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EXECUTIVE SUMMARY
This review by the Division of Risk Management (DRISK) evaluates whether a risk evaluation and 
mitigation strategy (REMS) for the new molecular entity Macrilen (macimrelin) is necessary to ensure 
the benefits outweigh its risks.  Aeterna Zentaris resubmitted a New Drug Application (NDA) 205598 for 
macimorelin with the proposed indication for the diagnosis of adult growth hormone deficiency (AGHD). 
The application was previously (November 2014) issued a complete response (CR) letter, in part because 
of an unresolved issue regarding QT prolongation. The proposed labeling includes a warning for the 
potential for false positive tests results with the use of macimorelin. The submission did not include a 
REMS or Risk Management Plan.  

A QT study in 60 healthy subjects showed an 11-millisecond prolongation of QT by Fridericia's Correction 
Formula (QTcF) compared to placebo. The QT Interdisciplinary Review Team (QT-IRT) reviewed the 
study, and confirmed that Macrilen induces about an 11-second QT prolongation by an unknown 
mechanism. The QT-IRT review recommends that the QT prolongation be described in the labeling, 
including in the Warnings and Precautions section, with a caution against use with other drugs that 
prolong the QT interval1.

DRISK has concluded that a REMS is not needed to ensure the benefits of macimorelin outweigh its risks.

1 Introduction
This review by the Division of Risk Management (DRISK) evaluates whether a risk evaluation and 
mitigation strategy (REMS) for the new molecular entity (NME) Macrilen (macimrelin) is necessary to 
ensure the benefits outweigh its risks.  Aeterna Zentaris submitted a New Drug Application (NDA) 
205598 for macimorelin with the proposed indication for the diagnosis of adult growth hormone 
deficiency (AGHD). This application is under review in the Division of Metabolism and Endocrinology 
Products. The applicant did not submit a proposed REMS or risk management plan with this application.   

2 Background
2.1 PRODUCT INFORMATION

Macrilen (macimrelin), a new molecular entitya, is a Growth Hormone Secretagogue Receptor (GHSR) 
agonist proposed for the diagnosis of AGHD.  Macrilen is proposed as 0.5 mg/kg of body weight of 0.5 
mg/ml macimorelin solution, administered orally, as a one-time dose Macrilen is not currently approved 
in any jurisdiction.b 

2.2 REGULATORY HISTORY

The following is a summary of the regulatory history for NDA 205598 relevant to this review:  

a Section 505-1 (a) of the FD&C Act: FDAAA factor (F): Whether the drug is a new molecular entity.

b Section 505-1 (a) of the FD&C Act: FDAAA factor (D): The expected or actual duration of treatment with the drug.
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• 03/07/2006: Pre-IND meeting 

• 05/14/2007: Orphan Designation granted 

• 11/05/2013: NDA received November 5, 2013

• 11/05/2014: Complete response letter issued; letter cited need for additional efficacy and safety data, 
including a complete QT study

• 06/23/2017: Application resubmitted to the Agency

3 Therapeutic Context and Treatment Options
The descriptions of medical condition and treatment options are contained in the previous DRISK review 
for this product.2

3.1 DESCRIPTION OF THE MEDICAL CONDITION

See previous DRISK review. 

3.2 DESCRIPTION OF CURRENT TREATMENT OPTIONS

See previous DRISK review. 

4 Benefit Assessment
The descriptions of the trials conducted to support the previous submission are contained in the 
previous DRISK review for this product.

The diagnostic efficacy of Macrilen was tested in a randomized, open-label, single-dose, crossover study 
that compared Macrilen with the insulin tolerance test (ITT) in patients with various likelihood of AGHD, 
high likelihood, intermediate likehood, low likelihood, and healthy control. Negative and positive 
agreement with the ITT reference were used to assess the efficacy of Macrilen. 

Of the 157 subjects tested in this study, 59% were male, and 41% were female. Median age was 41 years 
(range, 18 to 66 years), and median body mass index was 27.5 kg/m2 (range, 16 to 40 kg/m2).

