation of different aspects of the 
female and male reproductive functions from germ cell production to embryo development. 

Ovarian weights were dose-dependently (LOAEL = 8x MRHD) and significantly decreased (36x 
MRHD) in the absence of microscopic changes during the pivotal repeat dose oral toxicity study 
in rats.  Prolonged exposure to macimorelin appears to incite hormone disruption in rats and 
dogs. Hormone levels were not assessed during single dose oral toxicity studies in these 
species, but no finding consistent with a disruption of hormone homeostasis was noted.

Definitive reproductive or developmental toxicity studies were not conducted; however, the 
weight of evidence indicates that the single dose use of macimorelin and the resulting transient 
activation of GHSRs present minimal developmental or fertility risk to WOCBP. 

Genetic Toxicology & Carcinogenicity

Macimorelin is a synthetic, modified tri-peptide that was not mutagenic or clastogenic in three in 
vitro assays (Ames, mouse lymphoma mutation assay and micronucleus assay (CHO-K1 Cells).  
No in vivo genotoxicity assays were conducted.  

Macimorelin and the related structures/impurities assessed by DEREK NEXUS did not trigger 
any alerts for mutagenicity or genotoxicity in silico.  Positive structural alerts were triggered in 
MCASE for the and   These compounds yielded similar alerts 

 in multiple databases and were classified as potential genotoxic impurities based on 
MCASE prediction for bacterial mutagenicity.  Levels of  (  µg) following a 
single dose of macimorelin will not exceed the acceptable daily intake of a genotoxic impurity 
set forth in the relevant guidances for single exposures (120 µg/day) nor exceed the threshold 
of toxicological concern (TTC) of 1.5ug/day.   is ultimately removed from the API 

 and therefore does not present a risk to human subjects.

Activation of the GHS receptor is known to induce GH secretion and elicit numerous biological 
functions including cell proliferation.  No definitive carcinogenicity studies were conducted and 
while the weight of evidence indicates that the use of macimorelin does not pose a carcinogenic 
risk to human subjects, prolonged exposure may promote the growth of existing tumors.

1.3 Recommendations

1.3.1 Approvability

Pharmacology/Toxicology supports approval of NDA 205598 (Macrilen®)

1.3.2 Additional Non Clinical Recommendations

No additional nonclinical studies are required.

Reference ID: 3519026
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Mutagenesis

Macimorelin did not cause mutations in bacteria under assay conditions with or without 
metabolic activation. There were also no mutations or clastogenic effects in mouse lymphoma 
cells with or without metabolic activation.

Impairment of Fertility

No studies have been conducted to assess the effect of macimorelin on fertility.

2 Drug Information

2.1 Drug

Generic Name

Macimorelin acetate (AEZS-130)

Code Name(s)

EP-01572, JMV1843, GHS, ARD-07, D-87575, D-106760, ET-1

Chemical Name

Amino isobutiryl-D-tryptophanyl-gem-diamino-D-tryptophanylformaldehyde acetate salt

Molecular Formula/Molecular Weight

Aib-D-Trp-D-gTrp-CHO – (474.56 amu)

Structure or Biochemical Description

Pharmacologic Class

Synthetic tripeptide GH secretagogue - Growth hormone secretagogue receptor agonist

Reference ID: 3519026
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3 Studies Submitted

3.1 Studies Reviewed 

Study Route Species Primary Review

Pharmacology
Primary 
Pharmacodynamics

Activity of Ghrelin Receptors in vitro Hu, Ms, Rt IND 73196 P/T Review 4

Safety Pharmacology

Irwin Test IV Rat IND 73196 P/T Review 2

Respiratory Function IV Rat IND 73196 P/T Review 2

Hemo and Pulmo Evaluation IV Dog IND 73196 P/T Review 2
Adverse Event Profiling
(in vivo) Oral/ex vivo Ms, Rt, Gn Pig NDA Review

Histamine Release in vitro Rat Mast Cells IND 73196 P/T Review 4

hERG Channel Binding in vitro
Membrane 

Fracs IND 73196 P/T Review 4

Patch Clamp hERG in vitro HEK293 IND 73196 P/T Review 4

Pharmacokinetics

Absorption

Permeability Assay in vitro CaCo2 cells NDA Review

SD Rat PK Study Oral Wistar Rat NDA Review

SD Dog PK/PD Study Oral/IV Beagle Dog IND 73196 P/T Review 2

SD Rat PK/PD Study Oral/IV Wistar Rat IND 73196 P/T Review 2

SD Rat PK Study IV Wistar Rat IND 73196 P/T Review 4

Metabolism
Liver Microsomes + CYP 
Inhibition in vitro Hu, Ms, Rt, Dg NDA Review

PK Drug Interactions
Hepatocyte CYP450
Induction in vitro Human NDA Review

Pgp (MDR-1) Inhibition in vitro Human IND 73196 P/T Review 4

Toxicology

Single Dose Rat Toxicity IV Sprague Dawley NDA Review

PK Dose Range Dog Oral Beagle Dog NDA Review

MTD IV Dog IV Beagle Dog NDA Review

MTD Oral Dog Oral Beagle Dog NDA Review

5 Day Range Finder Rat Oral Wistar Rat P/T Review 2

5 Day Range Finder Dog Oral Beagle Dog IND 73196 P/T Review 2+3

14 Day Range Finder Rat IV Sprague Dawley NDA Review

14 Day Range Finder Rat Oral Wistar Rat NDA Review

28 Day Rat Pivotal Toxicity Oral Sprague Dawley IND 73196 P/T Review 4

28 Day Dog Pivotal Toxicity Oral Beagle Dog IND 73196 P/T Review 4

Reference ID: 3519026



NDA 205598 Jeffrey A Quinn

13

Genotoxicity

Ames Test in vitro S. typhimurium IND 73196 P/T Review 2

Mouse Lymphoma Assay in vitro Mouse IND 73196 P/T Review 2

Micronucleus Assay in vitro CHO cells IND 73196 P/T Review 4

DEREK NEXUS Analysis in silico Mammals/Bact NDA Review

QSAR MCASE Analysis in silico SARs NDA Review

3.2 Studies Not Reviewed 

All preclinical studies submitted by AEterna Zentaris have been reviewed.

