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the presence or absence of AGHD available, macimorelin is compared with the insulin tolerance 
test (ITT). The ITT test is currently used in clinical practice as one of the diagnostic tests for 
AGHD. Also, to show that a diagnostic test works, repeatability of the test needs to be 
confirmed. 

3.2.1 Study Design and Endpoints 

 
Study 52 was an open-label, randomized, single dose, 2-way crossover trial to examine 
performance characteristics of the macimorelin growth hormone stimulation test (‘MAC’) when 
compared with the insulin tolerance test in detection subjects with AGHD.   
 
The study was conducted in 30 sites in 9 countries; 25 sites in Europe (Austria, Germany, Spain, 
France, Italy, Poland, Serbia, and UK) and 5 sites in the USA.  
 
Study subjects were assigned to groups of descending likelihood of having AGHD. The groups 
were defined as follows: 
 
Group A: High likelihood of GHD: 

• Structural hypothalamic or pituitary lesions and low IGF-1, and/or 
• Three or more pituitary hormone deficiencies (PHD) and low IGF-1, or 
• Childhood onset GHD with structural lesions and low IGF-1 
 

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

Group C: Low likelihood of GHD: 
•One risk factor for GHD only, such as history of distant traumatic brain injury (TBI) or 
one PHD 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, body mass index (BMI), and 
estrogen status (females only) 
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Figure 1. Study population 
 

 
 
Out of 238 subjects screened, 166 subjects were enrolled into the study. A consort diagram 
showing subjects’ disposition is presented in Figure 1. 
 
After the core phase that involved MAC and ITT testing was completed, a small group of 
subjects (24.3%) was selected to repeat the MAC test in order to determine reproducibility of 
findings based on the MAC test. 
 
For both the ITT and MAC tests, serum concentrations of growth hormone were measured at 
pre-defined time points (15, 30, 45, 60, 90) after GHST administration of macimorelin or insulin. 
According to the protocol, for the ITT, serum concentrations of growth hormone were also 
measured at 120 minutes after administration of insulin. Serum concentrations of GH for a given 
subject were provided by the central laboratory. Of note, the measurements performed at 120 
minutes after test administration were mentioned in both the core study report (p. 25) and the 
clinical overview (p. 13), but the sponsor did not provide any analyses involving this time point 
and the measurements taken at 120 minutes after test administration were not present in the 
dataset provided to FDA.  
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Low levels of growth hormone indicate a growth hormone deficiency. Since the goal of both the 
MAC and ITT tests is to stimulate GH, peak levels of this marker indicate whether the patient 
has or does not have growth hormone deficiency.    
 
The following cut points were pre-specified for the MAC and ITT tests based on the peak GH 
levels observed across the four measurement time points: 
 

• MAC: GH: 2.8 ng/mL 
• ITT: GH: 5.1 ng/mL,  

 
where GH values below 2.8 for MAC and 5.1 for ITT identified subjects as having AGHD. The 
cut point selection for the MAC test was based on experience in a prior study (study 47). The cut 
point for ITT was selected based on the guideline for clinical practice.  
 
The study cohort included all randomized subjects in whom both GHSTs were evaluable. The 
sequential order of the test was randomly determined for groups A, B, and C. Since subjects in 
group D were matched to subjects in group A, the order of testing in group D was determined by 
the order of testing selected for subjects in group A. The washout time between two tests was 
between 7 days and 1 month. 
 
The analyses were performed using the modified Intent-to-Treat population, i.e. including only 
subjects who had both tests.  
 
Of note, all subjects in the healthy control group (group D) were enrolled in one center in 
Poland. No controls were included from other sites. Repeatability of the MAC test was examined 
on selected subjects only in Serbia.  
 
Intended use population: 
In this submission, the sponsor does not clearly identify the intended use population. Following 
the text of this submission, the sponsor is intending the MAC test to replace ITT and therefore 
assuming that the intended use population for MAC test will be the same as intended use 
population for ITT test. The population of this trial includes subjects with severe disease 
identified through IGF-1 levels and prior history of pituitary lesions. In clinical practice, subjects 
with these characteristics will not be administered the ITT test because these parameters are 
clearly indicating growth hormone deficiency, and therefore, this group of subjects is not the 
population that will likely be getting the MAC test. Similarly, healthy subjects do not need 
testing. Therefore, the intended use population is more accurately represented by the subjects 
with intermediate (group B) and low likelihood (group C) of AGHD.      
 
Primary endpoints: 
Co-primary efficacy variables were ‘Percent Negative Agreement’ and ‘Percent Positive 
Agreement’ when using predefined cut-off points of both GHSTs. The benchmark for negative 
agreement was set to 75% and the benchmark for positive agreement was set to 70%. The goal 
for each of the co-primary endpoints was to show with high statistical confidence (based on the 
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lower bound of the Clopper-Pearson confidence interval) that the agreement was equal or higher 
than each of the prespecified benchmarks.  
 
Secondary endpoints: 
Secondary endpoints were ‘Percent Overall Agreement’ and performance characteristics, i.e. 
sensitivity and specificity of both GHSTs (MAC and ITT) when using predefined cut-off points 
of both GHSTs. No specific benchmark levels for those performance characteristics were pre-
determined.  
 
Sample size calculations: 
The sponsor calculated sample size on the assumption that the MAC and ITT test results would 
be independent, which is not correct because this was a crossover trial and each subject 
experienced both tests during the trial. The planned sample size listed in the protocol was 110 
subjects to have 55 ITT-positive and 55 ITT-negative subjects. The plan was to have at least 
25% of subjects with high likelihood of having AGHD. The expected level of agreement (the 
sponsor did not provide a definition of what is agreement in this context) was to be at least 82% 
with the lower bound of the 1-sided exact confidence interval to be at least 69.3%. 
 

3.2.2 Statistical Methodologies 

Sponsor’s approach: 
 
There were two co-primary efficacy endpoints in this study: percent negative agreement and 
percent positive agreement, using the ITT as the comparator. For these analyses, the sponsor 
utilized the approach described in the “Statistical Guidance on Reporting Results from Studies 
Evaluation Diagnostic Devices” 1. There is no reference standard (for example, pathology result) 
available for the diagnosis of AGHD, i.e. there is no specific test that can either confirm or deny 
presence of AGHD with perfect accuracy. In this scenario, performance characteristics of the 
new test (MAC) are evaluated based on comparisons to ITT, which is often used to diagnose 
AGHD in clinical practice but cannot be considered a true a reference standard as it cannot 
identify AGHD 100% correctly. In this setting, the performance of the new test can be based on 
the level of agreement between the new test and the comparator test. 
 
As per the CDRH guidance for evaluation of agreement between two tests in circumstances of 
comparison to a non-standard, the performance characteristics of the MAC test were defined in 
the following manner: 
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these subjects could be identified without administration of an AGHD test, most likely they will 
not be receiving the test in clinical practice and therefore will not be a part of the intended use 
population. 
 
