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1 Recommendations/Risk Benefit Assessment

1.1 Recommendation on Regulatory Action

Approval 

1.2 Risk Benefit Assessment

The macimorelin test has the potential to provide a safer, easier and equally accurate 
test for diagnosing Adult Growth Hormone Deficiency (AGHD). It involves drinking a 
solution containing macimorelin after an 8 hour fast and drawing two blood specimens 
at 45 and 60 minutes. In contrast, the other tests currently used to make this diagnosis, 
all are associated with either a greater risk of hypoglycemia and/or require more 
extensive monitoring and blood sampling to make an accurate assessment:

 The ITT is contraindicated or impractical for patients with high risk of coronary 
disease, the elderly, or subjects with a history of seizure, requires multiple blood 
samples over 120 minutes, and involves the risk of severe hypoglycemia. 

 The Glucagon Test requires an intramuscular (IM) or subcutaneous (SQ) 
injection, monitoring for Growth Hormone (GH) over at least 3 hours because the 
release of GH may be delayed as compared with other secretagogues, and 
requires caution for possible delayed hypoglycemia.

 The Arginine Test requires a 30-minute infusion, multiple blood samples over 150 
minutes, has been associated with tissue damage following local infiltration of the 
hypertonic acidic solution, and has been associated with hyperchloremic 
acidosis, cerebral edema and death following over dosage.

Efficacy in the pivotal study AEZS-130-052 was based on comparing the macimorelin 
GH test to the ITT in a randomized, two-way, cross-over study. The co-primary 
endpoints were based on percent positive and percent negative agreement as the ITT is 
a “non-reference” standard and as such is not always correct. The prespecified peak 
GH cut-off points that were chosen were 2.8ng/mL for the macimorelin test, determined 
after a reanalysis of data from study AEZS-130-047, and 5.1ng/mL for the ITT, using 
references from the literature. Patients with peak GH values below the cut-off point were 
diagnosed as positive for AGHD. The low macimorelin cut-off point was chosen in the 
hopes of addressing the Agency’s primary concern over false-positives. In study AEZS-
130-047 both cut-off points of 2.7ng/mL and 4.3ng/mL gave similar best overall 
agreement, but the lower cut-off point of 2.8ng/mL was chosen for study AEZS-130-052 
in order to favor specificity at the expense of sensitivity. The first co-primary endpoint 
resulted in 93.94% negative agreement with a 95% CI lower limit of 85.20% which met 
the preset criterion of ≥75% (see Table 3). However, the second co-primary endpoint 
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Classification and Regression Tree (CART) analysis-92% specificity, 96% sensitivity, or 
using a cut-off value of 5.0ng/mL and an ROC analysis-92% specificity, 95% sensitivity 
(see Biller et al. 2002). Therefore, a patient with multiple pituitary hormone deficiencies, 
a low IGF-1 and/or clear symptoms that could be attributed to GH deficiency could be 
screened using the higher cut-off value of 5.1ng/mL for greater sensitivity whereas a 
patient with one or no pituitary hormone deficiencies, normal IGF-1 and with limited 
vague symptoms should be screened using the lower cut-off value of 2.8ng/mL to 
minimize the risk for false-positives. In either case, any patients who are started on 
therapy and show no improvement after an adequate trial with GH should have the 
therapy discontinued as the risks outweigh any benefits. 

The macimorelin GH stimulation test was clearly better tolerated and had a better safety 
profile than the ITT. The most common adverse reactions reported were dysgeusia at 
4.5%; dizziness, fatigue, and headache at 4%; hunger, and nausea at 3%; and diarrhea 
and URI at 2%. The primary safety concern with the macimorelin test is the potential for 
QTc prolongation as a possible biomarker for proarrhythmic risk; based on one control 
patient in the earlier study AEZS-130-047 who developed QTc prolongation and 
abnormal T waves after dosing with macimorelin. This single case was confounded by 
the fact that the subject had a prior history of T wave abnormalities and was on other 
medications that could prolong QT.  As a result of this event the sponsor was asked to 
perform a Thorough QTc Study which was included in the current submission. The 
Thorough QTc Study, AEZS-130-055, was reviewed by the IRT, which concluded there 
was a low proarrhythmic risk but that the mechanism of QTc prolongation was not 
related to blockage of the hERG potassium channel and was unknown (see 7.4.4

Electrocardiograms (ECGs). Therefore, due to concern over a potential 
synergistic effect with other QTc prolongers labeling was recommended against 
concomitant use with such agents. This medical reviewer agrees that labeling should be 
adequate to deal with the possible risk, especially as MACRILEN will only be labeled for 
single dose administration as part of a GH stimulation test.

Given that the macimorelin test is so much easier to perform and so much safer than 
the ITT there is the possibility that many more subjects will now undergo testing for 
AGHD.  Since no test is perfect, this will result in a small but finite number of subjects 
who will receive false-positive diagnoses. Therefore, the primary safety concern with the 
use of the macimorelin test does not relate to the actual testing itself, but to the indirect 
risks associated with treatment with growth hormone for subjects who might be 
inappropriately diagnosed with AGHD by this test. Chronic GH treatment in adults with 
hypopituitarism can result in peripheral edema, arthralgias, carpal tunnel syndrome, 
paresthesias, worsening of glucose tolerance, increase in intracranial pressure, and the 
risk of progression or recurrence of preexisting tumors. While the risk benefit of these 
concerns can be weighed in patients likely to get benefit from treatment, patients who 
are false-positives will likely have many of the same risks without the potential for 
significant benefits. Nevertheless, this medical officer believes that the judicious chose 
of cut-off points based on clinical presentation can help to minimize any risk and that 
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risks associated with chronic GH therapy would further be less likely in false-positive 
patients as they are unlikely to perceive any benefit from chronic treatment and 
therefore are more likely to discontinue treatment early due to the discomfort of 
repeated daily GH injections.

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies

None

1.4 Recommendations for Postmarket Requirements and Commitments

None

2 Introduction and Regulatory Background

2.1 Product Information

The most common cause of growth hormone deficiency (GHD) in adults is a pituitary 
adenoma or treatment of the adenoma with surgery or radiotherapy. Idiopathic GHD in 
adults is very rare. While growth rate can be used to identify GHD in children, adults 
present with nonspecific symptoms such as a relative increase in fat mass compared to 
muscle mass, decreased energy and decreased quality of life making the diagnosis 
much more difficult in adults.  It is reasonable to accept a diagnosis of GHD in the 
presence of panhypopituitarism and low serum insulin-like growth factor 1 (IGF-1) 
levels, however as the number of pituitary hormone deficiencies decreases this 
becomes more difficult so that in adults with fewer than three hormone deficits a GH 
stimulation test is recommended to make the diagnosis. In addition, in patients with 
idiopathic GHD there is a higher false-positive error rate so two positive tests are 
recommended to make the diagnosis.  While measurement of low IGF-1 levels can be 
helpful in predicting GHD deficiency, random growth hormone (GH) levels are not, as 
GH is secreted in an episodic manner. To deal with this, diagnostic tests for GHD have 
used agents to stimulate GH secretion. The insulin tolerance test (ITT) is the gold-
standard test for diagnosing adult GHD (cut-off value of 5.0ng/mL, Receiver-Operating 
Characteristic (ROC) analysis-92% specificity, 95% sensitivity; cut-off value of 5.1ng/mL 
Classification and Regression Tree (CART) analysis-92% specificity, 96% sensitivity 1). 
However, as it works by producing hypoglycemia, it is contraindicated in patients with 

1 Biller at al. J Clin Endocrinol Metab May 2002. 87(5):2067-2079
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known or at high risk for coronary artery disease, in patients with a history of seizures, 
and in the elderly. Therefore, there have been attempts to identify other useful tests for 
the diagnosis of GHD that can be used more safely in the general population. The [L-
ARG + GHRH] test, is one such test. This test utilizes GEREF a GHRH analog2 in 
combination with a 30-minute continuous intravenous infusion of L-Arginine to stimulate 
GH secretion from the pituitary. Using a cut-pt of 4.6ng/mL, this test has an ROC 
specificity of 85%, and sensitivity 95% 3 which is a slightly lower specificity at the same 
level of sensitivity (i.e. 95%) as the ITT. However GEREF was withdrawn from 
marketing in the US in 2008 and is no longer available do to a business decision by 
EMD Serono as the active ingredient used to produce the diagnostic was no longer 
being manufactured. The performance of other GH stimulation tests such as the [ARG + 
L-DOPA], L-ARG alone, L-DOPA alone, or measurement of IGF-1 levels have been 
shown to have less discriminating power (ROC specificity in the range of 6 to 62% at 
the same level of sensitivity of 95%)4. 

Therefore, the Endocrine Society currently recommends glucagon as the best GH 
stimulation test when the ITT is contraindicated or not practical for a given patient5. 
However, the glucagon test has its own limitations. When glucagon is used as a 
stimulation test, the release of GH may be delayed as compared with other 
secretagogues, and monitoring for GH is recommended over at least 3 hours. The 
mechanism by which glucagon stimulates GH is not entirely clear and may involve 
secondary stimulation of endogenous insulin release. This requires caution in 
monitoring glucose and checking for possible delayed hypoglycemia for added safety. A 
recent analysis comparing the glucagon stimulation test to the ITT showed that using a 
cut-pt of 2.5ng/mL, can give acceptable results, (79% specificity at 95% sensitivity for 
the diagnosis of GHD with 14% of cases discordant with the ITT results6). 

More recently there has been interest in the use of ghrelin mimetic GH secretagogues, 
of which AEZS-130 (macimorelin; formerly ARD-07 or EP 01572) is an orally active 
example.  Ghrelin is present in large amounts in the stomach and when injected 
intravenously induces GH release. Intravenous ghrelin demonstrated dose-dependent 
stimulation of GH release with no significant adverse effects at doses up to 500 μg. 
Macimorelin exhibits binding characteristics similar to ghrelin at the cloned human 
growth hormone secretagogue receptor, GHS-R1, and to pituitary and hypothalamic 
membrane preparations. Studies comparing macimorelin to the [L-ARG + GHRH] test 
were originally initiated by Ardana Bioscience, Ltd. (Edinburgh, United Kingdom), but 

2  [Geref (sermorelin acetate) is an amidated synthetic 1-29 amino acid peptide corresponding to the 
amino terminal of the 44 amino acid GHRH]
3 Biller at al. J Clin Endocrinol Metab May 2002. 87(5):2067-2079
4 Biller at al. J Clin Endocrinol Metab May 2002. 87(5):2067-2079
5 Molitch et al. J Clin Endocrinol Metab, June 2011, 96(6):1587–1609
6 Berg C1, Meinel T, Lahner H, Yuece A, Mann K, Petersenn S. Eur J Endocrinol. 2010 Mar;162(3):477-
82. doi: 10.1530/EJE-09-0824. Epub 2009 Dec 8. Diagnostic utility of the glucagon stimulation test in 
comparison to the insulin tolerance test in patients
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were terminated due to insolvency in the company before the study (Protocol ARD-
0705-001) was complete. On 04 August 2009 Aeterna Zentaris assumed sponsorship of 
this application and reactivated US IND 73,196.  They indicated at that time their intent 
to complete a pivotal study and to file a NDA seeking approval for macimorelin as a 
diagnostic for adult GHD. 

Aeterna Zentaris submitted their original NDA for this indication on Nov. 4, 2013. The 
planned analysis of their pivotal trial, AEZS-130-047, did not meet its stated primary 
objective of demonstrating that the lower bound of the one-sided 99% confidence 
interval for the area under the Receiver Operating Characteristic (i.e., ROC) curve was 
above the pre-specified threshold of 0.85 as prespecified in the Special Protocol 
Assessment issued Dec. 17, 2010. In addition, there were problems with the source 
data so it was not possible to confirm that all of the AGHD patients enrolled were 
accurately diagnosed with AGHD. Therefore a Complete Response letter was issued on 
Nov. 5, 2014 requesting: 

(1) A new study to prospectively confirm the diagnostic performance of the 
proposed cut-points in the spectrum of patients for whom the macimorelin test 
will be applied [e.g., not only in those patients with very high or very low 
pretest probability (i.e., as in trial AEZS-130-047) but also in those patients 
with intermediate pretest probability for AGHD] and 

(2) A thorough QT study to evaluate the effect of macimorelin on the QT interval

The sponsor’s current response to the CR letter includes both the pivotal efficacy and 
safety study, AEZS-130-052, and the thorough QTc study, AEZS-130-055, as requested 
by the Agency. 

2.2 Tables of Currently Available Treatments for Proposed Indication

There is currently only one test approved for the diagnosis of adult growth hormone 
deficiency (AGHD) the R-Gene 10 test which was approved January 1,1982 and has a 
high rate of false-positives at 32% and false-negatives at 27% (see R-Gene 10® PI).  
The insulin tolerance Test (ITT) is considered the “gold standard”, but is not currently 
approved in the US for this indication. Biller et al 2002 performed a Classification and 
Regression Tree (CART) analysis comparing a variety of potential GH stimulation tests 
on subjects with known AGHD by medical history vs. matched controls.  Using 
5.1ng/mL as the cut point for the ITT Biller at al. observed 92% specificity and 96% 
sensitivity for this GH stimulation test. 

2.3 Availability of Proposed Active Ingredient in the United States

Macimorelin is not currently available in the US.
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2.4 Important Safety Issues With Consideration to Related Drugs

Theoretically the side effects of GH secretagogues should be similar in character to GH 
treatment, but possibly milder and less frequent7. Such side effects include fluid 
retention, with peripheral edema (40% of patients), arthralgias (20% of patients), and 
carpal tunnel syndrome (10% of patients), increased fasting glucose levels, and less 
frequently headache, tinnitus, and benign intracranial hypertension.

The following adverse reactions were reported with an oral ghrelin mimetic, ibutamoren 
(MK-677)8 25mg given to healthy volunteers over 60 years of age daily for 12 to 24 
months. 

Adverse reaction Placebo ibutamoren P-value
Increased appetite 8/22=36% 29/43=67% 0.033
Transient muscle pain 2/22=9% 14/43=33% 0.076
Joint pain 17/22=77% 25/43=58% 0.20
Mild transient edema 6/22=27% 19/43=44% 0.30

The following adverse reactions were reported after a single IV dose of the ghrelin 
mimetic, hexarelin9 to healthy subjects: transient flushing 5/12=42% at the highest dose 
tested 2 µg/kg, and sweating in 1/12=8% at an intermediate dose of 1 µg/kg.

Although these AEs may be representative of this pharmacological class, they were not 
observed following single oral dosing with macimorelin and are likely to be irrelevant to 
a one-time stimulation test.

3 Ethics and Good Clinical Practices

7 Clin Interv Aging. 2008;3(1):121-9.Growth hormone (GH)-releasing hormone and GH secretagogues in normal aging: Fountain of 
Youth or Pool of Tantalus?
Hersch EC1, Merriam GR.

8 Effects of an oral ghrelin mimetic on body composition and clinical outcomes in healthy older adults: a randomized trial. Nass 
R, Pezzoli SS, Oliveri MC, Patrie JT, Harrell FE Jr, Clasey JL, Heymsfield SB, Bach MA, Vance ML, Thorner MO. Ann Intern Med. 
2008 Nov 4;149(9):601-11.

9 Growth hormone-releasing activity of hexarelin in humans. A dose-response study.
Imbimbo BP, Mant T, Edwards M, Amin D, Dalton N, Boutignon F, Lenaerts V, Wüthrich P, Deghenghi R. Eur J Clin Pharmacol. 
1994;46(5):421-5.
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3.1 Submission Quality and Integrity

The submission quality and integrity were acceptable.

3.2 Compliance with Good Clinical Practices

The following sites were inspected:

Anna Olak-Popko   Site PL02  Enrolled 29 subjects
Pawinskiego 5
Warszawa, 02-106
Poland

Thomas Blevins        Site  US03 Enrolled 10 subjects
6500 N. Mopac Expwy.
Bldg.3 Suite 200
Austin, TX 78731

Kevin Yuen                 Site US02  Enrolled 7 subjects
500 17th Ave
Seattle, WA 98122

All three site inspections were designated as No Action Indicated (NAI).  

3.3 Financial Disclosures

A completed FDA 3454 form was submitted with the names of investigators from all the 
sites which enrolled patients in pivotal Study AEZS-130-052, stating that none of them 
had entered any financial arrangements with these clinical investigators, none had any 
proprietary interest in this product and none had received any significant payments of 
any sorts. 

The financial disclosure for Study AEZS-130-047 was previously reviewed in the original 
submission and found acceptable. 

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines
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4.4.3 Pharmacokinetics

Plasma macimorelin levels were plotted in Study AEZS-130-054 in subjects 
treated with single doses of 0.5, 1.0 and 2.0mg/kg of macimorelin

AUC0-t, and AUC0-inf showed no increase from 0.5 to 1.0mg/kg but the increase was 
roughly dose proportional from 1.0 to 2.0mg/kg. The geometric mean Cmax increased 
from 9.24ng/mL after 0.5mg/kg and 13.1ng/mL after 1.0mg/kg to 21.3ng/mL after 
administration of 2.0mg/kg macimorelin. The geometric mean t1/2 was 3.51 hours after 
0.5 and 1.0mg/kg but more than twice as long 8.29 hours after 2.0mg/kg.  Median tmax 
occurred at about 0.5 to 0.75 hours after dosing.
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5 Sources of Clinical Data
NDA 205598 GlobalSubmit Review
0000 SDN 1 11/5/13 Original submission with clinical study data
0005 SDN 6 2/14/14 Clinical-Resubmission of clinical data with appropriate labels for 
data files
0031SDN 32 6/30/17 Resubmission of new clinical data

5.1 Tables of Studies/Clinical Trials

5.2 Review Strategy

The efficacy review focused on the pivotal trial AEZS-130-052 which compared 
macimorelin to the Insulin Tolerance Test (ITT), considered the best available test for 
the diagnosis of growth hormone deficiency. While the ITT is traditionally considered the 
“gold standard” for the assessment of AGHD it is not approved for that indication and is 
considered a “non-reference” standard test according to the Agency’s Statistical 
Guidance on Reporting Results from Studies Evaluating Diagnostic Tests, issued March 
13, 2007. Therefore, instead of reporting sensitivity and specificity, the test comparisons 
will be referred to as “positive percent agreement” and “negative percent agreement”. 
The clinical data were reviewed independently by this medical reviewer and by Anna 
Kettermann in Statistics. The thorough QT study AEZS-130-055 was reviewed in detail 
by the QT-IRT in DCRP. 
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5.3 Discussion of Individual Studies/Clinical Trials

Study Design of the Pivotal Trial 
Protocol AEZS-130-052 was designed as an open-label, randomized, single-dose, two-
way, cross-over study comparing macimorelin to the ITT in the diagnosis of adult growth 
hormone deficiency (AGHD). A total of 140 adult subjects, age 18 to 65 years, were 
assigned to study Groups, A, B and C designed with descending levels of likelihood of 
AGHD using different inclusion criteria, and a healthy control Group D chosen to match 
individual subjects in Group A, the high likelihood group.

Group A: High likelihood of AGHD:
•Structural hypothalamic or pituitary lesions and low IGF-1, and/or
•Three or more pituitary hormone deficiencies and low IGF-1, or
•Childhood onset GHD with structural lesions and low IGF-1.

Group B: Intermediate likelihood of AGHD:
•Eligible subjects not qualifying for either high or low likelihood (Groups A 
or C),

Group C: Low likelihood of GHD:
•One risk factor for GHD only, such as history of distant traumatic brain 
injury (TBI) or one pituitary hormone deficiency only with otherwise normal 
pituitary function, or
•Isolated idiopathic childhood onset GHD without additional pituitary 
deficits.

Group D: Healthy control: 
Healthy subjects matching Group A subjects by sex, age ± 5 years, body 
mass index (BMI ±2 kg/m2), and estrogen status (females only).

The sequence of testing was determined by stratified randomization. Group D, healthy 
control subjects, were tested in the same sequence as the matched Group A subjects. 
The two tests were performed between 7 days to 1 month apart. An additional 
macimorelin test (Test 3) was performed in a subset of Group A, B, and C patients 
within 8 to 28 days following the second test to provide information on the repeatability 
of the macimorelin test as part of Amendment # 1 to the study protocol. Test 3 was 
performed only at the clinical site in Serbia. 

Medical officer’s comments-
All healthy subjects were chosen from one site in Poland, which did not include 
any subjects with BMI’s > 40 kg/m2.

Inclusion criteria (including but not limited to:)

AGHD subjects (Groups A, B and C)
 18 to 65 years of age
 Suspected growth hormone deficiency (GHD), based on either of the following:

o structural hypothalamic or pituitary disease, or
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o surgery or irradiation in these areas, or
o head trauma as an adult, or
o evidence of other pituitary hormone deficiencies, or
o idiopathic childhood onset GHD (without known hypothalamic or pituitary 

lesion or injury).

Healthy control subjects (Group D)
 Subject matching a Group A subject by sex, age (+/- 5 years), BMI (+/- 2 kg/m2), 

and estrogen status (women only)
o <50 years of age- and on oral estrogen therapy will be matched to control 

subjects who are also taking estrogen (as an oral contraceptive or for 
replacement); the route of estrogen administration (e.g. oral vs 
transdermal) must also be matched.

o ≥50 years of age- with untreated estrogen deficiency will be matched to 
female control subjects who are not receiving estrogen.

 history of normal growth and development,
 serum prolactin concentration within normal range limits,
 history of regular, age-appropriate menses in females
 serum testosterone concentration within normal range limits for males.

Exclusion criteria (including but not limited to:)

AGHD patients
 GH therapy within 1 month prior to anticipated first GH stimulation test within this 

trial (within 3 months in case of long-acting GH formulation). Patients with 
ongoing GH therapy will not be candidates for this trial, if a corresponding 
treatment-free interval is not medically justifiable.

 Subjects not euthyroid, or who had a change in thyroid therapy within 8 weeks 
prior to first test day 

 Untreated hypogonadism or not on stable substitution treatment within 30 days 
prior to first test day. Postmenopausal status will not be considered as an 
exclusion.

 Treatment with drugs directly affecting the pituitary secretion of somatotropin 
(e.g. somatostatin analogues, clonidine, levodopa, and dopamine agonists) or 
provoking the release of somatostatin; antimuscarinic agents (atropine).

 Concomitant use of a CYP3A4 inducer (e.g., carbamazepine, phenobarbital, 
phenytoin, pioglitazone, rifabutin, rifampin, St. John's Wort).

 Severe psychiatric disorders
 Parkinson’s disease
 Medical history of seizures
 Cushing disease or patients on supraphysiologic glucocorticoid therapy within 30 

days prior to the anticipated first test day or known immunosupression
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 Type 1 diabetes or untreated or poorly controlled Type 2 diabetes, as defined by 
HbA1c > 8%.

 Body mass index (BMI) ≥ 40.0 kg/m2.
 Clinically significant cardiovascular or cerebrovascular disease
 QTc > 500 ms or treatment with any drugs that might prolong QT/QTc unless the 

drug can be held safely for a period of at least 5 elimination half-lives prior to 
testing

 Hepatic dysfunction- AST, ALT, or γ-GT > 2.5xULN, or bilirubin > 1.5xULN 
 Renal dysfunction- creatinine > 1.5xULN 
 Pregnancy or lactation
 Current active malignancy other than non-melanoma skin cancer
 Vigorous physical exercise within 24 hours prior to each GH stimulation test 

within this trial.

6 Review of Efficacy
Efficacy Summary
Study AEZS-130-047, in the original submission, used Receiver Operating 
Characteristic (ROC) plots which provide a graphic display of the macimorelin test's 
performance comparing a group of individuals with presumed AGHD to unaffected 
matched controls. Patients with AGHD were identified by inclusion criteria (e.g. three or 
more pituitary hormone deficiencies and a low IGF-1) or GH stimulation testing, 
originally using (L-ARG + GHRH) with a peak cut-off value of 4.1ng/mL and later when 
GHRH was no longer available using one of three other GH stimulation tests (e.g. the 
ITT with a cut-off point of 5.0ng/mL, the Glucagon test with a cut-off point of 3.0ng/mL or 
the Arginine alone test with a cut-off point of 0.4ng/mL). In the end the study did not 
meet the prespecified primary endpoint requiring an ROC AUC ≤0.85 using a one-sided 
99%CI. There were also problems with the source data. For example: source inclusion 
criteria data on at least ten case patients could not be found, four subjects had GH 
measurements performed on unreliable plasma samples instead of the required serum 
samples and problems with record keeping and timing of sample measurements made 
post-hoc analyses suspect. Therefore, the sponsor was required to perform a new 
randomized, two-way, cross-over study comparing the macimorelin test and the ITT 
using a co-primary endpoint based on percent positive and percent negative agreement, 
study AEZS-130-052. This time the study population was to include subjects with 
intermediate and low likelihood of AGHD deficiency, who are the types of patients that 
are most likely to undergo testing following approval of the indication, in addition to 
patients with a high likelihood of AGHD based on inclusion criteria, and matched 
controls.  In the earlier study AEZS-130-047 the ROC AUC analysis showed similar best 
overall agreement with either a cut-off point of 2.7ng/mL or 4.3ng/mL. Given that the 
Agency was most concerned about the potential for false positive diagnoses, the 
sponsor reevaluated the AEZS-130-047 data prior to the current study and focusing on 
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grounds.”  Lissett et al. used this argument to justify why they felt some patients could 
be adequately diagnosed with a single GH stimulation test while others with less clear 
disease required two positive provocative tests. Biller et al. 2002 referred to this Lissett 
reference and used the same reasoning when they recommended using sensitivity vs. 
specificity to select an appropriate cut-off point depending on whether they were dealing 
with an asymptomatic patient at low risk versus a patient with multiple pituitary hormone 
deficiencies at high risk for AGHD. Taking all of these considerations into account this 
medical reviewer believes that the clinician who is chronically following their patients is 
better prepared to determine which cut-off is appropriate within a given acceptable 
range, which this reviewer believes is 2.8ng/mL (96% specificity, 87% sensitivity) to 
5.1ng/mL (96% specificity, 92% sensitivity). A patient with multiple pituitary hormone 
deficiencies and clear symptoms that could be attributed to GH deficiency could be 
screened using the higher cut-off value of 5.1ng/mL for greater sensitivity whereas a 
patient with one or no pituitary hormone deficiencies and with limited vague symptoms 
should be screened using the lower cut-off value of 2.8ng/mL to avoid false-positives. In 
either case, any patients who are started on therapy and show no improvement after an 
adequate trial with GH should have the therapy discontinued as the risks outweigh any 
benefits.

6.1 Indication

Macimorelin is indicated for the diagnosis of Adult Growth Hormone Deficiency (AGHD).

6.1.1 Methods

Macimorelin test-
Subjects will fast for 8 hours prior to the start of the macimorelin stimulation test and 
throughout the sampling period. One pouch of macimorelin granules will be 
reconstituted in 120mL of water to make a 0.5mg/mL solution for patients weighing less 
than 120kg. After stirring for 2 to 3 minutes to permit granules to dissolve, patients will 
consume a volume equal to 1 mL/kg body weight (0.5mg/kg body weight) within 30 
minutes of sample preparation. Blood samples will be collected at: pre-dose, and 30, 
45, 60, and 90 minutes (+/- 5 minutes window) post dose to determine serum 
concentrations of GH and plasma concentrations of macimorelin.  

The Insulin Tolerance Test (ITT)  
Subjects will fast for 8 hours prior to the start of the ITT and throughout the sampling 
period. Insulin will be administered intravenously at 0.10 U/kg (0.15 U/kg in subjects 
with a BMI > 30 kg/m2) and blood glucose will be monitored in capillary blood every 10 
minutes until 60 minutes after administration of insulin and when there is evidence of 
neuroglycopenia (e.g., confusion, sensation of warmth, weakness, or fatigue). When 
clinical signs of hypoglycemia are achieved, plasma glucose will be taken to confirm 
hypoglycemia i.e. glucose < 2.2mmol/L (40mg/dL). An additional insulin bolus of 0.05 
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U/kg will be administered if the target glucose value of < 2.2 mmol/L (40mg/dL) AND 
neuroglycopenia have not been achieved within 45 minutes after the initial insulin dose. 
Blood samples will be collected for serum GH at pre-dose, and 15, 30, 45, 60, 90 and 
120 minutes (+/- 5 minutes window) after insulin administration. Intravenous 
glucose/dextrose will be administered if a subject develops severe symptoms of 
neuroglycopenia, like seizures or loss of consciousness. Administration of oral glucose 
is allowed if a patient has a glucose level below 2.2mmol/L (40mg/dL) AND 
neuroglycemic symptoms (e.g., mental clouding / confusion, somnolence, slurred 
speech) but is still able to swallow.

The growth hormone level cut-off values used for determining a test as positive were: 
2.8ng/mL for the macimorelin test, and 5.1ng/mL for the ITT. A peak growth hormone 
value below the cut-off was considered “test positive” for AGHD. In order to avoid 
missing data or the inclusion of invalid data due to critical deviations in assay 
performance, a Data Review Committee (DRC) were to review the assay performance 
prior to release of the data on the stimulated GH levels from the central laboratory and 
qualify a test as “evaluable” or “nonevaluable”. Reasons for a nonevaluable test could 
include: problems with blood sampling at proper times or missing tests (both tests), 
inability to reach hypoglycemia with neuroglycopenia (ITT), and vomiting up the oral 
medication (macimorelin test). 

