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Subject: QT-IRT Consult to NDA 22-256

This memo responds to your consult to us dated 21 August 2008 regarding the sponsor’s
responses to FDA comments on Study MLN-PK-10, entitled: An Evaluation of the Safety and
Tolerability of Sequential Multiple-Dose Regimens of Milnacipran HCI and the Effect of the
Maximum Tolerated Dose on Cardiac Repolarization in Healthy Subjects.

The QT-IRT received and reviewed the following materials:
* Your consult
» Responses to the FDA Discipline Review Letter dated 23 July 2008
o QT-IRT Review of Study MLN-PK-10 dated 18 June 2008

1. Background

A part of the NDA application for milnacipran, Forest Laboratories, Inc. submitted a ‘thorough
QT study. The QT-IRT reviewed the study and provided comments to DAARP in a consult
dated 18 June 2008. In our opinion, there were several limitations to the study which decreased
our confidence in the study results. The main limitations were:

(1)  Atadose of 300 mg bid, milnacipran increased the heart rate by a mean of 22 bpm.
The sponsor derived an individual-specific heart rate correction factor (QTcNi) using
interval data collected at rest on day -1. This is not suitable to apply to a drug that
increases heart rates outside the resting range because it assumes that the QT/RR
relationship remains linear outside the resting range. According to the sponsor’s
analysis, the mean increase in AAQTcNi is -5 (-9.4, -0.08) ms. If, however, the same
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analysis is performed using QTcF, the mean increase in AAQTCF is 7.7 3.5, 12.0)
ms. We used QTcF in our analysis of the data.

The study is not optimally designed to assess assay sensitivity. Moxifloxacin was
administered to subjects on day 1 followed by dosing with placebo or milnacipran for
37 days. The moxifloxacin should be conducted concurrently with the other
treatment arms in order to demonstrate that the study was designed and conducted to
detect an effect on the QT/QTc¢ interval of around 5 ms. ’

2. Sponsor’s Submission
The sponsor performed additional analysis to address each of the FDA comments. Below we
have presented highlights of the sponsor’s response to each comment and whether we agree or

disagree.

2.1 Sponsor’s Responses to FDA Comment 1

“To assess the adequacy of the various correction methods, the slopes of QT¢ vs. RR
interval were plotted for each individual subject at Day 38 by treatment group based on
both individual-specific correction method and the Fridericia method (Figures 1.1 to 1.4).
These plots indicate that the individual-specific correction method tends to under-correct
the QT intervals for milnacipran subjects as evidenced by the positive slopes after the
correction, while the Fridericia method tends to over-correct the QT intervals for both the
milnacipran and placebo subjects. Therefore, these graphs indicate that the QTc
Fridericia does not yield a more correct measurement than the QTc individual and,
therefore, the QTcF results do not invalidate the conclusion that a 10 ms increase in QTc
has been ruled out.”

Sponsor’s Figure 1.1 to Figure 1.4: Slope of QTc vs. RR Relationship for Each Individual

Subject at Day 36
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QTcNi for Placebo QTcF for Placebo

Reviewer's Comments: We agree that neither QTcNi nor QTcF is an appropriate heart rate
correction method because neither correction method completely removes the QT/RR
relationship in all subjects. As stated in the original review, QTcF corrects for the heart rate
more sufficiently than QTcNi when pooling all treatment from all subjects (see section 5.1 of QT-
IRT Review, dated 18 June 2008). However, when the data are stratified by treatment group,
QTCcF corrects the heart rate effect more efficiently for milnacipran as summarized in FDA Table
1. The sponsor’s QTcNi is better for placebo data as shown in FDA Table 2.

FDA Table 1. Sum of Squares of Slopes for Milnacipran (Selected QTc vs. RR)

Lepende () () Average o O gquare
QT 40 0.0238
QTcB 40 0.0238
QTcF 40 0.0039
QTcNi 40 0.0045

FDA Table 2. Sum of Squares of Slopes for Placebo (Selected QTec vs. RR)

Dependent QT/QTc N Average of Sum of Squared
Variable Slopes
QT 48 0.0135
QTcB 48 0.0179
QTcF 48 0.0035
QTcNi 48 0.0017

“To address the issue of drug-induced heart rate increase, and the non-linearity of the
QT/RR relationship at higher heart rates, piecewise individual-specific corrections were
calculated based on a dichotomous cut of the RR interval data at 800 ms (corresponding
to a heart rate of 75 bpm). Specifically, for each subject, linear regression models QT =ai
+ bi*RR were fit using baseline (Day -1) data separately for RR < 800 ms and for RR >
800 ms. Following that, the post-baseline (Day 38) QT interval was corrected using the
formula QTcNi=QT+bi*(1000-RR) which included the appropriate QTcNi based on
whether the post-baseline RR interval was < 800 ms or > 800 m:s.

b(4)



“The results of the analysis based on the piecewise individual correction method are
summarized in Table 4.”

Table 4. Change Trom Time-Matched Baseline to Day 38 in QTcNi Based on

Piecewise Individuai Correction

Placebo Milnacipran Milnacipran - Placebe
‘!'m""-' ot Baseline 22, L8
1§17 \ a
[17AT)

-1.83£3.537 4532=38 -11.48.6.00
2 3.21=3.02 235=30 -5.58.8.31
25 -18452.88 -3.05£307 -8.24, 6.01
3 “1l45 =291 -3.38= 308 -0.6. 475
4 -232=1251 -8.3322466 -18.25.221
6 -382 =337 -i3.80 =366 -16.43,0.32
12 -1.22 =413 -15.84 =445 -24.83, 441

%  Based on muzed effect nicded with treatment group. ze
: o1 9% Tacions, age and mean baseliue alo 3
hit: subject observations: Baseline is Treatmen: B2, Da 3 -1 for placebe md Treatment B1, Dav
-1 o milnaciprag,