Subjects from group D will most likely not be tested because they are healthy and therefore will 
not be a part of the intended use population. That would leave subjects with intermediate 
likelihood of AGHD, groups B and C, in the intended use population. Because of this, I 
conducted a separate subgroup analysis involving only groups B and C. 
 
Performance characteristics of MAC 
To address the accuracy of the MAC test, evaluation of concordance between MAC and the 
currently standard diagnostic test (ITT) for AGHD is appropriate. I agree with the definition of 
primary outcomes, i.e. use of percent positive and negative agreement to compare the new test to 
a non-reference standard. 
 
In contrast to the definition of primary endpoints and definition of intended use population, the 
analysis and definitions of secondary endpoints proposed by the sponsor are problematic. For all 
secondary analyses, the sponsor excluded subjects from groups B and C. Thus, subjects who will 
likely be candidates for the ITT test (patients who would not be identified as having AGHD by 
IGF-1 or other criteria listed as criteria to identify subjects with high probability of AGHD) were 
excluded from the sponsor’s evaluation. Furthermore, the sponsor-defined “sensitivity” and 
“specificity” are not valid estimates of those characteristics for the test in the intended use 
population. An analysis that does not include the intended use population but rather includes 
only subjects on the extremes introduces spectrum bias1, 2, 3 and leads to biased estimates of 
sensitivity and specificity (tending to overestimate the performance characteristics of the test).     
 
The outcomes of both AGHD tests are binary (disease or no disease) but the underlying 
biomarker (GH level) is quantitative; therefore, the binary test result is driven by selection of a 
cut point for the GH level. Because selection of a specific cut point for a biomarker is a 
subjective choice, it is important to learn how biomarkers (in this case GH obtained from ITT 
and GH resulting from the MAC test) relate to each other.  Examination of agreement without 
use of cut points can provide a better understanding of GH patterns obtained with both tests. To 
explore the relationship between GH values obtained using ITT and GH values obtained using 
MAC test, I utilized Kendall’s tau-b4, 5. Kendall’s tau-b (tau-b) is an agreement measure that 
examines correlation between observations. The advantage of using tau-b is its scale-neutrality, it 
is a rank-based measure and because it is rank-based, subjects do not have to be on the same 
scale. The goal of this analysis is to measure the strength of association between biomarkers 
obtained using both tests. Tau-b was calculated for the entire study cohort and for each of the 
study groups separately. 
 
I also used scatter plots and box plots to illustrate the relationship between the biomarkers. 
 
Identifying optimal time window for testing 
For every diagnostic test, it is important to identify optimal conditions so that the test outcomes 
provide the most accurate information. In the case of ITT and MAC tests, the optimal point will 
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1. EXECUTIVE SUMMARY

1.1 Conclusions and Recommendations

The statistical results in terms of accuracy do not provide enough evidence to support the 
claims proposed in this NDA. The sponsor failed in the pre-specified primary ROC AUC 
analysis. The ROC AUC results may be biased because of possible confounding of the test 
with race and study site. The sensitivity and specificity results are not consistent in different 
subject groups (previously vs. newly enrolled). Different cut-points can be selected according 
to the rules (not pre-specified) and the cut-points are selected based on the single data with 
100 subjects, which may not be reproducible in another study. We recommend CR with 
additional confirmatory study with pre-specified cut-point and intended patient population.

1.2 Brief Overview of Clinical Studies

The medical product under development is Macimorelin (AEZS-130), which is an orally-
available peptidomimetic ghrelin receptor agonist with growth hormone secretagogue (GHS) 
activity. Macimorelin is intended for the diagnosis of adult growth hormone deficiency 
(AGHD)  

 

This NDA submission included 5 studies in the clinical development program. Broglio et al, 
2002, Study ARD-0705-003 and Study AEZS-130-IIT-1 included only healthy volunteers. 
Study H-27747 is an ongoing phase I study of macimorelin as a treatment of cachexia in 
cancer patients. Study AEZS-130-047 was selected for full statistical review and evaluation 
because it included both AGHD patients and matched controls. Macimorelin was
administered to all ITT population in Study AEZS-130-047. The major objective of this 
study is to evaluate the diagnostic efficacy of macimorelin for adult growth hormone 
deficiency. The results of Study AEZS-130-047 are summarized below.

Study AEZS-130-047 provided a 99% Lower Bound for the one-sided confidence interval
(CI) for the ROC AUC of .83 (less than the threshold of 0.85) for mITT population, thus the 
primary analyses (pre-specified in the SPA and agreed by both the sponsor and the agency)
failed. For the per-protocol analysis (PPS) population defined by the sponsor after obtaining 
the data, the 99% Lower bound for the one-sided CI for the ROC AUC is 0.851 (>0.85). 

52 subjects (42 AGHD patients + 10 matched controls) were enrolled previously under the 
original protocol and received both Macimorelin (AEZS-130) and L-ARG+GHRH (the 
comparator). 48 additional subjects (10 AGHD patients and 38 matched controls) were 
enrolled under the SPA agreed by the sponsor and the Agency and received Marcimorelin 
only because the comparator is not available during the study period. 

The performance (see details in Table 9) for the new enrolled patients is worse than the 
previously enrolled subjects (80%<95% for sensitivity and 53%<90% for specificity, using 
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the pre-specified cut-point 8.5 ng/mL). In addition, the specificity (30%) becomes worse if 
we only include the 10 newly enrolled matched controls for the 10 newly enrolled patients in 
the specificity analysis. The similar pattern is observed for another cut-point 2.7ng/mL
determined using the data. The results are not consistent for subjects enrolled from different 
study portions. 

With the cut-points (2-7 ng/.mL), the range of sensitivity and specificity values are from 80% 
to 90%, and percent of misclassification (disagreement between the test and the truth) ranges 
from 14% to 20% for the mITT population. A cut-point for the response variable (peak 
concentration following AEZS-130) of 2.7 ng / mL produced a Sensitivity of 0.81 (95 CI: 
0.68, 0.90) and a Specificity of 0.92 (95% CI: 0.80, 0.98) for mITT population.

The addition of a covariate ( BMI) that separates the population into two groups – subjects 
with BMI < 30kg / M2  versus subjects with BMI >= 30 kg / M2 , followed by the ROC 
analysis performed independently on each of these groups, yielded the following results:
For mITT population, BMI-adjusted ROC AUC = 0.918. Lower bound of 99% CI is 0.845 

by bootstrap method. Using the combined criteria of BMI with cut-point 30kg / M2  and the 
peak concentration cut-point 6.8 ng/mL in subjects with BMI<30 and 2.7 ng/mL for subjects 
with BMI>=30, the sensitivity is 0.86 and specificity is 0.92 for the mITT population.