Medical officer’s comments-
In the original submission, an ROC AUC analysis of study AEZS-130-047 data 
performed by Dr. Huang at the Agency, which excluded data on the two patients 
who were inappropriately included in the trial as they did not have AGHD (See 
Table 5 in this medical officer’s original review), demonstrated that the best cut-
points with the lowest % disagreements ranged between 2.7ng/mL and 
4.3ng/mL. Both gave 13% disagreement but the lower cut point of 2.7ng/mL had 
a higher specificity at 92% compared to 83% for the higher cut point of 
4.3mg/mL. In designing the current trial the applicant confirmed at the EOR 
meeting with the Agency that they reanalyzed their original data and revised the 
lower cut point up slightly higher to 2.8ng/mL. The applicant chose to use the 
lower cut-point of 2.8ng/mL for study AEZS-130-052 in order to maximize test 
specificity, as the Agency was most concerned about avoiding false-positives 
with the test, which could lead to the inappropriate treatment of patients with GH, 
who did not have AGDH.

6.1.2 Demographics

The safety population consisted of 157 subjects, who had received at least 1 dose of 
study drug, either macimorelin or insulin. Out of these 17 did not have both ITT and 
macimorelin evaluable GH stimulation tests and so were not included in the 140 
subjects in the modified Intent to Treat (mITT) population used for the efficacy analysis: 
38 (27%) in Group A, 37 (26%) in Group B, 40 (29%) in Group C, and 25 (18%) in 
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Group D. 34 patients from the mITT had a repeated macimorelin test (“Test 3”), i.e., 13 
(9%) in Group A, 12 (9%) in Group B, 9 (6%) in Group C.  

Demographic baseline characteristics were summarized for all 157 patients in the safety 
population and not just for the 140 patients (89%) in the mITT population. In total, 59% 
of subjects were male, and 41% female. With respect to race 135 (86%) patients were 
of white origin 13 (8%) were “Other”, 5 (3%) were Asian and only 3 (2%) were 
black/African American.

Table 1 Race and Gender in Study AEZS-130-052 Safety Population

Source Table 7 CSR AEZS-130-052

At screening, the median parameters were for age 41 years (range: 18 – 66 years), 
height 170 cm (range: 140 – 195 cm), weight 82 kg (range: 44 – 123 kg) and body mass 
index 27.5 kg/m2 (range: 17 – 40 kg/m2). Only 29 of the 36 patients in Group A had 
matched controls in Group D. 
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Table 2 Age, Height, Weight and BMI in Study AEZS-130-052 Safety Population

Source Table 8 CSR AEZS-130-052

Medical officer’s comments-
The small number of black/African American subjects in this study limits the 
ability to extrapolate the findings to that study population which make up a 
significant part of the US population (e.g. 12 to 15%). Latinos/Hispanics were not 
specifically identified in the study population. It is possible that they may have 
made up part of the 13 subjects (8%) in the “Other” group. Of note, there were 12 
patients (8%) from Spain in the safety population. No patients with marked 
obesity BMIs > 40% were included in the study population so it is not possible to 
extrapolate the findings data to these subjects which make up 5 to 10% of the US 
population. Obese patients have a blunted response to GH stimulation and so 
may require a lower cut-point to help identify subjects with true AGHD. 

At the EOR meeting held March 6, 2015, the Agency asked for at least 55 “ITT 
positive” and 55 “ITT negative subjects, approximately 25% of the population to 
come from Group A, another 25% of the population to come from Group C and 
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for there to be at least 20 to 25 matched healthy controls Groups D. All of these 
requirements were met by the mITT population in this study. Note it was not a 
requirement that all of the high likelihood patients in Group A had to have 
matched controls in Group D. 

6.1.3 Subject Disposition

Out of a total of 238 subjects screened 166 subjects were enrolled at 25 study centers 
in nine countries (i.e., 20 centers in Europe and 5 centers in the USA) and 157 subjects 
receives at least one dose of study drug. Enrollment of healthy subjects (Group D) was 
limited to a dedicated Phase I Unit in Poland.  Of the 115 subjects with suspected 
AGHD in the mITT group 31 (27%) were from the US which is about the 25% of the trial 
population included in the efficacy analysis requested by the Agency, although it would 
be slightly less if the entire number of patients were included 31/140=22% as none of 
the control patients were from the US. 
Figure 3 Subject Disposition in Study AEZS-130-052

Source Fig. 1 CSR AEZS-130-052
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6.1.4 Analysis of Primary Endpoint(s)

The primary analysis was performed on the modified Intent-to-Treat (mITT) Population 
which included all randomized subjects in whom both macimorelin and ITT stimulation 
tests were evaluable. Given that the ITT is considered a non-reference standard, data is 
presented with respect to “percent positive agreement” and “percent negative 
agreement’” rather than specificity and sensitivity.    

Co-Primary: 
1) Percent Negative Agreement- the lower bound of the two-sided 95% confidence 

interval for the primary efficacy variable is 75% or higher 
2) Percent Positive Agreement- the lower bound of the two-sided 95% confidence 

interval for the primary efficacy variable is 70% or higher

Secondary: 
1) Percent Overall Agreement 
2) Sensitivity and specificity for both GH stimulation tests will be estimated using a 

ROC analysis assuming all Group A (high probability AGHD subjects) as “true 
positive” AGHD subjects and all Group D (healthy matching subjects) as “true 
negative” AGHD subjects. This ROC analysis is similar to the analysis performed 
for the primary endpoint in the original submission. 

The accuracy measures are defined as follows:

Positive percent agreement = 100% x A/(A+C)
Negative percent agreement= 100% x D/(B+D)
Overall percent agreement = 100% x (A+D)/(A+B+C+D)

The primary efficacy measures (negative and positive agreements) were to be analyzed 
by a hierarchical testing procedure with regards to the sampling time for the 
macimorelin test:

1. Peak GH post dosing
2. Highest GH between 60 and 45 minutes 
3. 60-minute GH measurement
4. 45-minute GH measurement
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The prespecified cut-points used to diagnose AGHD were 5.1ng/mL for the ITT and 
2.8ng/mL for the macimorelin test. Negative agreement using these prespecified cut 
points was 93.94% with a 95% CI lower limit of 85.20% which met the preset criterion of 
≥75% (see Table 3). Positive agreement was 74.32%, with a 95% CI lower limit of 
62.84% which did not match the preset criterion of ≥70 %. Therefore, one of the two 
coprimary endpoints did not achieve the predefined endpoints using the prespecified 
cut-points in the applicant’s original protocol. Overall agreement a secondary endpoint 
was 83.57% with a 95% CI lower limit of 76.38%. There was no preset criterion for this 
endpoint.

Table 3 Percent Agreement between Macimorelin Test and ITT
Primary % 95%CI 

upper limit
95%CI 
lower limit

Preset 
criterion 
for 95%CI 
lower limit 

95%CI 
lower limit
Excluding 
RS01-06

Negative 
agreement

93.94 98.32 85.20 75 89.32

Positive 
agreement

74.32 83.78 62.84 70 62.84

Secondary
Overall 
agreement

83.57 89.29 76.38 77.84

Source Table 11 CSR AEZS-130-052

There was one subject with a clear compliance issue that affected the study results. 
Subject RS01-06 was a 29-year-old female with a low risk of AGHD in Group C that had 
no measurable macimorelin serum levels measured during the initial macimorelin test 
suggesting a dosing error. As a result of this she received no GH stimulation during the 
test and her GH level was below the cut-off suggesting a diagnosis of AGHD. However, 
she was one of the patients who received a repeat macimorelin test, and when the 
repeat macimorelin test was evaluated her GH levels were noted to be elevated ruling 
out a diagnosis of ADGH which was consistent with the result observed during her ITT. 
Given the unreliability of the RS01-06 data, the applicant repeated the analysis 
excluding this subject’s data. This resulted in no change in the 95% CI lower limit for 
positive agreement which was still 62.84% and so below the prespecified criterion, but it 
did increase the 95%CI lower limit for negative agreement which was now 89.32% (see 
last column in Table 3). 

In a Type C meeting with the Agency, held on March 29, 2017, the company presented 
the results of their failed preliminary analyses and the Agency recommended that the 
sponsor perform additional exploratory analyses that might be used to determine a 
more appropriate GH cut-off point for the macimorelin test. As part of this analysis the 
applicant excluded data from subject RS01-06, due to the suspected non-compliance 
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issue described above, and performed a sequential analysis based on the timing of the 
blood samples similar to what had been planned for the original analysis:

1. Peak GH post dosing
2. Highest GH between 60 and 45 minutes 
3. 60-minute GH measurement
4. 45-minute GH measurement

The post hoc analysis for peak GH levels, step 1 in the sequential analysis, is shown in 
Table 4 and displays revised negative and positive agreement percentages 
corresponding to different possible cut-off points for the macimorelin test (MAC-1).
Table 4 Agreement, Repeatability, and Sensitivity and Specificity Explored for GH 
Cut-points Selected on Peak GH Values in MAC-1 (excluding RS01-06 data) 

Source Table 18 CSR AEZS-130-052 Highlighted data was above the prespecified 95%CI lower limits

While any cut-off point from 4.74ng/mL to 8.31ng/mL would have met the prespecified 
95%CI lower limits for both negative and positive agreement (see yellow highlights in 
Table 4), the sponsor chose to select values between 4.74ng/mL and 5.90ng/mL in this 
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cut-off point was increased. In general, increasing the macimorelin cut-off point to 
5.1ng/mL results in more positive agreement (increase in 6 subjects in the yellow 
area), than negative disagreement (increase in 1 subject in the pink area).  

Figure 4 Peak ITT and Macimorelin GH Values by Study Group A, B, C and D from 
140 mITT Subjects  

Source JMP analysis of data From ADGH 130-052 and ADSL 130-052, Peak GH values chosen if there 
were duplicates in the database. Original data source includes 140 pts but only 126 subjects with MAC 
data up to 30ng/mL and ITT data up to 25ng/mL is presented in this figure in order to magnify the region 
around 5ng/mL. The macimorelin value for RS01-06 used here was 0.72ng/mL from the original dataset 
and not the repeat value which was 7.9ng/mL and more consitent with the ITT value of 14.37ng/mL.
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A total of seven subjects would change their designation if the macimorelin cut-off point 
was increased from 2.8ng/mL to 5.1ng/mL (see Table 5). Six subjects with macimorelin 
GH test values between 3.16ng/mL and 4.74ng/mL would go from positive 
disagreement to positive agreement: two in group A, three in group B and one in Group 
C. One subject, US07-05 with a macimorelin GH value of 4.88ng/mL in group C would 
go from negative agreement to negative disagreement (false-positive). While a perfectly 
chosen cut-off point of 4.8ng/mL would still identify the six patients with positive 
disagreement without identifying the one patient who would end up with negative 
disagreement, this medical reviewer doubts that given test reproducibility that there is a 
real difference between a value of 4.8ng/mL and  5.1ng/mL 
using this post-hoc analysis. A review of the medical history of these patients shows 
that most would not have qualified strictly based on deficiency in baseline hormone 
levels. Of the six patients that would come into positive agreement with the ITT and now 
have a diagnosis of AGHD, while five had tumors including a craniopharyngioma, 
pituitary adenoma, prolactinoma, and meningioma X 2, only two of these had 4 or more 
pituitary hormone deficiencies requiring replacement (Group A). The one patient that 
would come into negative disagreement with the ITT and now have a diagnosis of 
AGHD, with the higher macimorelin cut-off point of 5.1ng/mL, was a subject with only a 
history of head trauma, requiring no hormone replacement with a normal IGF1 > LLN. 
Therefore, the higher macimorelin cut-off point of 5.1ng/mL is identifying more subjects 
in Groups B and C where the diagnosis is less clear by medical history alone.  
Table 5 GH Testing Outcome Changes Based on Increased Macimorelin Cut-off 
Point from 2.8 ng/mL to 5.1 ng/mL

Source Table 25 CSR AEZS-130-052  Note negDISAGR=false positive
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A total of eight additional subjects would change their designation if the macimorelin 
cut-off point was further increased from 5.1ng/mL to 7.14ng/mL to control for the greater 
mean GH release seen with macimorelin compared to the ITT (e.g. 1.4 X 5.1ng/mL 
=7.14ng/mL). This would result in five subjects which were previously false-negatives 
becoming true-positives, and three subjects that were previously true-negatives 
becoming false-positives. Given the greater concern about false-positives the higher 
positive agreement which occurs with increasing the cut-off point to 7.14ng/mL is 
probably not warranted. 
Table 6 GH Testing Outcome Changes Based on Increased Macimorelin Cut-off 
Point from 5.1 ng/mL to 7.1 ng/mL

JMP Analysis of AEZS-130-052 ADGH dataset TRTP=MAC-T3 or MAC, PARAMCD=GHMAX, sorted by 
MAC core posDISAGR=false-negative, posAGR=true-positive, negDISAGR=false-positive

Figure 5 more clearly shows how increasing the macimorelin cut-off point from 
2.1ng/mL to 5.1ng/mL results in 6 more true positive values (yellow highlighted area) 
and 1 false positive value (pink highlighted area). While increasing the macimorelin cut-
off point even further to 7.14ng/mL results in 5 more true positive values (yellow 
highlighted area) and 3 false positive values (pink highlighted area).
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Figure 5 Peak ITT and Macimorelin GH Values by Different Cut-off  Points

Source JMP analysis of AEZS-130-052 AGHD dataset Peak GH PARAMCD=GHMAX, TRTP=MAC or 
ITT, Only data point up to 40ng/mL are included in order to focus on low cut points.

The applicant’s exploratory analysis of the data comparing results with the prespecified 
cut-off point of 2.8ng/mL to  5.1ng/mL or the even higher cut-
off point of 7.1ng/mL are presented in Table 7. Positive agreement between the ITT and 
macimorelin test for all 140 subjects would go from 74% to 82% to 89%, respectively. 
Negative agreement would go from 94% to 92% to 88%, respectively. Macimorelin test 
repeatability ranges from 88 to 94% in the subset of 34 subjects who underwent repeat 
testing. Sensitivity estimated using a Receiver Operator Characteristic (ROC) analysis 
on the subset of 38 patients with a high likelihood of having AGHD, Group A, and 25 
matched healthy controls, Group D, ranges from 87% to 92% to 97%, with respect to 
the three cut-off points. While specificity ranges from 96% to 96% to 92%, with respect 
to the three cut-off points. Off note, while the ROC analysis was a secondary endpoint 
and not part of the primary endpoint in this study, it has been typically used in the 
literature to identify cut-off points for other GH stimulation tests, and the results 
observed here for the cut-off point of 7.1ng/mL are most similar to what was reported in 
the literature for the Insulin Tolerance Test (ITT) analyses using a cut-off point of 
5.1ng/mL (96% sensitivity and 92% specificity) and for the ARG + GHRH test using a 
cut-off point of 4.1ng/mL (95% sensitivity and 91% specificity) see Biller et al. 2002. 

Reference ID: 4185878

(b) (4)



Clinical Review
William Lubas M.D., Ph.D.
205598
Macrilen (macimorelin)

37

Table 7 Positive and Negative Agreement, Macimorelin Test Repeatability, and 
ROC Sensitivity and Specificity for GH cut-off Points “of interest” Based on Peak 
GH Values in MAC-1

Source Study AEZS-130-052 CSR Table 20

Sampling Time
The applicant is proposing sampling at 45 and 60 minutes to identify the peak GH for 
macimorelin GH stimulation testing. Comparing the mean GH values and distribution 
observed for macimorelin testing at 30, 45, (45+60), 60 and 90 minutes to the peak 
value at (30+45+60+90) min for patients (GHMAX) by study groups A, B, C and D in 
Figure 6 it appears that the (45+60) min sampling GH value (GH45_60) most closely 
resembles the peak value (GHMAX) (see highlighted columns in Figure 6). 
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Figure 6 Peak GH Values for the Macimorelin Test by Time & Patient Study Group 
A, B, C and D

Source JMP analysis of ADGH 130-052 dataset plot of peak GH value (AVAL) by time parameter code 
(PARAMCD) and study group (AGHDGRCD)

This medical reviewer further analyzed the macimorelin data for the 154 subjects in 
study AEZS-130-052, including the 140 subjects in the mITT population. The peak GH 
value for most subjects 113/154=73% could be picked up by sampling at 45 and 60 
minutes. However, in 26/154=17% of the cases the peak value occurred only at the 30-
minute time point and in 15/154=10% of the cases the peak value occurred only at the 
90-minute time point. This medical reviewer looked at these cases where the peak 
value occurred only at the 30 or 90-minute time points to see if the difference between 
the GH value at these time points and the value at the 45+60min time point was 
significant and occurred around  2.8ng/mL or 
5.1ng/mL, where the difference could affect the final diagnosis. Only 4 such cases were 
identified, and all appeared to show a marked increase in GH at the 90-minute time 
point compared to the earlier data. 
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USUBJID
MAC 
GH Sampling time point

AEZS-130-052-DE04-04 5.37 GHMAX
AEZS-130-052-DE04-04 5.37 GH90
AEZS-130-052-DE04-04 3.03 GH60
AEZS-130-052-DE04-04 3.03 GH45_60
AEZS-130-052-DE04-04 0.76 GH45
AEZS-130-052-DE04-04 0.16 GH30

AEZS-130-052-DE04-06 4.46 GHMAX
AEZS-130-052-DE04-06 4.46 GH90
AEZS-130-052-DE04-06 0.41 GH60
AEZS-130-052-DE04-06 0.41 GH45_60
AEZS-130-052-DE04-06 0.11 GH45
AEZS-130-052-DE04-06 0.09 GH30

AEZS-130-052-PL04-02 15.1 GHMAX
AEZS-130-052-PL04-02 15.1 GH90
AEZS-130-052-PL04-02 4.36 GH60
AEZS-130-052-PL04-02 4.36 GH45_60
AEZS-130-052-PL04-02 0.41 GH45
AEZS-130-052-PL04-02 0.15 GH30

AEZS-130-052-US07-02 5.9 GHMAX
AEZS-130-052-US07-02 5.9 GH90
AEZS-130-052-US07-02 4.18 GH60
AEZS-130-052-US07-02 4.18 GH45_60
AEZS-130-052-US07-02 0.6 GH45
AEZS-130-052-US07-02 0.15 GH30
ADGH dataset, TRTP=MAC

Medical officer’s comments-
In the vast majority of cases sampling at both the 45 and 60-minute time point 
was adequate and resulted in a similar test result as if sampling had occurred at 
30, 45, 60 and 90 minutes. In a small number of cases 4/154=3%, there 
appeared to be a delay in GH secretion and testing as the 90-minute time point 
gave a much higher value than seen at earlier time points and so could have 
affected the final test diagnosis. Therefore, in patients with testing results around 
the designated cut-off value in whom test results are still uncertain, it would be 
useful to recommend additional testing at 90 minutes with repeat testing to rule 
out that they don’t have delayed GH secretion in response to macimorelin.
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6.1.5 Analysis of Relevant Secondary Endpoints(s) 

The secondary endpoints of (1) Percent Overall Agreement and (2)
Sensitivity and Specificity for both GH stimulation tests estimated using a ROC analysis 
were described along with the primary endpoint in section 6.1.4.

6.1.6 Other Endpoints

None

6.1.7 Subpopulations

Effect of Classification Subgroup on Efficacy-
Two by two contingency tables were constructed using the prespecified endpoints of 
2.8ng/mL for the macimorelin test and 5.1ng/mL for the ITT. 

A  ITT Pos ITT Neg    
 Mac Pos 33 0  pos 89%
 Mac Neg 4 1  neg 100%
 totals 37 1  overall 89%
      
B  ITT Pos ITT Neg    
 Mac Pos 20 1  pos 67%
 Mac Neg 10 6  neg 86%
  totals 30 7  overall 70%

 C  ITT Pos ITT Neg    
 Mac Pos 2 2  pos 33%
 Mac Neg 4 32  neg 94%
 totals 6 34  overall 85%
      
D  ITT Pos ITT Neg    
 Mac Pos 0 1  pos 0%
 Mac Neg 1 23  neg 96%
  totals 1 24  overall 92%
      

The results show good positive and negative agreement with both tests in Group A, the 
high likelihood group, at 89% and 100% respectively. There is also good negative 
agreement in Group B, the intermediate likelihood group at 86%, Groups C, the low 
likelihood group at 94% and Group D, the control group at 96%. Positive agreement 
decreases as the likelihood of AGHD decreases: Group A 89%> B 67%> C 33%> D 
0%. 
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If the MAC cut-off point was increased from 2.8ng/mL to 5.1ng/mL seven macimorelin 
diagnoses would change relative to the ITT, six would now result in agreement between 
test results and one would result in disagreement between test results (see Table 5). 
Revised contingency tables were constructed using the cut-off point of 5.1ng/mL for 
both the macimorelin test and the ITT and are shown in the right side of the table below. 
Numbers that change as a result of the new cut point are highlighted for easier 
identification. The use of the higher cut-off point for the macimorelin test results in better 
overall agreement for Groups A (89%→95%) and B (70%→78%) and no change in 
overall agreement in Groups C (85%) and D (92%).

Cut-off Points   
MAC 2.8 ng/mL  vs.   ITT 5.1 ng/mL

Cut-off Points   
MAC 5.1 ng/mL  vs.   ITT 5.1 ng/mL

Group A  ITT 
Pos

ITT 
Neg     Group A  ITT 

Pos
ITT 
Neg    

 Mac Pos 33 0  pos 89%   Mac Pos 35 0  pos 95%
 Mac Neg 4 1  neg 100%   Mac Neg 2 1  neg 100%
 totals 37 1  overall 89%   totals 37 1  overall 95%
             

Group B  ITT 
Pos

ITT 
Neg     Group B  ITT 

Pos
ITT 
Neg    

 Mac Pos 20 1  pos 67%   Mac Pos 23 1  pos 77%
 Mac Neg 10 6  neg 86%   Mac Neg 7 6  neg 86%
  totals 30 7  overall 70%    totals 30 7  overall 78%
             

 Group C  ITT 
Pos

ITT 
Neg      Group C  ITT 

Pos
ITT 
Neg    

 Mac Pos 2 2  pos 33%   Mac Pos 3 3  pos 50%
 Mac Neg 4 32  neg 94%   Mac Neg 3 31  neg 91%
 totals 6 34  overall 85%   totals 6 34  overall 85%
             

Group D  ITT 
Pos

ITT 
Neg     Group D  ITT 

Pos
ITT 
Neg    

 Mac Pos 0 1  pos 0%   Mac Pos 0 1  pos 0%
 Mac Neg 1 23  neg 96%   Mac Neg 1 23  neg 96%
  totals 1 24  overall 92%    totals 1 24  overall 92%
             

Medical officer’s comments-
As discussed previously, since macimorelin testing in general results in 40% 
higher GH release than the ITT it seems reasonable that the cut-off point for the 
macimorelin test should be higher than 2.8ng/mL. Also, given that the overall 
agreement is improved with the higher macimorelin cut-off point of 5.1ng/mL this 
medical reviewer agrees that the higher cut-off point may be more appropriate in 
certain clinical settings. It can be argued that the one subject whose test result is 
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now a false-positive with respect to the ITT because of the new cut-off point is 
more than accounted for by the 6 subjects whose test results are now true 
positives in agreement with the ITT. In the end, it might be more appropriate to 
leave a range for cut-offs and let the clinicians decide what is appropriate for a 
given patient based on their baseline risk factors including number of hormone 
deficiencies, IGF-1 level and other clinical symptoms. Patients with more 
significant disease could be tested using a cut-off with high sensitivity (e.g. 
7.0ng/mL, 97% see Table 4, column 10) while subjects with minimal disease 
could be tested with a cut off with very high specificity (e.g. 2.2ng/mL, 100% see 
Table 4, column 11). 

Table 8 BMI, Age and Gender Subgroups with Distribution on AGHD Likelihood 
Group (mITT)

Source CSR Table 16

Effect of BMI on peak GH concentration-
In the data review of the original submission, Study AEZS-130-047, it was noted that 
peak GH levels were significantly lower in obese control patients, suggesting that 
subjects with higher BMI levels may need a lower GH cut-off point to avoid false-
positives11. In this current submission, Study AEZS-130-052, there were few patients 

11 The cut-off limits of the GH response to GH-releasing hormone-arginine test related to body mass index 
Corneli G, Di Somma C, Baldelli R, Rovere S, Gasco V, Croce CG, Grottoli S, Maccario M, Colao A, Lombardi G, Ghigo E, Camanni 
F, Aimaretti G. Eur J Endocrinol. 2005 Aug; 153(2):257-64
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with BMI values > 30 kg/m2 (n=2) in the control subjects in Group D, compared to the 
other treatment groups: Groups A (n=11), B (n=16) and C (n=13), respectively, and 
there were no subjects with BMI > 40 kg/m2 in any of the treatment groups (see Table 
8). Despite this there was still good agreement for subjects with BMI values between 30 
and 40kg/m2 with both ITT (cut-off value of 5.1ng/mL) and macimorelin testing (cut-off 
value of 2.8ng/mL or 5.1ng/mL) and what would have been predicted for subjects 
enrolled into the high likelihood group, group A and the control group, Group D. Only 
one of the seven Group A subjects with BMI 30 to < 35 kg/m2 was misdiagnosed by the 
macimorelin test as not having AGHD. Subject ES03-02 had a macimorelin GH peak 
value of 8.62ng/mL compared to an ITT GH peak value of 4.32ng/mL. The two control 
patients with BMI 30 to < 35 kg/m2 where correctly diagnosed as not having AGHD by 
the macimorelin test. The four subjects in Group A with BMI 35 to < 40 kg/m2 were 
correctly diagnosed by the macimorelin test. There were no control subjects with BMI 35 
to < 40 kg/m2.

BMI kg/m2 GH stim test Positive agreement
Group A

Negative agreement
Group D

30 to < 35 Macimorelin 6/7 2/2
ITT 7/7 2/2

35 to < 40 Macimorelin 4/4 0/0
ITT 4/4 0/0

Source Data from Tables 14.2.5.1-2 to 14.2.5.1-5 CSR AEZS-130-052

Medical officer’s comments-
Despite the limited data, both the original cut-off point of 2.8ng/mL and the 
revised cut-off point of 5.1ng/mL gave good results for subjects with BMI ranging 
from 30 to 40mg/kg2 with known AGHD in Group A and matched controls in 
Group D. However, there is insufficient information for subjects with BMI > 40 
kg/m2 who may require a lower cut-off point. Therefore, the package insert 
should limit testing to subjects with BMI < 40 kg/m2. 

Effect of Age < 25 years on peak GH concentration-
Endocrine Society guidelines12 have stated that cut-off points for peak GH in 
adolescents and young adults may need to be higher than for older subjects. Therefore, 
the applicant was asked to compare macimorelin and ITT results in Groups A and D in 
subjects 18 to 25 years of age. Both GH stimulation tests misdiagnosed the same 
subject AEZS-130-052-DE01-01, as not having AGHD, with peak GH levels for 
macimorelin at 6.41ng/mL and for the ITT at 6.22ng/mL, otherwise all other younger 

12 Evaluation and treatment of adult growth hormone deficiency: an Endocrine Society clinical practice 
guideline. Molitch ME, Clemmons DR, Malozowski S, Merriam GR, Vance ML; Endocrine Society. J Clin 
Endocrinol Metab. 2011 Jun;96(6):1587-609.
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subjects were diagnosed correctly. The macimorelin results were similar for both cut-off 
points of 2.8ng/mL or 5.1ng/mL. Therefore, there is no need for a separate cut-off point 
for younger patients.

Age GH stim test Positive agreement
Group A

Negative agreement
Group D

18 to 25 yrs Macimorelin 6/7 5/5
ITT 6/7 5/5

Source Data from Tables 14.2.5.2-2 to 14.2.5.2-5 CSR AEZS-130-052

Effect of Age > 65 years on peak GH concentration-
In study AEZS-130-052 there was only one subject >65 years of age, who was 66 years 
of age, given that the ITT is contraindicated in the elderly population. So there is 
insufficient information to support safety and efficacy of the macimorelin test in the 
elderly from this single study. 

In study AEZS-130-047 there were 15 out of 100 patients who were > 65 years of age 
and 5 out of 100 who were > 75 years of age. So there is insufficient information to 
assess differences in safety and efficacy between elderly and younger patients. 

Effect of Gender on peak GH concentration-
Comparing macimorelin and ITT results in Groups A and D in subjects by gender is 
shown in the table below. There was no clear effect of gender on the macimorelin test 
results. Increasing the macimorelin cut-off point from 2.8ng/mL to 5.1ng/mL resulted in 
slightly higher sensitivity (91% vs. 86% in men and 94% vs. 88% in women) but no 
change in specificity.

Gender GH stim test 
and cut-off 
(ng/mL)

Positive agreement
Group A

Negative agreement
Group D

Male Macimorelin 2.8 19/22=86% 14/14=100%
Macimorelin 5.1 20/22=91% 14/14=100%

 ITT 5.1 22/22=100%  13/14=93%
Female Macimorelin 2.8 14/16=88% 10/11=91%

Macimorelin 5.1 15/16=94% 10/11=91%
 ITT 5.1 15/16=94% 11/11=100%

Source Data from Tables 14.2.5.3-2 to 14.2.5.3-5 CSR AEZS-130-052

Effect of Race on peak GH concentration-
There were 3 black/African American patients in study AEZS-130-052 and all were from 
the US (US03-04, US03-08, and US05-23), but none were from groups A or D. US03-
04 was in Group B and had low GH by both tests, the other two subjects, (US03-08 and 
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US05-23), were in group C and had high GH levels on both tests (although one had to 
have a repeat ITT because the first one was low). So, the results were similar for both 
the ITT and macimorelin tests. There were also similar results for the two black patients 
in their original submission study AEZS-130-047.