3.3 Previous Reviews Referenced

Pharmacology/Toxicology reviews (1 thru 4) under IND 73196.

Reference ID: 3519026
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4 Pharmacology

4.1 Primary Pharmacology

Macimorelin is a synthetic, peptidomimetic which stimulates the release of Growth Hormone 
(GH) by binding to the Growth Hormone Secretagogue (GHS) receptor.  

Macimorelin GHS receptor binding characteristics are similar to ghrelin, although its oral 
bioavailability and elimination half-life is proposed to be better than hexarelin (GHS 
hexapeptide).  Macimorelin exhibits receptor binding characteristics at the cloned hGHS 
receptor similar to ghrelin.

For competitive binding studies, iodinated ghrelin was used as a tracer (80% saturable binding) 
and increasing concentrations of macimorelin were analyzed for tracer displacement. The IC50

for in vitro binding of macimorelin to the human ghrelin receptor is 13.3 nM (Cmax at MRHD – 16 
nM).  Macimorelin induced signal transduction was confirmed through in vitro functional assays 
although receptor specificity was not addressed by receptor inhibition, competitive ligand 
inhibition or loss of signal in recombinant cell lines expressing empty vector.

Macimorelin ghrelin agonistic activity for the human, rat and mouse ghrelin receptor

The figures below depict representative EC50 curves in % efficacy related to saturating 
concentrations of ghrelin as obtained for the human, rat and mouse ghrelin receptors. 

Reference ID: 3519026
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4.3 Safety Pharmacology

The intravenous (IV) route was selected for the majority of the in vivo safety pharmacology 
program and differs from the intended oral route to be used in human subjects. The oral 
bioavailability of macimorelin is extremely low in rats and dogs and likely explains this 
methodological choice.

Neurological effects  

The effects of macimorelin on rats were evaluated using a series of behavioral and neurological 
tests (Irwin profile) in a GLP compliant neurological safety pharmacology study.  Effects were 
monitored at 0.5, 1, 2, 5 and 24 hours after a single IV dose of drug-substance in male Wistar 
rats (6 per group). The doses tested were 1, 10 and 30 mg/kg (No PK data). The NOAEL was 
set at 1 mg/kg due to the decreases in body temperature, flattened posture, lateral decubitus,
impaired gait, soiled fur, passivity, decreased rearing, intermittent tremors, decreased grip 
strength and the slow to moderate stupor induced at higher doses.  It is interesting to note that 
neurological toxicity occurred over a period of 24 hrs (IV dosing) and based on the rat plasma 
stability data, the compound was likely undergoing rapid degradation.

Pulmonary effects

The respiratory effects of macimorelin on rats were evaluated by plethysmography in a GLP 
compliant respiratory function study. Effects were monitored in 15 minute intervals over a period 
of 4 hours after a single IV dose of drug-substance in freely moving male Wistar rats (8/group).  
The doses tested were 1, 10 and 30 mg/kg (No PK data). The NOAEL was 1 mg/kg due to the 
dramatic effects (increased respiratory rate, tidal volume and minute volume and decreased 
inspiratory/expiratory times and peak inspiratory flow) macimorelin had on respiration 
parameters in rats dosed at ≥ 10 mg/kg.  Findings occurred within 4 hrs post IV dosing and 
based on the rat plasma stability data, about 50% of the compound would have been degraded.

The respiratory effects of macimorelin on dogs were evaluated in a GLP compliant 
respiratory/cardiovascular function study.  Measurements were collected continuously and 
averaged in 5 min intervals over a period of 0.5 to 1 hr after a single escalating IV dose of in 
male beagle dogs (5 dogs).  Escalating doses (0, 0.3, 1, 10 and 30 mg/kg) were administered 
with a minimum wash-out period of 30 min in between (minimal PK data).  Macimorelin at ≥ 10 
mg/kg caused a marked increase in respiratory rate and minute volume, and a decrease in tidal 
volume, and shorter inspiratory and expiratory times, in anesthetized dogs.

Cardiovascular effects

Macimorelin displaced (↓25%) hERG receptor-associated ligand from membrane fractions at 57 
M (3500X MRHD).  The IC50 for macimorelin induced inhibition of recombinant hERG channels 
expressed in human embryonic kidney cells is > 300 M (> 18750X MRHD).

The in vitro portion of a preliminary adverse events profile of macimorelin (30M – 1900X 
MRHD) revealed no significant activity (≥ 50% change) in the following non-GLP tissue assays
related to cardiac function: guinea pig atria cardiac inotropy, guinea pig atria cardiac 
chronotropy, aorta rat contractile agonism or antagonism of KCl-induced contractions, ileum 
guinea pig contractile agonism or antagonism of KCI-induced contractions, trachea guinea pig 
contractile agonism or antagonism of KCI-induced contractions and portal vein rat contractile 
agonism or antagonism of KCI-induced contractions.
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The cardiovascular effects of macimorelin on rats were evaluated in a non-GLP compliant 
preliminary adverse events profile study.  The blood pressure (BP) and heart rate (HR) were 
measured at 0, 0.5, 1 and 2 hours following a single oral dose of 30 mg/kg in 3 normotensive 
male Wistar rats (No Pk Data).  The systolic BP of rats decreased significantly at 30 min (↓10%) 
and increased at 2 hrs (↑17%) while the HR was decreased (↓21%) only at 30 min post dose.  
Additional in vivo studies performed during the preliminary adverse events profile in ICR mice, 
Wistar and LE rats and Guinea pigs did not yield any significant findings.