Reviewer’s Comments: Using a piecewise correction approach is still inadequate. For some
subjects. (e.g. 001B004, 001B002), the baseline RR observations (Green = Day -1) are all
greater than 800 ms, whereas RR intervals from the treatment group (Red = Day 38) are all less
than 800 ms. Therefore, it is impossible to calculate the QTcNi based on the sponsor’s proposed
piecewise linear regression method with a cutoff RR of 800 ms. Other subjects have baseline RR
intervals <800 ms; however, the range of baseline RR intervals is too narrow to cover the entire -
RR range observed in treatment group. Furthermore, the OT and RR linear relationship derived
Jrom the baseline data appears to have a different slope from the treatment group (see subjects
001B090 and 001B089). Therefore, it is not appropriate to extrapolate the QTcNi and RR
relationship obtained from baseline group using the piecewise approach.
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FDA Figure 1 Individual QT vs RR Plots for 2 Random Subset of 18 Subjects (All '
Treatments)
Green = Day -1; Blue =Day 1; Red = Day 38
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- “Post hoc concentration-QTc analyses were performed for the AAQTCNi (derived by
original analysis) and AAQTCF versus milnacipran concentration relationships
(Milnacipran Concentration Plots). These analyses indicated that at the highest
therapeutic dose, 100 mg BID (mean Cmax of 0.54 pg/mL), the predicted QTcF change for
milnacipran relative to placebo is 2.7 ms with a 90% CI of -0.09, 5.5 ms. The results of
these analyses are presented in Table 5. Furthermore, at the mean Cumax of 1.908 ug/mL
the upper CI for AAQTCF was determined to be less than 10 ms (7.83 ms), again
indicating that MLNPK-10 is a negative thorough QT/QTc study.”



Table 2. A4QT¢e vs Milnacipran Concentration Relationship and Predicied AAQT¢ at

Ciﬂ!ﬁIZ
Individual Corvection Method Fridericia Correction
Regression Eguarion -13.19+4.63 x Concesraiion §.51 = 2.63 x Concenirasion
~13.61 4-17.32,-8.500 272009, 353

W
Lo

TAT (1094, 3.00) 553032

[

1.833

Cory =1.908 nz'mL

Reviewer’s Comments: Concentration-QT analysis results based on the original QTcNi are
difficult to interpret. If milnacipran shortens the QTc interval as the sponsor claims then one
would expect a negative slope. As shown in the Sponsor’s Table 5, the slope is positive which
means the QTc interval increases with higher milnacirpran concentrations. This analysis further
supports that the QT-RR correction factor is not adequate.

2.2 Sponsor’s Response to FDA Comment 2

¢ -

2.2.1. Timing of the Moxifloxacin Treatment Relative to Milnacipran

“Although moxifloxacin treatment was not administered concurrently with milnacipran,
the sponsor does not believe that there would be a difference in effect of a single dose of
moxifloxacin on the QTc on Day 1 as opposed to Day 38. Experimental conditions were
similar between Days 1 and 38. For example, meals were administered at the same time
and subjects were required to be supine for at least 6 minutes prior to each ECG
timepoint evaluation,

“Since QTc data are available from the groups receiving placebo at the beginning (Day 1;
Treatment B1) and the end (Day 38; Treatment B2) of the study, the effects of time (as
extrapolated from these two timepoints in the study) on the QTc¢ interval in these placebo
treated groups were further examined. A comparison of the two placebo groups showed
similar changes in mean QTc change from time-matched baseline during the course of
the day examined (Figure 1). Thus, there is consistency of the QTc behavior over the
duration of the study. Extrapolating from these data, one would not expect a difference
in QTc response to an active control treatment between the study start and end (Days 1
and 38).
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Figure I.  Time-Matched, Baseline-Adjusted QT¢ Intervals (Mean £ SE) Fallowing
Administration of Placebo on Days 1 and 38 of che Study
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“To further support the lack of effect of study day on the moxifloxacin effect on QTc, an
additional analysis of the baseline adjusted moxifloxacin effect on QTc was performed.
The prespecified assessment performed in study MLN-PK-10 evaluated the change in
time-matched baseline-adjusted QTc intervals of moxifloxacin from placebo using
Treatment B1, Day 1 placebo data. A post hoc, additional analysis using Treatment B2,
Day 38 as placebo indicates similar changes in time-matched baseline-adjusted QTc
intervals of moxifloxacin from placebo. This further supports the similarity of the Day 1
and Day 38 placebo groups (Table 2) and the lack of effect of study day on the QTc.

Table 2, Mean Change (90% CI) in Time-Matched Baseline-Adjusted QT¢ of '
: Aloxiflexacin from Placebo
QIcN?
Thne (hi Doy I Placebd” Dav 38 Piaceds”
1 (.30 (-2.65,32% 1.91 {-1.32, 4734
2 391118 660 4.30 (_é.[IS._ 7.533
23 157 (136, 7.59% 3.70(0.33, 6.86}
3 +327(1.88, 7.28) 6.72 (345 008}
4 5320275 786y | 785490 1081 {3.78,9.13] .1 143
8 597 (2.88. 200 4.08 (1.35, 6.82} 7 11 (404 1617 | 2725, lﬁ IU 28}
- 12 5.85 2,81, 8.0 .23 (2.86, 7.61) FR2E0 1041y | 454 228 70D
a  Placebo Fom Treannent :51 ACICET ZrOUP CONMPALISN

X

& Placebo fom Treaunert B2: within-subject groug comparison

Reviewer’s Comments: In general it is more optimal to evaluate both moxifloxacin and
milancipran around the same time in order to avoid the potential long-term shifting on ECG
observations. For this particular study, we agree with you that your data do not demonstrate that
there is much difference of moxifloxacin QTc (both QTcNi and QTcF) change from both Day 1

placebo and Day 38 placebo.

In terms of placebo time profile, it appears that QTcF demonstrates more consistent results over
time (there is about 4 ms difference at 6 hr post dose between Day 1 placebo and Day 38
placebo if using QTcNi).



2.2.2 . QT-Moxifloxacin Relationship

“The slope of the C-QT relationship in Study MLN-PK- 10 3.6 ms per pg/mL for QTcNi
and 5.5 ms per pg/mL for QTcF is in agreement with reported values and predicts a mean
change at the targeted Cmax of moxifloxacin (3.1 pg/mL) in line with many reports
(Garnett et al, 2008; Darpo et al., 2006). Thus, QTc prolongation observed for
moxifloxacin in Study MLUN-PK-10 is consistent with the reduced plasma exposure of
moxifloxacin that was obtained in this study, possibly due to over-encapsulation. This
provides additional evidence that assay sensitivity was achieved in study MLN-PK-10.”

Table 3, AAQTe vs Moxifloxacin Concentration Relationsldp and Predicted AAQTc
at Cgar
Individun! Correction Fridericia Correction
.ueg’ ession Equarion 0.38+3.65 x Conrenirarion -1.92 ~+ 349y Concenivaiion

fean (‘:"J’b L’L AAQTc at
CM\ =1.731¢ pgimL

670467, 832}

$.49 (6.08, 16.90)

Miean (99% CTy AA(QTc at

11.59 (6.08, 16.39}

16.01 (11,38, 20.44)

Cay =3.1 pgfml

Reviewer’s Comments: Based on the statistical criteria that the lower limit of the two-sided
cownfidence interval is 2 5 ms, moxifloxacin failed to demonstrate assay sensitivity. This is caused
by the decrease in exposure; the mean Cpay is 1.7 pig/ml which is lower than the expected mean

of ~3 ug/mi.