Medical officer’s comments-
From the limited information on 5 black/African American patients it appears that 
the macimorelin test gives consistent results with the ITT and is acceptable for 
use in this patient population.  

Effect of Geographic Region on peak GH concentration-
In response to an information request from the Agency the applicant was asked to 
compare efficacy in the US region (n=31) to that in the EU region (n=108). While the 
cut-off point of 5.1ng/mL would still have met both coprimary endpoints (75% for 
negative agreement and 70% for positive agreement) even with the smaller number of 
subjects in the EU region, both negative and positive agreement were much lower in the 
US population and no cut-off points would have met the coprimary endpoints. 

MAC
GH cut-off

ng/mL

Negative 
agreement

Positive 
agreement

Overall 
agreement

EU region % Lower 
95% CI

% Lower 
95% CI

% Lower 
95% CI

2.8 97.9 89.3 76.7 64.0 86.1 78.1
4.6 97.9 89.3 83.3 71.5 89.8 82.5
5.1 97.9 89.3 83.3 71.5 89.8 82.5

US region % Lower 
95% CI

% Lower 
95% CI

% Lower 
95% CI

2.8 88.2 63.6 64.3 35.1 77.4 58.9
4.6 88.2 63.6 71.4 41.9 80.7 62.5
5.1 82.4 56.6 78.6 49.2 80.7 62.5

Source R-analyses-20171005 SDN 37 received 10/10/17 excluding data from RS01-06 
highlighted values above 75% negative agreement or above 70% positive agreement.

Medical officer’s comments-
The smaller number of subjects from the US region, 31 vs. 108, resulted in larger 
95% Confidence Intervals (CIs) and therefore, contributed to the observed lower 
values for the Lower 95%CIs. In addition, the small number of US region subjects 
from groups A and D, who are easier to diagnose by GH stimulation testing, likely 
contributed to the lower negative and positive agreement observed in the US 
region compared to the EU region. Therefore, while the lower positive and 
negative agreement seen with the US data is concerning, the current results 
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likely over represent the true difference in efficacy between the US and EU 
region populations. 

EU region USA region

number % number %
A 34 0.31 4 0.13
B 27 0.25 10 0.32
C 23 0.21 17 0.55
D 25 0.23 0 0.00

7 Review of Safety
Safety Summary

The safety data base was adequate to support single dosing of macimorelin as part of a 
diagnostic test for adult GH deficiency. 

The primary safety concern with the macimorelin test centered around the potential for 
QTc prolongation as a possible biomarker for proarrhythmic risk. There was one control 
patient in the earlier study AEZS-130-047 who developed QTc prolongation and 
abnormal T waves after dosing with macimorelin. This single case was confounded by 
the fact that the subject had a prior history of T wave abnormalities and was on other 
medications that could prolong QT.  As a result of this event the sponsor was asked to 
perform a thorough QTc study which was included in the current submission. The 
thorough QTc study, AEZS-130-055, was reviewed by the IRT, which concluded there 
was a low proarrhythmic risk but that given the mechanism of QTc prolongation was 
unknown that labeling should recommend against concomitant use with other QTc 
prolongers. 

The ITT, while not currently approved as a GH stimulation test is considered the best 
available “gold standard” test. Safety of the ITT was compared to the macimorelin test in 
the randomized, two-way, cross-over, pivotal study AEZS-130-052. Adverse events 
(AEs) were seen in 39/154=25% of subjects during the macimorelin test. The most 
frequent AEs included: dysgeusia 4.5%, dizziness 4%, fatigue 4%, headache 4%, 
hunger 3%, nausea 3%, diarrhea 2% and URI 2% which were all considered mild or 
moderate in severity. In contrast, AEs were seen in 151/157=96% of the subjects with 
the ITT. A partial list of the most frequent events occurring in > 10% of subjects 
included: hyperhidrosis 67%, somnolence 36%, hunger 29%, feeling hot 28%, dizziness 
27%, fatigue 27%, asthenia 19%, tremor 16%, nausea 13%, palpitations 11%, and 
headache 10%, and unlike the macimorelin test some of these AEs were considered 
severe. (see 7.4.1 Common Adverse Events, for a more detailed list of AEs).  
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Other considerations that favor the macimorelin test are (1) that the ITT requires more 
close medical supervision for a longer duration of testing to monitor for the risks 
associated with hypoglycemia and (2) that the ITT is more likely to need to be repeated, 
as some patients may not reach the desired level of hypoglycemia required by the test:  
Of the 157 subjects in study AEZS-130-052, 27 had an unevaluable test and among the 
17 subjects who agreed to a repeat ITT 4/17=24% continued to have an unevaluable 
test on the second attempt.  In conclusion, adverse event data comparing the 
macimorelin test to the ITT demonstrated greater safety and ease of performance with 
new test.

Given that the macimorelin test is so much easier to perform and safer than the ITT 
there is the possibility that many more subjects will now undergo testing for AGHD.  
Since no test is perfect, this will result in a small but finite number of subjects who will 
receive false-positive diagnoses. Therefore, the primary safety concern with the use of 
the macimorelin test does not relate to the actual testing itself, but to the indirect risks 
associated with treatment with growth hormone for subjects who might be 
inappropriately diagnosed with AGHD by this test. Chronic GH treatment in adults with 
hypopituitarism can result in peripheral edema, arthralgias, carpal tunnel syndrome, 
paresthesias, worsening of glucose tolerance, increase in intracranial pressure, and the 
risk of progression or recurrence of preexisting tumors. While the risk benefit of these 
concerns can be weighed in patients likely to get benefit from treatment, patient who are 
false-positives will likely have many of the same risks without the potential for significant 
benefits. Nevertheless, this medical officer believes that given the proposed cut-off 
points that the risk of false-positive diagnoses is small, and that even so, false-positive 
patients are unlikely to perceive any benefit from the chronic GH treatment so would 
likely discontinue treatment early on their own to avoid the discomfort of repeated daily 
GH injections. 

7.1 Methods

7.1.1 Studies/Clinical Trials Used to Evaluate Safety

The safety analysis was performed on combined data from subjects that received a 
single dose of drug in either study AEZS-130-047 from the original submission or AEZS-
130-052 in the current resubmission. 
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7.1.2 Categorization of Adverse Events

Adverse events were coded with the Medical Dictionary for Regulatory Activities 
(MedDRA version 18.0) by system organ class and preferred term. The verbatim terms 
(AETERM) were compared to the Preferred Terms (PT_NAM) and found in general to 
be appropriately grouped. In study AEZS-130-052, there were two cases of “anxiety” 
during the ITT test that were labeled as “procedural anxiety” and probably should have 
been grouped with the rest of the cases of “anxiety” and one case of “procedural 
dizziness” during the ITT that should have probably been grouped with the other cases 
of “dizziness” as well. There were also three cases of “vertigo”, one in the macimorelin 
treatment group that was appropriately also grouped with the “dizziness” PTs, but the 
two cases of “vertigo” in the ITT treatment group were not also included with the ITT 
cases of “dizziness”. These minor differences would not have affected the macimorelin 
AE results that are planned to be included in labeling, and at this time there is no plan to 
include ITT AEs in the final labeling.

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence

Safety information was pooled from study AEZS-130-047 in the original submission and 
study AEZS-130-052 in the current resubmission. 

7.2 Adequacy of Safety Assessments

In general, the safety data base was adequate to support single dosing of macimorelin 
as part of a diagnostic test for GH deficiency. The one concern over potential QT 
prolongation seen in a single control patient, in the original study AEZS-130-047 was 
not seen in study AEZS-130-052 in this resubmission and the thorough QT study AEZS-
130-055 did not identify an increased risk for clinically relevant QT prolongation given 
the overall safety profile and the use as a single dose. 

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of 
Target Populations

The PK/PD study AEZS-130-054 showed near maximal GH stimulation at the 0.5mg/kg 
dose compared to the 1.0mg/kg dose. It is not clear why there was about half the GH 
stimulation with the highest dose of 2.0mg/kg. The applicant attributed the difference in 
GH response to individual variability and the small number of subjects in each treatment 
group. 

Medical officer’s comments-
Standard deviations at each point which would have confirmed the overlap of the 
GH responses at the different macimorelin doses were not included in the 
applicant’s plot. 
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Figure 7 Pharmacodynamics-Mean Serum Concentrations of GH after Single Oral 
Doses of Macimorelin 0.5, 1.0 and 2.0mg/kg vs Placebo

Source CSR AEZS-130-054, Fig. 2(0.5mg/kg n=6, 1.0mg/kg n=6, 2.0mg/kg n=9 and placebo n=7)

Demographics by treatment subgroups A, B, C and D can be found in Table 8. 

7.2.3 Special Animal and/or In Vitro Testing

None

7.2.4 Routine Clinical Testing

Plasma samples were analyzed for macimorelin concentration using a validated HPLC-
MS/MS method . The lower limit of quantification (LOQ) of the
method was defined to be 0.2ng/mL. The assay was carried out in accordance to Good 
Laboratory Practice GLP regulations and the EMA reflection paper (GCP). 

Plasma samples were analyzed for GH using a standard commercial kit- IDS-iSYS 
Human Growth Hormone assay. The calibration of the hGH assay is based on a lot-
specific master calibration curve provided with the kit. This master calibration is 
performed by the manufacturer for each lot of assay reagents using a total of 9 samples 
covering the reportable range of the assay (0.05 - 100ng/mL). The calibration is 
provided on a computer disc and is loaded onto the IDS analyzer system. The 
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calibration using the two calibrators (Cal A and Cal B, 0.185 and 19.662 ng/mL, resp.) 
provided with the assay, is a two-point re-calibration conducted in triplicate to generate 
a calibration curve using a 4-parameter logistic regression. According to the applicant, 
this approach, using a master calibration and re-calibration with sparse calibrators is 
current standard practice for automated immune-assays.

Medical officer’s comments-
The Clinical Pharmacology review found that while the kit directions followed the 
EMA GCP they did not satisfy all the requirements from the most recent Agency 
guidance. The assay was performed in horse serum not human serum, and did 
not have adequate standards across the entire sampling range when generating 
the calibration curve during the actual assay. Therefore, the Clinical 
Pharmacology review considers data with GH values above 20ng/mL which rely 
on the master calibration performed by the manufacturer as suspect; see Dr. 
Lau’s Clinical Pharmacology review for the detailed findings. Since the cut-points 
of interest ranged between 2.8ng/mL and 5.1ng/mL, over a range adequately 
covered by the available standards, this did not impact on the final efficacy 
findings. 

7.2.5 Metabolic, Clearance, and Interaction Workup

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. Macimorelin is rapidly metabolized in rat plasma due to a species-
specific plasma protease activity but is stable in dog and human plasma. As 
macimorelin is predominantly metabolized by CYP3A4, concomitant use of drugs that 
inhibit this enzyme may decrease its metabolism.

No preclinical distribution or excretion studies were conducted with macimorelin.

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class

Adverse events seen with other GH secretagogues or with GH treatment are a result of 
chronic treatment and would not be expected to be seen with the single-dose dosing 
scheme used in this diagnostic test. The fact that there were no reports of fluid 
retention, edema, hypertension, increased ICP, muscle or joint pain etc. in this study 
does not rule out the possibility that they might become apparent with chronic dosing. 
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7.3 Major Safety Results

7.3.1 Deaths

There were no deaths during either study associated with the use of macimorelin. 

7.3.2 Nonfatal Serious Adverse Events

In study AEZS-130-047, there were two serious adverse events, prolonged QTc and 
abnormal T waves both of which occurred in the same patient (0930). In study AEZS-
130-052, there was one serious adverse event in patient (ES01-06) hospitalized for a 
broken arm after a fall off a ladder the day after the macimorelin test. 

7.3.3 Dropouts and/or Discontinuations

In study AEZS-130-047, one patient (0602) dropped out of the study due to collapsing 
veins which made it difficult to obtain blood samples. In study AEZS-130-052, no 
patients dropped out due to study adverse events. 

7.3.4 Significant Adverse Events

The one patient (ES01-06) in study AEZS-130-052 hospitalized for a broken arm, who 
fell off a ladder the day after the macimorelin test, described above as a serious event 
was also considered a severe event. There were no patients with severe, non-serious 
adverse events due to treatment with macimorelin in either study AEZS-130-047 or 
AEZS-130-052. In contrast, in study AEZS-130-047 there were 4 subjects with 4 
different AEs in the “L-ARG+GHRH” treatment group and in study AEZS-130-052 there 
were 11 subjects with 25 different AEs in the “ITT” treatment group that were 
considered severe including: (n=5) hyperhidrosis, (n=5) somnolence, (n=4) asthenia, 
(n=3) hunger, (n=2) nervousness, (n=2) feeling hot, (n=1) dizziness, (n=1) fatigue, (n=1) 
palpitations and (n=1) tremor.  

Medical officer’s comments-
The macimorelin test resulted in significantly fewer severe, non-serious AEs than 
either the “L-ARG+GHRH” or “ITT” GH stimulation tests. 

7.3.5 Submission Specific Primary Safety Concerns

The primary submission specific safety concern was the potential for QTc prolongation 
as a possible biomarker for proarrhythmic risk. There was one control patient in study 
AEZS-130-047 who developed QTc prolongation and abnormal T waves after dosing 
with macimorelin. This single case was confounded by the fact that the subject had a 
prior history of T wave abnormalities and was on other medications that could prolong 
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QT.  In response to this safety concern the applicant monitored ECGs during the pivotal 
study AEZS-130-052 and performed a Thorough QTc Study, AEZS-130-055, to better 
characterize the potential risk for QTc prolongation (see Section 7.4.4). 
 

7.4 Supportive Safety Results

7.4.1 Common Adverse Events

The most frequent adverse events irrespective of causality in subjects receiving 
macimorelin in combined data from studies AEZS-130-047 and AEZS-130-052 were 
dysgeusia (7.5%); diarrhea and headache (3%); dizziness, fatigue, nausea and hunger 
(2%). 
Table 9 Adverse Events in Combined Data from Studies AEZS-130-047 and AEZS-
130-052 by Preferred Term Occurring in Two or More Patients Receiving 0.5mg of 
Macimorelin

Source JMP analysis of ISS dataset: all-study-safety data, STUDY= AEZS-130-047 or STUDY= AEZS-
130-052, AEs occurring in > 2 patients, irrespective of causality.

Given that the to-be-marketed  formulation was first used in part 2 of AEZs-130-
047, Study AEZS-130-052 is the only study which contains data entirely using the final 
to-be-marketed formulation. Therefore, adverse events data only from study AEZS-130-
052 may be more appropriate for the final package insert. The most frequent adverse 
events which were seen in 39/154=25% of subjects during the macimorelin test are 
listed in order of frequency to the left of the table below (dysgeusia 4.5%; dizziness, 
fatigue and headache all 4%, hunger and nausea 3%; and diarrhea and URI 2%). In 
contrast, AEs were much more common during the ITT. AEs were seen in 

Reference ID: 4185878

(b) (4)



Clinical Review
William Lubas M.D., Ph.D.
205598
Macrilen (macimorelin)

53

151/157=96% of subjects during the ITT and are listed in order of frequency to the right 
in the table below.

MAC Adverse Events by 
Preferred Term from Study 

AEZS-130-052
Number 
(n=154) %

ITT Adverse Events by 
Preferred Term from 
Study AEZS-130-052

Number 
(n=157) %

 Dysgeusia 7 4.5 Hyperhidrosis 105 67
Dizziness 6 3.9 Somnolence 57 36
Fatigue 6 3.9 Hunger 46 29
Headache 6 3.9 Feeling hot 44 28
Hunger 5 3.2 Dizziness 43 27
Nausea 5 3.2 Fatigue 43 27
Diarrhoea 3 1.9 Asthenia 30 19
URI 3 1.9 Tremor 25 16
Feeling hot 2 1.3 Nausea 21 13
Hyperhidrosis 2 1.3 Palpitations 17 11
Nasopharyngitis 2 1.3 Headache 15 9.6
Sinus bradycardia 2 1.3 Tachycardia 14 8.9
Abdominal pain 1 0.6 Dry mouth 13 8.3
Asthenia 1 0.6 Thirst 12 7.6
Asthma 1 0.6 Chills 9 5.7

Bundle branch block right 1 0.6
Disturbance in 
attention 9 5.7

Cervical radiculopathy 1 0.6 Paraesthesia 9 5.7
Chills 1 0.6 Vision blurred 9 5.7
Condition aggravated 1 0.6 Cold sweat 6 3.8
Contusion 1 0.6 Confusional state 6 3.8
Cough 1 0.6 Feeling cold 6 3.8
ECG QRS complex abnormal 1 0.6 Hot flush 6 3.8
Enthesopathy 1 0.6 Nervousness 6 3.8

Feeling cold 1 0.6
Psychomotor 
retardation 6 3.8

Haematuria 1 0.6 Dysarthria 5 3.2
Insomnia 1 0.6 Dysgeusia 5 3.2
Ligament sprain 1 0.6 ECG T wave inversion 5 3.2
Malaise 1 0.6 Hypoaesthesia 5 3.2
Migraine 1 0.6 Pallor 5 3.2
Myalgia 1 0.6 Peripheral coldness 5 3.2
Oral herpes 1 0.6 Lethargy 4 2.5
Pain in extremity 1 0.6 Malaise 4 2.5

Palpitations 1 0.6
Slow response to 
stimuli 4 2.5

Somnolence 1 0.6 Slow speech 4 2.5
Thirst 1 0.6 Visual impairment 4 2.5
Tremor 1 0.6 Vomiting 4 2.5
Upper limb fracture 1 0.6 Agitation 3 1.9
Vertigo 1 0.6 Anxiety 3 1.9
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Diarrhoea 3 1.9
ECG T wave amplitude 
decreased 3 1.9
Head discomfort 3 1.9
Heart rate increased 3 1.9
Adrenal insufficiency 2 1.3
Chest discomfort 2 1.3
Dyspnoea 2 1.3
Fear 2 1.3
Hypoglycaemia 2 1.3
Memory impairment 2 1.3
Migraine 2 1.3
Muscle twitching 2 1.3
Muscular weakness 2 1.3
Nasal congestion 2 1.3
Procedural anxiety 2 1.3
Vertigo 2 1.3

Source JMP analysis of ISS dataset: all-study-safety data, STUDY= AEZS-130-052, AETRT=MAC, all 
AEs=AEPT irrespective of causality per patient (by SUBJID); STUDY= AEZS-130-052, AETRT=ITT, 
AEs=AEPT occurring in 2 or more subjects irrespective of causality per patient (by SUBJID);

Medical officer’s comments-
The macimorelin test clearly has a better safety profile than the ITT. It is 
recommended that the final package insert list macimorelin AEs from Study 
AEZS-130-052 occurring in at least 2 subjects irrespective of causality. Given 
that the ITT data could be used for promotional purposes it is best if it is left out 
of the final label.  

7.4.2 Laboratory Findings

A total of 4 patients had 9 lab abnormalities listed as AEs during the macimorelin 
treatment phase of study AEZS-130-047, including: increased unconjugated bilirubin, 
PT prolonged, aPTT prolonged, decreased blood sodium, decreased blood calcium, 
increased blood sodium, increased blood calcium, increased blood glucose, and urine 
protein present. No patients had abnormalities listed as AEs during the macimorelin 
treatment phase of study AEZS-130-052. No specific lab abnormality was listed as an 
AE in the ISS dataset in more than a single patient. 

Medical Officers’ comment-
The frequency of events is too low to realistically assign a drug-related effect. That 
said high glucose and high sodium levels could mechanistically be drug-related to 
growth hormone release. 
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7.4.3 Vital Signs

There were no clinically meaningful changes from screening in vital signs according to 
the applicant. There was one AE of blood pressure decreased and one AE of heart rate 
increased reported in study AEZS-130-047. 

 Case subject no. 1021 in study AEZS-130-047 had a decrease in systolic blood 
pressure reported as an adverse event at 45 (80/58) and 90 minutes (91/55) post 
macimorelin dosing, but the BP normalized at each subsequent time point.

 Control subject no. 1706 in study AEZS-130-047 had increased heart rate up to 
114 beats/min at the end of study reported as an adverse event.
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There were no similar adverse reactions related specifically to changes in heart rate 
or blood pressure reported in study AEZS-130-052, but there were 2 AEs of sinus 
bradycardia (052_RS01-08, 052_PL05-05) and one AE of palpitations (052_DE04-
03). A review of the vital signs recorded for these three cases during the 
macimorelin testing procedure did not identify any clinically significant changes: 

Subject 052_RS01-08 had a drop-in heart rate from 64 to 50bpm during the 
procedure but blood pressure was stable going from 110/70 to 110/75.   
Subject 052_PL05-05 had an increase in heart rate from 63 to 76bpm and a 
stable blood pressure of 105/74 to 100/76. 
Subject 052_DE04-03 had a decrease in heart rate from 65 to 56bpm and a 
stable blood pressure of 112/77 to 107/86.

Medical officer’s comment-
There is insufficient information here to point to any clinically relevant vital sign 
changes during macimorelin testing.

7.4.4 Electrocardiograms (ECGs)

There was an isolated case of QT prolongation in a 38 y/o male in the original trial 
which was reviewed by the IRT who considered it possibly drug related in a consult 
dated April 26, 2011. Therefore, the sponsor was asked to continue to monitor ECGs 
during treatment with macimorelin in study AEZS-130-052 and to perform a Thorough 
QTc Study to investigate the effect of macimorelin on cardiac repolarization. A review of 
the ECGs labeled as “abnormal, clinically significant” by clinical investigators was 
performed by the IRT. The review did not find any concerning QTc findings but 
mentioned that the findings were limited by the fact that ECGs were monitored at 1 hour 
post dose around the time of peak macimorelin concentration but QTc prolongation 
appeared to peak at 3 to 4 hours post dose due to an unknown downstream effect. The 
IRT also reviewed the Thorough QTc Study, AEZS-130-055, which was a randomized, 
placebo-controlled, double-blind, three-period crossover study with single doses of 
macimorelin and moxifloxacin (given open label) as a positive control. Moxifloxacin 
produced a mean maximum change in QTcF of around 13 msec at 2 h post dose with a 
lower two-sided 90% CI of about 11 msec. Single oral doses of 2.0 mg/kg macimorelin 
induced a prolongation of QTcF by approximately 10 msec compared to placebo at 
around 4 hours after administration. According to ICH E14 guidelines, pharmacologic 
prolongation of QT/QTc of around 5 msecs has not so far been associated with torsade 
de pointes. Whether this signifies that no increased risk exists for these compounds or 
simply that the increased risk has been too small to detect is not clear. Drugs that 
prolong the mean QT/QTc interval by >20 msec have a substantially increased 
likelihood of being proarrhythmic, and may have clinical arrhythmic events captured 
during drug development. Therefore, macimorelin with QTc prolongation of 10ms has a 
low proarrhythmic risk but one which is above the threshold for regulatory concern. The 
IRT review also determined that the mechanism of QTcF prolongation was unknown 
because (1) preclinical data suggest that macimorelin did not block the hERG 
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potassium channel, (2) there was no clear dose-dependence with respect to QTc 
prolongation and (3) maximal prolongation occurred well after the peak macimorelin 
levels suggesting it was occurring due to a downstream effect. Therefore, the IRT 
concluded they could not predict whether the effect on QTc observed due to 
macimorelin would be additive or synergistic to the effects of other agents that are 
known to prolong QTc and recommended language in section 5 of the Package Insert to 
avoid the use of macrimorelin in patients on concomitant QTc prolongers.

Medical officer’s comments-
Macimorelin appears to prolong QTc by about 10msec which constitutes a low 
proarrhythmic risk. However, given that the exact mechanism of this effect is 
unknown and how it might affect QTc in subjects taking other QTc prolongers is 
uncertain the IRT has recommended labeling in section 5 of the Package Insert 
to avoid concomitant use with these agents. This medical reviewer agrees that 
labeling should be adequate to deal with the possible risk, especially as 
MACRILEN will only be labeled for single dose administration as part of a GH 
stimulation test.

7.4.5 Special Safety Studies/Clinical Trials

None

7.4.6 Immunogenicity

No information regarding immunogenicity was included in this submission. 

7.5 Other Safety Explorations

7.5.1 Dose Dependency for Adverse Events

Study AEZS-130-054 was a single-dose randomized, placebo-controlled, double-blind 
study to evaluate the safety, tolerability, PK and PD of three ascending oral doses of 
macimorelin (0.5, 1.0 and 2.0mg/kg) in healthy adults. Headache was the most 
frequently reported AE in this study and was most frequent at the highest dose of 
2.0mg/kg. Laboratory parameters and vital signs showed no clinically relevant time- or 
dose-related changes and there were no relevant differences between active treatment 
and placebo according to the sponsor.
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Table 10 Adverse Events in Study AEZS-130-54 by Preferred Term and 
Macimorelin Dose

Source JMP analysis of ISS dataset: all-study-safety data, STUDY=AEZS-130-052, AEPT, also AEZS-
130-054 CSR Table 8

Medical officer’s comment-
The limited safety information for doses above 0.5m/kg comes primarily from 
study AEZS-130-054 a single-dose, randomized, double-blind study in healthy 
controls. Given the small number of patients in each treatment group, the 
confidence intervals around the observed rates are likely to be high and less 
reliable that the data from combined AEZS-130-047 and AEZS-130-052 studies 
seen in Table 9. However, it appears that there is an increase in the risk for 
headaches at the highest dose 2.0mg/kg. 

7.5.2 Time Dependency for Adverse Events

No time dependency information for adverse events was included in the submission.

7.5.3 Drug-Demographic Interactions

AEs occurring in two or more subjects in combined data from studies AEZS-130-047 
and AEZS-130-052 (see Table 9) were analyzed by age, race and gender using JMP 
software. There were too few subjects to note any clear associations with age and race 
with any of the most common AE Preferred Terms.  There appeared to be a tendency 
for more dysgeusia and nasopharyngitis in males and more fatigue, feeling hot and 
hyperhidrosis in females, but the number of events are too small to draw any clear 
conclusions. 
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7.5.4 Drug-Disease Interactions

There was no relation between the macimorelin concentrations in plasma and the 
AGHD likelihood Groups (A, B, C and D) observed by the applicant. 

7.5.5 Drug-Drug Interactions

No relationship was observed by the applicant between the response to the GH 
stimulation testing, extent of stimulation of GH secretion, and concomitant therapy.

No drug-drug interaction information was included in the submission.
Macimorelin is primarily metabolized via CYP3A4 and as such co-administration with a 
CYP3A4 inducer might reduce macimorelin plasma levels affecting the diagnostic 
performance of the test. 

7.6 Additional Safety Evaluations

7.6.1 Human Carcinogenicity

Carcinogenicity studies were not required as it is unlikely that a single dose of 
macimorelin would pose a carcinogenic risk to human subjects. 

7.6.2 Human Reproduction and Pregnancy Data

No human data is available. No definitive reproductive or developmental toxicity studies 
were conducted. 

AEPT Number of Patients
 Total Female Male

Diarrhoea 7 4 3
Dizziness 6 3 3
Dysgeusia 19 5 14
Fatigue 6 6 0
Feeling hot 2 2 0
Headache 7 3 4
Hunger 5 3 2
Hyperhidrosis 2 2 0
Nasopharyngitis 3 0 3
Nausea 6 3 3
Sinus bradycardia 2 1 1
URI 4 1 3
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7.6.3 Pediatrics and Assessment of Effects on Growth

Chronic treatment with GH is used to treatment growth deficiency in pediatrics. 
However, it is unlikely that the single dose of macimorelin would have any long lasting 
effect on pediatric growth. 

Macimorelin received orphan drug designation from the Office of Orphan Products
Development for the diagnosis of adult GHD on September 25, 2009 (designation 
request number 06-2255). Therefore, PREA does not apply to this application and 
pediatric studies were not required. Since GH stimulation testing was not studied in 
children < 18 years of age, efficacy and safety have not been established in this study 
population. 

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound

No information on drug overdose was included in this submission.

There is a potential for drug abuse by body builders who are seeking oral agents that 
could stimulate GH release. However, as the product will be packaged for single doses 
as part of a diagnostic test it seems unlikely that potential drug abusers could get 
enough of a supply to permit the chronic dosing required to get the pharmacodynamic 
effects they are seeking. 

No information on drug withdrawal or rebound was included in this submission. 
However, such conditions are unlikely to occur with single dose administration. 

7.7 Additional Submissions / Safety Issues

None

8 Postmarket Experience

None.
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Introduction

On November 4, 2014 Aeterna-Zentaris submitted a New Drug Application (NDA) for 
Macrilen under section 505(b)(1) of the Food, Drug and Cosmetic Act.  The applicant is 
seeking to indicate Macrilen for the ‘diagnosis of growth hormone deficiency’.  Macrilen is a 
growth hormone secretagogue receptor agonist (also referred to as ghrelin receptor agonist).  
The dosage form is  for oral solution and the proposed dosage is a single, weight-
based, dose of 0.5 mg per kilogram. The drug has received orphan designation status (Orphan 
Designation# 06-2255) for the sought after indication.  

Background

Adult Growth Hormone Deficiency

Growth hormone (GH) deficiency in adults reflects persistence of GH deficiency diagnosed in 
childhood or deficiency acquired in adulthood.  GH deficiency most often reflects dysfunction 
of the hypothalamic-pituitary axis caused by inherited or acquired hypothalamic/pituitary
lesions1 and/or iatrogenic injury2. It is widely held that growth hormone is the first of the 
anterior pituitary hormone to be affected by insults to the pituitary or hypothalamus.