Subgroup analyses were conducted for the mITT population.
For the BMI < 30kg / M2  group:
AUC = .892, lower bound of 99% CI is 0.975. Sensitivity is 77% and specificity is 85% with 
cut-point 6.8 ng/mL
For the BMI >= 30kg / M2  group:
AUC = .939, lower bound of 99% CI is 0.851. Sensitivity is 83% and specificity is 96% with 
cut-point 2.7 ng/mL.

For the 52 subject received both Macimorelin (AEZS-130) and L-ARG+GHRH (the 
comparator), the AUC value (95% CI) is 0.986 (0.961, 1) and 0.929 (0.848, 1) for 
Macimorelin and L-ARG+GHRH, respectively. With the optimal cut-point 4.3 ng/mL for 
Macimorelin, the sensitivity is 0.91 (95% CI: 0.77, 0.97), and the specificity is 1.00 (95% CI: 
0.69, 1.00). With the optimal cut-point 7.4 ng/mL for L-ARG+GHRH, the sensitivity is 0.86 
(95% CI: 0.71, 0.95), and the specificity is 0.90 (95% CI: 0.55, 1.00).

1.3 Statistical Issues and Concerns
Statistical significance was not achieved in the pre-planned primary analysis of the study. For 
the pre-planned primary analysis, the lower bound of the 99% confidence interval for the 
ROC AUC is <0.85, the pre-specified threshold.

There is a significant imbalance in Race between the AGHD group and the matched control 
group. Two of 52 AGHD patients (4%) and 18 out of 48 matched controls (38%) are Black 
or African American. Race may be a confounded factor for evaluating the diagnostic 
efficacy.
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There is a significant imbalance in study site between the AGHD group and the matched 
control group. For example, no AGHD patients were enrolled from Sites 11 and 17, and most 
of the matched controls were enrolled from Sites 09, 10, 11 and 17.  Site may be a 
confounded factor for evaluating the diagnostic efficacy.

The determination of the optimal cut-point is a challenge. Different approaches may lead to 
different cut-points. In addition, the selected cut-point was based on the same data that was 
used to determine its sensitivity and specificity. Therefore, the estimates of sensitivity and 
specificity may tend to overstate the truth. It is not clear if the sensitivity and specificity 
obtained in Study AEZS-130-047 can be reproduced in another study.

For both sensitivity and specificity using cut-point 8.5 (pre-specified by the sponsor in the 
protocol) and 2.7 (optimal cut-point determined from the data by the sponsor), the 
performance for the newly enrolled patients is worse than the previously enrolled subjects. 
The results are not consistent (previously vs. newly enrolled).

It is not clear if the matched control group includes subjects belonging to the intended patient 
population, who would seek for diagnosis of possible AGHD and would benefit from the test. 
The performance (ROC AUC, sensitivity and specificity) of Macimorelin for the intended 
patient population is not known.

2. INTRODUCTION

2.1 Overview

2.1.1. Class and Indication

Macimorelin (AEZS-130) is an orally-available peptidomimetic ghrelin receptor agonist with 
growth hormone secretagogue (GHS) activity. Ghrelin potently stimulates growth hormone (GH) 
release. The GH-releasing effects of ghrelin are thought to be mediated by specific receptors 
mainly present at the pituitary and hypothalamic level. In vitro, utilizing membrane preparations 
containing the GHS-receptor derived from human hypothalamus and pituitary gland, as well as 
in various functional cell-based assays covering GHS receptors of humans, mice and rats, it was 
demonstrated that macimorelin shows binding potency to the human GHS receptor comparable
to that of its natural ligand, ghrelin. In vivo, macimorelin is readily absorbed from the
gastrointestinal tract and induces potent GH release.

The proposed Indications and Usage statement for Macimorelin (by the sponsor) is:

 MACRILEN is indicated for the diagnosis of adult growth hormone deficiency (AGHD) 
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 Study H-27747: An investigator-initiated double-blind Phase I study of macimorelin as a 
treatment of cachexia in cancer patients. As of July 1, 2013 in this ongoing study, patients 
have been enrolled only in the dose group of oral macimorelin 0.5 mg/kg or matching 
placebo, once a day for 7 days. 

In this review, we only evaluate the results obtained from the pivotal study AEZS-130-047 with 
both AGHD patients and matched controls.

Table 1: Summary of pivotal clinical efficacy study AEZS-130-047
Phase and 
design

Primary 
objective

Study 
period

treatment Subjects 
(No. 
(M/F), 
type) 

Primary 
endpoint

Phase 3, 
multi-
center (11 
USA) 
open label

Diagnostic 
efficacy for 
adult growth 
hormone 
deficiency 

07/12/2007 
to 
7/14/2011 
with total of 
100 subjects 
with 
macimorelin 
exposure

MacimorelinOral 
solution Single 
dose 0.5 mg/kg 

52 (31/21) 
AGHD 
patients

48 (30/18) 
Matched 
controls

ROC AUC* 
of peak GH 
concentrations 

*Area under the receiver operating characteristic curve

2.1.4. Major Statistical Issues

1) Statistical significance was not achieved in the pre-planned primary analysis of the study. 
For the pre-planned primary analysis, the lower bound of the 99% confidence interval for 
the ROC AUC is <0.85, the pre-specified threshold.

2) There is a significant imbalance in Race between the AGHD group and the matched 
control group. Two of 52 AGHD patients (4%) and 18 out of 48 matched controls (38%) 
are Black or African American. Race may be a confounded factor for evaluating the 
diagnostic efficacy.

3) There is a significant imbalance in study site between the AGHD group and the matched 
control group. For example, no AGHD patients were enrolled from Sites 11 and 17, and 
most of the matched controls were enrolled from Sites 09, 10, 11 and 17.  Site may be a 
confounded factor for evaluating the diagnostic efficacy.

4) The determination of the optimal cut-point is a challenge. Different approaches may lead 
to different cut-points. In addition, the selected cut-point was based on the same data that 
was used to determine its sensitivity and specificity. Therefore, the estimates of 
sensitivity and specificity may tend to overstate the truth. It is not clear if the sensitivity 
and specificity obtained in Study AEZS-130-047 can be reproduced in another study.

5) For both sensitivity and specificity using cut-point 8.5 (pre-specified by the sponsor in 
the protocol) and 2.7 (optimal cut-point determined from the data by the sponsor), the 
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performance for the newly enrolled patients is worse than the previously enrolled 
subjects. The results are not consistent (previously vs. newly enrolled).

6) It is not clear if the matched control group includes subjects belonging to the intended 
patient population, who would seek for diagnosis of possible AGHD and would benefit 
from the test. The performance (ROC AUC, sensitivity and specificity) of Macimorelin 
for the intended patient population is not known.

2.2 Data Sources 

All materials reviewed including the applicant study reports, data sets and literature referenced 
are provided electronically, and the full electronic path of the documents are 
\\CDSESUB1\evsprod\NDA205598\205598.enx

The application study reports reviewed include Clinical overview, Summary of Clinical Efficacy, 
Summary of Clinical Safety in M2.