In the high likelihood group, there was 89% concordance for a positive test and 100% concordance for a 
negative test between ITT and Macrilen. In the intermediate group, there was 67% concordance for a 
positive test and 86% concordance for a negative test. In the low likelihood group there was 33% 
concordance for a positive test and 86% concordance for a negative test. In healthy controls, there was 
96% concordance for a negative test. The results confirmed the efficacy of Macrilen.c

c Section 505-1 (a) of the FD&C Act: FDAAA factor (C): The expected benefit of the drug with respect to such disease 
or condition. 
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5 Risk Assessment & Safe-Use Conditions
The adverse event profile from trials conducted to support the previous submission are contained in the 
previous DRISK review for this product. As described in the previous review, the adverse events were 
generally mild or moderate in severityd. Common adverse events reported in the AGHD population were 
dysgeusia (8%) and diarrhea, nausea, headache, and fatigue (2% each). One subject experienced QT 
prolongation of 60 milliseconds. This patient had a non-specific T-wave abnormality that subsequently 
resolved. This patient was asymptomatic throughout. 

Clinical testing performed after the previous review cycle did not establish any new serious risks with 
Macrilen.  The side effect profile remains generally mild to moderate in severity. The FDA-edited 
labeling includes one entry in the Warnings and Precautions section of the labeling, the potential for false 
positive test results with concomitant use of strong CYP3A inducers.

A QT study in 60 healthy subjects showed a 10-millisecond prolongation of QT by Fridericia's Correction 
Formula (QTcF) compared to placebo 4 hours after receiving a supra-therapeutic dose of Macrilen. The 
prolongation lasted 1 to 2 hours. The prolongation was less than the prolongation exerted by the 
positive control, moxifloxacin. This study is currently under review by QT-IRT. 

The QT-IRT review of the effects of Macrilen concluded that Macrilen has the potential to prolong the 
QT interval by an unknown mechanism. The reviewer recommended that the issue be included in the 
labeling in the Warnings and Precautions section and in the Clinical Pharmacology section:

Warnings and Precautions

QTc Prolongation
MACRILEN causes a small increase (about 11 msec) in the corrected QT (QTc) interval [see 
Clinical Pharmacology (12.2)]. QT prolongation can lead to development of torsade de pointes-
type ventricular tachycardia with the risk increasing as the degree of prolongation increases.

The use of MACRILEN should be avoided in combination with other drugs that are known to 
prolong QTc, including antipsychotic medications (e.g., chlorpromazine, haloperidol, 
thioridazine, ziprasidone), antibiotics (e.g., moxifloxacin), Class 1A (e.g., quinidine, 
procainamide) and Class III (e.g., amiodarone, sotalol) antiarrhythmic medications or any other 
medications known to prolong the QTc interval.

d Section 505-1 (a) of the FD&C Act: FDAAA factor (E): The seriousness of any known or potential adverse events 
that may be related to the drug and the background incidence of such events in the population likely to use the 
drug.
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Clinical Pharmacology

Pharmacodynamics
Cardiac electrophysiology
The effects of macimorelin on ECG parameters were investigated in a dedicated Thorough QT 
study that investigated in a 3-way cross-over design with 60 healthy subjects the effects of a 
supra-therapeutic dose of macimorelin (2.0 mg/kg) in comparison with placebo and with 
moxifloxacin. This study showed a mean baseline- and placebo-adjusted change (upper single-
sided 95% confidence interval) in QTcF of 9.6 ms (11.4 ms) at 4 h post-dose, which occurred 
after the mean maximum macimorelin plasma concentration (0.5 h). 

A similar increase in the QTcF interval was also observed in a single-ascending dose study, which 
included three dose levels (0.5, 1 and 2 mg/kg). All three doses levels studied showed a similar 
magnitude of QTcF prolongation compared to the 2 mg/kg studied in the Thorough QT study, 
suggesting an absence of dose dependent changes in the QTcF interval between 0.5 and 2 
mg/kg. The mechanism for the observed QTcF prolongation is unknown.