Symptoms associated with adult GH deficiency are non-specific and have been reported to 
include, fatigue, lack of energy, social isolation, poor concentration and memory loss.  Adult 
growth hormone deficiency has been associated with reduced lean body mass, decreased 
body water, increased fat mass, and decreased bone mineral density particularly in patients 
with severe GH deficiency.  Growth hormone deficient adults have also been reported to 
have a higher prevalence of the following cardiovascular risk factors; hyperlipidemia, 
abdominal obesity, insulin resistance and increased carotid intimal medial thickness.

It is recommended that GH replacement be considered for adult patients with unequivocal 
evidence of deficiency with the aim of restoring normal GH physiology and in so doing 
improving the signs and symptoms attributed to the lack of sufficient growth hormone.   GH
deficiency represents a spectrum disorder and it is generally recognized that GH replacement 
will benefit those with the most severe deficiency.  Professional societies such as the 
Endocrine Society3 have ranked the quality of the evidence related to the benefits of GH 
replacement in growth hormone deficient adults.  The evidence related to the impact of 
growth hormone replacement on body composition, exercise capacity and achievement of 
full skeletal maturation in young adult patients who have achieved full adult heights but have 

                                                
1 e.g., lesions in genes important in pituitary development (e.g., prop1 or POUF1) or function (e.g., GH gene, GHRH gene), damage caused by 
sellar (e.g., pituitary tumors, craniopharyngioma, sarcoidosis, tuberculosis) or suprasellar lesions (e.g., dysgerminoma, meningioma, 
ependimoma, sarcoidosis, tuberculosis), or traumatic brain injury.
2 e.g., as a result of neurosurgical intervention, or cranial irradiation.
3 Evaluation and Treatment of Adult Growth Hormone Deficiency: An Endocrine Society Clinical Practice Guideline
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not yet achieved peak bone mass was ranked by this guideline as the most robust level of
evidence supporting GH replacement with exogenously administered GH.      

Context of Use: Diagnostic Tests for GHD

Confirmation of GH deficiency in adult patients suspected of having growth hormone 
deficiency is recommended unless a known genetic/structural lesion persistent from 
childhood has been demonstrated.    Since signs and symptoms of adult GH deficiency are 
non-specific formal biochemical testing is used to unequivocally confirm the diagnosis.  The 
likelihood of disease prior to testing (pre-test probability) would depend on presence and 
numbers of risk factors (e.g., past history of pituitary surgery/irradiation, established pituitary 
deficiencies, and levels of IGF-1).  A test to diagnose GH deficiency is most likely to be used to 
confirm (or rule in) the suspicion of deficiency to decide whether or not to start a patient on 
GH treatment (i.e., high specificity is desired).  In some cases it may be used to definitely 
exclude the possibility of disease in a patient suspected of having the disease but who does 
not have many risk factors for the disease (i.e., high sensitivity is desired).

In clinical care, the pre-test probability could run a spectrum of probabilities and a useful 
confirmatory test should accurately distinguish between GHD (growth hormone deficient)
patients and individuals without GH deficiency to justify the risks associated with the 
procedure and minimize adverse consequences associated with a misdiagnosis.  The 
consequence of a falsely positive diagnosis could subject patients to unnecessary therapy 
exposing them to risks associated with excessive GH levels including; edema/fluid retention, 
arthralgia, carpal tunnel, and a theoretical increased risk of malignancies dependent on IGF-1 
for growth.  The consequence of a falsely negative test could delay the diagnosis in patients
who could benefit from therapy.    

Biochemical testing usually involves demonstrating a low serum insulin-like growth factor 1 
(IGF-1) or an inadequate pituitary GH reserve using pituitary stimulation.  Random IGF-1 (age 
and sex standardized) and GH levels are not sufficiently accurate to serve as useful diagnostic 
tests in their own rights.

Stimulation tests that assess the pituitary GH reserve include the insulin tolerance test [(i.e., 
exogenously administered insulin is used to induce hypoglycemia (the gold-standard test)], 
the arginine stimulation test and the glucagon stimulation test.  The arginine + growth 
hormone releasing hormone test is no longer available in the US due to the lack of available 
GH-releasing hormone.   The currently available tests (ITT, arginine and glucagon stimulation 
tests) are labor intensive, have potential risks, and are contraindicated in some patients (i.e., 
the ITT is contraindicated in patients with seizure disorders and those at increased 
cardiovascular-risk).  An accurate and reproducible diagnostic test with an agent such as
Macrilen would offer a less labor intensive and more convenient means of establishing a 
diagnosis.
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Regulatory History

The regulatory history for Macrilen (macimorelin acetate) is complex and checkered.  It is 
reviewed by Dr. Roman in his CDTL review and the reader is referred to that review for full 
details.  In brief, the IND for macimorelin acetate was opened on February 7, 2007 by Ardana
BioScience with the single pivotal phase III trial (ARD-0705-001) as the IND opening study.  
The primary objective of the pivotal trial was to demonstrate that the diagnostic accuracy of
Macrilen stimulation was similar to that of arginine-GHRH stimulation by comparing these 
two stimulation tests head to head in a cross-over design in ARD-705-001.  Ardana BioScience 
declared bankruptcy in 2008 before the pivotal phase III trial could be completed.  
Furthermore, in July and December 2008, EMD Serono which manufactured a component of 
the comparator used in the pivotal trial [i.e., GHRH or sermorelin acetate injection (GEREF)]
made known to FDA that it was discontinuing production of this component and approvals of 
the two NDAs containing this product were withdrawn in June 2009.  

In August 2009, Aeterna Zentaris notified FDA that had assumed ownership of macimorelin
and asked that the IND be reactivated.  Aeterna Zentaris approached the Division seeking a 
path forward to leverage the partial Phase III data generated by Ardana BioScience for the 
purpose of seeking an indication.  A path forward was reached under a special protocol 
assessment agreement issued on December 12, 2010.  The primary objective of the new 
phase III program was to assess the diagnostic performance of Macrilen stimulation using a 
receiver operating characteristic (ROC) curve method.  According to the pre-specified 
statistical analysis plan, diagnostic accuracy would be met if the lower bound of the one-
sided 99% confidence interval for the area under the ROC curve was above 0.85 (i.e., an area 
under the ROC in the range of good to excellent accuracy).  Because the applicant had 
analyzed the data from the partially completed trial and had full knowledge of the results, the 
SPA agreement stipulated several key provisions aimed at ensuring that the conclusions
based on a second analysis of the results would be scientifically and statistically valid.  The 
provisions included the requirement that additional patients be assessed and that the chance 
for falsely rejecting the null hypothesis be set at 1% to account for multiple looks at the data 
(i.e., the primary analysis relied on the use of a one-sided 99% confidence interval instead of 
the customary two-sided 95% confidence interval).

The fact that the drug was transferred between sponsors resulted in significant data 
traceability issues, highlighted on pages 8-9 of Dr. Lubas’ review, which impact confidence in 
the overall quality of the data for this application.  Dr. Lubas notes in his comments, for 
example, that for 10 patients source documents were not available to verify whether patients 
were or were not appropriately enrolled in the study.  In the absence of source data, it is
impossible to determine whether a per protocol population defined on the basis of
adherence to protocol entry criteria truly identifies eligible participants (i.e., excludes 
protocol violators).  The applicant relies on results of a secondary analysis based on such a 
per protocol population to substantiate the accuracy of the Macrilen stimulation as a 
diagnostic test for GHD.
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CMC/Device

The CMC portion of this application was reviewed by Dr. Haber.  Dr. Haber recommends 
approval.  The Office of Compliance has evaluated the cGMP status of the manufacturing 
facilities and recommends approval. A shelf-life of  months at 2-8°C was requested. 
However, based on only 18 months of long-term stability data for three batches and 36 
months for only one batch, an expiry of months was granted.

The drug substance, macimorelin acetate, is a ghrelin receptor agonist. It contains three 
amino acid derivatives in a single chain, two chiral centers and two peptide bonds. The drug 
substance is manufactured by  and the key intermediate is 
manufactured by .

The drug product dosage form is  for reconstitution into an oral solution.  The 
drug product is contained in an aluminum  pouch. There is one strength,  mg 
macimorelin base, in the form of the acetate salt. This includes a % overfill  

. The pouch formulation also 
contains the following excipients:  mg lactose monohydrate, mg crospovidone, 

 mg colloidal silicon dioxide,  mg sodium stearyl fumarate and  mg saccharin 
sodium,  The drug product is manufactured by Allphamed Pharbil GmbH, Germany.

To use Macrilen, the content of one  is dissolved in 120 mL of water by the health care 
provider. This forms a solution with a concentration of 0.5 mg/mL of macimorelin acetate. 
The solution is prepared in a suitable glass container with stirring for 2-3 minutes and should 
be used within 30 minutes after preparation. The calculated amount of solution based on the 
patient’s body weight (i.e., 0.5 mg of macimorelin acetate per kilogram of body weight) is 
administered orally. The product is intended for a one-time use after reconstitution in water.
Microbiology and Quality Biopharmaceutical reviews recommend approval. A waiver is
granted for different developmental formulations since the drug is dissolved in water before 
oral administration.

Dr. Noori has compared the changes between formulations used in early development 
(Ardana-BioScience), formulation used in the pivotal clinical trials and the to-be-marketed 
formulation to determine whether based on solubility profiles a waiver from the need to 
carry out an in-vivo bioavailability (biowaiver) comparison to bridge the different 
formulations was justified.  He recommends approval and concludes that the solubility data 
are sufficient to bridge the different formulations.

Nonclinical Pharmacology/Toxicology

I concur with the conclusions reached by Dr. Quinn, the nonclinical pharmacology/toxicology 
reviewer, that there are no outstanding nonclinical pharmacology/toxicology issues that 
preclude approval.
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   Clinical Pharmacology/Biopharmaceutics

I concur with the conclusions reached by Dr. Lau, the clinical pharmacology/
biopharmaceutics reviewer, that there are no outstanding clinical pharmacology issues that 
preclude approval.  Key aspects of Dr. Lau’s review are summarized below.

In growth hormone deficient adults fasted for 6-hours, the maximum macimorelin serum 
concentration is reached between 0.5 and 4 hours (Tmax) after oral administration of a 0.5 
mg/kg dose. The mean maximum serum concentration (Cmax) achieved was 10.25 ng/mL.  The 
mean terminal exponential half-life (T1/2) was 3.56 hours.  The pharmacokinetic profile of 
Macrilen was significantly affected by food.  Macrilen co-administered with a liquid meal, 
lead to a reduction in macimorelin maximum concentration (Cmax) and overall exposure 
(AUCt) by 54% and 49%, respectively, in healthy volunteers.

Macimorelin is metabolized by CYP3A4 and the drug may inhibit CYP3A4.  Macimorelin does 
not inhibit CYP1A2, CYP2A6, CYP2C8, CYP2C9, CYP2C19, and CYP2D6.  Macimorelin does not 
undergo conjugation type of biotransformation.  The macimorelin dose-response relationship 
could not be determined due to lack of bioanalytical and validation documentation for the 
determination of GH concentrations.

Clinical Microbiology 

I concur with the conclusions reached by the clinical microbiology reviewer that there are no 
outstanding clinical microbiology or sterility issues that preclude approval   

Clinical/Statistical-Efficacy

Drs. Roman, Lubas and Huang have reviewed diagnostic efficacy in details.  As was stated in 
the background section of the memorandum, the Phase III trial design and statistical analysis 
plan were modified mid-course due to both insolvency of the original sponsor (i.e., Ardana 
BioSciences) and withdrawal from market of a component of the original comparator (i.e., 
GHRH).  A single study, AEZS-130-047, to support the claim of diagnostic efficacy was 
submitted in the application.  

Pivotal Study:  AEZS-130-047

In this section, I briefly review the design and analysis plan for the pivotal study agreed upon 
under a special protocol assessment agreement issued on December 12th 2010.  The analysis 
plan was to leverage data obtained by Ardana BioScience prior to insolvency (~50% of the 
100 subjects contributing to the efficacy assessment). Because the applicant had analyzed the 
Ardana BioScience generated data, the SPA agreement stipulated several key provisions 
aimed at ensuring that conclusions based on a second look at these data would be 
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scientifically and statistically valid.  These are discussed in the background sections of this 
memorandum and in more details in Drs. Lubas’ Huang’s and Roman’s reviews.  

The pivotal study (AEZS-130-047) to support a claim of diagnostic efficacy was a multi-center, 
randomized, open-label trial.  The study compared the maximum GH responses elicited by 
Macrilen between 52 growth hormone deficient (GHD) adults and 48 growth hormone 
sufficient adults matched on variables known to influence GH response to stimuli (i.e., sex, 
age, body mass index and estrogen status).

Growth hormone deficient adults were eligible to participate if they had a past stimulation 
test documenting poor pituitary GH reserves (e.g., by arginine + GHRH testing, insulin 
tolerance testing, glucagon testing, or arginine testing) or if they had deficiencies in three or 
more pituitary hormones (i.e., TSH, ACTH, GnRH and AVP) accompanied by a low age and sex-
standardized IGF-1 level.  GHD adults were required to have been on stable hormone 
replacement for three months preceding enrollment with the exception of growth hormone
to be eligible.    

The trial was divided into three visits: a screening visit to determine eligibility, a dosing visit 
to assess the pituitary GH response to Macrilen and an end of study visit within 14 days of the 
dosing visit.  Trial participants fasted for at least 6 hours before dosing and had a baseline GH 
hormone level determined pre-dose (i.e., between 30 and 15 minutes prior to dosing).  They 
were then dosed with 0.5 mg per kilogram of Macrilen and had GH levels determined at 
times 0, 30, 45, 60, 75, 90, 120 and 150 minutes post-dose.

The main objective of the new pivotal trial was to evaluate the diagnostic performance of 
Macrilen using an analysis which relied on determining the area under the receiver operating 
characteristic (ROC) curve.   Macrilen was to be declared an “accurate” test (i.e., the null 
rejected) if the lower bound of the one-sided 99% confidence interval around the area under 
the receiver operator character curve was above 0.85 (i.e., an area under the ROC in the 
range of good to excellent diagnostic accuracy).  The primary analysis was to be performed 
on the mITT population which was defined as the population of patients who received 
Macrilen and had a measurable serum GH value 45-75 minutes after being dosed.   

Secondary sensitivity analyses uncontrolled for multiplicity were planned on a per-protocol 
analysis population encompassing all subjects without major protocol deviations.  Major 
protocol deviations were defined as:  violation of entry criteria for ‘confirmed growth 
hormone deficiency’ and lack of sufficient data to determine peak GH concentration.
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Results of the Primary Analysis:

In total, 53 growth hormone deficient adults and 48 matched controls were evaluated in
study AEZS-130-0474.  Fifty-two growth hormone deficient adults (one discontinuation due to 
‘collapsed veins’) and 48 controls made up the mITT population.  Fifty growth hormone 
deficient adults (i.e., the sponsor determined that cases 0608 and 0609 did not meet 
eligibility criteria) and 48 controls contributed to the per protocol population.  Drs. Huang
and Lubas note that baseline race distribution between GHD adults and matched controls 
were not balanced (i.e., a higher proportion of control were Black or African American).  The 
types of subjects recruited at each site was also not balanced (i.e., some sites recruited 
exclusively GHD adults and some sites matched-controls).

Figure 1 shows the peak serum GH levels (i.e., 45-75 minutes post dose) achieved with 
Macrilen stimulation in GHD adults and matched controls and table 1 summarizes measures 
of central tendency for the two groups.

Figure 1:  Peak Growth Hormone Levels (ng/mL) Achieved with a 0.5 mg/kg Macrilen Dose in mITT population 
(Source: figure 5 in Dr. Lubas’ review). 

Table 1: Measures of Central Tendency for Peak Growth Hormone Levels (ng/mL) Achieved with a 0.5 mg/kg 
Macrilen Dose in mITT population (Adapted from Table 6 in Dr. Huang’s review)

Adults with GHD Matched Controls

N Mean (sd) Median (Q1-Q3) Min-max N Mean (sd) Median (Q1-Q3) Min-max

52 2.7 (6.2) 0.55 (0.1-1.5) 0.025-33.0 48 17.7 (19.1) 10.5 (5.6-22.6) 0.85-94.0

                                                
4 Note: Data for 42 GHD cases and 10 controls were obtained and analyzed under Ardana BioScience sponsorship and were known to 
Aeterna-Zentaris at the time of SPA negotiations in 2010.
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The results for the primary analysis are shown below.  The primary analysis failed to 
demonstrate that the lower bound of the one-sided 99% CI was above 0.85.  Although the 
per protocol analysis did achieve this goal, Dr. Lubas in his review points out that the two 
patients excluded from this analysis were likely to have been wrongly excluded (see below).   

Table 2:  Area Under the Receiver Operator Characteristics Curves and Lower Bound of the one sided 99% CI 
around the AUC ROCs for the mITT and Per Protocol Populations

mITT Per Protocol 

ROC AUC 0.912 0.923

Lower bound of 1-sided
99% CI

0.830 0.851

Data Quality Issues:

In an attempt to salvage the failed primary analysis, the sponsor points to results from
secondary analyses such as mITT analyses with less strict type-1 error control (i.e., one-sided 
95% CI) and analyses based on a per protocol population (refer to Drs. Lubas and Huang’s 
reviews).  The stricter type-1 error control was utilized to account for the fact that the 
sponsor had full knowledge of interim data results in 2010 and the level of control was
reasonable and agreed to in the SPA agreement.  

Dr. Lubas looked into the merit of utilizing an analysis based on a per protocol population
further.  During this process, it became apparent that there were major data quality issues 
with the application which could not be resolved.  In the sponsor’s analysis based on a per 
protocol population two patients were excluded (0608 and 0609) because they were flagged 
as protocol violators for not meeting the strict GH deficiency entry criteria.  After further 
inquiry, it was revealed that a confirmatory test was in fact available for patient 0608 and 
that this patients should not have been removed from the per protocol set.  To verify 
whether all patients in the per protocol population met GH deficiency entry criteria, Dr. Lubas 
asked the sponsor for source information on confirmatory tests on all GHD patients.  Source 
information was unavailable to confirm or refute GH deficiency entry criteria for at least 10 of 
the cases.  Dr. Lubas also noted violations in the GH sampling procedure in the study.  In at 
least four patients, the GH levels were reported from plasma samples and not serum 
samples.  GH sampling from plasma does not accurately estimate GH levels (refer to Dr. Lau’s 
review for details).  Finally, Dr. Lubas points to the division of scientific investigations (i.e., 
DSI) findings which revealed inaccurate record keeping as well as multiple time-schedule and 
procedural deviations at the sites investigated which further call into question the quality of 
the data in the application.   
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Issues Related to External Validity:

A diagnostic test is most useful if it is evaluated in all patient subgroups likely to be subject to 
testing in clinical practice.  An additional issue with the applicant’s pivotal study is that it 
excludes patients who would be candidate for the test in the clinical care setting and likely 
biases the diagnostic accuracy assessment.  In the pivotal trial, the applicant evaluated the 
diagnostic performance of the test only in patient subgroups whose pre-test probability were 
at extreme ends of the spectrum (e.g., those with an established GHD versus those with 
sufficient GH).  Estimates of diagnostic accuracy in this trial are thus subject to spectrum bias
because the complete spectrum of patient characteristics that will be seen in clinical care was 
not represented in the trial.  In practice, some patients with a lower pre-test probability of 
disease will be screened using this test [i.e., those with at least one risk factor for GHD (e.g., 
past pituitary irradiation, traumatic brain injury) and 1-2 known pituitary deficiencies].  
Patients suspected of having GH deficiency but not already diagnosed with GH deficiency 
should be evaluated to confirm the diagnostic accuracy in a future study.  

Other Major Statistical Issues

In addition to not reaching statistical significance on the primary analysis, Dr. Huang points to 
several major statistical issues in her review.  First and as noted above, imbalances in race 
and study sites between the GHD group and the control group were seen and Dr. Huang’s is 
concerned that such imbalances could confound the estimates.  Second she remarks that
proposed cut-points were obtained from data used to describe the tests sensitivity and 
specificity and that deriving cut-points in this manner is likely to overstate the diagnostic 
accuracy of the test.  Ideally, cut-points should be tested in another study and sensitivity and 
specificity of those cut-points confirmed.  Finally, she notes that test performance was 
different between previously (i.e., Ardana-Bioscience/better performance) and newly 
enrolled cohorts (i.e., Aeterna-Zentaris/worse performance) calling into question 
reproducibility of the results.  

Safety

Drs. Lubas and Roman have reviewed the safety findings for Macrilen and the reader is 
referred to these reviews for details.  A major drug-related safety issue identified in study 
AEZS-130-047 was an effect on ventricular repolarization.  In one control, QTc prolongation of 
61 milliseconds up to a maximum of 501 milliseconds and newly inverted T wave were 
observed after a single dose of Marcrilen and on post-dose ECGs.  The case was observed in 
an obese control (i.e., 365 lbs) individual who received a relatively high absolute Macrilen
dose.  Although non-specific T-wave abnormalities had been reported prior to trial entry, the 
pre-test and time zero ECG were normal.  The case resulted in hospital admission and referral 
for coronary catheterization which was found to be normal.  Dr. Lubas notes that the case 
was receiving other co-administered drugs (i.e., citalopram and trazodone) which could have 
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contributed to the prolonged the QT interval (through inhibition of metabolism during 
dosing).  

I agree with the review team’s recommendation that based on this case, the company should 
formally evaluate the risk of QT prolongation using a thorough QT study approach because:
some patients may receive a high absolute dose of Macrilen (i.e., dose is weight based and 
could reach high levels), the impact of BMI on Macrilen PK has not been adequately 
evaluated (refer to Dr. Lau’s review) and the relationship between dose, PK and potential 
direct ECG effects is unknown.  Knowledge gained from this study could lead to labeling
recommendations to ensure the drug is used safely.  It could for example, guide appropriate 
patient selection and recommendations for implementing appropriate monitoring measures
during the stimulation test (e.g., ECG monitoring). 

Advisory Committee Meeting

Efficacy and safety issues identified in the application did not rise to the level of requiring the 
input from an advisory panel.  Therefore no advisory committee was convened.

Pediatrics

Refer to Dr. Roman’s and Lubas’ reviews for details.

Other Relevant Regulatory Issues

There are no other unresolved relevant regulatory issues.

Labeling

Not applicable at this time.

Decision/Action/Risk Benefit Assessment
 Regulatory Action

Complete Response

 Risk Benefit Assessment
I agree with recommendations made by Drs. Lubas and Roman and recommend a complete 
response because the applicant has not provided sufficient evidence that the Macrilen 
stimulation test can accurately diagnose growth hormone deficiency in adults.  Major 
deficiencies identified in the review of the application included; a primary analysis that failed 
to demonstrate the accuracy of the test, issues related to data quality, issues related to 
external validity of the reported performance, issues related to reproducibility of the results 
(performance characteristics between old and newly recruited patient cohort differed) and 
potential confounding due to the lack of balance for specific variables between cases and 
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controls (refer to efficacy section of this memorandum for details).  These major deficiencies 
should be addressed by carrying out a new study to confirm that the cut-points proposed can 
reliably and accurately diagnose growth hormone deficiency in the spectrum of adult patients 
likely to be tested in clinical care. 

The major risk identified is a potential risk of arrhythmia due to an effect of the drug on 
ventricular repolarization.  To resolve this deficiency the applicant will be asked to complete a 
thorough QT study prior to resubmitting an application.  The rationale for requiring such a 
study is provided in the Safety section of this memorandum.

 Recommendation for Postmarketing Risk Evaluation and Mitigation Strategies
Not applicable at this time.

 Recommendation for other Postmarketing Requirements and Commitments
Not applicable at this time.
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Introduction/Background
Macrilen (macimorelin acetate) is a ghrelin-receptor agonist which stimulates growth hormone 
(GH) secretion.   In this marketing application, Aeterna Zentaris, is proposing its use as a 
diagnostic for adult growth hormone deficiency (AGHD).  AGHD is currently diagnosed by 
insulin stimulation testing (ITT), glucagon stimulation testing, or arginine test.  Previously, 
GH releasing hormone (GHRH) in combination with arginine was available for diagnostic 
testing; however, GHRH is no longer commercially available.  All currently available 
diagnostic tests must be administered via injection and while recommended and utilized in 
clinical medicine for decades, only arginine is FDA-approved as a diagnostic.  ITT, which has 
been considered the gold standard, carries a risk of serious hypoglycemia and is not 
recommended in patients with seizure disorder or cardiac disease.  If approved, macimorelin 
would be the first orally administered diagnostic for AGHD.

While the availability of such an agent would be a welcome to the endocrine community, the 
clinical data submitted to support the diagnostic accuracy of macimorelin do not support 
approval at this time.  The reader is referred to the reviews of Drs. Lubas, Roman, and Guettier 
from clinical and Dr. Huang from statistics for a thorough discussion of the deficiencies and 
limitations of this program.  As I am in concurrence with the review team, this memo will only 
serve as a high level summary of the application.  

Pivotal Study
As already summarized by the clinical and statistical reviews, this development program was 
initially undertaken by Ardana Sciences.  The pivotal trial AEZS-130-047 was designed with 
FDA input.  This single trial enrolled patients with AGHD (cases) and without AGHD 
(controls) and proposed to compare the performance of macimorelin to GHRH-arginine 
testing.  This originally designed trial could not be completed as Ardana went bankrupt.  
Aeterna Zentaris acquired the rights to development of macimorelin and through a series of 
communications with the FDA, a special protocol agreement (SPA) was reached which would
allow utilization of data from original protocol plus newly enrolled patients with AGHD and 
matched controls along with controls to match previously enrolled cases completed under the 
Ardana program.  In addition, the new protocol no longer compared macimorelin to GHRH-
arginine tests because GHRH had been withdrawn from the market during this time.  All cases 
and controls enrolled in this new protocol received only macimorelin.  A receiver operating 
characteristic (ROC) analysis would be performed from the peak GH levels obtained from the 
cases and control.  The pre-specified primary efficacy analysis was to be performed in the 
modified-ITT population and the diagnostic accuracy of macimorelin would be established if 
the lower bound of the 99% CI for AUC for the ROC analysis excluded 0.85.

The mITT population was defined as all patients who received macimorelin and had at least 
one post-treatment GH measurement between 45 and 75 minutes post-macimorelin 
administration.  A secondary analysis was also performed on the per-protocol (PP) population 
which was defined as all patients without major protocol deviation, including those who did 
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not meet the entry criterion for confirmed AGHD or did not have sufficient data to determine 
peak GH levels.

The threshold for declaring diagnostic accuracy was based on a publication on the 
performance of the GHRH-arginine test conducted in over 300 patients with hypothalamic-
pituitary disease and matched 300 controls.1

Efficacy Findings
The pre-specified primary analysis of the ROC AUC showed a lower bound of the 99% CI of 
0.835 and therefore failed to exclude the pre-specified threshold of 0.85.  The applicant has 
argued that diagnostic accuracy should still be concluded based on a secondary analysis of the 
PP population in which two patients were excluded.  In this analysis, the lower bound of the 
99% CI was 0.8502.  As the study failed on its primary efficacy analysis, it would be 
unconventional to establish trial success based on a secondary analysis.  At best, this
secondary analysis barely made the threshold; therefore, the robustness of the results is 
questionable.  

Furthermore, Dr. Lubas discovered that one of the patients proposed for exclusion in the PP 
analysis actually had AGHD.  This led to a request for data on all patients to verify their 
baseline GHD status.  Review of these data identified missing patient records to confirm the 
diagnosis of AGHD on several patients.  The explanation for missing data was that source 
documents could not be obtained due to site closure and bankruptcy.  Below is a table 
provided by the applicant in response to FDA request (submission date 7/3/14) and also 
included in Dr. Lubas’ review which summarizes the data from 53 cases and the criteria relied 
upon for identifying these patients as having AGHD.  From this table it is evident that subjects 
0603, 0604, 0608, 0609, 0611, 0627, 0628, and 0629 were missing study source data and 
subjects 0701, 0702, 0703, 0801, and 0802 were also missing data to confirm diagnosis.  

Confirmatory data were submitted later for 3 patients (0627, 0628, and 0629) to support their 
inclusion as cases; however, source verification was still missing in the remaining 10 patients.  
According to Dr. Lubas’ review the applicant performed stimulation tests on these patients at a
later time point (i.e., after they were already included as cases) and determined they met the 
criteria for AGHD.  Altogether, this additional discovery by FDA review staff undermines any 
confidence in the data to conclude that a PP analysis should be accepted for establishing 
macimorelin as an accurate diagnostic.

                                                
1 Cornelli et al.  The cut-off limits of the GH response to GH-releasing hormone-arginine test related to body 
mass index.  European Journal of Endocrinology, 2005.  153:257-264.

Reference ID: 3653959



4

Reference ID: 3653959

       

              

            
          

         
       
         
         
         
         
         
         
       
        
         
          
        
        
        
      
       
       

        

          
           
        

              
     
     
         
     
     

     

    
    
    
         
         
         
         
           

   

        
        

               
            

         

        
         
        
        
        
         
        
        
       
        
        
      
        
      
        

                           
                        

                    
             

                               
                           
                          

                 

                           
                          

                    
              

                          
                     



5

There were other secondary efficacy analyses based on pre-specified and post-hoc GH cut-
points to calculate the sensitivity, specificity and percentage of misclassification for each of 
these differing cut-points. Please see reviews of Drs. Lubas and Huang for a detailed 
discussion of these additional analyses.  I concur with the review team that these cut-points 
need to be prospectively evaluated in a new confirmatory study.