The cardiovascular effects of macimorelin on dogs were evaluated in a GLP compliant 
respiratory/cardiovascular function study.  Measurements were collected continuously and 
averaged in 5 minute intervals over a period of 0.5 to 1 hour after a single escalating 
intravenous dose of drug-substance in male beagle dogs (5 dogs).  Escalating doses (0, 0.3, 1, 
10 and 30 mg/kg) were administered with a minimum wash-out period of 30 minutes in between 
each dose (minimal PK data).  Rapid, but transient episodes of hypotension were observed in 
dogs administered 10 mg/kg macimorelin IV, characterized by increased heart rate, decreased 
blood pressure, and increased carotid blood flow.  A sustained decrease in the maximum 
ventricular dP/dT was noted in dogs and indicates a paradoxical negative inotropic effect of 
macimorelin.  These effects were amplified in the two animals dosed at 30 mg/kg intravenously, 
and led to severe adverse events (convulsive spasms and cardiac/respiratory arrest) and death 
in one dog and convulsions, tremors and hypersalivation with vomiting, in the other.

Immunomodulatory Effects

Macimorelin did not induce histamine release from rat mast cells (in vitro) at concentrations ≤
178 M (11000X).

In a GLP-complaint single ascending dose (0.5, 10 and 40 mg/kg) comparative (IV vs Oral) 
PK/PD study, the IV administration of macimorelin to beagle dogs (1/sex/dose) had a NOAEL 
of 10 mg/kg due to the observed hypersensitivity reaction characterized by lying down and 
reddening of the mucous membranes around the eyes and excessive salivation.  Histamine 
release was not evaluated during this study.

The NOAEL for administration of macimorelin to beagle dogs by oral gavage was 40 mg/kg due 
to the lack of toxicological findings (including hypersensitivity reactions) at any oral dose in this 
arm of the study.  While this result is not surprising due to the low oral bioavailability in dogs, a 
2-fold increase in serum growth hormone levels was achieved at the highest oral dose.

Preliminary Adverse Event Profiling of Macimorelin (non-GLP)

Key study findings:

 Systolic BP in rats was altered by a single oral dose of macimorelin (30 mg/kg) at 30 min 
(↓10%) and 2 hrs (↑17%) while HR was decreased (↓21%) only at 30 min post dose

Study no.:  1015758
Sequence # and Date: SD1 (11/5/2013)
Conducting laboratory and location:  
Date of study initiation:  February 21 2001
GLP compliance:  No
QA report:  No
Drug, Lot/Batch #, and % purity:  EP 01572 (Coded ET-1), Unknown

Reference ID: 3519026

(b) (4)



NDA 205598 Jeffrey A Quinn

18

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Absorption

A GLP-compliant comparative pharmacokinetic study was performed in Wistar rats to evaluate 
the efficiency of oral administration of macimorelin compared to intravenous administration.

Macimorelin (AEZS-130) was poorly absorbed by Wistar rats via oral administration.  A 
comparison of AUC0-6h/AUC0-t values at 50 mg/kg demonstrated that bioavailability of 
macimorelin after oral administration was low compared to that observed after IV delivery 
(approximately 0.04%) in rats.  A comparison of Cmax values demonstrated that the maximum 
serum concentration of macimorelin obtainable by oral administration (50 mg/kg) was low 
(approximately 5400-fold lower) compared to those concentrations obtainable by intravenous 
dosing in rats.  Macimorelin concentrations were below the detectible limit at the 0.5 mg/kg oral 
dose.  AUC values were roughly similar between male and female Wistar rats, but Cmax values 
tended to be higher in females than in males after 50 mg/kg oral or IV administration.  It should 
be noted that while IV dosing appears to achieve higher exposure levels (AUC and Cmax) and 
bioavailability, macimorelin is rapidly degraded in rat plasma and consequently PK values are 
likely derived from a significant amount of inactive compound.

In a subsequent non-GLP compliant pharmacokinetic study in Wistar rats utilizing reformulated 
drug product a single IV dose (max dose - 30 mg/kg) yielded a Cmax that was 2-fold lower than 
expected based on the previous Wistar rat PK data (IV - plasma degradation).

In an attempt to establish the lowest oral dose at which systemic exposure is maximized in 
Wistar rats a GLP compliant study of macimorelin at five escalating oral doses was conducted.  
A saturating dose was not established (max dose - 1000 mg/kg) and systemic exposures 
tended to be elevated in HD females relative to males.

A GLP-compliant comparative PK study was performed in Beagle dogs to evaluate the 
efficiency of oral administration of macimorelin compared to IV.  The oral bioavailability of 
macimorelin was low (< 1%) in Beagle dogs.   A comparison of Cmax values demonstrated that 
the maximum serum concentration of macimorelin obtainable by oral delivery of 50 mg/kg in 
dogs was low (470-fold less) compared to those values measured after IV administration.

Metabolism

Metabolism of macimorelin is CYP450 and NADPH-dependent in dogs, rats, humans and mice
and occurs independently of Phase II enzymes (in vitro).  