6 Expected Postmarket Use
Macrilen is likely to be used in healthcare settings equipped to draw blood for laboratory testing. This 
could be any inpatient or outpatient healthcare setting. 

7 Risk Management Activities Proposed by the Applicant
The Applicant did not propose any risk management activities for Macrilen beyond routine 
pharmacovigilance and labeling. 

8 Discussion of Need for a REMS
If approved, macimorelin would be the first orally available diagnostic test for AGHD. The 
administration would be a one-time oral dose with blood draws 45 minutes and 60 minutes after 
administration. The diagnostic efficacy of Macrilen was tested in a randomized, open-label, single-dose, 
crossover study that compared Macrilen with ITT in patients with various likelihood of AGHD, high 
likelihood, intermediate likelihood, low likelihood, and healthy control. Negative and positive 
agreement with the ITT reference were used to assess the efficacy of Macrilen. 

The Clinical Reviewer has recommended approval of Macrilen.  Further, the clinical review states that a 
REMS is not needed to assure the benefits of Macrilen exceed its risks.3

Dr. Naomi Redd stated in her July 3, 2014 review, “Since macimorelin will be given as a one-time oral 
dose, the commonly reported adverse events … do not rise to the level of mitigation with a REMS.”  Dr. 
Redd noted that the QT issue was unresolved at the time of her review. A QT study in 60 healthy 
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subjects showed a 10-millisecond prolongation of QTcF compared to placebo 4 hours after receiving a 
supra-therapeutic dose of Macrilen. The prolongation lasted 1 to 2 hours. The prolongation was less 
than the prolongation exerted by the positive control, moxifloxacin. One study subject experienced 
asymptomatic QT prolongation of 60 milliseconds. The QT-IRT team reviewed the data on QT 
prolongation and the potential for Macrilen to induce cardiac dysrhythmia, and concluded that Macrilen 
prolongs the QT interval by about 11 ms through an unknown mechanism. The QT-IRT reviewer 
recommended that the labeling describe the potential in the Warnings and Precautions and Clinical 
Pharmacology sections of the labeling. The QT-IRT review does not recommend a boxed warning for QT 
prolongation.

9 Conclusion & Recommendations
Based on the review of the data, the benefit-risk profile appears to be favorable, and the safety risks can 
be addressed with labeling alone; therefore, a REMS is not necessary for Macrilen to ensure the benefits 
outweigh the risks. At the time of this review, evaluation of the application is ongoing.   Please notify 
DRISK if analysis of the safety information changes the benefit-risk profile; this recommendation can be 
reevaluated.  

      

1 QT-IRT review; November 22, 2017.

2 Redd, Naomi. DRISK review to determine if a REMS is necessary for macimorelin. July 3, 2014.

3 Lubas, William. Clinical review of Macrilen NDA 205598. November 24, 2017.
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1 INTRODUCTION 

This review by the Division of Risk Management (DRISK) evaluates whether a risk 
evaluation and mitigation strategy (REMS) is necessary for the new molecular entity 
(NME) macimorelin. The sponsor submitted New Drug Application (NDA) 205598 for 
macimorelin with the proposed indication for the diagnosis of adult growth hormone 
deficiency (AGHD). The submission did not include a REMS or Risk Management Plan.  

1.1 BACKGROUND 

Growth Hormone (GH) deficiency in adults may be of either adult onset or childhood 
onset, and may occur as an isolated deficiency in GH, or as multiple hormone 
deficiencies.1 AGHD is a recognized clinical syndrome associated with metabolic, 
physiologic, and neurological complications. These patients suffer from abnormalities in 
carbohydrate and lipid metabolism, increasing the risk for cardiovascular morbidities, 
osteoporosis, muscle wasting, depression, and an overall impaired quality of life due to 
these issues.2 More than 50,000 adults living in the United States are diagnosed with GH 
deficiency.2 Approximately 6,000 new cases of AGHD are diagnosed each year in the 
Unites States, and 15 to 20% of those cases represent the continuation of childhood cases 
into maturity.1 The remainder of these cases in adults results from damage to the pituitary 
gland or hypothalamus from tumors or traumatic head injuries.1  