Data sets analyzed for study AEZS-130-047 (with data definition document) were located in 
M5\datasets\aezs-130-047\analysis\adam\datsets. 

The data follow Analysis Data Model (ADAM) and Data Tabulation Model  (SDTM) data 
format.

3. STATISTICAL EVALUATION

3.1 Data and Analysis Quality

It is possible to reproduce the primary analysis dataset, and in particular the primary endpoint, 
from the original data source. It is easy to find the related data. Moderate level of effort is needed 
to process the data. 

3.2 Evaluation of Efficacy

3.2.1 Study Design and Endpoints

AEZS-130-047:

Primary Objective: 
To determine the diagnostic efficacy of macimorelin (AEZS-130) based upon the area under the 
ROC curve (ROC AUC) 

Secondary Objectives: 
• To define cut-points for AEZS-130 based upon the sensitivity (ROC), specificity (ROC), and 
misclassification (CART) analyses 
• Assessment of effect on IGF-I, if any 
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• Evaluation of AEZS-130 safety profiles in terms of: Incidence of treatment-emergent AEs, 
Laboratory findings, Vital signs, ECGs at Tmax of AEZS-130 for the ~40 additional control 
subjects and 10 additional AGHD subjects to be entered under Amendments 4 and 5.

Study design:
This study was originally designed as a Phase II/III multi-center, randomized, open-label, cross-
over trial in case-control subjects. The following graphic depicts the original design:

Table 2: Original study design
Period 1: Day 1 Period 2: Day>=8

Group 1 Case L-ARG+GHRH AEZS-130
(macimorelin),Control

Group 2 Case AEZS-130
(macimorelin),

L-ARG+GHRH

Control

Prior to completion of the control subject accrual, the study was stopped. When the study was 
restarted, L-ARG+GHRH treatment was no longer commercially available. Subjects enrolled 
under amendments 4 and 5 will only receive AEZS-130 therefore the crossover aspect of the 
design and randomization no longer apply.

Forty-two (42) AGHD patients and 10 matched control subjects were enrolled in the original 
protocol. Approximately thirty (30) normal control subjects matching the AGHD patients who 
have completed the original protocol will be enrolled. In addition, 20 subjects; 10 adult growth 
hormone deficient (AGHD) patients and 10 matched normal control subjects will be enrolled. 
Approximately 100 subjects will be enrolled for this study.

Randomization and matching controls
In the original protocol, cases were randomized to a group (group 1 or group 2) which 
determined the treatment order upon entry into the study. Half of the cases received AEZS-130 
first while the remaining half received L-ARG+GHRH first. Each patient’s matched control was 
to be treated in the same order. Controls will be matched to cases based on age (± 5 yrs), sex, 
body mass index (± 2 kg/m2) and estrogen supplement status (if applicable). 

Subjects enrolled under amendments 4 and 5 will only receive AEZS-130 therefore the crossover 
aspect of the design and the randomization no longer apply and there is no group or order 
identification required for these subjects.

Analyses population:
The safety analysis population will consist of all subjects who received treatment, irrespective 
of any post-treatment measurements for GH and IGF-1. 

The intent-to-treat analysis population (ITT) will consist of all subjects who received a 
treatment and had at least one post-treatment GH measurement.
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The modified intent-to-treat analysis population (mITT) will consist of all ITT subjects that 
received AEZS-130 and have at least one post-treatment GH measurement between 45 and 75 
minutes post-treatment. The primary efficacy analyses will be based on the MITT. For 
completeness, data from subjects who were treated with L-ARG+GHRH will also be 
summarized. 

A per-protocol analysis population (PPS) is defined as all subjects without major protocol 
deviations. Major protocol deviations will include the following: 
Cases enrolled who did not meet the entry criterion for confirmed AGHD 
Not providing sufficient data to determine peak GH concentration 

Subgroup definitions 
Following are the subgroups of subjects that will be evaluated to assess the impact of these 
parameters on diagnostic assessments: 

demographic (by median age, gender) 
BMI (by Lean[<25], Overweight[≥25 and <30], Obese[≥30]) 
estrogen status 

Center contributions 
The cases will be enrolled from 8-10 centers with the expectation that each center will enroll ~4-
5 subjects. No one center will be allowed to enroll more than a third (~17) of the total cases. 
Centers that enroll only 1-2 subjects may be pooled with other low enrolling centers during 
analysis. 

The 40 additional controls and 10 additional AGHD subjects enrolled under Amendments no. 4 
and 5 will be accrued from up to four centers.

Primary endpoints: 

The primary endpoint for each individual is the peak GH concentration following treatment 
(AEZS-130). The GH concentrations are determined by assay. 

The basis of the truth for the ROC analysis is the case or control status of the subject. By 
definition, the cases are proven AGHD subjects by meeting entry criteria. Cases without 
confirmed AGHD will be identified as having a major protocol deviation and excluded from the 
per protocol analysis set. 

3.2.2 Statistical Methodologies

The statistical analysis plan (SAP) was approved on 07-Jun-2011 and the database locked on 12-
Aug-2011. The statistical methods described in the SAP are summarized below and the 
reviewer’s comments will be in italics in this Section.

Primary Efficacy Evaluation: 
The primary efficacy analysis is the ROC analysis performed on the peak GH levels when the 
subjects were treated with AEZS-130. The case or control status of the subject will be used as 
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“truth” for AGHD. The ROC curve is created by plotting the true positive fraction (TPF or 
sensitivity) vs. the false positive fraction (FPF or 1-spcificity) determined by moving the cut-
point value along the peak GH level range.

The diagnostic accuracy of AEZS-130 will be established if the AUC is greater than 0.85. This 
will be tested with α=0.01 using the one sided hypotheses: 

H0: AUC ≤ 0.85; HA: AUC > 0.85

The confidence interval of the AUC will be estimated using a bootstrap approach. The bootstrap 
process will involve drawing 1000 repeated independent samples (with replacement) from the 
original dataset and then estimating the AUC from the ROC analysis for each sample. The lower 
bound of the one-sided 99% confidence interval will be estimated directly from the 10,000 
bootstrap samples using the 1%-tile of the samples (e.g., the 10th smallest sample of the 1000 
samples). If the lower bound is greater than 0.85 then the null hypothesis will be rejected and 
AESZ-130 will be accepted as having diagnostic accuracy. 