Furthermore, the time-course of mean plasma moxifloxacin concentrations is

indicative of a slower release / absorption rate as evidenced by a prolonged median Tyay of 4
hours (vange: 1 to 6 hours). A slower release / absorption rate and apparent decrease in
exposure could have been caused by over-encapsulating the moxifloxacin tablet to maintain
blinding and /or administering moxifloxacin with food. The exposure-response relationship was,
however, consistent with other studies that we have reviewed. Thus, we concluded that the lower
moxifloxacin response is expected for the observed exposures.

QT-IRT Comments for DAARP

1.

The study was not designed adequately to correct the QT interval for heart rate. The
range of heart rates collected during baseline is significantly lower than the range
observed following milnacipran treatment; the mean increase in heart rate was 22 bpm
with the supratherapeutic dose (300 mg bid x 38 days). Based on our analysis of the
QT/RR data across all treatment arms, QTcF is a better than the sponsor’s QTcNi in
correcting the QT for heart rate.

We do agree with the sponsor that QTcF has a tendency to over-correct the QT interval
for heart rate, i.e., QTc will be larger at higher heart rates, and QTcNi has a tendency to
under-correct, i.e., QTc will be smaller at higher heart rates. Therefore, one can view
QTcF as a ‘conservative’ estimate of the heart-rate corrected QT interval.

Based on QTcF, the maximum mean increase in QTc¢ is 8 ms (90% CI: 3.5, 12.0) ms for
milnacipran 300 mg bid. The dose level provides exposures that are 3- to 4-fold greater
than the highest clinical dose of 100 mg bid. Exposure-response analysis using AAQTcF
gives a shallow but statistically significant slope of 3 ms per pg/ml milnacipran (see
section 5.3.1 of the original review). Based on this relationship, it expected that
milnacipran will not significantly increase the QTcF interval over the therapeutic
exposure range. For example, the expected mean Cpax in a severe renal impaired patient



taking milnacipran 100 mg bid is 1092 ng/ml [based on a 2.4-fold increase in Crnax in
subjects with severe renal impairment (source: Sponsor’s Highlights of Clinical
Pharmacology) and a mean Cpay 0f 455 ng/ml for 100 mg bid (source: study

F2207M146)]. Based on the exposure-response relationship, the expected increase in
QTcF is 3.5 ms.

4. We recommend the results of QTcF are used for labeling. We defer all labeling decisions
to the clinical review division.

© y
: b{4)
R

Thank you for requesting our input into the development of this product under IND. We
welcome more discussion with you now and in the future. Please feel free to contact us via
email at cderderpgt@fda.bihs.gov
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1 EXECUTIVE SUMMARY

1.1 Recommendation on Regulatory Action

I recommend approval of milnacipran 100mg/day and 200 mg/day for the treatment of
fibromyalgia.

1.2 Recommendation on Postmarketing Actions

1.2.1 Risk Management Activity

No specific risk management steps beyond the product labeling are recommended at this time.

1.2.2 Required Phase 4 Commitments

The following are the required Phase 4 commitments:

e The Applicant will need to conduct studies in the pediatric population 12 years of age and
older.

¢ The Applicant will need to conduct another thorough QT (TQT) study as the one submitted
in the NDA does not adequately elucidate the effect of MLN on the QT interval.

The Applicant will need to conduct an Ames assay using the clinical batch.

CSS recommends the following studies:

* A receptor binding study with F-2800, the N-desethyl metabolite of milnacipran. If the
receptor binding study demonstrates significant binding at sites associated with abuse
potential, then animal abuse studies will need to be conducted with the metabolite.

= An appropriately-designed self-administration study with MLN should be conducted in
rats or monkeys including a drug with known abuse potential as a positive control.

* A human abuse potential study may be required depending on the results of the self-
administration study and the metabolite study. '

* A prospective human physical dependence study in FM patients to characterize the
withdrawal syndrome that occurs following discontinuation of MLN.

1.2.3 Other Phase 4 Requests

The Applicant may wish to explore the efficacy of MLN at a dose of 50 mg/day as a dose lower
than 100 mg/day was not explored during the development program.
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1.3 Summary of Clinical Findings

1.3.1 Brief Overview of Clinical Program

Milnacipran (MLN) is a norepinephrine and serotonin reuptake inhibitor (NSRI) and has an anti-
depressant effect. It has been approved in other countries since 1997 for the treatment of major
depression disorder (MDD) and generalized anxiety disorder (GAD). The Applicant intended to
obtain a new indication, treatment of fibromyalgia syndrome (FMS), based on achieving
simultaneous and clinically significant improvement of three domains of fibromyalgia syndrome:
pain, patient global impression of improvement and physical function. The Division of
Anesthesia, Analgesia and Rheumatology Products (DAARP) has determined that these elements
are inter-related in such a manner in this disease, that it does not allow for distinction between
claims of treatment of fibromyalgia (FM), treatment of FM pain or treatment of FM syndrome.
The Division’s position is that the indication to be granted for this population should be
“treatment of FM”, ’

The Applicant submitted two Phase 3 trials to support the efficacy of MLN for the treatment of
FM, Studies FMS 031 and MLN-MD-02. These studies were randomized, double blind, placebo-
controlled which enrolled 2084 patients with FM. These studies evaluated the efficacy and safety
of 100 mg MLN in two divided doses and 200 mg MLN in two divided doses, up to 12 weeks of
treatment. .

Additional supporting safety data consisted of the Phase 2 placebo controlled study in 125
patients with FM, Study FMS-021, and long-term safety data from the extension Study FMS034
which included 449 patients treated with MLN 100 mg/day and 200 mg/day up to 28 weeks and
Study MLN-MD-04 which included 384 patients treated for iip to 39 weeks. Studies FMS 031
and MLN-MD-02 were conducted in the United States (see Table 1 below). The Applicant also
submitted post-marketing data of MLN which includes post-marketing studies and spontaneous
reports since its approval in other countries.