Macimorelin is stable in dog and human plasma but is significantly degraded in rat plasma 
(likely due to rat plasma protease activity)

Pharmacodynamic Note:  Dogs have demonstrated an increase in GH levels in the blood after
single IV doses of 0.5, 10, and 40 mg/kg and oral doses of 10, and 40 mg/kg macimorelin.  Rats 
lack a pharmacological response at any dose level up to 50 mg/kg (IV).  Macimorelin has been 
demonstrated to bind to rat ghrelin receptors in vitro and promote signaling indicative of GPCR 
activation.  Proteolytic degradation of macimorelin in rats may explain the apparent lack of 
concordance between the in vitro and in vivo pharmacodynamic responses to macimorelin
dosing and should be considered when evaluating nonclinical studies in the rat model.
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Pharmacokinetic Drug Interactions

Macimorelin is predominantly metabolized by CYP3A4 and concomitant use of drugs that inhibit 
this enzyme may affect the metabolism of this compound.

Macimorelin inhibited CYP2C19, CYP1A2 and CYP3A4 and enhanced the enzymatic activity of 
CYP2C9 at IC50s above 30 M.  The risk for drug-drug interactions is negligible considering this 
concentration represents a dose that greatly exceeds (1600X) the Cmax value obtained in human 
subjects. 

Macimorelin is a weak inducer of CYP1A2, CYP2B6 and CYP3A4 mRNA expression in cultured 
human hepatocytes (concentration exceeding 1000X MRHD - Cmax) and represents a minimal 
risk for drug-drug interactions occurring in human subjects.

Exposure of insect cell membranes expressing Pgp to macimorelin caused minimal and dose-
dependent inhibition of Pgp ATPase activity. 

Distribution

No preclinical distribution studies were conducted with macimorelin.

Excretion

No preclinical excretion studies were conducted with macimorelin.
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In vitro CaCo-2 Permeability Assay (non-GLP)

Key study findings:

 Macimorelin is partially cell permeant and undergoes moderate efflux in the human colon 
carcinoma cell line (CaCo-2)

Study no.:  8100-2013-950
Sequence # and Date: SD1 (11/5/2013)
Conducting laboratory and location:  Aeterna Zentaris
Date of study initiation:  July 1st 2013 (Issue Date)
GLP compliance:  No
QA report:  No
Drug, Lot/Batch #, and % purity:  AEZS-130, Unknown

Methods:  

The goal of this study was to utilize that CaCo-2 permeability assay to evaluate the transport 
characteristics for macimorelin over a broad concentration range (2.5 to 1000 M).

“Using LC-MS/MS for the analysis of samples derived from CaCo-2 cell studies allows the rapid 
and accurate determination of drug transport across the CaCo-2 cell monolayer. Assessing 
transport in both directions (apical to basolateral (a→b) and basolateral to apical (b→a) across 
the cell monolayer enables influx as well as efflux ratios to be determined, which provides an 
indicator as to whether a compound undergoes active efflux.”

Results:

Permeability values for macimorelin were similar over the dose range analyzed and the mean 
ratio of Papp values (efflux/influx) indicates moderate efflux. The final concentration of 
macimorelin in the acceptor compartment demonstrated a linear relationship to the compound 
start concentration in the donor compartment up to the maximum concentration tested.

CaCo-2 Permeability Assay Results for Macimorelin (AEZS-130)

Measurement of the transport characteristics of fluorescent dyes confirmed that the assay 
conditions were valid.
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Metabolism

In vitro Metabolism and Cytochrome P450 Inhibition of Macimorelin (non-GLP)

Key study findings:

 Macimorelin was metabolized by hepatic microsomal CYPs in a NADPH-dependent
manner with the rank order of stability being: dog > rat > human > mouse

 Phase II enzymes did not contribute to the overall metabolism of macimorelin

 Macimorelin is predominantly metabolized by CYP3A4.  Concomitant use of drugs that 
inhibit CYP3A4 may affect the metabolism of macimorelin

 Macimorelin is stable in dog and human plasma but is significantly degraded in rat 
plasma (likely due to rat plasma protease activity)

 Macimorelin inhibited CYP2C19 (IC50 79 M), CYP1A2 (IC50 >27 M) and CYP3A4 (IC50 

>30 M).  The 30 M value represents a concentration of 16 g/mL, which greatly 
exceeds (1600X) the Cmax values of 5-10 ng/mL obtained in human clinical studies.

 Macimorelin (> 30 M) enhanced the enzymatic activity of CYP2C9.  Concomitant use of 
drugs that are metabolized by CYP2C9 will likely be unaffected at the levels of 
macimorelin expected to be achieved in the clinic.

Study no.:  ADME-2012-01
Sequence # and Date: SD1 (11/5/2013)
Conducting laboratory and location:  Aeterna Zentaris
Report Date:  July 16th 2012
GLP compliance:  No
QA report:  No
Drug, Lot/Batch #, and % purity:  AEZS-130, S131754/S143980, 98%

Methods:  

The goal of this study was to examine the in vitro Phase I metabolism of macimorelin in mixed-
gender liver microsomes of mouse, rat, dog and human and to identify the cytochrome P450 
(CYP) enzyme or enzymes responsible for metabolizing the drug by reaction phenotyping in the 
human context (human microsomes and recombinant CYPs) in the event that CYP enzymes 
were found to be involved in the metabolism.

Secondary metabolism (conjugation) was further assessed thru the impact of Phase II metabolic
reactions (direct and Phase-I-dependent Phase II metabolism) on the overall in vitro metabolism 
of macimorelin in mixed-gender human S9 fractions.

Metabolic stability in common matrices in species used for pharmacokinetic and toxicokinetic 
evaluations and stability of macimorelin in plasma of rat, dog and man were also evaluated.

The potential of macimorelin to inhibit cytochrome P450 activity was investigated using common 
marker substrates in a direct and (only for CYP3A4/5) time-dependent manner to determine the 
likeliness of drug-drug interaction (DDI).
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Results:

Metabolic Stability (Phase I)

The stability of macimorelin was assessed in mixed-gender liver microsomes of mouse, rat, dog 
and human.  Macimorelin was metabolized by hepatic microsomal CYPs in a NADPH-
dependent manner with a rank order of stability being: dog > rat > human > mouse after 1 hour 
of incubation.