Patient Population Studied
The pivotal study enrolled adults with GHD (cases) and adults without GHD (controls) 
matched to the cases for gender, age (+/- 5 years), BMI, and estrogen status (women only).  To 
be considered a case, patients had to have the following:
 GHD diagnosed by one GH stimulation test (GHRH-arginine, ITT, glucagon, or arginine), 

or
 Have 3 or more pituitary hormone deficiencies plus an IGF-1 level below the lower limit 

of normal based on age and gender

The above criteria for classification of GHD are quite robust and if met, the pre-test probability 
of actually having GHD is high.  This led the review team to question the utility of 
macimorelin as a diagnostic in patients whose probability of disease is borderline.   A reliable 
diagnostic in such a population would have clinical value as an accurate separation of disease 
from non-disease may avoid unnecessary treatment with its attendant costs and risks (false 
positives) or dismissal of cases who might benefit from GH replacement (false negatives).  
The new confirmatory study should include patients presenting as such diagnostic challenges 
and I concur with the review team that in-depth discussion is necessary with the applicant as 
part of the end-of-review meeting and subsequent submissions for the design of this second 
study.

Safety
Overall, the safety of this product as a single-dose is acceptable.  There was one case of QT 
prolongation in a 38-year old man whose ECG was normal prior to receiving macimorelin but 
post-dose developed T-wave inversion and QTc prolongation between 440 to 490 ms.  The 
patient was asymptomatic but as he had new T-wave inversion, he underwent cardiac 
catheterization where clean arteries were noted.  This case was consulted to FDA’s QT-IRT 
review team as this development program had not included a tQT study.  Their 
recommendation was for a dedicated tQT study.

Nonclinical studies did not demonstrate an effect of macimorelin on hERG channels.  

Had the efficacy results from the single pivotal study establish the diagnostic accuracy of 
macimorelin, one could make an argument for not requiring the tQT study or require it post-
approval since macimorelin would be administered as a single dose and labeling could include 
exclusion of certain patients (e.g., history of long QT syndrome) or require monitoring during 
testing, especially in patients with concomitant medications affecting the QTc interval.

The review team has recommended that the company be required to conduct a tQT study prior 
to resubmission of this NDA.  I concur with this recommendation.  Such a study is not an 
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inordinate burden to conduct and I also note that this product is being investigated for multiple 
dosing in more chronic conditions for which a tQT study would be necessary.  Should the 
resubmitted NDA establish the efficacy of this product, a negative tQT study will provide 
further reassurance of its safety and effectiveness as a diagnostic. 

Conclusion and Overall Recommendation
In conclusion, I concur with the review team that diagnostic accuracy has not been established 
with macimorelin based on the results from the trial AEZS-130-047.  I would note that while 
the final protocol for this trial was agreed to under a special protocol agreement, the final 
results of the trial failed to meet the agreed-upon primary efficacy analysis and review of the 
data identified missing source records for which verification of cases could not be provided.  

I recommend a Complete Response for this NDA.
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in the Phase III study was subsequently modified and .  The 
biopharmaceuricals reviewer makes this recommendation on the basis of the fact that the
solubility profiles of the clinically tested and to-be-marketed formulation are similar and are
not expected to influence the bioavailability of macimorelin.

4. Nonclinical Pharmacology/Toxicology

The pharmacology/toxicology review8 recommends approval with no additional studies. The 
recommendation for approval is based largely on the lack of dose-limiting toxicity observed in 
oral studies. In rats (28-day study), the NOAEL of 1000 mg/kg/day was associated with an 
exposure of 163 ng.hr/mL for males (8X human exposure at the proposed human dose of 0.5 
mg/kg9) and 719 ng.hr/mL for females (36X human exposure for the same dose). In dogs (28-
day study) the NOAEL of 100 mg/kg/day was associated with an average macimorelin 
exposure of 1107 ng.hr/mL (55X) and 704 ng.hr/mL (35X) for males and females, 
respectively.

Macimorelin was not mutagenic or clastogenic in three in vitro assays (Ames, mouse 
lymphoma mutation assay and micronucleus assay). No in vivo genotoxicity assays were 
conducted. No alerts for mutagenicity or genotoxicity were identified in silico. The reviewer
comments that the single dose use of macimorelin and the resulting transient activation of GH
secretagogue receptor present minimal developmental or fertility risk to women of child baring 
potential.

No definitive carcinogenicity studies were conducted. The use of macimorelin as single dose 
is unlikely to pose a relevant carcinogenic risk to human subjects.

The reported excipients are commonly used and do not exceed the daily recommended
exposure levels.  Several impurities and degradants were identified and qualified.  

5. Clinical Pharmacology/Biopharmaceutics 

The clinical pharmacology review10 does not make a formal recommendation.  It states that the 
“the Clinical Pharmacology data for NDA 205-598 is acceptable” and does not recommend 
any additional studies.  

The pharmacokinetics of macimorelin was characterized in both healthy volunteers and GH 
deficient patients.  The reviewer concludes that the pharmacokinetics of orally administered 
macimorelin is not different between adult GHD patients and healthy controls; they are also 

                                                                                                                                                         
7 DARRTS 6/17/2014.
8 DARRTS 6/4/2014.
9 Systemic exposure at the 0.5 mg macimorelin/kg body weight dose is: AUC0-∞ = 20 ng hr/mL.
10 DARRTS 7/16/2014  and DARRTS addendum 8/7/2014.
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similar between males and females. The drug is relatively rapidly absorbed: After 
administration of a 0.5 mg/kg macimorelin dose Tmax was reached 0.5 to 4 hours later. Mean 
Cmax was 10.25 ng/mL.  The mean half-life (T1/2) was 3.56 hours in AGHD patients. The Cmax

and AUCt decreased by 54% and 49%, respectively, when macimorelin was administered 
concomitantly with a liquid meal. The drug is hepatically metabolized and, based on in vitro 
studies, CYP3A4 appears to be a major enzyme involved in the macimorelin metabolism. The 
applicant did not provide any information on macimorelin’s excretion.   

The macimorelin dose-response data were provided, but the data submitted were not 
considered sufficiently reliable by the clinical pharmacology team - and certainly not 
appropriate for labeling - because the study lacked the bioanalytical and validation 
documentation necessary for accepting the GH concentration data.  However, 
pharmacodynamic data (i.e. GH response) for the to-be-marketed dose of 0.5 mg/kg are
available in the clinical trial, and are illustrated in “Figure 5 Peak GH Concentration mITT” in 
the Efficacy Section.  Following macimorelin administration, GH response peaks between 33 
and 75 minutes.

6. Clinical Microbiology

The application was found to be acceptable from a microbiological perspective and a 
recommendation of approval was issued11. 

7. Clinical/Statistical- Efficacy

In order to interpret the efficacy results and provide historical context to the macimorelin
Phase 3 program, this memorandum will retrace the very complex drug development path this 
application has undergone from original study proposal to the current NDA. 

7.1 The original Ardana study (Protocol ARD-0705-001)

Following the advice provided by FDA at the pre-IND meeting, Ardana initiated a Phase 3 
clinical trial (Protocol ARD-0705-001) in 40 adult patients with documented GHD and 40 
healthy adult controls matched with respect to age, BMI, gender, and estrogen status (in 
women). The study used a 2-way crossover design. Patients were randomly divided into 2 
groups – one group received a single administration of GHRH-arginine stimulation test (a 
standard dose of 1 μg/kg GHRH as an IV bolus followed by a 30 minute IV infusion of L-
arginine 30 grams) followed one week later by a single administration of oral macimorelin 0.5 
mg/kg; the second group received the same treatments in reverse order. Samples for GH were 
drawn at each testing session and were sent for measurement at a central laboratory. There was 
no hypothesis testing.  The diagnostic performance of macimorelin was to be presented 
descriptively. The results of GHRH-arginine testing and macimorelin stimulation in GHD and 
matched control subjects were to be compared with respect to GH cut-points which 1) result in 

                                                
11 DARRTS 12/19/2013 and 11/6/2/2013.
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 Because GHRH-arginine testing cannot be conducted in the remaining 28 control 
patients, comparisons between macimorelin and GHRH-arginine performance should 
be relegated as secondary exploratory analyses, and any conclusions should take into 
consideration the question of whether the exiting 12 patients already tested can be 
considered representative of what the 40 cohort would have been. 

 Using the same diagnostic test (GHRH-arginine) to identify the adult GHD group as 
well as a comparator test could introduce bias when macimorelin is compared to. 
GHRH-arginine.  On the other hand, if the GHRH-arginine is being used a “truth 
standard” (i.e. identifies a population of interest in which performance of the new test 
can be evaluated), it can be considered adequate. 

 Diagnostic tests are developed to “help resolve difficult cases” and identify patients 
with the condition of interest. The current study appears to include subjects with 
known diagnostic status (GHD and non-GHD). Therefore, the possibility exists that 
the only conclusion one could draw from the test’s sensitivity/specificity levels is that 
the test does not misclassify subjects who are clearly not-GHD subjects. If the intended 
use of the test is to improve diagnoses in difficult cases, then a future study should 
enroll “more borderline” subjects.  

These concerns and criticisms were communicated to the applicant in a 4/13/2010 face-to-face 
meeting14. At the time the applicant was informed that Study AEZS-130-047 in its existing
form could not be considered a pivotal study for a future NDA.  

Several internal meetings took place between the FDA statistical team and the FDA statistical 
consultants to discuss options that would allow the macimorelin Phase 3 program to continue.  
A couple of modifications to the Phase 3 program were proposed and communicated to the 
applicant.15 Specifically, the applicant was advised the following:

 to change the focus of the clinical program away from a comparison between
macimorelin and GHRH-arginine because the program could not be completed as 
originally planned.

 to develop a new statistical hypothesis that should evaluate the response to 
macimorelin  relative to a “threshold value” that should be determined from data 
available in the literature describing GHRH-arginine performance.

 to enroll additional patients as necessary to power the study for the new analysis, 
and, given that the macimorelin Phase 3 program consists of a single clinical trial
and that the existing data have already been evaluated, the new hypothesis should 
be tested with a stricter alpha level of 0.01 (rather than the traditional 0.05).

 to retest “prospectively” all existing GH samples from patients and controls that 
received macimorelin and, if retesting  is not an option, the applicant was asked to 
provide information regarding “the data collection procedures originally 
employed.”

 to amend the study protocol to include the above changes.

The new statistical hypotheses were supposed to test the following:

                                                
14 DARRTS 4/26/2010.
15 DARRTS 6/24/2010.
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H0: AUC of macimorelin ROC < Threshold Value 
H1: AUC of macimorelin ROC > Threshold Value.

These recommendations were discussed in a face-to-face meeting16. The applicant agreed to 
drop the direct comparison between macimorelin and GHRH-arginine, and provided a 
reference17 in support of an AUC threshold value of 85% to be used in the new hypothesis 
testing. The applicant indicated that re-testing of samples was not an option due to lack of 
samples and concerns that repeat measurements may not be accurate after such a long storage 
time. The applicant agreed with the choice of an alpha level of 0.01 and also agreed with the 
addition of new subjects.

The actual source for the selection of the 85% threshold is reproduced below from the Cornelli 
et al. reference.  This study evaluated cut-offs with the highest combined sensitivity and 
specificity values in 322 patients with organic hypothalamic-pituitary disease and 318 control 
subjects across three BMI categories (lean, overweight, and obese).  The lower bound of the 
95% confidence interval for the area under the curve for peak GH response is highlighted for 
each subgroup.   

Following these discussions the applicant submitted an updated protocol for a Special Protocol 
Agreement.  The study was entitled, “A multi-center study investigating a new, oral Growth 
Hormone Secretagogue (GHS) (AEZS-130, formerly ARD-07) as a Growth Hormone (GH) 
Stimulation Test in terms of safety and efficacy”.  In this updated protocol the applicant:
 dropped the direct comparison of macimorelin to GHRH-arginine for any future subjects to 

be studied
 enrolled 4 additional subjects in each cohort (GHD and non-GHD subjects), which 

represents 10% of each original groups, while still planning to enroll non-GHD subjects as 
planned in the original protocol (proposed number of subjects: 30)

 proposed the one-sided hypothesis testing at the agreed alpha level of 0.01 using the agreed 
85% threshold. 

During the SPA review, the FDA statistician and the FDA statistical consultants discussed that 
the proposed new statistical analysis should allow for some degree of uncertainty regarding the 

                                                
16 DARRTS 9/27/2010.
17 Cornelli et al. The cut-off limits of the GH response to GH-releasing hormone-arginine test related to body 
mass index. European Journal of Endocrinology, 2005 153 257-264.
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results of the study, given the fact that the results of the Ardana data are known to the 
applicant. Therefore, the applicant was told that the number of new patients should be such 
that the new data they contribute, “if sufficiently negative, could cause the study to fail if 
combined with the existing data. If this were not the case, then the new data would have no 
value and there would be no reason to ask for it.” In response to the agency’s concerns the 
applicant proposed to change the number of new subjects to be enrolled from 4 per group (as 
proposed in the SPA application) to 10 per group, for a total of 20 additional subjects (please 
note that these subjects are in addition to the 30 controls also planned to undergo testing). 
After conducting simulations under this scenario, the FDA statistical reviewer found that 
“there is a chance that the new data could make the study fail in rejecting the null hypothesis 
(AUC ≤ 0.85)” and, therefore, the proposal was found to be acceptable18. 

Under the proposed statistical plan, a secondary endpoint would have to confirm that at least 8 
of the 10 newly enrolled adult GHD patients are correctly classified.  Secondary endpoints 
were to define cut-points for macimorelin with respect to sensitivity, specificity, and CART 
misclassification. All secondary analyses were to be evaluated using a two-sided alpha of 0.05.  

The FDA statisticians asked for additional clarifications regarding the rationale for selecting
the modified ITT (mITT) population for the primary efficacy analysis (the mITT population 
was defined as any subject who received macimorelin and had at least one post-treatment GH 
measurement between 45 and 75 minutes post treatment).  The applicant indicated that the 
goal of the modified ITT analysis was to include all patients who had a GH measurement at 60 
minutes, a time when the GH peak occurs following macimorelin administration. Once the 
applicant provided additional clarifications regarding missing data imputations, the SPA was 
found to be acceptable19.  A Special Protocol Agreement letter was issued on 12/17/2010.   

7.3 Efficacy review of pivotal study AEZS-130-047

Both the clinical20 and the statistical reviews21 recommend Complete Response, albeit for 
somewhat different reasons. The statistical reviewer indicates that the results of the Phase 3 
program do not provide enough evidence to support the efficacy claims proposed in this NDA.  
First and foremost, the primary efficacy analysis failed to achieve its pre-specified goal. In 
addition, the reviewer indicates that the test performed inconsistently when applied to different 
groups of subjects: previously enrolled vs. newly enrolled.  Because test cut-points were 
selected post hoc and from a single group of subjects, one has no confirmation that they will 
perform similarly when applied to another, independent group of patients. Finally, some 
imbalances in race and study site may have biased the results. The statistical reviewer
underlines the need for a confirmatory study in the intended patient population, a study in 
which the diagnostic cut-points will be pre-specified.  

                                                
18 Statistical Review: DARRTS 10/20/2010.
19 Statistical Review: DARRTS 12/15/2010.
20 DARRTS ..
21 DARRTS 7/9/2014
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The clinical reviewer recommends Complete Response less because of concerns of lack of 
efficacy, but rather because of data quality, which was judged to be “insufficient to 
recommend approval”.

As a basis for all these recommendations are the results of the pivotal trial AEZS-130-047. 
Therefore, this trial will be reviewed in some detail in this memorandum.  In its final 
configuration, the study enrolled 52 patients with GHD and 48 controls. The GHD group 
included 42 patients from the original Ardana dataset and 10 new patients. The control group 
was made of 10 subjects evaluated by Ardana and 38 new subjects (2 subjects short of the 
agreed number of 40 in the SPA). The macimorelin dose used in the study was 0.5 mg/kg 
given orally in the morning following a fasting period of at least 6 hours. GH sampling was 
carried out predose, immediately after study drug administration, and at multiple subsequent 
specific timepoints (i.e., 30; 45; 60; 75; 90; 120, and 150 minutes postdose).  Only peak GH 
levels were relevant for efficacy. The trial was conducted in 11 centers in the US.

Patients with GHD were included in the trial if they were adults and if they had a GHD 
diagnosis confirmed by one GH stimulation test (GHRH-arginine, insulin tolerance test, 
glucagon, or arginine) or by having multiple pituitary hormone deficiencies (MPHD) 
involving ≥ 3 pituitary hormones (TSH, ACTH, GnRH, and/or arginine vasopressin). Patients 
with MPHD also had to have an IGF-1 level below the lower limit of normal based on age and 
gender (in addition, if they were receiving supplemental hormone replacement therapy for 
hormone deficiencies other than GHD they had to be on stable doses). The diagnostic criteria 
implemented in the trial are in general consistent with current diagnostic standards for GH 
deficiency. Control patients were adults matched for gender, age, BMI and estrogen status 
(women only), a very reasonable choice given that GH secretion is affected by each of these 
variables (it declines with age, it is lower in obese patients, and estrogens are associated with 
some degree of GH resistance). 

The most common etiology for GHD was pituitary adenoma (62%), and the most commonly
associated hormone deficiencies were thyroid insufficiency (85%), gonadal  insufficiency 
(83%), followed by adrenal insufficiency (59%), and diabetes insipidus (21%). These findings 
are consistent with current clinical practice observations. 

Although each GHD patient was supposed to have a matched control, this could not be
accomplished for all 52 patients.  In fact, only 46 (88.5%) had matched control subjects on the 
basis of all three criteria of age, BMI, and sex/estrogen status. Two patients were matched for 
only 2 of the 3 criteria because perfect matching controls could not be found, and 4 patients 
(8%) had no matched control patients. Although it is difficult to estimate the potential impact 
of such missing data, it is likely to be negligible.

Primary efficacy analysis 

As agreed in the SPA, the primary efficacy analysis was conducted in the mITT population,
which was defined as all subjects who received macimorelin and had at least one GH 
measurement obtained between 45 and 75 minutes post-treatment (a time interval during 
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According to the statistical reviewer, the pre-specified primary efficacy analysis failed because 
the 99% lower bound for the one-sided CI for the AUC was .835, which is below the pre-
specified threshold of 0.85.   The results of the primary efficacy analysis were consistent with 
applicant’s results, but there are differences in the emphasis placed on this analysis between 
the applicant and the FDA statisticians. The applicant stresses the importance of the PP 
analysis which was associated with a lower bound of 0.8502 for of the 99% CI for the AUC, 
which is above the pre-specified threshold. Two patients made the difference between the 
mITT and the PP population. These 2 subjects were enrolled in the study during the initial 
phase conducted by the original sponsor, Ardana, and did not meet the entry criteria for 
GHD24. 

While the applicant argues that the PP population is the most relevant patient population for 
the ROC analyses because it includes only patients with confirmed GHD – a valid point - the 
truth and the fact remains that the protocol, the primary efficacy analysis and SAP have been 
discussed in depth by the applicant’s statistical team and the FDA over many teleconferences,
face-to-face meetings and written communications (most of them documented in this 
memorandum), and arguing after the fact that a different analysis is more appropriate when it 
fits the data better is not the most convincing proof of efficacy and does not live up to the 
standard of substantial evidence of effectiveness. 

Even if one were to embrace the PP analysis argument, detailed analyses conducted by Dr. 
Lubas in his Medical Review call into question the quality of some of the study data and the 
reliance on this analysis. During his review he noted that the applicant could not confirm the 
inclusion criteria for 13 subjects (excluding these subjects would have resulted in a failed PP 
analysis). After the late-cycle meeting the applicant identified data supporting the inclusion of
three of these patients, but could not access the original raw data generated by Ardana to 
confirm the remaining ten subjects.  Dr. Lubas also points out that 4 patients had GH 
measurements from plasma rather than serum samples, raising doubt about the accuracy of 
these measurements. In order to better understand the dataset Dr. Lubas also conducted 
multiple sensitivity analyses based on several post hoc assumptions (e.g. using on-trial data to 
establish the GHD status for patients with missing baseline information to confirm the 
diagnosis, changing the alpha level, etc.). Some of them confirmed efficacy, others did not.  
This lack of consistency does not provide reassurance of the robustness of the efficacy results. 
It should be noted that most data deficiencies discussed above seem to be related the transfer 
of information from Ardana to Aeterna Zentaris after Ardana went bankrupt and the 
availability of some of the data sources.  

Selection of a specific diagnostic cut-point for macimorelin as a GHD diagnostic test depends 
on accurate assignment of subjects to the GHD and non-GHD groups. Lack of clarity in group 
assignment at baseline calls into question the accuracy of the test and of any cut-points 
selected on the basis of this dataset. 

                                                
24 One subject (0608) had only two pituitary deficiencies rather than three, and the other subject (0609) did not 
have three pituitary deficiencies and a low IGF-1 or an GHRH-arginine stimulation test with a level below 4.1 
μg/L.  Following additional data requests and discussions with the applicant, Dr. Lubas was able to confirm that 
patient 608 had in fact GHD (on the basis of on trial data?) and that subject 609 was originally enrolled under 
erroneous inclusion criteria and was in fact GH sufficient.
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Concerns about selecting appropriate cut-point(s) are also raised by the statistical reviewer,
although on different grounds. She points out that cut-points were not pre-specified and using 
different approaches to look at the data may lead to different cut-points.  The statistical 
reviewer also expresses doubt that the sensitivity and specificity calculations made in Study 
AEZS-130-047 may not be reproducible in another study (i.e. in another cohort with similar 
baseline characteristics). Table 9 of the statistical review compares the test’s performance in 
previously enrolled and newly enrolled patients.  There are discrepancies in the sensitivity and 
specificity for both the 8.5 ng/ml threshold used for the primary efficacy analysis and for the 
2.7% cut-point . An 
accurate threshold (i.e. test) would be expected to perform well in any group of patients. 

To conclude, I am in agreement with both the statistical and clinical recommendations for
Complete Response. Demonstration of effectiveness for macimorelin as a diagnostic test for 
GH deficiency will require a confirmatory, prospective, controlled clinical trial. Such a trial 
should incorporate prospective testing of the  cut-points in order to confirm
their performance. The difficult question is whether such trial should be conducted in the same 
type of subjects studied in trial AEZS-130-047 (i.e. should the study compare test performance 
in confirmed GHD vs. non-GHD subjects), or if the trial should be conducted with the goal of 
addressing the test’s performance in patients for whom the GH status (sufficient vs. deficient) 
is unknown. I recommend this latter group of patients because they reflect the actual patient 
population in which GH stimulation tests are used in clinical practice. 

8. Safety

The only potential safety signal identified in the review of the macimorelin NDA was the 
occurrence of QT prolongation and inverted T waves in a subject who received macimorelin in 
the control group. Although this patient had a history of T wave abnormalities on a screening 
ECG one month prior to dosing, the ECG abnormalities observed post-macimorelin dosing
were concerning enough to the investigator to recommend taking the patient to the 
catheterization lab.  The patient’s coronaries were found to be fully patent and the ECGs 
changes not attributable to compromised coronary blood flow from atherosclerotic disease. At 
the time, the subject had a normal echocardiogram, no evidence of abnormal electrolytes and 
repeated measurements of cardiac enzymes were also normal. This patient was reported to the 
FDA during the study, and was reviewed by IRT.  Based on the determination that the QT 
prolongation is likely to be treatment-related, and labeled as such, the decision was made that a 
dedicated thorough QT study would be redundant. 
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After reviewing additional data submitted with the NDA, the clinical reviewer recommends 
that a thorough QT study should be performed. In his review Dr. Lubas notes that there were 
inconsistencies in the time course of the PK measurements (after an expected peak consistent 
with the known Tmax of the drug and a subsequent decline, there was an unexplained rebound).
The applicant has not been able to provide a satisfactory explanation of this finding. It is also 
conceivable that a drug-drug interaction with one of the concomitant medications that the 
patient was receiving (citalopram and trazadone, both CYP3A4 substrates) may have been 
responsible for this finding. 

9. Advisory Committee Meeting 

There was no Advisory Committee meeting for this application.

10. Pediatrics

Macimorelin received orphan drug designation from the Office of Orphan Products 
Development for the diagnosis of adult GHD on September 25, 2009 (designation request 
number 06-2255). Therefore, PREA does not apply to this application.

11. Other Relevant Regulatory Issues

The proposed proprietary name, Macrilen, was found to be “conditionally acceptable” by the 
Division of Medication Error Prevention and Analysis (DMEPA), and this decision was 
communicated to the applicant on 01/27/2014.

Financial disclosure documentation was reviewed by Dr. Lubas.  He notes that although 
investigators at 3 sites received small compensations as consultants, there was no clear 
evidence that the data contributed by these sites could have affected the study results. The GH 
serum measurements were performed at a central lab that was blinded to subject, treatment and 
timepoint, and the data analysis was performed by an independent CRO.

An Office of Scientific Investigations consult25 describes the result of inspections conducted at 
two US sites. Regulatory violations were noted at each of these two sites, which were issued a 
Form FDA-483 with a Voluntary Action Indicated (VAI).  The consult concludes though that 
the regulatory violations noted are unlikely to significantly impact primary safety and efficacy 
analyses and that the data from these sites are acceptable for use in support of the indication.

12. Labeling

                                                
25 DARRTS 9/9/2014
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Since the recommendation is for Complete Response, I have no labeling recommendation at 
this time. Recommendations were provided by the DMEPA for the proposed label 26, but their
implementation will need to await an “Approval” decision. Another DMEPA review found the 
container label and carton labeling to be acceptable from a medication error perspective27.

A REMS review was provided by DRISK who concurred with the Division that a REMS is not 
necessary for macimorelin to ensure that the benefits outweigh the risks28.

13. Recommendations/Risk Benefit Assessment

 Recommended Regulatory Action 

Complete Response: The Phase 3 program results do not provide enough evidence to support 
the efficacy claims proposed in this NDA.  

I am in agreement with the general recommendations made by the statistical team and the 
clinical team that there is a need for:

1) a controlled, confirmatory study that will evaluate prospectively the cut-points 
; this new study should be conducted in patients 

with suspected GH deficiency rather than in patients for whom the GH status 
(deficient vs. sufficient) is known

2) a thorough QT/QTc study to provide clear evidence whether the proposed dose 
prolongs a QT interval.  

 Risk Benefit Assessment

One cannot fully assess the risk benefit of macimorelin in absence of a robust demonstration of 
efficacy.

 Recommendation for Postmarketing Risk Evaluation and Management Strategies

Not applicable given the recommendation of Complete Response.

 Recommendation for other Postmarketing Requirements and Commitments

Not applicable given the recommendation of Complete Response.

 Recommended Comments to Applicant

                                                
26 DARRTS 2/26/2014.
27 DARRTS 8/11/2014.
28 DARRTS 7/03/2014.
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The final regulatory decision (CR) should be communicated to the applicant along with the 
requirement to conduct a confirmatory, prospective, controlled clinical study in patients with 
uncertain GH status. A thorough QT study is advisable and should be recommended.
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1 Recommendations/Risk Benefit Assessment

1.1 Recommendation on Regulatory Action

Complete Response- The quality of the data is insufficient to recommend approval. A 
confirmatory efficacy study is recommended. 

1.2 Risk Benefit Assessment

The macimorelin test has the potential to provide a safer, easier and equally accurate 
test for diagnosing Adult Growth Hormone Deficiency (AGHD). It involves drinking a 
solution containing macimorelin and drawing a single blood specimen 45 minutes later. 
In contrast, the other tests currently used to make this diagnosis, none of which have 
been approved by the Agency for this indication, all are associated with either a greater 
risk of hypoglycemia and/or require more extensive monitoring and blood sampling to 
make an accurate assessment:

 The ITT is contraindicated or impractical for patients with high risk of coronary 
disease, the elderly, or subjects with a history of seizure, requires multiple blood 
samples over 120 minutes, and involves the risk of severe hypoglycemia. 

 The Glucagon Test requires an intramuscular (IM) or subcutaneous (SQ)
injection, monitoring for Growth Hormone (GH) over at least 3 hours because the 
release of GH may be delayed as compared with other secretagogues, and 
requires caution for possible delayed hypoglycemia.

 The Arginine Test requires a 30 minute infusion, multiple blood samples over 150 
minutes, has been associated with tissue damage following local infiltration of the 
hypertonic acidic solution, and has been associated with hyperchloremic 
acidosis, cerebral edema and death following over dosage.

The safety profile associated with a single oral dose of macimorelin was in general 
benign. The most common adverse reactions reported were dysgeusia and diarrhea.
There was however, one potential safety concern revolving around QTc prolongation 
with T wave inversions seen in a single control patient. This patient was asymptomatic 
during the entire episode but was taken to the cath lab as a precaution because of 
concern over cardiac ischemia and found to have normal coronary arteries. This patient 
had a history of similar T wave inversions in earlier ECGs so the T wave changes may 
not have been related to the study drug. The primary concern, therefore, centered 
around the QTc prolongation. However, this case was confounded by the fact that this 
patient already had borderline QTc prolongation at baseline (QTc=440-459), the peak in 
QTc occurred several hours after the Tmax for macimorelin suggesting the increase 
was not related to the serum concentration of macimorelin, and this patient was on two 
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other drugs at the time that have been shown to prolong QTc. So it is not clear if the 
QTc prolongation was directly due to the use of the macimorelin in this patient or the
result of one of the other confounding factors. Nevertheless this medical reviewer 
believes that with appropriate ECG monitoring the macimorelin test could still be 
performed safely until a thorough QTc study is performed to clarify this issue. 

However, the problem with approving the macimorelin test for the proposed indication 
deals more with efficacy than safety concerns. This reviewer has concerns over the 
quality of the study data, and the ability to use the available data to determine an 
appropriate cut point to make the diagnosis. If the cut point is too high patients without 
AGHD could end up being treated with GH replacement unnecessarily and run the risk 
of GH related adverse reactions without getting any benefit from the medication. 
Alternatively, if the cut point is too low the test could result in patients with true AGHD 
going untreated for the condition.