APPEARS THIS W
AY
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Table 1. Summary of Clinical Trials

b1y e No. of
ile:)’:?ber Study Design/Objective Treatment Groups | Patients g::::;;::‘
i Randomized
Pivotal Studies
Placebo 401
Randomized, double-blind, placebo- | Milnacipran 100 mg/d 399 to
MLN-MD-02 | controlled, parallel-group, fixed-dose (BID) ,g“ff e’
Pivotal safety and emcy Milnacipran 200 mg!‘d 306 SW
(BID)
Placebo 223
Randomized, double-blind, placebo- | Milnacipran 100 mg/d 224
FMS031 controlled, pasallel-grouvp, fixed-dose BID) = 27 weeks®
Pivotal safety and efficacy Milnacipran 200 mg/d 441
(BID) .
Exiension Studies
Randomized, double-blind, parallel- | Milnacipran 100 mg/d 54
I N-MD-04 group, fixed-dose (BID) up to
) Long-term safety and persistence of Milnacipran 200 mg/d 39 weeks
efficacy @ID) = 330
Randomized, double-blind, parallel- |Milnacipran 160 mg/d 48
A group (BID) 15
FMS034 Long-term safety and persistence of Milnacipran 200 mg/d 28 weeks
efficacy (BID) 401
{Phase IT
Placebo 28
Randomized, double-blind, placebo- | Milnacipran 25-200 16
FMS021 controlled, parallel-group, flexible-dose mg/d (QD) 12 weeks
Initial safety, efficacy, and tolerability Milnacipran 25-200
mg/d (BID) >

a  Pivotal efficacy evalnation performed at 13-weak landmark.
BID = twice a day; QD = once a day

(Source: Applicant’s Table 2.1.4-1, Clinical Overview, p. 12 -13)

In summary, 1824 patients with FM were treated with MLN, 1460 of them in the placebo-
controlled efficacy trials and the number is patients in the safety database is 2596 patients with

FM and non-FM disorders exposed to MLN.

1.3.2

The support of efficacy of this new molecular entity (NME) was obtained from two Phase 3
efficacy studies, FMS-031 and MLN-MD 02. The two studies were randomized, double-blind,

Efficacy

placebo-controlled, multicenter studies but were designed with slightly different study
populations and different durations.
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In Study FMS031, patients were treated for 6-months, with follow-up visits at 4-week intervals
during the maintenance phase. The study included patients with pain of at least 50 mm on the
100 mm VAS pain intensity scale and patients with depression were excluded by the MINI
questionnaire. In the other study, MLN-MD-02, patients were initially treated up to 29 weeks,
with follow-up visits at 4-week intervals during the maintenance phase. Study MLN-MD-02
included patients with pain scores of at least 40 mm on the VAS, and a Fibromyalgia Impairment
Questionnaire — Physical Function (FIQ-PF) score of at least 4 at baseline, and excluded patients
with a BDI of 25 or more.

After discussion with the Division during the development program the Applicant was informed
that 6-month data was no longer required for evidence of efficacy. Instead, two 3-month studies
would be required to support efficacy of the product and that Study MLN-MD-02 which was
ongoing as a 6-month study, could be truncated to 3 months for analysis.

When Study FMS031 was completed, analysis of the data was not favorable for milnacipran.
The company believed this was due to the population characteristics and inability to show a
treatment effect in the population. Agreement was reached that the data from this study could be
re-analyzed poss-/oc, using a modified population that was the same as that of Study MLN-MD-
02, with efficacy analyzed at the 3-month landmark. For the re-analysis of the data of FMS031
the company would use what was designated a “uniform program analysis (UPA)” meaning that
the population considered for this pas Zoc analysis would consist of patients who had a Beck
Depression Inventory score under 25 and would use a more stringent definition of response for
the PGIC: a score of 1 (very much improved) or 2 (much improved). By doing this population
adjustment, the two studies would be analyzing populations with homogeneous characteristics
and allow for more accurate replication of results. The baseline observation carried forward
(BOCF) would be the imputation method for missing data. '

The Applicant chose a pain composite responder analysis as the primary endpoint for the

indication of “treatment of fibromyalgia pain”. In this pain composite responder analysis patients

were considered responders if they met the following criteria for improvement concomitantly:

e 30% improvement in pain from baseline

¢ A Patient Global Impression of Change (PGIC) of 1 (very much improved) or 2 (much
improved) at the 3-month landmark

For the indication of “treatment of fibromyalgia syndrome” the Applicant presented a composite
responder analysis for FM syndrome. In this composite responder analysis, patients were
considered responders if in addition to the two criteria above they also had an improvement of at
least 6 points on the SF-36 PCS score.

As the indication of treatment of FM syndrome is not being considered, my recommendation is
based on the results of the pain composite responder analysis as this more closely reflects the sort
of analysis that would be accepted by the Division’s current standards. The FDA analyses of the
composite “FM pain” responder analysis of the two studies indicate that there is replicated

. evidence of efficacy for the MLN 200 mg/day dose. For the MLN 100 mg/day dose, only Study
MLN-MD-02 demonstrated that there was a statistically significant effect. Nevertheless, in Study
FMS031, a numerical difference between the proportion of responders in the MLN100 mg/day
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and placebo groups was demonstrated, which indicates that some patients may respond to the
lower dose of MLN. Nevertheless, despite the difference in the efficacy between placebo and
MLN in both studies, the overall proportion of patients that responded to MLN was relatively
low (approximately 25%).

1.3.3 Safety

The safety database consisted of 2596 patients exposed to MLN:

® 1824 patients with FM from one Phase 2 and four Phase 3 studies

* 772 patients with non-FM disorders, namely major depression disorder (MDD) and
generalized anxiety disorder (GAD) from five Phase 3 studies

A subset of 354 patients was treated with MLN for at least one year and 209 of them were
treated at 200 mg/day.

The Applicant provided additional supportive safety data derived from:

e historical safety data derived from studies in MDD conducted prior to 1996 for the Marketing
Authorization Application
nine post-marketing studies

# spontaneous reports

The incidence of serious adverse events was low (<0.5%) and the ones that occurred more than
once were chest pain, palpitations. The most common adverse events were .nausea, headache,
constipation, dizziness, and vomiting.

In respect to suicidality, the data showed that MLN increases the incidence of suicidal ideation in
patients with depression at treatment initiation. Patients with moderate and severe depression
were excluded from these studies, so the effects of MLN in this group are not known, and the
label may need to reflect that finding was limited to a restricted population with non-severe
depression.

The controlled studies did not indicate that MLN increases the risk of hepatotoxicity.

The safety data in the controlled studies indicate that MLN increases systolic blood pressure
(mean increase SBP 3.1 mmHg and 3 mmHg for MLN 100 and 200 mg/day respectively) and
diastolic blood pressure (mean increase DBP 3.1 mmHg and 2.6 mmHg for MLN 100 and 200
mg/day respectively) these effects do not seem to be dose related. In addition, patients who have:
normal blood pressure or are pre-hypertensive at baseline have an increased risk of developing
hypertension while on milnacipran. Monitoring of blood pressure should be recommended in the
label.