Macimorelin Stability in Pooled Liver Microsomes (Phase I)

Metabolism (Phase II)

Macimorelin was tested for its stability in human liver S9 fraction.  Following Phase I metabolism 
(+NADPH) 75% of macimorelin remained after 1 hour.  The addition of Phase II metabolism 
cofactors (GSH, UDPGA, PAPS) did not enhance the metabolism of macimorelin.  Controls 
indicated the experimental conditions were valid.

Macimorelin Metabolism (Phase II)
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Reaction Phenotyping

The CYP enzymes involved in the Phase I metabolism of macimorelin were determined using 
recombinant human CYPs and chemical inhibition in human liver microsomes.  Under these 
experimental conditions, macimorelin appeared to be predominantly metabolized by CYP3A4.

Reaction Phenotyping of Macimorelin (Recombinant CYPs)

Reaction Phenotyping of Macimorelin (Chemical Inhibition)
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Macimorelin Stability in Plasma

Macimorelin was stable in pooled mixed gender dog and human plasma but degraded in rat 
plasma after 24 hours of incubation. Increased degradation in rats was confirmed in a second 
plasma batch, indicating the instability of macimorelin was species specific.  Mouse plasma was 
not examined.

Macimorelin Stability in Plasma

CYP Inhibition 

Macimorelin inhibited CYP2C19, CYP1A2 and CYP3A4 over a concentration range of 0.01 to 
200 M.  A valid IC50 value was established for CYP2C19 only (78 M).  At doses above 30 M 
macimorelin enhanced the enzymatic activity of CYP2C9.

Direct CYP Inhibition
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Direct and time-dependent metabolism of testosterone by CYP3A4 was comparable.

Direct vs Time-Dependent CYP3A4 Inhibition

Although the FDA recommends that CYP3A4 inhibition studies to be carried out by two,
structurally unrelated marker substrates, the methods in place did not support the use of 
midazolam as a secondary substrate.

Direct and Time-dependent CYP450 Inhibition by Macimorelin
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In vitro Evaluation of Macimorelin as an Inducer of Cytochrome P450 Expression in 
Cultured Human Hepatocytes (non-GLP)

Key study findings:

 Macimorelin (31.6 M) was a weak inducer of CYP1A2, CYP2B6 and CYP3A4 mRNA 
expression in cultured human hepatocytes (> 1000X MRHD - Cmax)

 Macimorelin will likely not induce these specific CYPs in human subjects

Study no.:  ADME-2013-01
Sequence # and Date: SD1 (11/5/2013)
Conducting laboratory and location:  Aeterna Zentaris
Report Date:  February 14th 2013
GLP compliance:  No
QA report:  No
Drug, Lot/Batch #, and % purity:  AEZS-130, S151314, Purity Unknown

Methods:  

The goal of this study was to investigate the ability of macimorelin (AEZS-130) to induce 
increases in the mRNA of the P450 isozymes CYP1A2, CYP2B6 and CYP3A4/5 in primary 
cultures of cryopreserved human hepatocytes. 

Cultures from a single donor were exposed daily (two consecutive days) to DMSO, macimorelin 
(3.16, 10 and 31.6 M), CYP inducers (omeprazole, phenobarbital and rifampicin) or an internal 
negative control in duplicate.  Following exposure, RNA was isolated from cells and analyzed by 
qRT-PCR to assess the effect of macimorelin on CYP1A2, CYP2B6 and CYP3A4 mRNA levels.

Results:

Human CYP1A2 mRNA

Macimorelin was a weak (< 2-Fold over Control) inducer of human CYP1A2 mRNA levels.

Mean (±SEM) fold induction of CYP1A2 in human hepatocytes
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Human CYP2B6 mRNA

Macimorelin was a weak (4-Fold over Control) inducer of human CYP2B6 mRNA levels.

Mean (±SEM) fold induction of CYP2B6 in human hepatocytes

Human CYP3A4 mRNA

Macimorelin was a weak (< 4-Fold over Control) inducer of human CYP3A4 mRNA levels.

Mean (±SEM) fold induction of CYP3A4 in human hepatocytes

An assessment of cell viability (post thaw), development and morphology indicated that the 
hepatocyte conditions were acceptable and the treatments and procedures utilized during this 
study did not significantly alter these parameters.  Thus the study appears valid.
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5.2 Toxicokinetics 

After a single 50 mg/kg oral or intravenous dose AUC values were roughly similar between male 
and female Wistar rats, but Cmax values tended to be higher in females than in males.

Early Formulation Macimorelin PK after Single IV or PO Administration to Wistar Rats

Reformulation of macimorelin led to lower than anticipated exposures in Wistar rats following IV 
administration.  Despite concentrations of macimorelin as high as 39000ng/mL in the blood, 
there were no changes in growth hormone levels among rats in either of these IV studies.

Reformulated Macimorelin PK after a Single IV Administration to Wistar Rats

AUC and Cmax values were comparable between male and female dogs after intravenous 
administration, but exposures tended to be higher in males after 40 mg/kg oral administration.