The specificity and sensitivity from the macimorelin study data look similar (78 to 92%
see Table 5) to most of the other current tests currently recommended to diagnose 
AGHD (e.g. 79 to 93% for ITT, L-ARG+GEREF, and Glucagon, see Table 1). However, 
the applicant was not able to win on the prespecified primary endpoint an analysis of the 
mITT data set, including all subjects that received macimorelin and had at least one GH 
measurement between 45 and 75 minutes. The applicant argued while they agreed that 
they did not win on the primary analysis, that they did win using a post hoc Per Protocol 
(PP) analysis after excluding two patients (0608, and 0609) who they claim should have
been excluded because they did not have AGHD. The problem is the applicant should 
have shown due diligence and excluded patients who did not meet the predefined 
inclusion criteria of AGHD in the first place so they were not included in the locked 
dataset. As it turns out only one of the two patients the applicant was proposing to 
exclude (0609) did not have ADGH whereas the other one (0608) had confirmatory test 
results showing he did in fact have AGHD. It also turns out that the one patient that the 
applicant wanted to exclude who did not have AGHD (0609), was originally enrolled 
under mistaken inclusion criteria which were later incorrectly revised in the Case Report 
Form and the reason for the exclusion of this patient was not accurately conveyed to the 
Agency until the late cycle meeting. 

Adding to this medical reviewer’s concern over the quality of the rest of the data, the 
applicant informed the Agency during the middle of this medical officer’s review that 
they could not confirm the inclusion criteria used to enroll a total of 13 of the case 
subjects. Exclusion of all of these cases would have resulted in a failed PP analysis. 

Following the late cycle meeting the applicant informed the Division that they had 
identified additional data supporting the inclusion of three of these 13 patients. However 
for the rest of the patients the applicant was still not able to get access to the original 
raw data because the sites had closed due to bankruptcy and the only clinical 
investigator at one of the sites had passed away. The applicant instead chose to justify 
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the inclusion of these patients by making the point that after they had taken over control 
of the study from the original sponsor, Ardana, that they had taken it upon themselves 
to have monitoring visits at each of the sites. They argue that the monitoring visits would 
have picked up any discrepancy in the inclusion criteria as a violation and no such 
violations were reported to them from these monitoring visits at these specific sites. 
However, this medical officer’s review of the data the applicant submitted on the 
monitoring reviews of these patients identified one patient, 0701, who had only two 
pituitary hormone deficiencies and was receiving two hormone replacements which 
would have been inadequate inclusion criteria for an AGHD diagnosis and yet this 
patient was not been picked up as an eligibility criteria violation by the review, raising 
doubt on the effectiveness of the monitoring review. When asked about this the 
applicant stated that they were assuming the source documents included a GH 
stimulating test which supported this patients eligibility but that unfortunately such 
information was not included in the monitoring review. They however admit that they are 
still trying to get access to the site data to confirm this speculation.

Assuming the optimal PP dataset should include only cases with true diagnoses and 
controls without AGHD, the applicant also acknowledged at the late cycle meeting that 
there was one additional case that they did not take into account in their PP analysis 
who was inappropriately enrolled in the case group (0307) and who did not have ADGH 
according to the inclusion criteria. Therefore, supporting the fact that the PP analysis 
they originally proposed was not the correct Per Protocol analysis.

With respect to data quality there was also an issue over whether subject 0609 had 
serum samples for analysis as Clin Pharm had determined that the GH assay was not 
reliable when assayed on plasma samples.  The applicant informed the Agency at the 
late-cycle meeting that the information they submitted in the original submission stating 
that patient 0609 did not have an available serum sample and so a plasma sample had 
to be used for the GH determination was incorrect and that all patients had GH data 
derived from serum samples. Following the late cycle meeting the sponsor reviewed all 
of their original source data and confirmed that subject 0609 did have her GH 
measurement from a serum sample but that they were incorrect that all patients had GH 
measurements from serum samples as they identified that four different subjects (0603, 
0604, 0801, and 0802) did not have serum samples available from the macimorelin 
treatment arm and so their assays were performed on unreliable plasma samples.

A final reason for concern about data quality comes from the study sites which were 
inspected and received VAI classifications for “inaccurate record keeping” or “record 
issues” and the high rate for time schedule or procedural deviations reported 
(30/53=57% cases and 35/48=73% control subjects). Time reporting is especially 
important in this submission as the applicant is using their data to suggest that for this 
diagnostic test a serum measurement at 45 minutes is as accurate as all of the
measurements between 30 and 60 minutes. 
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While a proper Per Protocol analysis could still not be performed by the Agency as we 
cannot confirm the correct inclusion criteria were used to enroll at least ten of the case 
subjects, a reanalysis of the data excluding only the two patients included in the mITT 
data set who we now know for sure did not have AGHD (0609 and 0307) would have 
resulted in an acceptable AUC ROC just at the prespecified lower threshold of 0.85. 
However, also excluding the four subjects (0603, 0604, 0801, and 0802) who had GH 
measurements from unreliable plasma samples would have made the result not 
statistically significant. Therefore, given the concern over the quality of the study data it 
seems prudent to recommend the applicant perform a confirmatory study and this time 
make a greater effort to ensure the appropriate inclusion criteria are used to identify 
only clear cut study cases and that serum samples for GH measurement are taken from 
all subjects. 

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies

None

1.4 Recommendations for Postmarket Requirements and Commitments

Thorough QTc study.

2 Introduction and Regulatory Background

2.1 Product Information

The most common cause of growth hormone deficiency (GHD) in adults is a pituitary 
adenoma or treatment of the adenoma with surgery or radiotherapy. Idiopathic GHD in 
adults is very rare. While growth rate can be used to identify GHD in children, adults 
present with nonspecific symptoms such as a relative increase in fat mass compared to 
muscle mass, decreased energy and decreased quality of life making the diagnosis 
much more difficult in adults. It is reasonable to accept a diagnosis of GHD in the 
presence of panhypopituitarism and low serum insulin-like growth factor 1 (IGF-1) 
levels, however as the number of pituitary hormone deficiencies decreases this 
becomes more difficult so that in adults with fewer than three hormone deficits a GH 
stimulation test is recommended to make the diagnosis. In addition, in patients with 
idiopathic GHD there is a higher false-positive error rate so two positive tests are 
recommended to make the diagnosis.  While measurement of low IGF-1 levels can be 
helpful in predicting GHD deficiency, random GH levels are not, as GH is secreted in an 
episodic manner. To deal with this, diagnostic tests for GHD have used agents to 
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stimulate GH secretion. The insulin tolerance test (ITT) is the gold-standard test for 
diagnosing adult GHD (cut-pt=5.0 µg/L, ROC 92% specificity, 95% sensitivity1), however 
as it works by producing hypoglycemia, it is contraindicated in patients with known or at
high risk for coronary artery disease, in patients with a history of seizures, and in the 
elderly. Therefore there have been attempts to identify other useful tests for the 
diagnosis of GHD that can be used more safely in the general population. The [L-ARG + 
GHRH] test, is one such test. This test utilizes Geref a GHRH analog2 in combination 
with a 30-minute continuous intravenous infusion of L-Arginine to stimulate GH 
secretion from the pituitary. Using a cut-pt of 4.6 µg/L, this test has an ROC specificity
of 85%, and sensitivity 95% 3 which is a slightly lower specificity at the same level of 
sensitivity (i.e. 95%) as the ITT. However Geref was removed from the commercial 
market in the US in 2008 and is no longer available do to a business decision by EMD 
Serono as the active ingredient used to produce the diagnostic was no longer being 
manufactured. The performance of other GH stimulation tests such as the [ARG + L-
DOPA], L-ARG alone, L-DOPA alone, or measurement of IGF-1 levels have been 
shown to have less discriminating power (ROC specificity in the range of 6 to 62% at 
the same level of sensitivity of 95%)4. 

Therefore, the Endocrine Society currently recommends glucagon as the best GH 
stimulation test when the ITT is contraindicated or not practical for a given patient5.

However the glucagon test has its own limitations. When glucagon is used as a 
stimulation test, the release of GH may be delayed as compared with other 
secretagogues, and monitoring for GH is recommended over at least 3 hours. The 
mechanism by which glucagon stimulates GH is not entirely clear and may involve 
secondary stimulation of endogenous insulin release. This requires caution in 
monitoring glucose and checking for possible delayed hypoglycemia for added safety. A 
recent analysis comparing the glucagon stimulation test to the ITT showed that using a 
cut-pt of 2.5 µg/L, can give acceptable results, (79% specificity at 95% sensitivity for the 
diagnosis of GHD with14% of cases discordant with the ITT results6).

More recently there has been interest in the use of ghrelin mimetic GH secretagogues, 
of which AEZS-130 (macimorelin; formerly ARD-07 or EP 01572) is an orally active 
example. Ghrelin is present in large amounts in the stomach and when injected 
intravenously induces GH release. Intravenous ghrelin demonstrated dose-dependent 
stimulation of GH release with no significant adverse effects at doses up to 500 μg. 

                                           
1 Biller at al. J Clin Endocrinol Metab May 2002. 87(5):2067-2079
2  [Geref (sermorelin acetate) is an amidated synthetic 1-29 amino acid peptide corresponding to the 
amino terminal of the 44 amino acid GHRH]
3 Biller at al. J Clin Endocrinol Metab May 2002. 87(5):2067-2079
4 Biller at al. J Clin Endocrinol Metab May 2002. 87(5):2067-2079
5 Molitch et al. J Clin Endocrinol Metab, June 2011, 96(6):1587–1609
6 Berg C1, Meinel T, Lahner H, Yuece A, Mann K, Petersenn S. Eur J Endocrinol. 2010 Mar;162(3):477-
82. doi: 10.1530/EJE-09-0824. Epub 2009 Dec 8. Diagnostic utility of the glucagon stimulation test in 
comparison to the insulin tolerance test in patients
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Macimorelin exhibits binding characteristics similar to ghrelin at the cloned human
growth hormone secretagogue receptor, GHS-R1, and to pituitary and hypothalamic 
membrane preparations. Studies comparing macimorelin to the [L-ARG + GHRH] test
were originally initiated by Ardana Bioscience, Ltd. (Edinburgh, United Kingdom), but 
were terminated due to insolvency in the company before the study (Protocol ARD-
0705-001) was complete. On 04 August 2009 Aeterna Zentaris assumed sponsorship of 
this application and reactivated US IND 73,196. They indicated at that time their intent 
to complete a pivotal study and to file a NDA seeking approval for macimorelin as a 
diagnostic for adult GHD. 

2.2 Tables of Currently Available Treatments for Proposed Indication

Table 1 Peak GH cut-points for Diagnosis of Adult GHD in Currently Used Tests
Test
(95% Sensitivity  
ROC)

Cut-point Positive Predictive  
Value

Specificity

ITT† 5.0 93% 92%
L-ARG + Geref† 4.6 88% 85%
Glucagon†† 2.5 86% 79%
L-ARG† 1.4 75% 62%
†Source Biller Biller et al. J Clin Metab May 2002, 87 (5):2067-2079,
††Source Berg et al. Eur J Endocrinol. 2010 Mar;162(3):477-82.

2.3 Availability of Proposed Active Ingredient in the United States

Macimorelin is not currently available in the US.

2.4 Important Safety Issues With Consideration to Related Drugs

Theoretically the side effects of GH secretagogues should be similar in character to GH 
treatment, but possibly milder and less frequent7. Such side effects include fluid 
retention, with peripheral edema (40% of patients), arthralgias (20% of patients), and 
carpal tunnel syndrome (10% of patients), increased fasting glucose levels, and less 
frequently headache, tinnitus, and benign intracranial hypertension.

                                           
7 Clin Interv Aging. 2008;3(1):121-9.Growth hormone (GH)-releasing hormone and GH secretagogues in normal aging: Fountain of 
Youth or Pool of Tantalus?
Hersch EC1, Merriam GR.
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The following adverse reactions were reported with an oral ghrelin mimetic, ibutamoren 
(MK-677)8 25mg given to healthy volunteers over 60 years of age daily for 12 to 24 
months. 

Adverse reaction Placebo ibutamoren P-value
Increased appetite 8/22=36% 29/43=67% 0.033
Transient muscle pain 2/22=9% 14/43=33% 0.076
Joint pain 17/22=77% 25/43=58% 0.20
Mild transient edema 6/22=27% 19/43=44% 0.30

The following adverse reactions were reported after a single IV dose of the ghrelin 
mimetic, hexarelin9 to healthy subjects: transient flushing 5/12=42% at the highest dose 
tested 2 µg/kg, and sweating in 1/12=8% at an intermediate dose of 1 µg/kg.

Although these AEs may be representative of this pharmacological class, they were not 
observed following single oral dosing with macimorelin.

3 Ethics and Good Clinical Practices

3.1 Submission Quality and Integrity

There are several concerns which point to the general poor quality of the study data. 
 The applicant is not able to identify source data confirming the inclusion criteria 

used to make the AGHD diagnoses of a number of the case subjects.
 The original submission stated that four patients (0105, 0304, 0306, and 0609) 

did not have serum samples drawn for GH measurements during one of the 
testing periods, although only one of the cases was during the macimorelin 
treatment arm (subject 0609). At the late cycle meeting the applicant informed 
the Agency that this statement in the original submission was incorrect and that 
in fact all patients including subject 0609 had GH measurements taken from 
serum samples during the macimorelin treatment arm and that they would 
confirm this in a subsequent submission. After the late cycle meeting the sponsor 

                                           
8 Effects of an oral ghrelin mimetic on body composition and clinical outcomes in healthy older adults: a randomized trial. Nass 
R, Pezzoli SS, Oliveri MC, Patrie JT, Harrell FE Jr, Clasey JL, Heymsfield SB, Bach MA, Vance ML, Thorner MO. Ann Intern Med. 
2008 Nov 4;149(9):601-11.

9 Growth hormone-releasing activity of hexarelin in humans. A dose-response study.
Imbimbo BP, Mant T, Edwards M, Amin D, Dalton N, Boutignon F, Lenaerts V, Wüthrich P, Deghenghi R. Eur J Clin Pharmacol. 
1994;46(5):421-5.
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reviewed all of their source data and confirmed that subject 0609 did have her 
GH measurement from a serum sample but that they were incorrect that all 
patients had GH measurements from serum samples as they identified that four 
different subjects (0603, 0604, 0801, and 0802) did not have serum samples 
available from the macimorelin treatment arm and so their assays were 
performed on plasma samples. Note, the data from these four patients is not 
useful for the efficacy analysis as Clin Pharm has determined that the GH assay 
is not reliable when performed with plasma samples.

 ECGs which were reviewed from subject 0930 showed that the time reported by 
the machine had been scratched out and a different time inserted by hand. Four 
of the ECGS were taken over a two hour period and so should probably have 
been recorded on the same machine but the difference between the scratched 
out time still visible in two cases and the time written in on the report was 14
minutes in one case and 52 minutes in the other case. If there had been a simple 
correction for a clock error on the ECG machine the reported difference would 
have been expected to be the same for all of the hand written times. 

 The two study sites which were inspected received VAI classifications for 
“inaccurate record keeping” or “record issues”. 

 Time schedule or procedural deviations were reported for 30/53=57% cases and 
35/48=73% control subjects (source Table 14.1.4). 

3.2 Compliance with Good Clinical Practices

Clinical inspections at the Swerdloff site resulted in a 483 for protocol deviations and 
inaccurate record keeping. Nothing alarming was found and it was given a Voluntary 
Action Indicated (VAI) classification. 

Clinical inspections at the Garcia site resulted in a 483 for not destroying all unused 
supplies and some minor record issues. It was also classified VAI.

The fact that the original sponsor, Ardana, did not keep adequate records of baseline 
inclusion criteria for subjects enrolled in the trial which the new sponsor could not 
retrieve argues that good clinical practices were not appropriately followed.
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 Dr  site ( ) enrolled 10 cases of which 9 were confirmed by macimorelin 
testing taking into account BMI or 8 were confirmed without taking into account 
BMI. 

 Dr.  site ( ) enrolled 3 cases all of which were confirmed by 
macimorelin testing. 

 Dr.  site ( ) enrolled 2 cases both of which were confirmed by 
macimorelin testing and 19 controls of which only one would have been 
misdiagnosed by macimorelin testing. 

Medical officer’s comments-
The serum results were performed at a central lab blinded to subject, treatment 
and timepoint, and the data analysis was performed by an independent CRO, so 
it would have been difficult for the individual investigators to affect the study 
results. While two of the controls in Dr.  group had unusually high GH 
levels compared to the other controls (see red oval in Fig. 2), in general it is not 
possible to see a clear difference in GH distribution between cases and controls 
at the three sites with financial disclosures (see Case=1 in Fig. 2) versus the 
other 8 sites without any financial disclosures (see Case=0 in Fig. 2). It is this 
medical officer’s conclusion that there is no clear evidence from the current data 
to conclude that financial interests affected the study results. 

Figure 2 GH Concentration by Cohort and Group of Study Sites with no Financial 
Disclosures Case=0 vs. Monetary Financial Disclosures Case=1
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on target activity. Most of the animal toxicity studies were performed using the IV route 
even though the drug is to be given orally in humans, due to the low oral bioavailability 
in rat and dogs, i.e. < 1%. Hypersensitivity reactions were seen with IV dosing in dogs at 
10mg/kg but not with oral dosing of up to 40mg/kg at 18 times the maximal 
recommended human dose. 

Rats had neurological toxicity (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) and respiratory toxicity 
(increases in respiratory rates, tidal volumes and minute volumes and decreased 
inspiratory - expiratory times and peak inspiratory flow) after IV dosing of ≥10mg/kg. 
The NOAEL for these was 1 mg/kg, 61 ng.hr/mL, AUC 0-last = 3x the recommended 
human dose of 0.5mg/kg.

Dogs had cardiovascular (rapid, but transient episodes of hypotension (10 mg/kg) 
characterized by increased heart rate, decreased blood pressure, and increased carotid 
blood flow) and respiratory toxicity (increases in respiratory rate and minute volume, 
decreases the tidal volume and shortened inspiratory and expiratory times) after IV 
dosing of ≥10mg/kg. The NOAEL for these was 1 mg/kg, 300 ng.hr/mL, AUC 0-last = 
15x the recommended human dose of 0.5mg/kg.
Target organs of toxicity were not identified during the pivotal 28 day repeat dose oral
toxicity studies in rats (1000mg/kg) and dogs (100mg/kg). The NOAEL for oral dosing of 
1000 mg/kg/day (High Dose) is associated with an exposure of 163ng.hr/mL (8X) and 
719ng.hr/mL (36X) for male and female rats, respectively and 1107ng.hr/mL (55X) and 
704ng.hr/mL (35X) for males and female dogs, respectively. 

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. The mechanism underlying the loss 
of the pharmacodynamic activity of macimorelin in the dog is unclear. 

The Pharmacology/Toxicology review performed by Dr. Jeffrey Quinn found the 
nonclinical findings support the proposed human dose and recommended approval of 
the submission. 

4.4 Clinical Pharmacology

The Office of New Drug Quality Assessment completed the Biopharmaceutics review of 
this NDA and recommended an approval and granting a bio-waiver for the AEZS 
formulations.
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4.4.1 Mechanism of Action

Macimorelin acetate (AEZS-130) is a synthetic, peptidomimetic which stimulates the 
release of GH by binding to ghrelin receptors in the hypothalamus and pituitary.

4.4.2 Pharmacodynamics

In the PPS population, the mean maximal observed GH serum concentration (Cmax) 
was 2.36 ng/mL in AGHD patients and 17.71 ng/mL in matched controls. The Tmax was
0.62 hour after oral administration of macimorelin in AGHD patients and 0.72 hour in 
matched controls. Plotting the GH data for both the macimorelin and L-ARG + GHRH 
tests gives very similar results for the AGHD cases.

Figure 3 GH Concentration in Cases and Matched Controls over Time with 
Macimorelin Test vs. L-ARG+GHRH Test
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Case (Macimorelin n=52, LARG+GHRH n=43), Controls (Macimorelin n=48, LARG+GHRH n=10)

4.4.3 Pharmacokinetics

Figure 4 Plasma Macimorelin Concentrations over Time after a Single Oral Dose
of 0.5mg/kg

Plasma concentrations of macimorelin following a single oral dose did not differ
significantly between the case and control subjects. The mean maximal observed 
macimorelin plasma concentration (Cmax) was 10.25 ng/mL in AGHD patients (n = 10) 
and 11.50 ng/mL in normal controls (n=38). The mean time to reach maximal observed 
concentration (Tmax) was 1.2 hours after oral administration in AGHD patients and 0.82 
hours in normal controls. The t½ was 3.56 hours in AGHD patients and 2.77 hours in 
normal controls. After administration of a liquid meal, macimorelin Cmax and AUCt 
decreased by 54% and 49%, respectively, in healthy volunteers.

Metabolism occurs via CYP3A4 in the liver. The applicant did not submit information 
about macimorelin’s excretion. No preclinical data about distribution and excretion was 
provided either. 
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5 Sources of Clinical Data

NDA 205598 GlobalSubmit Review
0000 SDN 1 11/5/13 Original submission with clinical study data
0005 SDN 6 2/14/14 Clinical-Resubmission of clinical data with appropriate labels for 
data files
0006 SDN 7 3/7/14 Clinical- CRFs requested for pts 0302, 0307, 0608 and 0609
0007 SDN 8 3/12/14 Clinical- Additional ECG info requested for pt 930
0008 SDN 9 4/11/14 Clinical Pharmacology- Response to info request
0012 SDN 13 5/23/14 Stats-Response to Midcycle review questions from biometrics
0013 SDN 14 6/26/14 Clinical- Response to info request-Study AEZS-130-047: 
Individual Baseline Characteristics and response to FDA additional information request
about verification of inclusion criteria for cases-(partial results)
0014 SDN 15 6/30/14 Clin Pharm- Response to info request
0015 SDN 16 7/3/14 Clinical- Response to info request Study AEZS-130-047: Individual 
Baseline Characteristics and response to FDA additional information request-(additional
results, updated table summarizing confirmed inclusion criteria, see appendix). 
0018 SDN 19 8/1/14 Clin Pharm- Response to information discussed at the late cycle 
meeting
0019 SDN 20 8/12/14 Clinical- Response to questions discussed at the late cycle 
meeting dealing with the ability of the applicant to confirm that appropriate inclusion 
criteria had been used to enroll study cases 0627, 0628 and 0629 
0020 SDN 21 8/20/14 Clinical- Response to questions about the timing of the GH 
stimulation tests performed for subjects 0307 and 0629, and about the monitoring 
review of inclusion criteria for subject 0701
0021 SDN 22 8/26/2014 Chem- Response to info request about . 
0022 SDN 23 9/2/2014 Clin Pharm- Response to information discussed at the late cycle 
meeting dealing with GH testing on plasma samples.
0023 SDN 24 9/8/2014 Clin Pharm- Response to information on plasma samples used 
for GH measurements in four patients without serum samples 
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the applicant about the correct diagnoses for certain case subjects and the 
corresponding control subjects. 

5.3 Discussion of Individual Studies/Clinical Trials

Study Design of the Pivotal Trial
Protocol ARD-0705-001/AEZS-130-047 was initially designed as a randomized two-
period cross-over study comparing confirmed adult GHD patients diagnosed by 

 a low [L-ARG + GHRH] test (i.e. peak GH < 4.1 µg/L) or 
 medical history of 3 or more pituitary hormone deficiencies (i.e.TSH, ACTH, 

GnRH, vasopressin) and a low IGF-1 level  relative to normal controls matched 
by age, gender BMI and estrogen status (females only).  

Forty adult GHD patients and 40 matched normal controls were to receive a 
standardized [L-ARG + GHRH] test or macimorelin test (0.5mg/kg) in random order at 
least one week apart. At the time the study was terminated by Ardana Bioscience due to 
financial insolvency, 42 adult GHD patients and 10 matched controls had completed the 
crossover treatments. By the time the study was resumed under the sponsorship of 
Aeterna Zentaris, Geref (GHRH) had already been withdrawn from the US market in 
2008 and no comparative agent was available to continue the cross over study design.
After a series of discussions with the Agency, a revised open-label protocol was 
accepted under the Special Protocol Assessment which called for the following 
changes:

1. Thirty normal control subjects matching adult GHD patients who completed the 
original protocol were to be enrolled under the amended protocol and to be 
tested with macimorelin and the diagnostic accuracy of macimorelin would be 
established comparing the two groups using a one-sided significance level of 
0.01, and a threshold of 0.85 for the ROC AUC as the primary endpoint.

2. In addition 20 newly enrolled additional subjects were to be tested with 
macimorelin:

o 10  adult GHD patients diagnosed by 
 Multiple pituitary hormone deficiencies (MPHD) with deficiencies in 

≥ 3 hormones (including TSH, ACTH, GnRH, and/or AVP) and a 
low IGF-1 level adjusted for age and gender.

 or using one of the following stimulation tests with the following cut-
points:

 L-ARG + GHRH (cut-point <4.1 μg/L)
 ITT (cut-point <5.0 μg/L)
 Glucagon (cut-point <3.0 μg/L)
 Arginine (cut-point <0.4 μg/L) 

o and 10 matched, normal control subjects. 
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3. As a new secondary endpoint at least 8 of the 10 newly enrolled adult GHD 
patients needed to be correctly classified using a protocol pre-specified peak GH 
concentration threshold of 8.5 μg/L, with the caveat that whether the pre-
specified threshold of 8.5 μg/L was clinically reasonable would be a review issue. 

All subjects were to receive a single oral administration of 0.5 mg/kg macimorelin in the 
morning following a fasting period of at least 6 hours. Sampling for GH was done 
predose (-30 to -15 minutes), immediately after study drug administration (0 minutes) 
and 30; 45; 60; 75; 90; 120, and 150 minutes post study drug administration. Sampling 
for IGF-1 was done at Screening, predose (-30 to -15 minutes) and at 150 minutes post 
dosing. Efficacy was to be determined based on peak GH levels.

Inclusion criteria (including but not limited to:)
AGHD subjects

 18 years of age or older

 Confirmed GH deficiency in adulthood by the one of the following stimulation tests
with the following cut-points:

- L-ARG + GHRH (cut-point <4.1 μg/L)
- ITT (cut-point <5.0 μg/L)
- Glucagon (cut-point <3.0 μg/L)
- Arginine (cut-point <0.4 μg/L)

or
MPHD with deficiencies in ≥ 3 pituitary hormones –The 4 hormone 
deficiencies that qualified subjects were TSH, ACTH, GnRH, and AVP. 
Subjects who qualified for the study based on the MPHD criteria must also 
have had a IGF-1 below the lower limit of normal based on age and 
gender. 

 Three months of stable treatment for those subjects who required hormone 
replacement therapy for hormone deficiencies other than GHD or women on 
estrogen therapy for any reason.

 Subjects with hypogonadism were to be treated with sex steroid replacement 
therapy, excluding women over 50 years of age.

Control Subjects
 18 years of age or older with history of normal growth and development

 Normal serum prolactin concentrations

 Females should have had a history of regular, age-appropriate menses
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 Males should have had normal serum testosterone concentrations

 Matched adult GHD patient in terms of sex; age (± 5 years); BMI (±2 kg/m2); and 
estrogen status (women only)

 GHD patients < 50 years old on oral estrogen therapy were matched to control 
subjects who were also taking estrogen (as an oral contraceptive or for 
replacement). The route of estrogen administration (e.g., oral versus transdermal) 
was also to be matched.

 MPHD patients ≥ 50 years old with untreated estrogen deficiency were matched to 
female control subjects who were not receiving estrogen

Glucagon and Arginine testing for adult GHD were added as part of Amendment No. 5 
13 Jan 2011 during the study. 

Given that the [L-ARG + GHRH] test was no longer available after 2008, study 
evaluation and statistics were revised and expanded to reflect discussions with the FDA 
resulting in revised criteria for matching adult GHD and control subjects Amendment 
No. 4, dated 20-Dec-2010.

Medical officer’s comments-
The applicant was asked to verify the inclusion criteria used to identify the case 
subjects as part of this NDA review. In their July 3, 2014 submission they were 
able to identify source documents for all but 13 of the AGHD subjects (see 
appendix). In their August 12, 2014 submission in response to discussions at the 
late cycle meeting, the applicant submitted prestudy data for three additional 
subjects 0627, 0628 and 0629 supporting a diagnosis of AGHD. For the other ten
subjects, the applicant conceded that they were not able to get access to the 
original raw data in order to confirm that appropriate inclusion criteria had been 
used to identify the cases of AGHD, because the sites had gone bankrupt and in 
one case the sole clinical investigator at the site had passed away. Instead, the 
applicant tried to justify the use of these patients in their efficacy analysis by 
stating that they had arranged for monitoring visits at these sites after they had 
taken over control of the study from Ardana and that patient data for these 
subjects would had been reviewed at that time. They emphasize that they would 
have expected the monitoring review to have picked up any eligibility criteria 
violation if that had existed. However, this medical officer’s review of the data the 
applicant submitted on the monitoring reviews of these patients identified one 
patient, 0701, who had only two pituitary hormone deficiencies and was receiving 
two hormone replacements which would have been inadequate inclusion criteria 
for an AGHD diagnosis and yet this patient was not been picked up as an 
eligibility criteria violation by the review, raising doubt on the effectiveness of the 
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monitoring review. When asked about this the applicant stated that they were 
assuming the source documents included a GH stimulating test which supported 
this patients eligibility but that unfortunately such information was not included in 
the monitoring review. They however admit that they are still trying to get access 
to the site data to confirm this speculation.