The controlled studies also demonstrated that milnacipran increases heart rate (mean increase in
heart rate 6.6 bpm and 7.1 bpm for MLN 100 and 200 mg/day respectively). Changes > 10 bpm

10
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were noted in 34 to 40 % of the patients on milnacipran and approximately 12-15% of the
milnacipran treated patients had heart rates above 100 bpm but less than 1% were above 120
bpm. Monitoring of heart rate should be recommended in the label.

1.3.4 Dosing Regimen and Administration

The dosing regimen proposed by the Applicant is 50 mg twice a day after a week-long titration
period as follows:

Day 1: 12.5 mg

Days 2-3: 12.5 mg twice daily (25 mg/day)

Days 4-7: 25 mg twice daily (50 mg/day)

After Day 7: 50 mg twice daily (100 mg/day)

The Applicant also proposes a higher dose, 200 mg/day, based on individual patient response.

This titration scheme and dosing regimen were used in the Phase 3 trials. The patients that
received 200 mg/day, received 100 mg/day during the second week of treatment and the dose
was increased to 200 mg/day at the third week of treatment.

1.3.5 Drug-Drug Interactions

Drug-drug interaction studies were conducted with the following drugs: alcohol, carbamazepine,
clomipramine, digoxin, fluoxetine, lithium, lorazepam, and warfarin. The interaction studies
with digoxin, warfarin, lithium, lorazepam and alcohol demonstrated that there were no PK
interactions between these drugs and MLN. The drug-drug interaction studies with
levopromazine and carbamazepine revealed PK changes that were considered not clinically
significant by the Applicant.

Two studies investigated the effect of switching from fluoxetine and clomipramine to
milnacipran without a washout. Switching from fluoxetine to MLN did no change the PK of
MLN. On the other hand, switching from clomipramine to MLN without washout increased the
Crnax of MLN by 18% and 10% after 4 days of dosing with the observation of adverse effects
such as euphoria, postural hypotension, headache, insomnia and nausea.

1.3.6 Special Populations

The safety and effectiveness of MLN were not studied in the pediatric population, or in pregnant
women and nursing mothers. The effect of MLN on labor and delivery is unknown.

11
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Special dosing recommendations will be made for patients with renal impairment: the drug
should be used with caution in patients with moderate renal impairment, and the dose should be
reduced by 50% in patients with severe renal impairment. MLN should also be used with caution

in patients with severe hepatic impairment.

No dose adjustments are necessary in the geriatric population.

" |
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2 INTRODUCTION AND BACKGROUND

2.1 Product Information

- Milnacipran (Z-2-aminomethyl-1-phenyl-N, N-diethylcyclopropane-carboxamide,
hydrochloride [HCI]) is a new molecular entity (NME) being jointly developed in the United
States by Cypress Bioscience, Inc., and Forest Laboratories, Inc., for the treatment of
fibromyalgia. Milnacipran is a cis(& / racemate (Z form) composed of two (< and /)
enantiomers. Figure XX presents the chemical structure of milnacipran.

~
. .
CH:CHE\ - NHz"Cl
N

cryen,

Figure 1.Chemical Structure of Milnacipran

Milnacipran is a norepinephrine (NE) and serotonin (5-hydroxytryptamine [5-HT]) reuptake
inhibitor (NSRI) drug with antidepressant activity, with preferential inhibition of NE reuptake
over 5-HT reuptake. Milnacipran is a small molecule that is structurally unrelated to other
antidepressants, such as tricyclic antidepressants (TCAs) and more recently developed
compounds.

The Applicant proposes to market this drug as immediate-release (IR) tablets of different
strengths- 12.5 mg, 25 mg, 50 mg and 100 mg- to allow gradual titration up to 100 mg/day, up to
.the maximum proposed dose which is 200 mg/day. »

The proposed dosing regimen for adults is 50 mg twice a day after a week-long titration period
as follows:

Day 1: 12.5 mg

Days 2-3: 12.5 mg twice daily (25 mg/day).
Days 4-7: 25 mg twice daily (50 mg/day)
After Day 7: 50 mg twice daily (100 mg/day)

The Applicant also proposes a higher dose, 200 mg/day (100 mg BID), based on individual
patient response. The Applicant does not propose a tapering for discontinuation of the drug,

This drug is marketed in Europe under the trade name Ixel® available as 25 mg and 50 mg
capsules for the treatment of major depressive episodes in adults, and in Japan under the trade

13
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name Toledomin® available as 15 mg and 25 mg tablets for the treatment of depression. The
maximum recommended doses in Europe and Japan is 100 mg daily in two divided doses.

2.2 Currently Available Treatment for Indications

Two drugs are approved in the United States for the treatment of fibromyalgia: pregabalin
(Lyrica®) and duloxetine (Cymbalta®). Other drug treatments are used off-label including anti-
depressants, opioids, non-steroidal anti-inflammatory drugs (NSAIDs), sedatives, muscle
relaxants, anti-epileptic drugs, and local injection of trigger points. These drugs target
symptoms associated with fibromyalgia. Non-pharmaceutical treatments include exercise,
physical therapy, massage, acupuncture and cognitive behavioral therapy.

2.3 Availability of Proposed Active Ingredient in the United States

Milnacipran is a new molecular entity and it is not currently marketed in the United States.

2.4 Important Issues With Pharmacologically Related Products

The approved norepinephrine and serotonin reuptake inhibitors (NSRIs) are associated with
adverse events including suicide ideation and suicidal behavior in children, adolescents, and
young adults. This led to the incorporation of a boxed warning in all of the product labels for
this drug class. Other adverse events associated with this class of drugs are serotonin syndrome,
potential interaction with monoamine oxidase inhibitors, changes in blood pressure and heart
rate, discontinuation syndrome, neuroleptic malignant syndrome, visual problems (midriasis),
hyponatremia, bleeding, urinary retention, dysuria, seizures, withdrawal symptoms, and anxiety.

2.5 Presubmission Regulatory Activity

There is no guidance for the development of drugs for the treatment of fibromyalgia. In June
2003, the Arthritis Advisory Committee met to discuss the development program of drugs for
this condition. The consensus was that not only the improvement of pain was important but also
improvement of other aspects of the disease needed to be taken into consideration. Therefore, the
evaluation of drugs for the treatment of FM should evaluate improvement in pain as well as
measures of health-related quality of life domains of function and patient global well being.
Because this is a chronic condition, the studies would be required to have duration of at least 3
months to establish durability of response in FM patients. At that time, the position of the
Agency was that two indications would be possible:

® Pain of FM: This would require efficacy only of the pain endpoint.