Macimorelin Pharmacokinetics after Single IV or PO Administration to Beagle Dogs

Pharmacodynamic Note: GH levels increased in dogs following intravenous doses of 
macimorelin at 0.5, 10, and 40 mg/kg (↑5.6-, 23.3-, and 17.3-fold, respectively, compared to no-
dose controls).  GH increased upon oral administration of macimorelin to dogs at 10 and 40 
mg/kg (↑3.2- and 1.8-fold) compared to no-dose controls.  No significant stimulation of growth 
hormone was observed in dogs administered macimorelin orally at 0.5 mg/kg.
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Clinical Assessments (Phase II): The administration of 40 mg/kg/day macimorelin for 7 days
induced hypersalivation, redness of mucosa and head shaking on each day of dosing. These 
signs appeared during the injection and generally lasted for < 1 hour, but could persist for up to 2 
hours PD.  Lateral decubitus was observed in the female within 5 minutes after the first dose 
followed by tremors on days 1 and 2.

Body Weight/Food Consumption: All animals gained weight during the study and food 
consumption was not affected by dosing.

Hematology:  RBC counts, hemoglobin levels and pack cell volumes declined minimally during 
Phase II.  These changes were accompanied by a reticulocyte regenerative response.

Clinical Chemistry:  Minimal increases in cholesterol and ALP activity were noted during Phase 
II and were accompanied by a slight decrease in BUN.

Organ Weight: There were no significant changes in organ weights reported.

Gross Observations:  Necropsy findings were limited to local reactions at the injection sites and 
no histopathological examination was performed.
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6.2 Repeat-Dose Toxicity

The general toxicity of macimorelin was assessed in Sprague Dawley rats and Beagle dogs in 
28 day repeat dose oral toxicity studies (GLP).  Systemic exposure (AUC) to macimorelin 
ranged from 1X to 36X (rat) and 7X to 55X (dog) to the 0.5 mg/kg MRHD.  Additional repeat-
dose range finding studies were conducted in Wistar rats (Oral dosing – 5 and 14 days), Beagle 
dogs (Oral dosing – 5 days) and Sprague Dawley rats (IV dosing – 14 days).

Note that the pivotal 28 day repeat dose toxicity studies incorporated a formulation of 
macimorelin that was similar to the clinical formulation and the oral route of administration 
utilized in these toxicity studies is the intended route to be used in the clinic.

Target organs of toxicity were not identified during repeat dose toxicity studies in rats and dogs. 

Gender-related differences in exposure in the pivotal rat study indicate that the pharmacokinetic 
characteristics of macimorelin may represent a complication when using this compound as a 
diagnostic agent in human subjects.  The NOAEL of 1000 mg/kg/day (HD) is associated with an 
exposure of 163ng.hr/mL (8X) and 719ng.hr/mL (36X) for male and female rats, respectively.

The pharmacodynamic activity of macimorelin in the pivotal rat study was limited to a minimal 
increase in food consumption at the high dose (1000 mg/kg/day) and occurred in the absence of 
any changes in body weight or body weight gain.  Paradoxically, macimorelin drove growth 
hormone levels down in rats which triggered downstream increases in T4 (males) and 
corticosterone (both genders).  ACTH levels tended to decline in females indicating a failure to 
release this hormone following repeat dosing of macimorelin to rats.

Note that macimorelin is poorly absorbed by rats via the oral route of administration and upon 
achieving absorption the compound is subjected to rapid degradation in the plasma.  These two 
forces drive the pharmacodynamic activity of macimorelin downward and limit the usefulness of 
the rat model as an indicator PD driven toxicity.

The pharmacodynamic activity of macimorelin in the dog manifested itself as increased body 
weight/body weight gains and increased food consumption for the first 2 weeks of the pivotal 
toxicology study.  These effects occurred independently of dose and were observed only in 
males where exposures were notably elevated at the highest dose (100 mg/kg/day).  Food 
consumption tended to normalize after 2 weeks of dosing indicating an adaptive response in 
dogs and/or the loss of the pharmacodynamic activity of macimorelin.

The results of the hormone analysis in the dog were consistent with the results noted in rats.  
Growth hormone levels tended to decline (dose-independently) in dogs and the levels of 
downstream target hormones (TSH, free T4 levels and ACTH) were not significantly altered by 
repeat macimorelin dosing.  A dose-dependent decrease in cortisol was observed in males (Day 
28) and females (Day 15) administered macimorelin.  Changes in cortisol indicate hormone 
signaling may be disrupted by repeat administration of macimorelin.  

Note that macimorelin is poorly absorbed by dogs via the oral route of administration.  However, 
macimorelin is relatively stable in dog and human plasma (unlike the rat).  The mechanism 
underlying the gradual loss of pharmacodynamic activity in the dog is unclear.  The dog is 
currently the most appropriate model to evaluate the PD driven toxicity of macimorelin, however 
pharmacodynamic activity will likely begin to subside beyond 2 weeks of dosing.
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7 Genetic Toxicology
Genetic toxicity of macimorelin was evaluated by three in vitro assays (Ames, mouse lymphoma 
assay and micronucleus Assay).  No in vivo genotoxicity assays were conducted.  The genetic 
toxicity of macimorelin was also evaluated in two in silico assays (DEREK Nexus analysis and 
QSAR MCASE analysis).

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells

Ames Assay

The reversion frequencies were not significantly different from negative controls for any 
macimorelin dose tested (5 to 5000g/plate) in the Ames assay. Macimorelin is considered to 
be Ames negative in the presence and absence of S9 activation at concentrations up to 1500
g/plate or approximately 158 M. Concentrations of macimorelin of 1500 and 5000 g/plate led 
to precipitation upon addition of top-agar.  Under the conditions of this study, there were no 
effects on the viability of any strain utilized in these assays, either with or without S9 activation 
and macimorelin is not considered mutagenic.