Secondary Efficacy Analyses include:
 As a secondary endpoint, at least 8 of the 10 newly enrolled AGHD patients should be 

correctly classified for a protocol pre-specified threshold of peak GH concentration level, 
which is 8.5 (ng/ml)

 The sensitivity and its 95% confidence interval will be reported for peak GH<=cut- point 
for all cut-points along the peak GH range for AEZS-130

 The specificity and its 95% confidence interval will be reported for peak GH<=cut-point 
for all cut-points along the peak GH range for AEZS-130

 The CART analysis will estimate:
o Cut-point which minimizes the misclassification of case and control subjects
o Optimal decision tree for AEZS-130 which incorporates age, sex and BMI

 Sensitivity and specificity will be summarized for age, gender, BMI and estrogen status 
subgroups containing n>10

 Logistic regression analysis with backward elimination of non-significant terms from a 
full model which includes subgroup covariates and covariate by AEZS-130 interactions.

 ROC analysis will be performed for the subjects that received GHRH

For the first secondary endpoint, it is not clear why the 8.5 is used here. Sensitivity should be 
evaluated together with specificity. The confidence intervals for the sensitivity and specificity 
will be explored and calculated by exact method in this review.

The sponsor did not specify the method for determining the optimal cut-points in SAP. It seems 
that the optimal cut-point can be selected according to the misclassification rate. CART analysis 
can also be used to decide the best cut-point with or without covariates. With different rules, the 
optimal cut-point will be different. It is not clear which rules are the proper rules for clinical use 
and should be included in the label. Therefore, the CART analyses will not be explored in this 
review.
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3.2.3 Patient Disposition, Demographic and Baseline Characteristics

As shown in Table 3, all enrolled subjects were included in the intent-to-treat analysis set.
One AGHD patient (subject id as 0602) was enrolled, but only received L-ARG+GHRH, and 
discontinued without receiving macimorelin (AEZS-130), who is excluded from the mITT 
population.

According to the sponsor, two additional AGHD patients were excluded from the PPS analyses 
for the following reasons:

 One patient had only two pituitary deficiencies instead of the three required per the 
protocol

 Another patient did not have three hormone deficiencies or a low IGF-1 (patients were 
randomized in error).

Partial patients received L-ARG+GHRH because the product was withdrawn from the market
during the study period.

In this review, the focus is on the pre-specified mITT population. PPS population (specified by 
the sponsor) will be explored in some analyses. Subjects 0609 and 0608 (cases, previously 
enrolled, without matched controls) are not included in the PPS population. The group of 
subjects in mITT population, receiving both AEZS-130 and L-ARG+GHRH, will also be 
explored in this review.

Table 3: Patient disposition (count) for subjects (all enrolled subjects)
Total subjects AGHD patient 

N=53
Matched control N=48

Enrolled 53 48
Safety 53 48
Intent-to-treat 53 48
mITT 52 48
PPS 50 48
Received AEZS-130 in mITT 52 48
Received L-ARG+GHRH in mITT 42 10
Received AEZS-130 in PPS 50 48
Received L-ARG+GHRH in PPS 40 10

As shown in Table 4, the numbers of subjects with different sex, ethnicity, BMI status are similar 
in the patients and controls. The control group has slightly older patients (60% of subjects >50yr 
in control group and 50% subjects >50yr in patient group).

There is an imbalance in Race (4% Blacks in the patient group and 38% Blacks in the control 
group) in Table 4. Therefore, race may be a confounded factor for evaluating the diagnostic 
efficacy.
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Site may also be a confounded factor for evaluating the diagnostic efficacy (Table 5). For 
example, no AGHD patients were enrolled from Sites 11 and 17, and most of the matched 
controls were enrolled from Sites 09, 10, 11 and 17. Some sites (such as Site 09 and 17) enrolled 
more Blacks than other sites.

Table 4: Demographics and Baseline characteristics for ITT/mITT population
AGHD patient 
N=52

Matched control
N=48

Sex (N, %)
Male 31 (59.6) 30 (62.5)
Female 21 (40.4) 18 (37.5)

Race (N, %)
White 48 (92.3) 29 (60.4)
Black or African American 2 (3.9) 18 (37.5)
Asian 0 0
Other 2 (3.8) 1 (2.1)

Ethnicity (N, %)
Hispanic or Latino 10 (19.2) 9 (18.8)
Not Hispanic or Latino 42 (80.8) 39 (81.3)

Age (N, %)
<50 yr 26 (50) 19 (39.6)
>=50 yr 26 (50) 29 (60.4)
Mean(sd) 53 (13) 54 (13)
Median 50 54
Min-max 25-80 24-77

Estrogen status (N, %)
None 11 12
Oral 9 6
patch 1 0
missing 31 30

BMI (kg/m2)
Lean (<25) 7 (13.5) 7 (14.6)
Overweight (25-30) 15 (28.9) 13 (27.1)
Obese (>=30) 30 (57.7) 28 (58.3)
Mean (std) 32.1 (7.48) 31.8 (7.15)
Median 31.3 31.7
Min-Max 19.1-55.7 19.5-52.4
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Table 5: Distribution of subjects in mITT population by sites
AGHD patient 
N=52

Matched control
N=48

site (N, %)
01 10 (19) 0
02 1 (2) 0
03 10 (19) 0
04 1 (2) 0
06 8 (15) 4 (8)
07 3 (6) 0
08 4 (8) 0
09 2 (4) 19 (40)
10 13 (25) 5 (10)
11 0 6 (13)
17 0 14 (29)

3.2.4 Results and Conclusions

Summary of the main results provided by the sponsor is shown below.

Analyses were conducted in two populations: the modified intent to treat (mITT) population and 
the per-protocol set (PPS). The mITT population was meant to include in the primary efficacy 
analysis only subjects with at least one post-treatment GH measurement between 45 and 75 
minutes post-treatment. However, the mITT population included two subjects who did not meet 
the criteria for confirmed AGHD. Because this is an important aspect when evaluating a 
diagnostic agent, these two subjects were excluded from the per-protocol set (PPS) population. 

The Study provided a 99% Lower Bound for the one-side CI for the AUC of .835(<0.85) for 
mITT population, thus the pre-specified primary analyses failed. However, for PPS population, 
the 99% Lower bound for the one-sided CI for the AUC is 0.8502 (>0.85). 

A cut-point for the response variable (peak concentration following AEZS-130) of 2.7 ng / mL
(optimal cut-point without other covariates) produced a Sensitivity of 0.81 and a Specificity of 
0.92 for mITT population, a Sensitivity of 0.82 and a Specificity of 0.92 for PPS population.

The addition of a covariate ( BMI) that separates the population into two groups – subjects with 
BMI < 30kg / M2  versus subjects with BMI >= 30 kg / M2 , followed by the ROC analysis 
performed independently on each of these groups, yielded the following results:
For mITT population, BMI-adjusted ROC AUC = 0.918. Lower bound of 99% CI is 0.845 by 
bootstrap method.
For PPS population, BMI-adjusted ROC AUC = 0.925. Lower bound of 99% CI is 0.853 by 
bootstrap method.
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Subgroup analyses were conducted for the PPS population.
For the BMI < 30kg / M2  group:
AUC = .913, with “Optimal” cut-point 6.8 ng / mL
For the BMI >= 30kg / M2  group:
AUC = .937, with “Optimal” cut-point 2.7 ng / mL

Overall, Sensitivity=0.86, specificity=0.92 (using 6.8 ng/mL in BMI<30kg / M2 group and 2.7 
ng/mL in the BMI>=30kg / M2  group). Thus, the specification of a good cut-point in the peak 
concentration following AEZS-130 can depend on the subject’s BMI.