14
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¢ Fibromyalgia syndrome: This would require evidence of efficacy on three co-primary
endpoints: pain, function and global well-being.

In 2007, the Division of Anesthesia, Analgesia and Rheumatology Products (DAARP)
reassessed the position regarding the appropriateness of having two different indications for
fibromyalgia and came to the conclusion that the pain, function, patient global and other
elements are inter-related in such a manner in this disease, that they do not allow for distinction
between claims of “treatment of FM”, “treatment of FM pain” or “treatment of FM syndrome.”
The Division has determined that the indication that should be granted for this class of drugs is
“treatment of FM”,

The following is a chronological summary of the interactions with the applicant during the
product development:

e November 2001- Filing of IND 63,736 to study the use of MLN in FMS.

¢ April 2003- End-of Phase 2 and Special Protocol Assessment (SPA): The previous Division
of Anti-Inflammatory, Analgesic and Ophthalmic Drug Products (DAAOP) agreed that the
program would have two pivotal studies and there were two potential claims for FM. One of
the studies would demonstrate efficacy at 6 months with a positive trend at 3 months.
Superiority of MLN over placebo would be demonstrated based on a responder analysis of
pain and global for the indication of pain of FM or pain, global and function for the
indication of FMS. The second study would be a 3-month study using the same endpoints at
the 3-month landmark. Clinically significant endpoints were specified as: ‘

® 30% improvement in pain from baseline,

*» score of 1, 2 or 3 on the seven point Likert Patient Global Impression of Change
(PGIC), and »

* 30% improvement from baseline on the Fibromyalgia Impairment Questionnaire

(FIQ).

e July 2003- Type C- General Guidance Meeting: The use of the electronic diary was deemed
acceptable by DSI and DAAOP after a meeting on July 25, 2003.

e October 2003- Type A- Post SPA Review: Meeting for clarifications on the review of the
SPA for FMS031 and extension study MLN-MD-02.

® May 2005- General Guidance Meeting: DAAOP agreed that the power calculation for MLN-
MD-02 could be updated based on the final results of FMS031 as long as the data of the
former study were still unblinded and not analyzed. The responders for the 6-month
endpoint were defined by at least 27 weeks of therapy and for the 3-month endpoint by at
least 15 weeks of therapy. '

¢ June 2006- Type C- Clinical and Statistical Issues: The newly established DAARP informed
the Applicant that 6-month data were no longer required for evidence of efficacy and that
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two 3-month studies were acceptable for registration. At that time, FMS031 which was
originally 6-months long had been completed and MLN-MD-02 was ongoing. The Division
agreed that the ongoing study could be truncated to 3 months for analyses. The Division also
agreed that they could exclude severely affected patients but ultimately the database for the
application should included patients with co-morbid depression. The Applicant proposed a
more stringent definition of global response by the PGIC (much improved and very much
improved) and stated that they preferred to utilize a composite responder analysis for the
analysis of the data for studies addressing the treatment of FMS and the Division was
agreeable to the proposal. Study MLN-MD-02 would be truncated at the 3-month landmark
once the last recruited patients had been treated for three months and the imputation method
for missing data would be the baseline observation carried forward (BOCF). The analysis of
two doses for the two potential indications was considered acceptable.

March 2007- Type B- Pre-NDA Meeting: The following key agreements were reached:
= Two indications were possible for MLN: treatment of pain or treatment of
fibromyalgia syndrome.
The trials could have duration of 3 months.
SF-36 PCS could be used as a measure of physical function.
Continuous responder analyses were recommended but not required.
The Applicant would re-analyze study FMS031 using the analysis methods of
MLN-MD-02. In FMS031 physical function was measured using the FIQ-PF
scale. Patients with depression as measured by the Mini International
Neuropsychiatric Interview (MINI) would be excluded from the analysis. In
MLN-MD-02 SF-36 PCS was used to measure physical function and excluded
patients that had a score > 25 as assessed by the Beck Depression Inventory
(BDI). In study FMS031, SF-36 PCS and BDI scores were collected as secondary
endpoints and re-analyzing the data using the same paraineters would make the
two efficacy studies symmetrical.
® The safety data would be grouped in four subgroups consisting of: core safety
data generated from good clinical practice (GCP) studies in normal volunteers and
patients with FM, from supporting safety data generated from GCP and placebo-
controlled studies in non-ﬁbromyalgla patients, from historical safety data and
from post-marketing experience.
* Pediatric studies would be deferred until approval in adults.

February 2008- Teleconference: The Applicant was notified that the current position of
DAARP was to grant the indication of “treatment of fibromyalgia” for all the drugs of this
class and would no longer consider the indications “treatment of fibromyalgia pain” and
treatment of fibromyalgia syndrome”. The Applicant was also notified that this drug did not
meet the requirements for priority review.

Although milnacipran is an NME, an Advisory Committee was not deemed necessary because
milnacipran is not the first drug in its class and there is a considerable body of knowledge
regarding the NSRIs.
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2.6 Other Relevant Background Information

Pierre Fabre is the discoverer and manufacturer of the active pharmaceutical ingredient,
milnacipran HCI. Pierre Fabre conducted the initial preclinical and clinical development program
and was responsible for the registration of MLN as an antidepressant in France. Cypress
Bioscience, Inc., in California and Forest Laboratories, Inc., in New York co-developed MLN
for the treatment of fibromyalgia in the United States. The US Investigational New Drug
Application (IND) for the clinical study of milnacipran was filed by Cypress in 2001. In 2004,
Forest became the agent for the milnacipran IND.

Since the European marketing authorization of MLN in 1997, Pierre Fabre received the
following requests for labeling changes:

o

b(4)

A & &6 &6 & &6 ¢ o & o o
-t

_

- - j It is not clear in the submission how this issue was addressed.