Recombinant human growth hormone (rhGH) products are prescribed for GH deficiency 
in adults and children. Off label use of rhGH has been used as a performance enhancing 
supplement and to supplement weight loss.3 Based on evidence that GHD can be a new 
syndrome that presents in adults who may derive benefit from GH replacement, the 
Growth Hormone Research Society and the American Association of Clinical 
Endocrinologists (AACE) have formulated consensus guidelines for the diagnosis and 
treatment of adults with GH deficiency.  

According to the 2009 AACE Guidelines for Use of Growth Hormone in Clinical 
Practice, the preferred GH stimulation test to establish the diagnosis of AGHD is the 
insulin tolerance test (ITT). The ITT has limitations in that it is labor intensive, and there 
are serious risks involved with utilizing this test. The ITT requires IV administration of 
regular human insulin to induce a blood glucose level of 40mg/dL. Several blood 
samplings over a period of 2 hours are done to assess glucose and cortisol 
concentrations.4 Since the blood glucose must be 40mg/dL to induce a state in which GH 
deficiency may be assessed, risks include seizures or unconsciousness due to 
neuroglycopenia. The ITT is contraindicated in patients with known or who are at high 
risk for coronary artery disease, and in patients with a history of seizures.1  

                                                 
1 Guidelines for the Use of Growth Hormone in Clinical Practice, Endocr Pract. 2009;15(Suppl 2) pgs 1-29 
2 www.hgfound.org/res AGHD.explained.asp  accessed March 19, 2014 
3 www.deadiversion.usdoj.gov/drug chem info/hgh.pdf  accessed March 30, 2014 
4 www.vanderbilthealth.com/pituitary/15471  accessed June 30, 2014   
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Acceptable alternatives to the ITT include the Growth Hormone Releasing Hormone 
(GHRH) plus arginine test, the glucagon stimulation test (GST), and rarely, the arginine 
test alone.1 In 2008, the only commercially available formulation of GHRH in the United 
States was discontinued; therefore, the GST has been primarily used as an alternative test 
for the diagnosis of AGHD. However, the GST is less sensitive in diagnosing GH 
deficiency, and is equally as labor intensive as the ITT. Intra-muscular injections are 
required, in addition to a 3-4 hour follow-up period, and the potential for delayed 
hypoglycemia.5, 6 

The use of ghrelin-mimetic GH secretagogues has been evaluated as a potential option 
for use as a test for GHD. These agents require the ability to release endogenous GHRH, 
to assess a normal GH response.5 Macimorelin is an orally-available ghrelin receptor 
agonist that has been developed as a diagnostic agent for GH deficiency in adults.6 The 
proposed dose is weight-based given orally in 120ml of water.  

 and a follow-up blood draw is done 45 
minutes after administration to assess GH levels. The mechanism of action of 
macimorelin shows binding potency to the human GH stimulating receptor comparable to 
ghrelin6 which stimulates the release of GH, and therefore may provide an alternative 
option for diagnosing AGHD. 

1.2 REGULATORY HISTORY AND MILESTONE MEETINGS 

• Pre-IND meeting March 7, 2006 
• IND received March 2007 
• Orphan Designation granted May 14, 2007 
• NDA received November 5, 2013 
• Mid-cycle meeting – April 2, 2014 
• PDUFA date – November 5, 2014 

2 MATERIALS REVIEWED 

2.1 DATA AND INFORMATION SOURCES 

• Macimorelin Clinical Modules:  
o Section 2.5 Clinical Overview, submitted September 19, 2013 
o Section 2.74 Summary of Clinical Safety, submitted September 5, 2013 