The reviewer’s results are consistent with the sponsor’s results above. The reviewer’s findings
are presented below.

Summary of the peak growth hormone concentration (peakcon)

Summary of the peak growth hormone concentration (ng/mL) following Macimorelin (AEZS-
130) administration in the mITT population is shown in Table 6. The mean, median and range of 
the peak concentration are very different in the patient group and the control group. The 
distributions of the peakcon in the two groups are very different. 

Table 6: Summary of growth hormone concentration in AGHD patient and matched controls
Analysis 
population

AGHD 
patient

Matched 
controls

N Mean 
(sd)

Median
(Q1-Q3)

Min-
max

N Mean 
(sd)

Median
(Q1-Q3)

Min-
max

mITT 52 2.70 
(6.22)

0.55
(0.095-
1.5)

0.025-
33.0

48 17.71 
(19.11)

10.5
(5.6-
22.6)

0.85-
94.0

ROC analyses

ROC AUC results are presented in Table 7. Bold value is from the pre-specified primary 
analysis. The lower bound of 99% 1-sided confidence interval is 0.83, which is less than the 
pre-specified threshold 0.85. The sponsor failed on the pre-specified primary analysis. 

The PPS analyses had slightly higher values of lower bound of 1-sided CIs compared with the 
mITT analyses. The ROC curve for AEZS-130 is shown in Figure 1.
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Table 7: ROC analyses for mITT population
mITT population PPS 

ROC AUC 0.912 0.923

Lower bound of 1-sided
99% CI 0.830 0.851
97.5% CI 0.845 0.864
95% CI 0.858 0.875

Figure 1: ROC curve for AEZS-130 in mITT population (AUC=0.913)

Secondary analyses: Sensitivity and specificity evaluation by cut-points

The sensitivity and specificity values, and percent of misclassification (disagreement) for 
different cut-points are also presented in Table 8 (only percent of misclassification<.20% were 
presented). The cut-points are the possible values of the peak hormone concentration in ng/mL.

The possible cut-points could be values between 1 and 7 ng/mL. If higher specificity is preferred
by clinical practice, smaller cut-points could be selected.

For mITT population, sensitivity is 0.81 (95% CI: 0.68, 0.90) and specificity is 0.92 (95% CI: 
0.80, 0.98) with cut-point as 2.7 ng/mL (sponsor selected this cut-point as the optimal cut-point 
without other covariates). 2.7 is one of the cut-points with the smallest percent of disagreement 
value (14%) shown in Table 8.  If the peak concentration is <=2.7 ng/mL then the subject is 
abnormal, otherwise, the subject is normal. 
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The performance for the newly enrolled and previously enrolled subjects is not consistent. In 
addition to the pre-specified cut-point 8.5, another cut-point 2.7 was also used and the 
performance is shown in Table 9. The similar pattern is observed.

The specificity is very low (point estimates about 50%) using the 8.5 cut-point for the newly 
enrolled subjects. It is also not clear if the relatively better performance with cut-point 2.7 can be 
shown in another study.

Table 9: sensitivity and specificity for newly enrolled subjects and all subjects
Cut-point Groups Sensitivity CI in % Specificity CI in %
8.5 ng / 
mL

Newly 
enrolled

8/10=80% (44,98) 3/10=30% (7, 65)

8/10=80% (44,98) 20/38=53% (36, 69)

Previously 
enrolled

40/42=95% (83, 99) 9/10=90% (55, 100)

All 48/52=92% (82,98) 29/48=60% (45, 74)

2.7 ng / 
mL

Newly 
enrolled

7/10=70% (35, 93) 8/10=80% (44, 97)

7/10=70% (35, 93) 34/38=89% (75, 97)

Previously 
enrolled

35/42=83% (68, 93) 10/10=100% (69, 100)

All 42/52=81% (68, 91) 44/48=92% (80, 98)

Results with Bold include 10 newly enrolled matched controls for the specificity evaluation.

Secondary analyses: ROC analyses with adjustment (mITT population)

In the logistic model with peak concentration (peakcon) following Macimorelin (AEZS-130) 
administration, age, baseline BMI (baseBMI), sex, race, only peakcon is highly significant with 
nominal p-value <.0001 in most of the models.

Models with site cannot be fitted because of small sample size. Subjects are also grouped into 
two BMI groups. If baseBMI<30 then BMIgrp=0, otherwise BMIgrp=1;

ROC AUC values with and without adjustment of other covariates have similar ROC AUC 
values around 0.9. Without adjustment, ROC AUC is 0.913 (point estimate). With adjustment for 
BMI group (BMI<30 or >=30) and the interaction between Peakcon and BMI group, ROC AUC 
is 0.918; with adjustment for RACE, ROC AUC is 0.925.
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Secondary analyses: ROC analyses for the patients receiving the comparator drug L-
ARG+GHRH

The analyses are conducted for subjects (52 subjects) with both Macimorelin (AEZS-130) and L-
ARG (the comparator). The AUC values (point estimates) for both drugs are above 0.9. The 
performance of AEZS-130 is slightly better than the comparator (AUC 0.986 vs. 0.929). Note 
that there are only 10 controls in the data, the sample size is small. The 95% CI confidence 
intervals were obtained by Mann-Whitney method. 

Table 10: AUC for model with different drugs (test and comparator)
Model AUC (95%CI) mITT population
Peak concentration only (LARG+GHRH) 0.929 (0.848, 1)
Peak concentration only (Macimorelin (AEZS-130)) 0.986 (0.961, 1)

Secondary analyses: sensitivity and specificity analyses for the patients receiving the 
comparator drug L-ARG+GHRH

In addition to the ROC analyses, the sensitivity and specificity of the two drugs with some cut-
points were calculated and are shown in Table 11.  The optimal points were selected as the ones 
with the smallest percent of disagreement.

The optimal cut-points (with less percent of disagreement and higher specificity if the percent of 
disagreement is the same) for Macimorelin (AEZS-130) and L-ARG (arginine)+GHRH are 
different. The results on sensitivity and specificity using the optimal cut-points are similar for 
Macimorelin (AEZS-130) and LARG+GHRH, and Macimorelin (AEZS-130) has slightly higher 
sensitivity and specificity.