7.2 In Vitro Assays in Mammalian Cells

Mouse Lymphoma Mutation Assay 

There were no instances where macimorelin was mutagenic in L5178Y T/K+/- mouse 
lymphoma cells at concentrations which produced 10% reduction in viability or less.  In Phase 1 
(4 hour incubation with macimorelin), the highest dose yielding < 10% reduced viability was 
1000 g/mL both with and without S9. In Phase 2 (4 hour incubation with macimorelin), the 
highest acceptable dose was 1700 g/mL (+/- S9).  In Phase 3 (24 hour incubation with and 
without S9, 750 g/mL (-S9) and 1800 g/mL (+S9) were the highest non-lethal, non-mutagenic 
concentrations, respectively.  All negative controls were in the range of historical background,
and all positive controls performed as expected.  Macimorelin is thus considered negative for 
mutagenicity in an in vitro L5178V TK +/- mouse lymphoma mutation assay.

In Vitro Micronucleus Assay (CHO-K1 Cells)

In the preliminary assay macimorelin had no effect on cell survival at doses ≤ 18 M (1125X -
MRHD) and a minimal effect on cell survival (↓15%) at the 36 M dose.  There was no 
indication that the formation of micronuclei was increasing with ascending doses of macimorelin, 
although no positive control was utilized in this initial experiment.  In the definitive experiment, 
macimorelin had no effect on cell survival at doses ≤ 18 M and a significant affect (↓52%) at 53 
M (3300X - MRHD) although there was no increase in the number of apoptotic and/or necrotic 
cells at any dose. There was no indication that the formation of micronuclei was increasing with 
increasing doses of macimorelin, although a single positive control failed to illicit a response.  A 
second positive control, vinblastine, induced cell death, increased the number of apoptotic 
and/or necrotic cells and increased the formation of micronuclei validating the assay.  
Macimorelin is thus considered negative for in vitro clastogenic and/or disruption of the mitotic 
apparatus in dividing CHO-K1 cells.

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)

No in vivo assays were conducted to evaluate the genetic toxicity of macimorelin.
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8 Carcinogenicity
Activation of the GHS receptor is known to induce GH secretion and elicit numerous biological 
functions including cell proliferation.  No definitive carcinogenicity studies were conducted and 
while the weight of evidence indicates that the use of macimorelin does not pose a carcinogenic 
risk to human subjects, prolonged exposure may promote the growth of existing tumors.

9 Reproductive and Developmental Toxicology
The endogenous ligand (ghrelin) for the growth hormone secretagogue (GHS) receptor is 
primarily secreted from the stomach into the circulation but it is also synthesized by reproductive 
tissues suggesting local activity (autocrine and/or paracrine) at these locations.  The GHS 
receptor is expressed at different levels along the hypothalamic-pituitary-gonadal axis and 
activation of this receptor appears to play a role in the regulation of different aspects of the 
female and male reproductive functions from germ cell production to embryo development. 

Ovarian weights were dose-dependently (LOAEL = 8x MRHD) and significantly decreased (36x 
MRHD) in the absence of microscopic changes during the pivotal repeat dose oral toxicity study 
in rats.  Prolonged exposure to macimorelin appears to incite hormone disruption in rats and 
dogs and while hormone levels were not assessed during single dose oral toxicity studies in 
these species no finding consistent with a disruption of hormone homeostasis was noted.

Definitive reproductive or developmental toxicity studies were not conducted, however the 
weight of evidence indicates that the single dose use of macimorelin and the resulting transient 
activation of GHSRs present minimal developmental or fertility risk to WOCBP.  

10 Special Toxicology Studies
None
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11 Integrated Summary and Safety Evaluation
Macimorelin acetate is a synthetic, peptidomimetic which stimulates the release of GH by 
binding to the GHS receptor (ghrelin receptor).  Aeterna Zentaris is seeking approval for the 
proposed indication: “Diagnosis of adult growth hormone deficiency (AGHD)  

’ under this NDA.  
Macimorelin was safe and well tolerated in 40 healthy volunteers and 40 patients with growth 

hormone deficiency up to a single oral dose of 0.5 mg/kg (AUC (0-) = 20 ng.hr/mL).

Marked toxicological findings were observed during the single dose intravenous (IV) safety 
pharmacology evaluations of macimorelin.  The IV route of administration was selected for the 
bulk of the safety pharmacology program and differs from the intended oral route to be used in 
human subjects. The use of the IV route of administration in these studies was likely driven by 
the extremely low oral bioavailability (< 1%) of macimorelin in rats and dogs.  While IV dosing 
appears to achieve higher exposures (AUC and Cmax) and bioavailability in the rat, macimorelin 
is rapidly degraded in rat plasma and consequently the PD activity that is readily obtained in 
vitro quickly diminishes in vivo.  Based on these conditions the rat model may be suitable to 
assess only the non-PD driven effects of macimorelin (i.e., off-target toxicology).

In contrast to the rat, macimorelin is relatively stable in dog and human plasma and despite the 
poor oral bioavailability in dogs the pharmacodynamic activity of this compound is maintained in 
short term studies where GH levels increase in the blood after single IV doses (0.5, 10, and 40 
mg/kg) and single oral doses (10, and 40 mg/kg).  Based on these conditions the dog is 
currently the most appropriate model to evaluate short term PD driven toxicity.

Neurological toxicity was present in Wistar rats following single IV doses (≥ 10 mg/kg) and 
manifested as decreased body temperatures, flattened postures, lateral decubitus, impaired 
gait, soiled fur, passivity, decreased rearing, intermittent tremors, decreased grip strength and a 
slow to moderate stupor.  Toxicity occurred over a period of 24 hours and based on the rat 
plasma stability data, the compound was likely undergoing rapid degradation.  

Respiratory toxicity was observed in Wistar rats at similar IV doses of macimorelin (≥ 10 mg/kg) 
and presented as increases in respiratory rates, tidal volumes and minute volumes and 
decreased inspiratory - expiratory times and peak inspiratory flow.  Toxicity occurred within 4 
hours post IV dosing and based on the rat plasma stability data, roughly 50% of the plasma 
associated macimorelin would have been degraded by this time.