• Mid-Cycle Communication to Sponsor, April 16, 2014 
• FDA Non-clinical review, Dr. Jeffery Quinn, June 4, 2014 
• Macimorelin draft label, June 9th, 2014 

3 RESULTS OF REVIEW 

3.1 OVERVIEW OF CLINICAL PROGRAM  

                                                 
5 Molitch M et al. Evaluation and Treatment of AGHD: An Endocrine Society Clinical Practice Guideline. 
J Clin Endocrinol Metab, June 2011, 96(6):1587-1609 
6 Macimorelin clinical overview section 2.5 
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Macimorelin was evaluated in a single Phase 3 trial in 100 patients that included 52 
patients with AGHD and 48 matched controls. Matched controls were defined as healthy 
adult males or females with normal growth and development.6 Demographics were 
primarily male (60%), with a mean age of 53 years old.6 Race was not comparable, as 
there were more black patients in the control group versus the study group (37.5% versus 
4%).7 The mean peak GH concentrations in AGHD patients were 2.7ng/mL compared 
with 17.71ng/mL in matched controls.7 Analyses were performed to determine the 
minimum number of blood draws needed to differentiate AGHD patients from controls, 
and an accurate sensitivity and specificity endpoint for diagnosis. Using BMI-specific 
cut-points, a sensitivity of 90%, a specificity of 85% with a 12% misclassification rate 
were attained with a single post-dose blood draw at the 45 minute time point7. The 
sensitivity and specificity analysis was only marginally improved by the addition of 30 
and 60 minute blood draws7, therefore, the 45 minute post dose blood draw will be used 
for diagnosis.  

3.2 SAFETY CONCERNS 

In the Phase 3 study evaluating the use of macimorelin, adverse events were generally 
mild or moderate in severity.7 Common adverse events reported in the AGHD population 
and matched controls were dysgeusia (n = 12, 12%) and diarrhea (n = 3, 3%). Other 
adverse events occurring at 1% of the study population included dyspepsia, flushing, 
headache, increased libido, and nausea.7 Two serious adverse events were observed in 
one of the matched controls subjects described below. 

3.2.1 ECG QT Prolonged/ECG T wave abnormal6 – This was a 38 year old male in 
the matched control subject arm with no history of coronary artery disease, and 
ECG non-specific T wave abnormalities were recorded approximately 1 month 
earlier. The patient was intermittently taking citalopram, but had reported to not 
taking this drug 7 days prior to receiving macimorelin. On the day of macimorelin 
dosing, an ECG was recorded pre-dose as normal. One hour post dose, ECG T 
wave abnormalities were observed; the ECG QTc interval had gone from 440ms 
pre-dose to a maximum of 501ms 3.5 hours post dose. The patient was taken for 
cardiac catheterization immediately, and was found to have normal coronary 
arteries. The patient was kept overnight for observations, and was reported to be 
asymptomatic during this time. Echocardiogram was normal, and there was no 
evidence of abnormal electrolytes, and cardiac enzymes were negative. The T 
waves and QTc interval returned to baseline, and he was discharged the following 
day. Because of the time relationship between the drug administration and onset 
of events, it suggests the possibility of macimorelin administration as casually 
related to this event. 

 
3.2.2  Nonclinical findings - Macimorelin has been evaluated in hERG binding assays 

and did not show any evidence for inhibition in the hERG-mediated potassium 
current. IV administration of macimorelin has been evaluated in beagle dogs, 
which indicated no effect on the QT interval.6  A 28-day oral toxicity study, also 
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evaluated in beagle dogs at various doses, showed no observed adverse effect 
levels in doses as high as 100mg/kg/day (which correlate to an 82 fold safety 
margin of the clinical exposure of the oral dose of 0.5mg/kg).6  However, other 
cardiovascular safety pharmacology assessments of macimorelin administrated 
intravenously to dogs yielded rapid, transient episode of hypotension, increased 
heart rate, and increased carotid blood flow.8 These events were amplified in two 
high dose dogs (600 times recommended dose) and led to death in one dog, and 
convulsions, tremors, and hypersalivation with vomiting in the other dog.8  

The applicant did not submit a REMS or a Risk Management Plan for the management of 
any adverse events.  