Exclusion criteria (including but not limited to:)

AGHD patients
 Untreated hypothyroidism
 Active Cushing’s disease
 Intracranial lesions stable for < 12 months
 GH therapy within 1 month of study entry (subjects may have been washed out from 

previous GH therapy and then screened for other entry criteria; in such instances the 
period from signing informed consent to dosing may have been extended to allow for 
this washout)

 Clinically significant cardiovascular or cerebrovascular disease
 Clinically relevant ECG abnormalities (including QT/QTc interval > 450 ms) at any 

time prior to dosing at visit 2 or treatment with any drugs that might prolong QT/QTc
 Renal or hepatic dysfunction > 3xULN AST, ALT, or γ-GT; creatinine > 2xULN
 Pregnancy or lactation
 Current active malignancy other than non-melanoma skin cancer

Control Subjects
 Clinically relevant ECG abnormalities (including QT/QTc interval > 450 ms) at any

time prior to dosing at visit 2 or treatment with any drugs that might prolong QT/QTc

Medical officer’s comment-
Note subject 0903 patient, who had QTc prolongation noted during the study, also 
had baseline elevated QTc ranging from 440 to 459 depending on the formula used
for the heart rate correction and was on two drugs known to prolong the QT interval.

6 Review of Efficacy

Efficacy Summary

Receiver Operating Character (ROC) Plots provide a graphic display of the entire 
spectrum of a test's performance for a particular sample group of affected and 
unaffected subjects10. It is a "test performance curve," plotting all the 

                                           
10 NCCLS guideline- Assessment of the Clinical Accuracy of Laboratory Tests Using Receiver Operating 
Characteristic (ROC) Plots; Approved Guideline Dec. 1995
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sensitivity/specificity pairs resulting from continuously varying the decision threshold 
over the entire range of results observed, so sensitivity improves at the expense of 
specificity, or vice versa. Therefore, the ROC plot provides a general, global 
assessment of performance that is not provided when only one or a few 
sensitivity/specificity pairs are known. The SPA designated that the primary endpoint 
would be a one sided test based on ROC AUC ≥ 0.85 at the alpha=0.01 level.  

ROC plots may also be used to select decision thresholds for particular clinical 
applications of the test, but how cut points were to be chosen was not prespecified in 
either the SAP or SPA. In their analysis the applicant chose cut points that led to the 
fewest misclassifications. 

According to the SPA the prespecified primary analysis was to be performed on the 
mITT data set, which includes all subjects that received macimorelin and had at least 
one GH measurement between 45 and 75 min. The applicant did not win on this 
analysis as the lower bound of the ROC AUC was 0.835 or 0.845 adjusting for BMI, 
both less than the prespecified value of 0.85. That said had the analysis been 
performed at the two sided 95% CI level, which is the way it is more typically done, the 
value was 0.849 which would have rounded up to 0.85 and just barely made the 
prespecified lower bound. However, the reason the one sided 99%CI level was chosen 
by the statistical team and agreed to by the applicant was because the applicant had 
already taken a partial look at the data generated by the original sponsor at the time the 
SPA was being negotiated. 

According to the SPA all patients who did not meet the entry criteria for AGHD but were 
enrolled as cases in the study would be designated as major protocol deviations and 
excluded from a Per Protocol (PP) analysis. Such major protocol deviations were to be 
documented prior to database lock.  The applicant identified two such major protocol 
deviations, subjects 0608 and 0609 and they were excluded from their PP analysis 
because they did not meet the inclusion criteria for AGHD. The applicant would have 
won on this particular PP analysis with the lower bound of the ROC AUC at 0.850 or 
0.853 adjusting for BMI, but this is a moot point as this medical reviewer disagrees that 
that exclusion of these two patients is the appropriate PP analysis.  As it turns out only 
one of the two patients the applicant was proposing to exclude (0609) did not have 
ADGH whereas the other one (0608) had confirmatory test results showing he did in 
fact have AGHD. It also turns out that the one patient that the applicant wanted to 
exclude who did not have AGHD (0609), was originally enrolled under mistaken 
inclusion criteria which were incorrectly revised in the CRF and the reason for the 
exclusion of this patient was not accurately conveyed to the Agency until the late cycle 
meeting.

Because of the medical review team’s concern over the consistent application of the 
inclusion criteria used by the applicant to diagnose AGHD, the applicant was asked to 
submit a table listing all pituitary GH deficiencies, and baseline IGF-1 levels for each of 
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the case patients and to clarify which diagnostic criteria were used to make each 
diagnosis. This table received in the July 3, 2014 submission, SDN 16 (see appendix),
confirmed that one other patient, 0307, had been inappropriately included in the case 
group because his GH level exceeded the level for the arginine test used to make his 
diagnosis. This table also showed that the applicant did not have confirmation of the 
inclusion criteria used to make the diagnosis of AGHD on a total of 13 subjects. A 
number of these had L-ARG+GHRH test results from the current study which would 
have supported the diagnosis of AGHD post hoc, but three subjects (0627, 0628 and 
0629), had no supportive data. Following the late cycle meeting the applicant was able 
to identify additional prestudy GH stimulating test data supporting the diagnosis of these 
three subjects (see the August 12, 2014 submission, SDN 20). For the other ten 
subjects the applicant conceded that they were not able to get access to the original raw 
data in order to confirm that appropriate inclusion criteria had been used to identify the 
cases of AGHD, because the sites had gone bankrupt and in one case the sole clinical 
investigator at the site had passed away. Instead, the applicant tried to justify the use of 
these patients in their efficacy analysis by stating that they had arranged for monitoring 
visits at these sites after they had taken over control of the study from the original 
sponsor, Ardana, and that patient data for these subjects would had been reviewed at 
that time. They emphasize that they would have expected the monitoring review to have 
picked up any eligibility criteria violation if that had existed. However, this medical 
officer’s review of the data the applicant submitted on the monitoring reviews of these 
patients identified one patient, 0701, who had only two pituitary hormone deficiencies 
and was receiving two hormone replacements which would have been inadequate 
inclusion criteria for an AGHD diagnosis and yet this patient had not been picked up as 
an eligibility criteria violation by the review, raising doubt on the effectiveness of the 
monitoring review. When asked about this patient the applicant stated that they were 
assuming the source documents included a prestudy GH stimulating test which 
supported this patients eligibility but that unfortunately such information was not 
included in the monitoring review. They, however, admit that they are still trying to get 
access to the site data to confirm their speculation.

A PP analysis excluding the two patients who did not have AGHD (i.e. 0307 and 0609) 
would have resulted in a lower bound of the ROC AUC of 0.851 and met the 
prespecified lower limit of 0.85. A final PP analysis excluding subject 0307 and all 10
patients who still did not have prestudy source data to confirm a diagnosis of AGHD
would have resulted in a lower bound of the ROC AUC below 0.85 and so would not 
have supported approval. Therefore, depending on which post hoc PP analysis is 
performed it is possible to meet the prespecified lower limit of 0.85 in certain cases. It is 
primarily to avoid the discrepancies in such post hoc analyses that the Agency relies on 
an ITT analysis for the primary endpoint. 

As part of the SPA the first secondary analysis required that 8 out of 10 newly enrolled 
AGHD patients would be correctly classified using the prespecified peak GH threshold 
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of 8.5ng/mL. From the applicant’s analysis 8 out of the 10 patients were correctly 
classified by this criterion. 

There were additional concerns about the quality of the study data, which together point 
to the general poor quality of the data. The original submission stated that four patients 
(0105, 0304, 0306, and 0609) did not have serum samples drawn for GH 
measurements during one of the testing periods, although only one of the cases was 
during the macimorelin treatment arm (subject 0609). At the late cycle meeting the 
applicant informed the Agency that this statement in the original submission was 
incorrect and that in fact all patients including subject 0609 had GH measurements 
taken from serum samples during the macimorelin treatment arm and that they would 
confirm this in a subsequent submission. After the late cycle meeting (see submissions 
SDN 23, 9/2/2014 and SDN 24, 9/8/2014), the sponsor reviewed all of their source data 
and confirmed that subject 0609 did have her GH measurement from a serum sample 
but that they were incorrect that all patients had GH measurements from serum 
samples as they identified that four different subjects (0603, 0604, 0801, and 0802) did 
not have serum samples available from the macimorelin treatment arm and so their 
assays were performed on plasma samples. Note the data from these patients is not 
useful for the efficacy analysis as Clin Pharm has determined that the GH assay is not 
reliable when performed with plasma samples. A PP analysis excluding the data from 
these subjects would not have been statistically significant. 

ECGs which were reviewed from subject 0930 showed that the time reported by the 
machine had been scratched out and that different times, with different corrected time 
intervals, had been inserted by hand. The two study sites which were inspected 
received VAI classifications for “inaccurate record keeping” or “record issues”. Time 
schedule or procedural deviations were reported for 30/53=57% cases and 35/48=73% 
control subjects (source Table 14.1.4). Time reporting is especially important in this 
submission as the applicant is using this data to suggest that for this diagnostic test a 
single serum measurement at 45 minutes is as accurate as all of the measurements 
between 30 and 60 minutes. 

Taken together the failure to meet the prespecified primary endpoint analysis, the 
problems with obtaining source inclusion criteria data on at least ten case patients, the 
fact that four subjects did not have GH measurements performed with serum samples 
and problems with record keeping and timing of sample measurements it is this medical 
reviewer’s recommendation that the findings in this study are insufficient to support the 
approval of a diagnostic test for AGHD. 

6.1 Indication

Macimorelin is indicated for the diagnosis of adult growth hormone deficiency.
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6.1.1 Methods

The pivotal trial 

6.1.2 Demographics

There were more males than females in the adult GHD population (58.5 % versus 41.5 
%) and in the control group (62.5 % versus 37.5 %). The majority of adult GHD patients 
(49/53, 92.5 %) were white, but there were more blacks in the control group (18/48, 37.5 
%) than in the adult GHD group (2/53, 3.8 %). The average patient age was similar in 
the adult GHD population 52 years (range- 25 to 80 years) and in the control group 53.5 
years (range- 24 to 77 years). Subjects in the adult GHD group and control group were 
appropriately matched for estrogen status and BMI. The majority of subjects in both 
groups were obese (58.5 % adult GHD patients and 58.3 % matched controls).

Demographics and baseline characteristics for newly enrolled and previously enrolled 
subjects show a slightly higher percentage of older patients > 50yrs of age, Hispanics 
and women with lean BMIs < 25 and a lower percentage of subjects with obese BMIs > 
30 in the newly enrolled case subjects.

Table 2 Demographic Baseline Characteristics for Previously and Newly Enrolled 
Subjects
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Medical Officer’s comments-
There is some difference in demographics between the previously and newly 
enrolled subjects. This is not surprising as both groups consist of small 
subgroups of the AGHD population which are too small to be representative of
the general disease population. It is not known if these demographic differences 
would impact study results.

The most common etiology for GHD was pituitary adenomas (33/53=62%), of which
non-functioning adenomas were most common (19/33=58%). The most common 
hormone deficiencies in order of occurrence were thyroid insufficiency 85%, gonadal 
insufficiency 83%, adrenal insufficiency 59%, and diabetes insipidus 21%. The most 
common replacement therapies were thyroxine 85%, glucocorticoid 62% and 
testosterone 55%. Surgery (transphenoidal 28/53=53%; transcranial 10/53=19%), 
medication (7/53=13%), and radiation (conventional 8/53=15%; stereotactic 5/53=9%) 
were the treatments patients had received for their pituitary disorder.

Of the originally enrolled patients for who the applicant has been able to provide criteria 
for enrollment 21/33=64% were diagnosed by a GH stimulation test. In contrast only 
2/7=28% of the newly enrolled patients were diagnosed by a GH stimulation test. The 
GH stimulation test used to make the diagnosis in the originally enrolled patients was 
primarily L-ARG+GHRH (n=17), ITT (n=4) and Arginine (n=1) (note some patients 
received more than one test). The only GH stimulation test used to make the diagnosis 
in the newly enrolled subjects was Glucagon (n=2).

6.1.3 Subject Disposition

Overall, 53 AGHD patients and 48 matched control subjects were enrolled at 11 centers
in the US, and all subjects, with the exception of 1 adult GHD patient, who discontinued 
due to collapsed veins, received macimorelin and completed the study.

Among the 52 AGHD patients, 46 (88.5 %) had matched control subjects based on all
three criteria (age, BMI, sex/estrogen status), 2 patients were matched based on two of 
the three criteria making up 48 complete adult GHD/control matched pairs. Four AGHD 
patients (8%) had no matched control subjects. Two adult GHD subjects (0608 and 
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0609) were considered major protocol deviations by the applicant because they did not 
meet entry criteria for confirmed adult GHD so were not matched. The other two AGHD 
patients (0302 and 0307) who were not matched had high BMI (34.8 and 55.7 kg/m2), 
were of a young age, and on estrogen therapy (one oral, one transdermal). This 
combination made it difficult to match despite considerable effort by the study centers 
according to the applicant (e.g. review of existing databases as large as 114,000 
potential subjects, mass mailings to potential matches, advertising, and community 
outreach).

6.1.4 Analysis of Primary Endpoint(s)

As the original sponsor was not able to complete enrollment of an adequate amount of 
matched controls in order to complete the original crossover study design of the trial 
due to financial concerns, the new sponsor Aeterna Zentaris negotiated a new primary 
analysis with the Division which included the original 40 AGD patients and 10 controls 
enrolled by the original sponsor, an additional 30 control patients to match AGHD 
patients who had completed the original protocol and 10 new AGHD and matched 
control subjects. The new primary analysis was to be an AUC ROC analysis on these 
“approximately 100 subjects”. As a secondary endpoint at least 8 of the 10 newly 
enrolled AGHD patients were to be correctly classified using a pre-specified threshold of 
serum GH of 8.5ng/mL. The Special Protocol Assessment was approved on 17 Dec 
2010 with the following comments:

 whether the pre-specified threshold of 8.5 ng/mL is reasonable clinically or not 
will be a review issue. (This refers to the secondary endpoint.)

 The appropriateness of the proposed imputation method for missing growth 
hormone values and 

 subjects’ inclusion/exclusion criteria will also be a review issue.

The primary efficacy analysis was based upon the area under the ROC curve for 
differentiating adult GHD cases from control subjects using peak GH levels. GH 
concentrations were determined using a validated immunochemiluminometric assay 
performed at a central lab blinded to subject, treatment and timepoint. The diagnostic 
accuracy of macimorelin was to be established if the ROC AUC was greater than or 
equal to 0.85 using the lower bound of the one-sided 99% confidence interval (CI) of the 
AUC estimated using a bootstrap approach: 

 H0: AUC ≤ 0.85 
 HA: AUC > 0.85 
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Medical Officer’s comments-
The threshold of 0.85 for the ROC AUC was chosen based on the publication of 
Corneli et al11 which has the largest number of subjects with published data on 
ROC AUC curves for the [L-ARG + GHRH] test with 322 patients with organic 
hypothalamic-pituitary disease and 318 control subjects. The paper found that 
the two-sided 95% Cls for AUC ranged approximately between 0.855 and 0.965 
depending on the patients BMI, and the lower bound of 0.855 was rounded down 
to 0.85 for the current analysis.  

 The reason the more conservative one-sided 99% CI was chosen instead of the 
more typical two sided 95% CI was that the statistical team was concerned that 
applicant had already taken a partial look at the original data present at the time 
of the SPA request (so they had used up part of their alpha) and the applicant 
was trying to resurrect what had already been a failed trial without taking 
multiplicity into account. While that may be true, it needs to be considered that 
the individual peak GH levels are unlikely to be affected by the difference in the 
trial design, so as the applicant would not be able to been able to affect the study 
results just by taking an early look at the data. 

Of the approximately 100 patients the applicant had agreed to enroll they included data 
on 52 of the original 53 AGHD patients that had been studied. One patient (#602) had 
no macimorelin data due to collapsing veins which caused them to be discontinued from 
the study. They also included data on only 48 matched controls because two patients 
(#302 and 307) who had high BMI (34.8 and 55.7 kg/m2), were of a young age, and on 
estrogen therapy (one oral, one transdermal) were too difficult to match and two 
patients (0608 and 0609) were inappropriately enrolled in the study as they did not meet
the inclusion criteria according to the applicant. 

 Subject 0608 had only two pituitary deficiencies rather than three required for 
entry into the study which would have excluded him from entry into the trial even 
though he had  low IGF-1 values 69 to 80 ng/mL, with the normal range of 363-
1132 ng/mL and 

 Subject 0609 did have three pituitary deficiencies but did not have a low IGF-1 
according to the applicant and no data was available from an L-ARG + GHRH 
stimulation test to qualify her. 

The applicant therefore submitted a mITT analysis including 52 AGHD cases and 48 
controls and a Per Protocol Analysis Set (PPS) with 50 AGHD cases and 48 controls 
excluding subjects 0608 and 0609. 

                                           

11 Corneli G, Di Somma C, Baldelli R, Rovere S, Gasco V, Croce CG, Grottoli S, Maccario M, Colao A, Lombardi G, Ghigo E, Camanni F, 

Aimaretti G. Eur J Endocrinol. 2005 Aug;153(2):257-64. The cut-off limits of the GH response to GH-releasing hormone-arginine test related to 
body mass index
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Table 3 Peak GH Concentrations mITT and PPS Analyses

Table 4 Summary of ROC Analysis

Note the one sided 97.5% CI is equivalent to a two sided 95% CI.

Medical Officer’s comment-
It appears that the applicant did not win on the prespecified mITT analysis at the 
one sided 99% CI level as the lower bound of the ROC AUC is 0.835 or 0.845 
adjusting for BMI, both less than the prespecified value of 0.85. That said had the 
analysis been performed at the two sided 95% CI level, which is the same as the 
one sided 97.5% CI the value was 0.849 and would have rounded up to 0.85, (as 
the prespecified value had two significant figures). Therefore how much alpha 
you take away from the primary analysis for the initial look at the data determines 
whether the data set gives a statistically significant result. Although realistically 
with a value of 0.849 there is essentially no alpha left to give up. 

This medical reviewer agrees with the applicant’s contention that the proper data 
set for analysis should consist of only patients with confirmed AGHD and 
matched controls, otherwise the cut point analysis is not relevant for future 
testing which is the reason for the development of this diagnostic test. That said, 
this medical reviewer disagrees that the PPS which the applicant has proposed 
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which removes patients 0608 and 0609 is the proper efficacy dataset for 
analysis. For example patient 0608 did in fact have AGHD as was confirmed by 
the low L-ARG + GHRH result (< 0.05ng/mL) this patient had during the study. In 
contrast, patient 307 who was enrolled as a case using the arginine test as a 
criteria for diagnosis but had a value of 1.7 ng/mL when the current 
recommended cut off for the test used in the protocol is <0.4 ng/mL, should not 
have been included as a case subject in the PP analysis. This patient did not 
have GHD by these criteria as was confirmed by a normal L-ARG + GHRH result 
of 18ng/mL observed during the study. 

The medical review team’s concern over the consistent application of the 
inclusion criteria used by the applicant to diagnose AGHD, caused us to ask the 
applicant to submit a table listing all pituitary GH deficiencies, and baseline IGF-1 
levels for each of the case patients and to clarify which diagnostic criteria were
used to make each diagnosis. 

In the July 3, 2014 submission, SDN 16 see appendix, the applicant was able to 
verify the criteria used for the AGHD diagnosis in the study for all of the cases 
except for 13 patients [0603, 0604, 0608, 0609, 0611, 0627, 0628, 0629, 0701, 
0702, 0703, 0801 and 0802], either because the investigator did not respond to 
the applicant’s request or because the source documents were not available due 
to site bankruptcy. Following the late cycle meeting the applicant submitted 
additional information in the August 12, 2014 submission, SDN 20, supporting 
the diagnosis of three of these subjects 0627, 0628 and 0629. For the other 10
patients, 9 had a confirmed value for the L-ARG + GHRH test of < 4.1 ng/mL 
during the current efficacy and safety study which was performed before Geref 
was withdrawn from the market, and one had a value >4.1 ng/mL suggesting she 
did not have AGHD (0609).  If the L-ARG + GHRH test had been performed prior 
to enrollment in the study this would have been an acceptable inclusion criteria. 
That said, since the L-ARG + GHRH testing procedure was blinded it is likely that
the positive results seen during the study, are representative and would have
been seen prior to the study if the test had been performed as planned, and 
thereby might support the use of data from the nine subjects who had adult GH 
deficiency in the final analysis. 
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Therefore, this medical reviewer requested that the statistical team review the 
applicant’s data using the following two different case populations:

1) Excluding cases 0307 and 0609 who did not have AGHD 
2) Excluding case 0307 and 0609 and the other patients, who still did not 

have source documents confirming a diagnosis of GHD [0603, 0604, 
0608, 0611, 0701, 0702, 0703, 0801 and 0802].

If cases were excluded the corresponding matched controls if available were also 
excluded.

Table 5 ROC AUC for Patients with Inclusion Criteria Confirmed AGHD

One sided
AUC (95% CI)

cut-
points

% 
disagreement

sensitivity
in % 95 CI

specificity
in % 95 CI

Case 1 0.924 (0.851, 0.978) 2.7 13% 82 (69, 91) 92 (80, 98)

4.3 13% 90 (78, 97) 83 (69, 92)

Case 2 0.909 (0.818, 0.976) 2.7 15% 78 (62, 89) 92 (80, 98)

4.3 15% 88 (74, 96) 86 (70, 92)

This analysis was performed by Dr. Huang of the statistical review team. Cut points were selected with 
lowest % of disagreement; several points could share the same lowest % of disagreement.
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Excluding the two patients in Case 1 who did not have AGHD would have 
resulted in achieving the SPA prespecified lower limit of 0.85 using a one sided 
99%CI. (See Post Late-Cycle Addendum below for update.)

Excluding the two patients without AGHD and the 9 patients without a confirmed 
diagnosis of AGHD would have resulted in failure to achieve the SPA 
prespecified lower limit of 0.85 using a one sided 99%CI. 

Taking into account differences in BMI did not improve the statistical significance 
of the data. (See Secondary Endpoints for more of a discussion on BMI.)

Note the cut points, sensitivity and specificity for both of these results are very 
similar to the results seen for the L-ARG + GHRH test by Biller et al.  (e.g. cut 
point 4.6, Specificity 88%, and Sensitivity 85%, see Table 1). Also plotting the 
GH data for both the macimorelin and L-ARG + GHRH tests gives very similar 
results for the AGHD cases (see Fig. 3 Pharmacodynamics). For the control 
patients there appears to be some difference which probably reflects the different 
demographics of the two control populations (see Table 2), and the small subset 
of subjects (n=10) in the original control group.

Medical Officer’s comment-Post Late-Cycle Meeting Addendum-
In the sponsor’s late submissions (SDN 23 9/2/2014 and SDN 24 9/8/2014) in 
response to discussion at the late cycle meeting the sponsor reviewed their 
source data and identified four new patients who did not have serum samples 
available from their macimorelin treatment arm and instead had GH 
measurements performed on plasma samples. As Clin Pharm determined that 
the GH assay was not reliable with plasma samples, the GH data from these four 
subjects (0603, 0604, 0801, and 0802) is suspect and would not be acceptable
as part of the efficacy analysis. These four subjects were already included in the 
subjects removed in the Case 2 analysis above and so would not affect those 
results. However, including them with the two patients removed in the Case 1 
analysis would result in making that analysis not statistically significant as well.

6.1.5 Analysis of Relevant Secondary Endpoints(s)

1) Newly Enrolled AGHD Patients
As part of the SPA a secondary efficacy analysis was included to determine if at least 8 
out of the 10 newly enrolled cases of AGHD were correctly classified using a 
prespecified peak GH value of 8.5ng/mL. According to the applicant’s analysis 8 out of 
the 10 subjects were correctly identified. 
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Medical Officer’s comments-  
Of note, the two patients that did not show evidence of GH deficiency in this 
study 1024 and 1029 were the only ones enrolled because of a positive glucagon 
test. It is recommended that the applicant consider not using the glucagon test as 
a criteria for diagnosis in future trials, as it appears that the test may not be 
sensitive enough to rule out patients with low but normal GH levels. 

Case GH ng/mL

1 0627 2.7

2 0628 0.2

3 0629 1.6

4 0932 0.09

5 1020 0.57

6 1021 0.025

7 1024 20

8 1026 0.025

9 1029 33

10 1032 4

Highlighted blue values > 8.5 not 
consistent with a diagnosis of AGHD

2) CART Analysis
Classification and regression analysis (CART) formulates decision tree rules to provide 
the best split in the covariate predictors for differentiating cases from controls. This 
alternative method for determining the best cut point for peak GH, with and without 
other covariates, was proposed as a secondary endpoint. 

Medical Officer’s comments-
The applicant presented only a CART analysis used the PPS dataset excluding 
subjects 0608 and 0609 and did not present an analysis using the mITT dataset. 
As previously discussed the PPS dataset used by the applicant was 
inappropriate so these findings are not relevant. 

3) Effect of BMI on peak GH
The logistic model run by Dr. Huang in statistics using the prespecified covariates 
confirmed the applicant’s finding of a statistically significant interaction between the 
Peak GH concentration and BMI. The applicant was able to show that a large reason for 
this interaction was due to the observation that obese controls subjects BMI >30kg/m2

have much lower Peak GH levels after stimulation with macimorelin than less obese 
patients. In contrast, subjects with AGHD have low Peak GH levels independent of their 
BMI. Similar results had previously been reported in the literature12. 

                                           

12 Corneli G, Di Somma C, Baldelli R, Rovere S, Gasco V, Croce CG, Grottoli S, Maccario M, Colao A, Lombardi G, Ghigo E, Camanni F, 

Aimaretti G. Eur J Endocrinol. 2005 Aug;153(2):257-64. The cut-off limits of the GH response to GH-releasing hormone-arginine test related to 
body mass index
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Figure 7 Peak GH Concentrations by BMI Subgroup

Source Fig. 5 047-e03-14-core-report-2013-09-18

The applicant went on to propose cut point specific adjustments based on BMI for the 
mITT and PPS dataset. Using a peak GH cut point of 2.7 ng/mL for < 30 kg/m2 and 6.8 
ng/mL for ≥30 kg/m2 yields a sensitivity of 86% and a specificity of 92% for the mITT 
population. Adjusting for BMI increased the lower bound of the one-sided 99% CI for the 
mITT dataset from 0.835 to 0.845 (see Table 4) but the result was still below the 
prespecified level of 0.85 required for approval.

Medical Officer’s comments-
Since subjects with AGHD have low Peak GH levels independent of their BMI the 
same cut point should be equally able to identify obese and less obese ADGH 
patients. The main advantage for a higher Peak GH cut point for patients with 
elevated BMI >30kg/m2 is to avoid false positives from the control population.

As mentioned previously the applicant did not win on the prespecified mITT 
analysis of the one sided 99% CI level as the lower bound of the ROC AUC was 
0.835 and even after adding BMI as a covariate to the model so it includes both 
peak concentration and BMI the revised lower bound was 0.845, still below the
prespecified value of 0.85. That said, a subgroup analysis of the mITT population
including only peak concentration in the model and looking at the two BMI 
subgroups separately performed by Dr. Huang gave the following results.
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Table 6 ROC AUC mITT Analysis by BMI Subgroup
BMI AUC Lower 

bound 
99%

Sensitivity Specificity Cut point
ng/mL

< 30 kg/m2 0.892 0.975 77% 85% 6.8
≥ 30 kg/m2 0.939 0.851 83% 96% 2.7
Taken from Dr. Huang’s review. 

Note that the lower bound of the 99% CI is above 0.85 for both subgroups in the 
mITT population. Subgroup analyses are typically exploratory. Had this been the 
prespecified analysis in the SPA this would have supported approval. 

6.1.6 Other Endpoints

Minimal number of blood draws-
A post hoc analysis was performed to estimate the minimum number of blood draws 
needed to discriminate between case and control subjects. Using a cut point of 
6.8ng/mL for subjects with BMI < 30 kg/m2 and 2.7 ng/mL for subjects with BMI 30
≥kg/m2 resulted in similar specificity, sensitivity and miscalculation rates if samples were 
drawn at 45 minutes only or (45 and 60 min) or (30, 45 and 60 min). 

Table 7 Diagnostic Results Using the Peak GH at Different Time Points

Source applicants Table 10 047-e03-14-core-report-2013-09-18.
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Medical Officer’s comments-
Approximately half of the subjects had Peak GH values at times other than 45 
min (i.e. 24/52 cases and 24/48 controls.) That said only three cases and three 
controls would have received a different diagnosis after comparing GH results at 
45 min vs. the peak value and using a cut point of 2.7 ng/mL. While zero cases 
and four controls would have a different diagnosis using the cut point of 6.9 
ng/mL. 

GH ng/mL
Different outcome 
based on cut point

Subject Cohort 45 min Peak
cut point 
2.7 ng/mL

cut point 
6.9 ng/mL

627 Case 1.4 2.7 *

306 Case 1.5 3.5 *

803 Case 1.9 3.3 *

1716 Control 1.5 3 *

1714 Control 1.7 3.1 *

923 Control 2.4 3.8 *

1143 Control 4.7 8 *

625 Control 5.9 7.4 *

934 Control 6 13 *

1711 Control 6 8.8 *
All patients in this subset had BMI ≥30 kg/m

2   
so the appropriate cut 

point should be 2.7 ng/ml for all of these patients. 

However, as shown in Table 7 the total miscalculation rate still averages out to 
about the same at 11 to 12% independent of wether the 45 min time point or the 
peak time point is used its just that the actual cases which represent the 
miscalculations will differ slightly. 