Table 11: sensitivity and specificity, and percent of disagreement for subjects with the 
comparator
Cut-point on the 
peak 
concentration

Drug sensitivity CI in % Specificity CI in % Percent of 
disagreement

2.7 ng / mL LARG+GH
RH

29/42=69% (53, 82) 9/10=90% (55, 100) 27

Macimoreli
n (AEZS-
130)

35/42=83% (68, 93) 10/10=100% (69, 100) 13.5

4.3 ng / mL 
(optimal for 
AEZS-130)

Macimoreli
n (AEZS-
130)

38/42=90.5% (77, 97) 10/10=100 (69, 100) 7.7

7.4 ng / mL 
(optimal for 
LARG)

LARG+GH
RH

36/42=85.7% (71, 95) 9/10=90 (55, 100) 13.5
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3.3 Evaluation of Safety 

There is no major safety issue for this product (For more details please see clinical review).

4. FINDINGS IN SPECIAL/SUBGROUP POPULATION

In this Section, subgroup analyses for mITT population as exploratory analyses were presented. 
Only reviewer’s results are presented below.

Note that no conclusions can be drawn from the subgroup analyses due to lack of representation 
and limited sample size. Further exploration should be conducted for some subgroups of interest.

4.1 Gender, Race, and Age

Sensitivity and specificity were explored by gender, race and age, using the cut-point selected by 
the sponsor (peak concentration 2.7 ng/mL). The results are shown in Table 12. The accuracy in 
terms of sensitivity and specificity is slightly better for subjects with age>=50 vs. subjects with 
age<50 (sensitivity 85% vs. 77%, specificity 93% vs. 89%); for Blacks vs. Whites (sensitivity 
100% vs. 79%, specificity 94% vs. 90%). The specificity is better in Male vs. Female (97% vs. 
83%).

Table 12: Sensitivity (sen) and specificity(spe) by subgroups (in %). 
Sensitivity Specificity

Age <50 (n=45) 77 (n=26) 89 (n=19)
>=50 (n=55) 85 (n=26) 93 (n=29)

Race White n=77 79 (n=48) 90 (n=29)
Black n=20 100 (n=2) 94 (n=18)
Other n=3 100 (n=2) 100 (n=1)

Sex Male n=61 81 (n=31) 97 (n=30)
Female n=39 81 (n=21) 83 (n=18)

n is sample size.

4.2 Other Special/Subgroup Populations

From earlier exploration, BMI may be interacted with the test for evaluating the diagnostic 
efficacy, and there is imbalance observed in sites. Therefore, the accuracy in term of sensitivity 
and specificity (using the cut-point 2.7 ng/mL) were evaluated by baseline BMI values and the 
sites. ROC analyses were conducted by BMI, but not sites because of small sample size in many 
sites.
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Subgroup ROC analyses by BMI
The ROC AUC is 0.892 and 0.939 for the subjects with baseBMI<30kg / M2  and >=30kg / M2, 
respectively.

By Man-Whitney method, the 95% CI for the AUC is (0.791, 0.993) and (0.872, 1) for the 
subjects with baseBMI<30kg / M2  and >=30kg / M2  , respectively.

The 1-sided 99%, 97.5% and 95%  CI lower bound of the ROC AUC for the subgroups by 
bootstrap method is 0.754, 0.78, 0.80 for subjects with baseBMI<30kg / M2  , respectively; 
0.851, 0.866, 0.880 for subjects with baseBMI>=30kg / M2  , respectively.

The confidence intervals from the Mann-Whitney and bootstrap methods are consistent.
Using the combined criteria to determine disease or not disease, the overall sensitivity is 92%, 
specificity is 85%.:

 if baseBMI<30kg / M2  and peak concentration <=6.8 ng/mL then flag=positive 
(disease);

 if baseBMI<30kg / M2  and peak concentration>6.8 ng/mL then flag=negative (not 
disease);

 if baseBMI>=30kg / M2  and peak concentration<=2.7 ng/mL then flag=positive 
(disease);

 if baseBMI>=30kg / M2  and peak concentration>2.7 ng/mL then flag=negative (not 
disease);

The sensitivity and specificity values for the subgroups are shown in Table 13. The performance 
is slightly better for subjects with BMI>=30 vs. BMI<30 (sensitivity 83% vs. 77%, specificity 
96% vs. 85%). 

Specificity can only be evaluated in 4 sites (100%, 95%, 100%, and 79% for sites 06, 09, 10, and 
17). The sample size for sites 06 and 10 are small (n<=5).  For site 10, the sensitivity value is 
low (69%) even though the specificity is 100%. The performance varies in different sites.
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Table 13: Sensitivity (sen) and specificity (spe) point estimates by BMI and site (in %) using 2.7 
ng/mL as the cut-point

Sensitivity Specificity

BMI <30 n=42 77 (n=22) 85 (n=20)
>=30 n=58 83 (n=30) 96 (n=28)

site 01 n=10 80 (n=10) No data
02 n=1 100 (n=1) No data
03 n=10 80 (n=10) No data
04 n=1 100 (n=1) No data
06 n=12 87.5 (n=8) 100 (n=4)
07 n=3 100 n=3 No data
08 n=4 75 n=4 No data
09 n=21 100 n=2 95 n=19
10 n=18 69 n=13 100 n=5
11 n=6 100 n=6 No data
17 n=14 No data 79 n=14

n is sample size.

5. SUMMARY AND CONCLUSIONS

5.1 Statistical Issues 

1) Statistical significance was not achieved in the pre-planned primary analysis of the study. 
For the pre-planned primary analysis, the lower bound of the 99% confidence interval for 
the ROC AUC is <0.85, the pre-specified threshold.

2) There is a significant imbalance in Race between the AGHD group and the matched 
control group. Two of 52 AGHD patients (4%) and 18 out of 48 matched controls (38%) 
are Black or African American. Race may be a confounded factor for evaluating the 
diagnostic efficacy.

3) There is a significant imbalance in study site between the AGHD group and the matched 
control group. For example, no AGHD patients were enrolled from Sites 11 and 17, and 
most of the matched controls were enrolled from Sites 09, 10, 11 and 17.  Site may be a 
confounded factor for evaluating the diagnostic efficacy.

4) The determination of the optimal cut-point is a challenge. Different approaches may lead 
to different cut-points. In addition, the selected cut-point was based on the same data that 
was used to determine its sensitivity and specificity. Therefore, the estimates of 
sensitivity and specificity may tend to overstate the truth. It is not clear if the sensitivity 
and specificity obtained in Study AEZS-130-047 can be reproduced in another study.
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5) For both sensitivity and specificity using cut-point 8.5 (pre-specified by the sponsor in 
the protocol) and 2.7 (optimal cut-point determined from the data by the sponsor), the 
performance for the newly enrolled patients is worse than the previously enrolled 
subjects. The results are not consistent (previously vs. newly enrolled).

6) It is not clear if the matched control group includes subjects belonging to the intended 
patient population, who would seek for diagnosis of possible AGHD and would benefit 
from the test. The performance (ROC AUC, sensitivity and specificity) of Macimorelin 
for the intended patient population is not known.