Based on the intravenous PK data generated in Wistar rats with the reformulated drug product 
(comparable to the clinical lot) and the poor oral absorption of macimorelin, clinical exposures 
following a single 0.5 mg/kg oral dose of macimorelin should not approach the rat NOAEL (IV) 
for neurological and respiratory toxicity (1 mg/kg, 61 ng.hr/mL AUC 0-last = 3x MRHD).

Respiratory toxicity presented similarly in anesthetized dogs where IV dosing with macimorelin 
(≥ 10 mg/kg) incited increases in respiratory rate and minute volume, decreases the tidal 
volume and shortened inspiratory and expiratory times.  Cardiovascular effects presented as 
rapid, but transient episodes of hypotension (10 mg/kg) characterized by increased heart rate, 
decreased blood pressure, and increased carotid blood flow.  A sustained decrease in the 
maximum ventricular dP/dT was noted in dogs and indicates a paradoxical negative inotropic 
effect of macimorelin.  These effects were amplified in the two animals dosed at 30 mg/kg, and 
led to severe adverse events (convulsive spasms and cardiac/respiratory arrest) and death in 
one dog and convulsions, tremors and hypersalivation with vomiting, in the other.
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Based on an extrapolation of the intravenous PK data generated in dogs with macimorelin (early 
formulation) and the poor oral absorption of the drug substance, clinical exposures following a
single 0.5 mg/kg oral dose of macimorelin should not approach the dog NOAEL (IV) for 
pulmonary and cardiovascular toxicity (1 mg/kg, 300 ng.hr/mL AUC 0-last = 15x MRHD).

Hypersensitivity reactions were triggered by intravenous dosing (10 mg/kg) in dogs with the 
original formulation of macimorelin and were characterized by lying down and reddening of the 
mucous membranes around the eyes and excessive salivation.  These results were confirmed 
at intravenous doses ≥ 30 mg/kg (12000 ng.hr/mL AUC0-6 hr = 600x MRHD) in a non-GLP 
SD/repeat dose study in dogs administered macimorelin.  Clinical signs progressed in severity 
during this study to include unsteady gait or poor motor coordination and tremors at the 60 
mg/kg dose (43000ng.hr/mL, AUC0-6 hr – 2100x MRHD).  Histamine release was not evaluated 
during either of these intravenous dog studies.  

Hypersensitivity reactions were not observed at oral doses ≤ 40 mg/kg (18x MRHD) in a parallel 
dog study.  While this result is not surprising due to the low oral bioavailability in dogs, a 2-fold 
increase in serum growth hormone levels was achieved at the 40 mg/kg oral dose.

The extensive toxicological findings that manifested in the rat indicate that hypersensitivity 
reactions were likely present.  Macimorelin did not induce histamine release from rat mast cells 
(in vitro) at concentrations ≤ 178 M (11000X) indicating that the metabolism of macimorelin 
may increase the sensitivity to this compound or its breakdown products in vivo. Hypersensitivity 
reactions are not likely to occur in human subjects at the MRHD.

Target organs of toxicity were not identified during the pivotal 28 day repeat dose oral toxicity 
studies in rats and dogs.

Gender-related differences in exposure during the pivotal 28 day oral toxicity study in Sprague 
Dawley rats indicate that the pharmacokinetic characteristics of macimorelin may represent a 
complication when using this compound as a diagnostic agent in human subjects.  The NOAEL 
of 1000 mg/kg/day (HD) is associated with an exposure of 163ng.hr/mL (8X) and 719ng.hr/mL 
(36X) for male and female rats, respectively.

Nominal signs of pharmacodynamic activity were observed in the rat and repeat oral 
administration of macimorelin tended to drive growth hormone levels down which triggered 
downstream increases in T4 (males) and corticosterone (both genders).  ACTH levels tended to 
decline in females indicating that repeat oral dosing with macimorelin had instigated hormone 
dysregulation in the rat.

Pharmacodynamic activity began to dwindle after 2 weeks of oral dosing in dogs indicating an 
adaptive response and/or a loss of the pharmacodynamic activity of macimorelin.  Growth
hormone levels tended to decline (dose-independently) in dogs following repeat oral 
administration of macimorelin.  Unlike the rat, the downstream target hormones: TSH, free T4 
levels and ACTH were not significantly altered by repeat oral administration of macimorelin.  A 
dose-dependent decrease in cortisol was observed in males (Day 28) and females (Day 15) 
administered macimorelin.  Changes in cortisol indicate that hormone signaling may be 
disrupted by repeat oral administration of macimorelin.  The mechanism underlying the loss of 
the pharmacodynamic activity of macimorelin in the dog is unclear.  The NOAEL for repeat oral 
administration of macimorelin to dogs is 100 mg/kg/day with AUCs of 1107ng.hr/mL (55X) and 
704ng.hr/mL (35X) for males and females, respectively.  Systemic exposures to macimorelin in 
the dog were elevated relative to the rat, despite orally dosing with 10-fold less drug product.
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NDA Number: 205598 Applicant: Aeterna Zentaris Stamp Date: November 4th

2013

Drug Name: Macimorelin 
acetate/AEZ-130

NDA 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

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

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

Consistent with a single dose diagnostic 
agent:  No carcinogenicity studies or
reproductive and developmental toxicity 
studies have been conducted

Pivotal studies are 28 days in duration

In vivo metabolism studies have not been 
conducted in nonclinical test species or 
humans

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

Oral dose administration (gavage for animal 
studies and granules in an oral solution in 
the clinic)

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

Pivotal Safety Pharm and Toxicology 
studies were performed under GLP.
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