3 SIGNIFICANT FINDINGS FROM OTHER REVIEW DISCIPLINES

The reviews for Chemistry, Manufacturing and Control (CMC) and Animal Pharmacology and
Toxicology were not finalized at the time of this review. The information presented here is based
on data from the Applicant’s submission and preliminary discussions with the review teams of
these disciplines.
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3.1 CMC (and Product Microbiology, if Applicable)

Milnacipran is a novel small molecule that is structurally unrelated to other antidepressants, such
as tricyclic antidepressants (TCAs) and more recently developed compounds. Milnacipran is a
cis-(d, 1) racemate (Z form) composed of two (d- and 1-) enantiomers.

e
|
. .
CHLCH, NH3"C1
N

cazcn,”

Molecular Formula: C;sH»CNag
Molecular Weight: 282.8

Figure 2. Chemical Structure of Milnacipran

Milnacipran HCl is a white to off white powder and is freely soluble in water, methanol, ethanol,
chloroform and methylene chloride, and is very slightly soluble in diethyl ether.

The to-be-marketed formulation of milnacipran is an IR tablet containing 12.5 mg, 25 mg, 50 mg
and 100 mg of MLN. The inactive ingredients used in the manufacture of the finished dosage
form areC.  Jdibasic calcium phosphate L - o J
C | povidone{”  Tarboxymethylcellulose calcium, colloidal silicon dioxide, talc,
magnesium stearate and(”_ “"Poatings. h‘A)

Notably, the clinical studies were conducted utilizing an IR capsule fonnulatioﬁ. Although the

L ' ' . A biowaiver request for the bioequivalence of
the capsule and tablet formulations was submitted to the IND (August 14, 2006) and was granted
by the Agency (December 14. 2006).

At the time of writing of this review, no chemistry and manufacturing control issues have been

identified. For further details regarding the CMC assessment of the NDA, please refer to the
reviews of the drug substance and drug product by Dr. Elsbeth Chikhale and Dr. Craig Bertha.
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3.2 Animal Pharmacology/Toxicology

Dr. Elizabeth Bolan reviewed the acute toxicology and the carcinogenicity data. Dr. Asoke
Mukherjee reviewed the toxicology data. No approvability issues have been encountered.

Key findings from Dr. Bolan’s review are as follows:

The acute toxicology studies in mice demonstrated that the oral administration of high doses
of MLN (racemic mixture, and each of the isomers) led to hypoactivity, cyanosis, prostration,
and convulsions. The intravenous (IV) administration of the racemic mixture caused
hypoactivity, piloerection, prostration and convulsions were observed. LDso values were
similar in males and females with PO and IV administration.

The acute toxicology studies in the rat, similar clinical signs of hypoactivity, prostration,
convulsions and congested lungs were observed at the higher doses with oral administration
for the three compounds tested. Milnacipran with IV administration caused tremors, apathy,
gasping and decreased respiration at higher doses. LDso values were similar in males and
females with both oral and IV administration.

The 26-week carcinogenicity study with MLN was conducted in a transgenic rasH2 mouse
model utilized MLN daily oral doses up to 125 mg/kg. There was no increase in the
incidence of neoplastic lesions. The most frequent neoplasms noted included pulmonary
tumors, hemangiomas and hemangiosarcomas. A trend test for multiple organ
hemangiosarcomas in females was significant but no significant pairwise comparisons were
seen. The incidence of hemangiosarcomas observed for females was similar to the historical
control values provided by the Applicant. Various neoplasms or pre-neoplastic lesions were
observed but all were similar to levels.observed in vehicle controls and/or similar to levels
observed in the historical controls. The Executive Carcinogenicity Assessment Committee
agreed that the study was negative for any statistically significant drug-related neoplasms.

The carcinogenicity data indicates that MLN does not cause an increased risk for the incidence
of cancer. Key findings from Dr. Mukherjee’s review of the genotoxicity studies are as follows:

Milnacipran was negative in Ames assay of reverse mutation in the absence and presence of
S-9 liver mixtures, however, the Applicant did not provide purity data for the test substance
According to Dr. Mukherjee, the Applicant will need to conduct another Ames assay as a
Phase 4 commitment, using the clinical batch of milnacipran.

Milnacipran did not induce chromosomal aberration in vitro in the absence and presence of
S-9 mixtures in human peripheral blood lymphocytes. .

F2207, the active enantiomer of MLN, is not mutagenic in the absence and presence of S-9
liver mixtures.

F2207 is negative in mouse micronucleus assay in vivo.

The following were the key findings from the reproductive and developmental toxicology
studies:

The mating performance was delayed at milnacipran doses of 20 and 80 mg/kg. The fertility
of rats was reduced at 80 mg/kg. The no effect dose was 5 mg/kg in Wistar rats.
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In the F2207 oral gavage fertility study in the rat, MLN had no effect on mating performance
in rats up to 60 mg/kg (360 mg/m?). However, reduced fertility and embryocidal effect was
observed in female rats at 5 mg/kg (30 mg/m?) and higher doses in Sprague Dawley rats.
Based on this data, Dr. Mukherjee recommends that MLN be designated Pregnancy Category
C.

In the F2207 oral gavage teratology study in rabbits, no maternal toxicity was observed up to
60 mg/kg. Nevertheless, a single extra rib was noted in rabbits at 15 and 60 mg/kg as a
variation. No teratogenicity was observed in the study.

In the F2207 oral teratology study in the mouse, treatment at 5, 25 and 125 mg/kg did not
show any skeletal and visceral malformation in pregnant mice. However, fetal weight was
reduced at 25 and 125 mg/kg. No maternal toxicity was noted at any dose. Based on the
maternal toxicity data, the maximum tolerated dose (MTD) was not clearly defined.

In the study that evaluated the effects of F2207 on peri- and post-natal development of the rat
by gavage during late gestation and lactation, data suggest that the treatment with MLN at 60
mg/kg had an adverse effect on survival and weight of F; pups. Surviving pups did not show
abnormality in the physical development and behavioral assays.

The peri and postnatal study in rats treated orally with TN-912 showed a reduction of
survival of F1 pups at 5 mg/kg and higher doses. The treatment had no effect on gestation
and delivery.

From the oral gavage carcinogenicity study Dr. Mukherjee concluded that the dietary
administration of MLN up to 50 mg/kg for 104 weeks did not increase the incidence of
tumors. :

In summary, Dr. Mukherjee concluded that the label should indicate that milnacipran is not
mutagenic as based on the Ames, chromosomal aberration in human lymphocytes, mouse
lymphoma in TK +/- cell line and mouse micronucleus tests. Because of the inadequacies of the
original Ames test, Dr. Mukherjee also recommends that the Applicant conducts another Ames
assay a Phase 4 commitment, using the clinical batch.

The labeling recommendations based on the pre-clinical reviews areas follows:

The label should indicate that milnacipran is not mutagenic as based on the Ames,
chromosomal aberration in human lymphocytes, mouse lymphoma in TK +/- cell line and
mouse micronucleus tests. , _

Milnacipran should be designated Pregnancy Category C, based on the findings of reduced
fertility and embryocidal effect observed in female rats at 5 mg/kg (30 mg/m?) and higher
doses in Sprague Dawley rats.