6.1.7 Subpopulations

See Secondary Endpoints for the effect of BMI on peak GH concentration. 

There was a large imbalance in race between the case and matched control group 
(Black 4% vs. 38% in case and controls, respectively). However, there did not appear to 
be a difference in efficacy in blacks vs. the rest of the study population Blacks vs. 
Whites (sensitivity 100% vs. 79%, specificity 94% vs. 90%), but the black case data is 
the result of only two patients and as such is not reliable.

Sensitivity and specificity were slightly better for older subjects ≥50y/o compared to 
those < 50 y/o (sensitivity 85% vs. 77% and specificity 93% vs. 89%).

Specificity was slightly better in men vs. women (97% vs.83%) but sensitivity was the 
same at 81% for both.
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7 Review of Safety

Safety Summary

The one serious safety concern identified in this NDA was the occurrence of QT 
prolongation and inverted T waves in the post dose ECGs from a single control patient, 
0930. This patient had a history of T wave abnormalities on a screening ECG 1 month 
prior to dosing which were consistent with the observed T wave changes. 

This patient also had baseline elevated QTc ranging from 440 to 459 depending on the 
formula corrections used. Absolute QTc > 450 is considered prolonged in male subjects, 
so this subject had prolonged QTc at baseline. Following dosing the increase in QTc 
peaked at 501 at 3 hrs 25 min with only a slight decrease at 9.5 hrs, QTc =493 and 22 
hours QTc=466. One month post dosing the patient’s QTc was normal at 398. 

The serum macimorelin levels in this patient peaked at 0.75 hours and dropped to half 
by 2 hours consistent with a half-life of 1.25 hours well before the peak in QTc which 
was observed between 3 and 10 hours. However, the following 2.5 hour serum 
macimorelin level rebounded back up to almost Cmax which was unexpected. There 
were no later time points to determine if this 2.5 hr value represented a true rebound in 
drug level or was due to a sample mix up. Given that the drug level had decreased 
consistently over the four time points between 0.75 and 2 hours it is hard to explain why 
the level should increase suddenly at 2.5 hrs unless the patient had taken a second 
dose of drug or there was delayed absorption of the original dose for some unexplained 
reason. The applicant was asked about this unusual finding at the late cycle meeting but 
could not come up with an explanation. This medical reviewer suspects that the 2.5 hr 
time point is a mistake which is consistent with sloppy book keeping seen in other parts 
of this review (see 6 Summary of Efficacy). 

Of note, this patient was also taking citalopram and trazadone as concomitant 
medications. Both citalopram and trazodone are CYP3A4 substrates just like 
macimorelin so these drugs could compete with macimorelin and slow its elimination but 
they would not explain the rebound increase in drug levels seen at the 2.5 hour time 
point.  Both citalopram and trazodone can also cause QT prolongation. 
Coadministration with macimorelin which would compete for CYP3A4 metabolism could 
increase exposure of these drugs and this might be responsible for the QT prolongation 
seen in this patient. Therefore, it is not possible to tell if the observed changes in QT are 
drug related and if so to which drug. 

Of note the patient was asymptomatic during the episode of T wave inversion and QTc 
prolongation and was taken to a cath lab for evaluation solely because of the ECG 
changes but found to have clean coronary arteries. He also had a normal 
echocardiogram, no evidence of abnormal electrolytes and repeated measurements of 
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cardiac enzymes showed no elevated concentrations. Therefore, it is hard to draw clear
conclusions about drug-related cardiotoxicity from this isolated confounded case.

The most common adverse events seen in subjects receiving macimorelin that are likely 
to be drug related are dysgeusia 10/52=19% of cases and 2/48=4% of controls, and 
diarrhea 2/52=4% of cases and 2/48=4% of controls.  It is not clear why there was such 
a higher incidence of dysgeusia in the case subjects compared to the controls, but this 
is a minor issue and should not affect study performance. 

In conclusion, the QT prolongation identified in a single control patient in this trial is the 
main safety concern. It is this medical reviewer’s recommendation that a thorough QTc 
study be performed to determine if the QT prolongation seen in this study is truly drug 
related.  In the meantime it is recommended that subjects tested with macimorelin 
receive ECG monitoring and any patient with a prolonged QTc should continue to be 
monitored until the QTc levels returns to baseline.  

7.1 Methods

7.1.1 Studies/Clinical Trials Used to Evaluate Safety

The safety analysis was performed on all subjects that received a single dose of drug in 
the pivotal study AEZS-130-047-02. 

Safety information was also submitted on 9 subjects with cancer cachexia treated for 7 
days with macimorelin 0.5 mg/kg/day or placebo in study H-27747. There were no 
clinically relevant treatment-emergent labs or ECG abnormalities reported in this study. 
However this study is of limited value as it is confounded by the repeat-dose dosing 
scheme and the medical history of the patients enrolled. 

7.1.2 Categorization of Adverse Events

Adverse events were coded with the Medical Dictionary for Regulatory Activities 
(MedDRA) by system organ class and preferred term. 

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence

There is only one study with relevant safety information in this submission.
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7.2 Adequacy of Safety Assessments

In general the safety data base was adequate to support single dosing of macimorelin 
as part of a diagnostic test for GH deficiency. The one outstanding concern is whether 
there is a clear risk for QT prolongation which was seen in a single control patient, 
0930, but confounded by the fact that the subject was on other medications that also 
could prolong QT. The applicant stated at the late cycle meeting that they did not 
believe a thorough QTc study would be necessary for the type of single dose indication 
they were seeking. However, this medical reviewer would still recommend ECG
monitoring for all patients for 1-2 hours post dosing (~Tmax) until a thorough QTc study 
is performed at which time this recommendation could be reassessed. 

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of 
Target Populations

The 0.5 mg/kg oral dose of macimorelin used in this study was chosen based on a 
pharmacokinetic and pharmacodynamic study of EP01572 by Piccoli et al, 2007 [ref. 7]. 
In this study, the highest dose tested (0.5 mg/kg) demonstrated the highest drug and 
GH concentrations.  Duodenal infusions of 0.5mg/kg of macimorelin resulted in higher 
plasma levels of macimorelin but similar serum GH levels compared to oral dosing 
suggesting that the 0.5mg/kg oral dose was producing the maximal GH response. 

7.2.3 Special Animal and/or In Vitro Testing

None

7.2.4 Routine Clinical Testing

Routine clinical testing was adequate.

7.2.5 Metabolic, Clearance, and Interaction Workup

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. Macimorelin is rapidly metabolized in rat plasma due to a species 
specific plasma protease activity but is stable in dog and human plasma.
As macimorelin is predominantly metabolized by CYP3A4 concomitant use of drugs that 
inhibit this enzyme may decrease its metabolism.

No preclinical distribution or excretion studies were conducted with macimorelin.
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7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class

Adverse events seen with other GH secretagogues or with GH treatment are a result of 
chronic treatment and would not be expected to be seen with the single-dose dosing 
scheme used in this diagnostic test. The fact that there were no reports of fluid 
retention, edema, hypertension, increased ICP, muscle or joint pain etc. in this study 
does not rule out the possibility that they might become apparent with chronic dosing. 

7.3 Major Safety Results

7.3.1 Deaths

There were no deaths during the study.

7.3.2 Nonfatal Serious Adverse Events

There were two serious adverse events, prolonged QTc and abnormal T waves both of 
which occurred in the same patient 0930. See Section 7.4.4 for a complete description 
of this case. 

7.3.3 Dropouts and/or Discontinuations

Only one patient 0602 dropped out of the study and that was due to collapsing veins 
which made it difficult to obtain blood samples. 

7.3.4 Significant Adverse Events

The only significant nonserious adverse event occurred in patient 0602, who only 
received L-ARG + GHRH, and developed collapsing veins which cause him to drop out 
of the study.

7.3.5 Submission Specific Primary Safety Concerns

The primary safety concern deals with the one control patient who developed prolonged 
QTc and abnormal T waves after dosing with macimorelin. See Section 7.4.4 for a 
complete description of this case. Given that this is a single subject who had a prior 
history of T wave abnormalities and was on other medications that could prolong QT it 
is hard to draw clear conclusions about whether the effects were macimorelin mediated. 
This medical reviewer recommends a thorough QTc study to better determine if there is 
a true risk for QT prolongation following single dose administration of macimorelin.
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7.4 Supportive Safety Results

7.4.1 Common Adverse Events

Preferred term adverse events that were seen in at least two subjects following 
macimorelin dosing and were more common with the macimorelin dosing than L-
ARG+GHRH dosing were diarrhea and dysgeusia. 

Table 8 Common Adverse Events in Two or More Subjects and More Common in 
the Macimorelin Test Compared to the L-ARG+GHRH test

7.4.2 Laboratory Findings

None of the other laboratory changes were considered treatment related or clinically 
meaningful according to the applicant. 

 Case subject no. 0104 had low white blood cell count (4.11X103/µL, 
4.5X103/µL=LLN) and low hematocrit (38.7%, LLN=39%) reported as an adverse 
event both at the end of the study. 

 Case subject no. 0106 had elevated PT (13.4s, 13.1s=ULN) and PTT (42s, 
34.9s=ULN) values and low sodium (131mEq/L, 135mEq/L=LLN), calcium 
(8.4mg/dL, 8.5mg/dL=LLN)and elevated indirect bilirubin values (0.9mg/dL, 
0.8mg/dL=ULN) reported as adverse events. 

 Case subject no.0108 had a high glucose level at screening (104 mg/dL; normal 
range:65-99 mg/dL) that was increased at the end of the study (130 mg/dL) and 
was reported as an adverse event. 

 Case subject no. 0701 had increased blood sodium levels reported as an 
adverse event (157mEq/L, 148mEq/L=ULN). 

Medical Officers’ comment-
The frequency of events is too low to realistically be able to assign a drug related
effect. That said the low hematocrit could be due to excessive phlebotomy and the 
high glucose and high sodium levels could mechanistically be drug related. 
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7.4.3 Vital Signs

There were no clinically meaningful changes from screening in vital signs according to 
the applicant.

 Case subject no. 1021 had a decrease in systolic blood pressure reported as an 
adverse event at 45 (80/58) and 90 minutes (91/55) post macimorelin dosing, but 
the BP normalized at each subsequent time point.

 Control subject no. 1706 had increased heart rate up to 114 beats/min at the end 
of study reported as an adverse event.

Medical Officers’ comment-
The frequency of events is too low to realistically be able to assign a drug related 
effect. The fact that the blood pressure changes returned to normal on the follow up 
values for subject 1021 is reassuring. Whereas subject 1706 did not have a follow 
up HR listed after the final recorded value of 114 the increase in HR occurred 
several weeks after the study visit and so is not relevant. 

7.4.4 Electrocardiograms (ECGs)

ECGs were done at 60 min post dose as that was considered Tmax.

The mean time to reach maximal observed concentration (Tmax) was 1.2 hours after
oral administration in AGHD patients and 0.82 hours in normal controls. The t½ was 
3.56 hours in AGHD patients and 2.77 hours in normal controls.  
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ECG abnormalities were seen in two subjects:

1) Subject 0930 was a 38-year-old black male with a history of posttraumatic stress 
disorder, essential hypertension and obesity (365 lb) and no history of coronary 
artery disease, smoking, dyslipemia or diabetes. No family history of cardiac 
disease was recorded. A normal ECG was recorded two months prior to dosing 
with macimorelin, whereas non-specific T wave abnormalities were noted on an 
ECG recorded at screening approximately 1 month prior to dosing with 
macimorelin.  Per protocol, an ECG was recorded pre-dose, which was reported 
as normal and 60 minutes post-dose which was reported as showing new T wave 
inversions in the anterior leads. ECGs recorded after dosing showed T wave 
abnormality as well as prolongation of the Bazzett’s corrected QT interval (QTc) 
from 440 ms to a maximum of 501 ms per ECG computer-generated reading (or 
490 ms, per manual reading of an external expert reviewer) occurring 3.5 hours 
post-dose. The subject was asymptomatic the entire time. Due to the T wave 
inversions, the subject was taken for cardiac catheterization immediately and 
found to have normal coronary arteries. He was then admitted to the cardiology 
service to rule out an acute coronary syndrome and for telemetry observation 
overnight. Due to this overnight observation in a hospital setting, the event 
qualified as a serious AE. He had a normal echocardiogram, no evidence of 
abnormal electrolytes and repeated measurements of cardiac enzymes showed 
no elevated concentrations. His T waves and QTc interval returned to his 
baseline (i.e., nonspecific T wave changes and QTc = 448 ms) the following day 
and he was discharged to home.

Medical officer’s comments-
A QT IRT consult was obtained in April 2011 to help review this case.
They summarized the ECG findings using both Bazett’s and Fridericia’s 
formula corrections (see Table 9), and came to the conclusions that 
although PK samples were not collected at all ECG time points, that up to 
2.5 hours post-dose macimorelin plasma concentration remained about 
constant instead of declining (see Table 10), suggesting that the reported 
QT prolonging effect in this subject is probably linked to macimorelin 
exposure.
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the time printed out on the machine with the actual time the test was 
performed would have been different for the two recorded times. These 
findings do not represent major protocol violations but are consistent with 
the sloppy bookkeeping observed during the study site inspections (See 
section 3.2 Compliance with Good Clinical Practices) and add to the 
concern over the integrity of the submitted data given that the applicant is 
still not able to submit data to support the inclusion criteria for at least ten
patients.

The original ECG recorded 2 months prior to the study (  was normal 
and did not show any T wave inversion. The ECG at 1 month prior to 
dosing ( ) showed some T wave inversions in V2 and V3 and was 
read by the machine as nonspecific T wave abnormality. The predose
-15min ECG (  was read as normal by the machine although this 
medical reviewer can see trace T wave inversions in V2 and V3
(QT/QTc=420/440). Following dosing all of the subsequent ECGs show 
clear T wave inversions in V2, V3 and V4 and maybe even in V1 and a 
suggestion of ST elevation in V2 (QT/QTc=442/467 at 60min to 452/477 at
175min). The T wave abnormalities appear to be greatest up to the 
205min time point (QT/QTc=452/501) although they are still clearly evident 
at 9 hrs (QT/QTc=436/493) and 22 hours (QT/QTc=418/466) post dose. 
The final ECG from the day after dosing (22 hours) still shows T wave 
inversions in V2, V3 and V4 even though the QT/QTc had returned to 
baseline according to the applicant. One month later ( ) the patient’s 
QT was totally back to normal at 398, no QTc was reported. 
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Figure 8 QTc vs. Plasma Macimorelin Levels for Subject 0930

The macimorelin plasma levels show a Cmax at 0.75 hour with typical
half-life decay over the four following samples for the first 2 hours. Then 
for some reason the drug level increased to almost Cmax at 2.5 hours. 
Unfortunately, there are no plasma samples available for the 
measurement of drug levels after 2.5 hours to help determine if the 2.5 
hour time point was simply a mixed up sample. A rebound in plasma 
levels once they had dropped to half of Cmax at 2 hours is difficult to 
explain unless the patient took another dose of drug or there was delayed 
absorption of the original dose for some unknown reason, both of which 
seem unlikely. 

Peak QTc levels occur between 5 and 10 hours well after Cmax at 0.75 
hours assuming the 2.5 hour time point is an artifact and does not 
represent the start of increasing drug levels at later times. According to Dr. 
Lau on the Clinical Pharmacology team the decrease in serum levels from 
10.1ng/mL at 0.75 hours to approximately half 5.25ng/mL at 2 hours 
corresponds to a half-life of 1.25hr which is consistent with the median 
half-life observed in healthy controls of 2.02hr (0.86-22.52hr). 

Of note, this patient was also taking citalopram, trazadone and prazosin. 
Both citalopram and trazodone are CYP3A4 substrates just like 
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macimorelin so these drugs could compete with macimorelin and slow its 
elimination but they would not explain the rebound increase in drug levels 
seen at the 2.5 hour time point.  Both citalopram and trazodone can cause 
QT prolongation. Coadministration with macimorelin which would compete 
for CYP3A4 metabolism could increase exposure of these drugs and this 
might be responsible for the QT prolongation seen in this patient.

Abnormally prolonged QTc, > 450 in men and > 470 in women, is 
associated with a three-fold increased risk in sudden death even after 
adjusting for other risk factors13. Therefore, it important to identify drugs 
that are likely to prolong QTc during chronic therapy. Given that the 
indication the applicant is seeking for macimorelin in this NDA is for 
diagnostic testing of GHD which requires only a single dose of drug the 
potential for an effect on QTc is limited. Therefore, it seems reasonable to 
permit discretionary use as needed with appropriate ECG monitoring in 
patients with higher baseline QTc levels or already on other drugs that 
may affect QT. In the meantime, this medical reviewer would recommend 
a thorough QTc study to clarify whether macimorelin does in fact prolong 
the QT interval. 

2) Subject 1719 was noted to have sinus bradycardia and left axis deviation on all 
ECGs recorded, including those at screening and pre-dose. At the 120-minute 
recording his heart rate was lower than on previous recordings at 52 beats per 
minute and fusion complexes were noted.

Medical officer’s comment-
Although plasma macimorelin levels are not available for this patient it 
seems likely that a drug related effect would have been seen sooner than 
120 minutes given the drug has a Tmax of about 1 hour and a half-life of 
about 2 hours in healthy controls. Given the patients past medical history 
of sinus bradycardia and left axis deviation it is hard to conclude that these 
findings were drug related. 

7.4.5 Special Safety Studies/Clinical Trials

None

                                           
13 Prolonged QTc interval and risk of sudden cardiac death in a population of older adults. Straus SM, Kors JA, De Bruin ML, 

van der Hooft CS, Hofman A, Heeringa J, Deckers JW, Kingma JH, Sturkenboom MC, Stricker BH, Witteman JC. J Am Coll Cardiol. 
2006 Jan 17;47(2):362-7.
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7.4.6 Immunogenicity

No information regarding immunogenicity was included in this submission. 

7.5 Other Safety Explorations

7.5.1 Dose Dependency for Adverse Events

Dose dependency was not studied in this clinical program. All patients received the 
same dose of 0.5mg/kg in the pivotal trial AEZS-130-047, as a diagnostic for AGHD,
and in the multiple dose trial H-27727, in cancer cachexia patients. 

7.5.2 Time Dependency for Adverse Events

No time dependency information for adverse events was included in the submission.

7.5.3 Drug-Demographic Interactions

No drug-demographic information was included in the submission.

7.5.4 Drug-Disease Interactions

No drug-disease interaction information was included in the submission.

7.5.5 Drug-Drug Interactions

No drug-drug interaction information was included in the submission.
Macimorelin is primarily metabolized via CYP3A4 and as such co-administration with a 
CYP3A4 inducer might reduce macimorelin plasma levels affecting the diagnostic 
performance of the test. 
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7.6 Additional Safety Evaluations

7.6.1 Human Carcinogenicity

Carcinogenicity studies were not required as it is unlikely that a single dose of 
macimorelin would pose a carcinogenic risk to human subjects. 

7.6.2 Human Reproduction and Pregnancy Data

No human data is available. No definitive reproductive or developmental toxicity studies 
were conducted. 

7.6.3 Pediatrics and Assessment of Effects on Growth

Chronic treatment with GH is used to treatment growth deficiency in pediatrics. However 
it is unlikely that the single dose of macimorelin would have any long lasting effect on 
pediatric growth. 

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound

No information on drug overdose was included in this submission.

There is a potential for drug abuse by body builders who are seeking oral agents that 
could stimulate GH release. However as the product will be packaged for single doses 
as part of a diagnostic test it seems unlikely that potential drug abusers could get 
enough of a supply to permit the chronic dosing required to get the pharmacodynamic 
effects they are seeking.

No information on drug withdrawal or rebound was included in this submission. 
However such conditions are unlikely to occur with single dose administration. 

7.7 Additional Submissions / Safety Issues

None

8 Postmarket Experience

None.
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9 Appendices

9.1 Literature Review/References

See section 2.1 Introduction.
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5. Effects of an oral ghrelin mimetic on body composition and clinical outcomes in 
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SB, Bach MA, Vance ML, Thorner MO. Ann Intern Med. 2008 Nov 4;149(9):601-
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6. Growth hormone-releasing activity of hexarelin in humans. A dose-response 
study.
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7. NCCLS guideline- Assessment of the Clinical Accuracy of Laboratory Tests 
Using Receiver Operating Characteristic (ROC) Plots; Approved Guideline Dec. 
1995.
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The applicant’s updated confirmed inclusion criteria and criteria for diagnosis as of the 
July 3, 2014 submission, SDN 16:
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The applicant’s updated confirmed inclusion criteria and criteria for diagnosis for an 
additional three patients as of the August 12, 2014 submission, SDN 20:

Pre-study GHST Test Peak GH Cutpoint 

0627   27 Nov 2007 L-ARG + GHRH 3.4 μg/L 4.1 μg/L 

0628   19 Aug 2005 L-ARG + GHRH 0.68 μg/L 4.1 μg/L 

0629   12 Aug 2010 L-ARG 0 μg/L 0.4 μg/L 

The applicant’s update on subjects who did not have serum samples drawn for GH 
measurements (see September 2nd and 8th submissions, SDN 23, SDN24- 0603, 
0604, 0801, 0802).
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NDA/BLA Number: Applicant: Stamp Date: 

Drug Name:Macimorelin acetate, 
granules for Oral Solution

NDA/BLA Type: 505 (b)(1) 19 November 2013

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

Content Parameter Yes No NA Comment
FORMAT/ORGANIZATION/LEGIBILITY
1. Identify the general format that has been used for this 

application, e.g. electronic CTD.
Electronic non-CTD

2. On its face, is the clinical section organized in a manner to 
allow substantive review to begin?

X

3. Is the clinical section indexed (using a table of contents) 
and paginated in a manner to allow substantive review to 
begin? 

X

4. For an electronic submission, is it possible to navigate the 
application in order to allow a substantive review to begin 
(e.g., are the bookmarks adequate)?

X

5. Are all documents submitted in English or are English 
translations provided when necessary?

X

6. Is the clinical section legible so that substantive review can 
begin?

X

LABELING
7. Has the applicant submitted the design of the development 

package and draft labeling in electronic format consistent 
with current regulation, divisional, and Center policies?

X

SUMMARIES
8. Has the applicant submitted all the required discipline 

summaries (i.e., Module 2 summaries)?
X

9. Has the applicant submitted the integrated summary of 
safety (ISS)?

X

10. Has the applicant submitted the integrated summary of 
efficacy (ISE)?

X

11. Has the applicant submitted a benefit-risk analysis for the 
product?

X

12. Indicate if the Application is a 505(b)(1) or a 505(b)(2).  If 
Application is a 505(b)(2) and if appropriate, what is the 
reference drug?

505
(b)(1)

DOSE
13. If needed, has the applicant made an appropriate attempt to 

determine the correct dosage and schedule for this product 
(i.e., appropriately designed dose-ranging studies)?
Study Number:
      Study Title: A Single-Center Study Investigating the 
Pharmacological Profile and Growth-Hormone-Releasing 
Activity of Oral Macimorelin Acetate (formerly AEZS-130, 
ARD-07 and EP01572) In Healthy Volunteers
    Sample Size:     36 healthy volunteers                                   
Arms:

Macimorelin 0.005, 0.05, 0.125, 0.25 
and 0.5 mg/kg Oral solution

Macimorelin 0.2, 0.35 and 0.5 mg/kg 

Dose proportionality 
was shown by linear 
regression analysis
over the dose range 
studied. The dose
chosen by the sponsor 
was the highest dose 
from the PD study 
which gave the highest 
peak GH values. 
It will be a review 
issue if this was an 
appropriate dose.
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Content Parameter Yes No NA Comment
IntraDuodenal solution

Location in submission: Section 5.3.4.1
EFFICACY
14. Do there appear to be the requisite number of adequate and 

well-controlled studies in the application?

Pivotal Study #1

A Multi-center Study Investigating a New, Oral 
Growth Hormone Secretagogue (GHS) 
(Macimorelin, formerly AEZS-130 or ARD-07) as a 
Growth Hormone (GH) Stimulation Test in Terms 
of Safety and Efficacy 

                                                        Indication:Diagnosis of 
adult growth hormone deficiency

Pivotal Study #2
                                                        Indication:

There is only one 
pivotal study.

15. Do all pivotal efficacy studies appear to be adequate and 
well-controlled within current divisional policies (or to the 
extent agreed to previously with the applicant by the 
Division) for approvability of this product based on 
proposed draft labeling?

X

16. Do the endpoints in the pivotal studies conform to previous 
Agency commitments/agreements?  Indicate if there were 
not previous Agency agreements regarding 
primary/secondary endpoints.

X The pivotal trial was 
performed under an 
SPA with prespecified 
endpoints. 

17. Has the application submitted a rationale for assuming the 
applicability of foreign data to U.S. population/practice of 
medicine in the submission?

X

SAFETY
18. Has the applicant presented the safety data in a manner 

consistent with Center guidelines and/or in a manner 
previously requested by the Division?

X

19. Has the applicant submitted adequate information to assess 
the arythmogenic potential of the product (e.g., QT interval 
studies, if needed)?

X A thorough QTc study 
was not performed. 
The sponsor is 
proposing to include 
information about the 
risk of prolonging QT 
into the Warnings 
section of the PI.

20. Has the applicant presented a safety assessment based on all 
current worldwide knowledge regarding this product?

X
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Content Parameter Yes No NA Comment
21. For chronically administered drugs, have an adequate 

number of patients (based on ICH guidelines for exposure1) 
been exposed at the dose (or dose range) believed to be 
efficacious?

X

22. For drugs not chronically administered (intermittent or 
short course), have the requisite number of patients been 
exposed as requested by the Division?

X The sponsor will be 
asked to clarify why 
they submitted data on 
48 control patients 
instead of the 50 
requested.

23. Has the applicant submitted the coding dictionary2 used for 
mapping investigator verbatim terms to preferred terms?

X

24. Has the applicant adequately evaluated the safety issues that 
are known to occur with the drugs in the class to which the 
new drug belongs?

X

25. Have narrative summaries been submitted for all deaths and 
adverse dropouts (and serious adverse events if requested 
by the Division)?

X

OTHER STUDIES
26. Has the applicant submitted all special studies/data 

requested by the Division during pre-submission 
discussions?

X

27. For Rx-to-OTC switch and direct-to-OTC applications, are 
the necessary consumer behavioral studies included (e.g., 
label comprehension, self selection and/or actual use)?

X

PEDIATRIC USE
28. Has the applicant submitted the pediatric assessment, or 

provided documentation for a waiver and/or deferral?
X No pediatric studies 

were required for this
orphan indication.

ABUSE LIABILITY
29. If relevant, has the applicant submitted information to 

assess the abuse liability of the product?
X Drug is unlikely to be 

abused.
FOREIGN STUDIES
30. Has the applicant submitted a rationale for assuming the 

applicability of foreign data in the submission to the U.S. 
population?

X

DATASETS
31. Has the applicant submitted datasets in a format to allow 

reasonable review of the patient data? 
X The datasets are not 

labeled appropriately.
32. Has the applicant submitted datasets in the format agreed to 

previously by the Division?
X

33. Are all datasets for pivotal efficacy studies available and 
complete for all indications requested?

X

                                                
1 For chronically administered drugs, the ICH guidelines recommend 1500 patients overall, 300-600 
patients for six months, and 100 patients for one year. These exposures MUST occur at the dose or dose 
range believed to be efficacious.
2 The “coding dictionary” consists of a list of all investigator verbatim terms and the preferred terms to 
which they were mapped. It is most helpful if this comes in as a SAS transport file so that it can be sorted 
as needed; however, if it is submitted as a PDF document, it should be submitted in both directions 
(verbatim -> preferred and preferred -> verbatim).
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34. Are all datasets to support the critical safety analyses 

available and complete?
X

35. For the major derived or composite endpoints, are all of the 
raw data needed to derive these endpoints included? 

X

CASE REPORT FORMS
36. Has the applicant submitted all required Case Report Forms 

in a legible format (deaths, serious adverse events, and 
adverse dropouts)?

X

37. Has the applicant submitted all additional Case Report 
Forms (beyond deaths, serious adverse events, and adverse 
drop-outs) as previously requested by the Division?

X

FINANCIAL DISCLOSURE
38. Has the applicant submitted the required Financial 

Disclosure information?
X

GOOD CLINICAL PRACTICE
39. Is there a statement of Good Clinical Practice; that all 

clinical studies were conducted under the supervision of an 
IRB and with adequate informed consent procedures?

X

IS THE CLINICAL SECTION OF THE APPLICATION FILEABLE? ___Yes_____

If the Application is not fileable from the clinical 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.

1) Resubmit all the Data Analysis Data under Section 5. Clinical Study Reports so 
that the individual “dataset” folders are labeled to describe their contents.

2) Given that there were 10 controls at the time of study termination by Ardana 
Bioscience and you were asked in the SPA-no agreement letter to do the 
following:

Enroll an additional 20 subjects; 10 adult growth hormone deficient 
(AGHD) patients and 10 matched normal control subjects. Ensure a 
reasonable distribution between males and females for each of the GHD 
and normal cohorts. (As stated in the original protocol, please also enroll 
the additional 30 normal control subjects to match the AGHD patients 
from the original cohort. This makes a total database of approximately 100 
patients.)

Why are there only 48 patients in the control database instead of the 50 patients 
that were requested? 

3) Since you included 52 AGHD cases in the efficacy data set and only 48 controls 
why are there no control data for 4 of the AGHD patients? Justify why this should 
not affect the efficacy analyses.
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William Lubas MD, PhD

Reviewing Medical Officer Date

Dragos Roman MD

Clinical Team Leader Date
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