4 PROPOSED POSTMARKETING STUDIES/REQUIREMENTS 

Discussions of PMR’s/PMC have not been negotiated at this time, and are scheduled to 
be initiated July 18, 2014. Evaluation of the effect of macimorelin on QTc interval 
changes may be suggested as a post marketing commitment from the sponsor. 

5 DISCUSSION 

Patients who are diagnosed with AGHD have increased risk of morbidity and mortality 
related to cardiovascular and metabolic abnormalities, increased risk of osteoporosis and 
physiologic imbalances due to severe muscle wasting, and psychological effects such as 
depression; all which can greatly impact quality of life. GH therapy has been shown to 
benefit many adults with GHD; therefore, it is critical to identify appropriate candidates 
for whom GH supplementation may be appropriate.  

AACE guidelines recommend the ITT as the preferred standard for diagnostic testing of 
AGHD, followed by the GHRH plus arginine test (if available), or the GST test for 
patients who are contraindicated to receive the ITT. The ITT and GHRH plus arginine 
test are administered IV, the GST is administered IM, and all require several blood draws 
and post dose follow-up times from 2-4 hours. In addition, the profound risk of induced 
hypoglycemia, and seizures (with the ITT), are factors that must be considered when 
using one of these test to diagnose AGHD. 

If approved, macimorelin would be the first orally available diagnostic test for AGHD. 
The administration would be a one-time oral dose in 120ml of water,  

 blood draw 45 minutes post administration. The 
efficacy of macimorelin is based on a single Phase 3 study done in 100 patients; 52 
patients with AGHD, and 48 matched controls. Macimorelin had a sensitivity of 90%, a 
specificity of 85% with a 12% misclassification rate for diagnosing AGHD in this study. 
A study done by Biller and colleagues evaluated the performance of six tests for the 
diagnosis of AGHD, of which the ITT and GHRH plus arginine tests provided the highest 
sensitivity and specificity at 96% and 92% (ITT) and 95% and 91% (GHRH plus 
arginine).9 While these tests have greater accuracy of detecting GH deficiency, there 

                                                 
8 FDA Nonclinical review, Dr. Jeffery Quinn, June 4, 2014. 
9 Biller B et al. Sensitivity and Specificity of Six Tests for the Diagnosis of Adult GH Deficiency. J Clin 
Endocrinol Metab, May 2002; 87 (5): 2067-2079. 
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appears to be a minimal adverse effect profile for macimorelin, which primarily includes 
dysgeusia (12%) and diarrhea (3%). In the Phase 3 study for macimorelin, there were two 
serious adverse events reported in one patient in the matched control arm that resulted in 
T-wave abnormalities and QTc prolongation. The patient was asymptomatic throughout, 
and had no negative effects from these events. Although nonclinical studies do not show 
a correlation of QTc prolongation or adverse events affecting the QT interval, there were 
other cardiac abnormalities such as hypotension, increased heart rate, as well as 
progression to convulsions which resulted in death of one of the dogs given intravenously 
at 600 times higher than the recommended dose.  

Since macimorelin will be given as a one-time oral dose, the commonly reported adverse 
events of dysgeusia and diarrhea, in addition to lower rates of adverse events of 
dyspepsia, flushing, headache, increased libido, and nausea do not rise to the level of 
mitigation with a REMS. Further analysis to evaluate the effects of macimorelin on QTc 
interval prolongation or changes may be suggested to the sponsor as a post-marketing 
commitment.  

6 CONCLUSION 

DRISK concurs with the Division of Metabolic and Endocrine Products that based on the 
available data and the potential benefits and risks of treatment, a REMS is not necessary 
for macimorelin to ensure the benefits outweigh the risks.  Please keep DRISK informed 
if new safety information becomes available that would necessitate this benefit risk 
prolife to be re-evaluated. 
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