5.2 Collective Evidence

This NDA submission includes five studies. Three studies enrolled only healthy volunteers and 
one study is ongoing. Therefore, only one study (Study AEZS-130-047) is relevant and all the 
evidence (summarized below) is from Study AEZS-130-047.

The Study provided a 99% Lower Bound for the one-side CI for the AUC of .83 (less than the 
pre-specified threshold of 0.85) for mITT population, thus the pre-specified primary analyses 
failed. For PPS population defined by the sponsor after obtaining the data, the 99% Lower bound 
for the one-sided CI for the AUC is 0.851 (>0.85). 

With the cut-points from 2 ng/mL to 7 ng/.mL, the range of sensitivity and specificity values are 
from 80% to 90%, and percent of misclassification (disagreement between the test and the truth) 
ranges from 14% to 20% for the mITT population. A cut-point for the response variable (peak 
concentration following AEZS-130) of 2.7 ng / mL produced a Sensitivity of 0.81 (95 CI: 0.68, 
0.90) and a Specificity of 0.92 (95% CI: 0.80, 0.98) for mITT population.

52 subjects (42 AGHD patients + 10 matched controls) were enrolled previously under the 
original protocol and received both Macimorelin (AEZS-130) and L-ARG+GHRH (the 
comparator). 48 additional subjects (10 AGHD patients and 38 matched controls) were enrolled 
under the SPA agreed by the sponsor and the Agency and received Marcimorelin only because 
the comparator is not available during the study period. 

The performance (see details in Table 9) for the new enrolled patients is worse than the 
previously enrolled subjects (80%<95% for sensitivity and 53%<90% for specificity using the 
pre-specified cut-point 8.5 ng/mL). In addition, the specificity (30%) becomes worse if we only 
include the 10 newly enrolled matched controls for the 10 newly enrolled patients in the 
specificity analysis. The similar pattern is observed for another cut-point 2.7ng/mL determined 
using the data. The results are not consistent for subjects enrolled from different study portions.

The addition of a covariate ( BMI) that separates the population into two groups – subjects with 
BMI < 30kg / M2  versus subjects with BMI >= 30 kg / M2 , followed by the ROC analysis 
performed independently on each of these groups, yielded the following results:
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For mITT population, BMI-adjusted ROC AUC = 0.918. Lower bound of 99% CI is 0.845 by 
bootstrap method. Using the combined criteria of BMI with cut-point 30kg / M2  and the peak
concentration cut-point 6.8 ng/mL in subjects with BMI<30 and 2.7 ng/mL for subjects with 
BMI>=30, the sensitivity is 0.86 and specificity is 0.92 for the mITT population.

Subgroup analyses were conducted for the mITT population.
For the BMI < 30kg / M2  group: AUC = .892, lower bound of 99% CI is 0.975. Sensitivity is 
77% and specificity is 85% with cut-point 6,8 ng/mL
For the BMI >= 30kg / M2  group: AUC = .939, lower bound of 99% CI is 0.851. Sensitivity is 
83% and specificity is 96% with cut-point 2.7 ng/mL.

For the 52 subject with both Macimorelin (AEZS-130) and L-ARG+GHRH (the comparator). 
The AUC value (95% CI) is 0.986 (0.961, 1) and 0.929 (0.848, 1) for Macimorelin and L-ARG, 
respectively. With the optimal cut-point 4.3 ng/mL for Macimorelin, the sensitivity is 0.91 (95% 
CI: 0.77, 0.97), and the specificity is 1.00 (95% CI: 0.69, 1.00). With the optimal cut-point 7.4 
ng/mL for L-ARG, the sensitivity is 0.86 (95% CI: 0.71, 0.95), and the specificity is 0.90 (95% 
CI: 0.55, 1.00).

The intended patient population is not clear and the performance of Macimorelin for the intended 
patient population is unknown from the pivotal study.

5.3 Conclusions and Recommendations
The statistical results in terms of accuracy do not provide enough evidence to support the claims 
proposed in this NDA. The sponsor failed in the pre-specified primary ROC AUC analysis. The 
ROC AUC results may be biased because of possible confounding of the test with race and study 
site. The sensitivity and specificity results are not consistent in different subject groups 
(previously vs. newly enrolled). Different cut-points can be selected according to the rules (not 
pre-specified) and the cut-points are selected based on the single data with 100 subjects, which 
may not be reproducible in another study. We recommend CR with additional confirmatory 
study with pre-specified cut-point and intended patient population.

5.4 Labeling Recommendations 

We recommend CR for this product. However, if this product is approved, we recommend the 
following changes in Indication and Section 14 (Clinical studies) in the label.
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File name: 5_Statistics Filing Checklist for a New NDA_BLA110207 

 
NDA Number: 205598/0000   Applicant: Aeterna Zentaris 

GmbH 
 Stamp Date: 11-05-2013  

Drug Name: Macimorelin 
Acetate 

NDA/BLA Type: Original NDA Submission Date: 11-04-2013

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

 Content Parameter Yes No NA Comments 

1 Index is sufficient to locate necessary reports, tables, data, 
etc. 

x    

2 ISS, ISE, and complete study reports are available 
(including original protocols, subsequent amendments, etc.) 

  x One study 

3 Safety and efficacy were investigated for gender, racial, 
and geriatric subgroups investigated (if applicable). 

 x  Matching was 
performed on 
three criteria – 
age, sex/estrogen 
supplement and 
BMI

4 Data sets in EDR are accessible and do they conform to 
applicable guidances (e.g., existence of define.pdf file for 
data sets). 

   Could not open 
Define.xml 

 
IS THE STATISTICAL SECTION OF THE APPLICATION FILEABLE? ____Yes____ 
 
If the NDA/BLA is not fileable from the statistical perspective, state the reasons and provide 
comments to be sent to the Applicant. 
 

(1) Please provide subgroup analysis by sex, age and race (and geographic region if 
applicable) or provide a justification as to why these analyses are not included.  

 
(2) We cannot open define.xml  file. Please provide a corresponding pdf file. 

 
Studies Submitted 
 
AEZS-130-047 
 
Studies to be Reviewed 
 
AEZS-130-047 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 

Content Parameter (possible review concerns for 74-
day letter) 

Yes No NA Comment 
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Designs utilized are appropriate for the indications requested.     
Endpoints and methods of analysis are specified in the 
protocols/statistical analysis plans. 

    

Interim analyses (if present) were pre-specified in the protocol 
and appropriate adjustments in significance level made.  
DSMB meeting minutes and data are available. 

  x  

Appropriate references for novel statistical methodology (if 
present) are included. 

 x   

Safety data organized to permit analyses across clinical trials 
in the NDA/BLA. 

    

Investigation of effect of dropouts on statistical analyses as 
described by applicant appears adequate. 

  x One patient 
missed the 
primary effic. 
Value after 
treatment 
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