The label should also include the result of the carcinogenicity study: A carcinogenicity study
was conducted in Tg rasH2 mice for 6 months at oral gavage doses of up to 125 mg/kg/day.
Milnacipran did not show carcinogenic potential in Tg rasH2 mice at any dose tested.

For further details please refer to the pre-clinical reviews by Dr. Elizabeth Bolan and Dr. Asoke
Mukherjee.
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4 DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY

4.1 Sources of Clinical Data

Clinical data reviewed in support of this NDA submission were generated from the following
studies: '

1))

2)

3)

4

3)

The final study report for Study FMS021, a clinical trial conducted in the United States
by the Applicant entitled: A Phase II, Multicenter, Double-Blind, Randomized, Placebo-
Controlled Study of Milnacipran for the Treatment of Fibromyalgia.

The final study report for Study FMS031, a clinical trial conducted in the United States
by the Applicant entitled: A Phase III Pivotal, Multicenter, Double-Blind, Randomized,
Placebo-Controlled Monotherapy Study of Milnacipran for t Treatment of Fibromyalgia
The final study report for Study MLN-MD-02, a clinical trial conducted in the United
States by the Applicant entitled: A Phase 1Il Pivotal, Multicenter, Double-Blind,
Randomized, Placebo-Controlled Monotherapy Study of Milnacipran for Treatment of
Fibromyalgia.

The final study report for Study FMS034, a clinical trial conducted in the United States
by the Applicant entitled: A Phase II1, Multicenter, Double-Blind, Randomized,
Monotherapy Extension Study of Milnacipran for Treatment of Fibromyalgia.

The final study report for Study MLN-MD-04, a clinical trial conducted in the United
States by the Applicant entitled: An Extension Study of MLN-MD-02 for the Treatment
of Fibromyalgia

Other sources of data were the safety database consisting of placebo-controlled studies in non-
fibromyalgia (non-FM) patients, historical safety data from studies in the 1997 European
Marketing Authorisation Application (MAA) for Major Depression Disorder (MDD), post-
marketing experience consisting of post-marketing studies in non-FM patients and spontaneous
adverse event (AE) reports.

4.2 Tables of Clinical Studies

The following is a tabular listing of all the clinical studies conducted:

APPEARS THIS way
ON ORIGINAL
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Table 2. Tabular Listing of Clinical Studies

) . . Healthy . Study
Location Study Design Test Product(s); Number P Duration -
g{’; "’f Study Idensifisr | of Stady | Objectives of the study | and Type of Dose Regimen; of %}.’”";’: ;.” of f.’”"";'
o Report Control Route of Adwinistration | Subjects qf;i;ielxl ; Treatment R?po rtf
M038:
Study of the Absolute To assess the absolute ;
Bioavailability of bioavailability of F2207 3’”‘?‘,’3‘;&"} 25.mg solution; 50 g single
F2207 in the Healihy (milnacipran). To B oy~ | ~dose: inmavenous infusion Comt
Subject by establish the - over 1 hour Single d
Ba Comparison of the 33 pharmacokinetic cms?m,e;l n Healthy dose P:.;‘ﬁ’
Capsule Form With characteristics of oy 4:; 25-mg capsule; 50 mg single
an Intravenous milnacipran and evajuate hout dose; oral.
Infusion at the Doce its urinary elimination.
of 50 mg
MIN-PK-04:
A Single-Center,
?ﬁf?z;% %F;: To evaluate the effect of
abel, Single-Dose, 0 eV effectof | .
Ba | Jwo-WayCrossover | o5,y food on the e dngle et | 3t Heay | Sisle | oo
Study Comparing the | 7" | bioavailability of 100 mg P ool dose PF ol
Effect of Food on the milnacipran HCL b
Oral Bioavailability
of Milnacipran HC1
Capsules
, . . Healthy . Study
Location Study Design Test Product(s); Number - o | Duration -
g L},r;v of Stidy Hentifier of Study | Objectives of the study | and Iype of Dose Regimen; of ‘i’,’i?g';;‘n‘.’: 9 f{;’;‘:}
N Report Control Route of Administration | Subjects of Pafients Treatment Report
2039: To evaluate the
possibility of
administering the drug
with food without
decreasing its
bioavailability
Randomized
MO39/ M124: 1124 (Addendum 10 50-mg capsule; 50 mg single
pa | lfiemcecfFoodon | 5,y | MO3O): Toevahatebe | PECh | “anse foved withalowsr | o, ey | Shee | S
the Phammacokinetics |~~~ | influence of food on the cxos;az'u breakfast, and with a high-fat = ¥ dose pﬁﬂ?
of F2207 pharmacokineties of smdy breakfast; oral
milnacipran based on the
calculation of confidence
intervals of
pharmacokinatie
Pparameters according to
the present
MO048: Randomized,
* Study on Relative open-label, . .
Bioavailability of bio?nmmglf’e two 2-way S0 cag;t;l:,oirglmg sngle Corn:
vo 22 Al ’ i =
BaBE | (TWoF2070m | 5151 | F2207 formulations, ater | CTOSSOVE 12 | Heawy | Single | oo
ormulations After : PRI with 1-week : dose
: el single administration at a . 50-mg tablet; 50 mg single Full
Single Administraton dose of 50 washout dose: oral
in Twelve Healthy ose of O mg. between g
Volunteers treatments
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. . . Healthy - Study
Location |. Study Design Test Produci(s); Number L Duration .
gﬁ"’f Smdy ldentifier | of Smdy | Objectives of the study | and Tipe of Dose Regiren; 0 %‘?Hf,?,r 9 ;m";‘f
- Report Control Route of Administration Subjects of Pl:;:'m " Treatmient R?;a ot
M112: To evaluate the
relative bioavailability of
thoee different oral F2207
formulations bﬂ
‘measuring F2207 plasma
and wrine levels, and to
stdy the tolerance of the
two new F2207 . :
AIANL: formulations versus the | Randomized, 5"“‘%3"’*’;“;?’%‘&
Comparative reference formulation | open-label, !;%"SP sa‘:;f do=:a ]
bioavailability smdy aftex single 50 mg oral 3.way g single dose;
of thyee F2207 administration. CIO530V . . : Com-
BABE |  fommhafions | 53122 audy wiha | _S0-mg dibasic caleium 2 | Heaty | Simgle | o
(ilnacipran) after T 113 (Addendumito T.day phosphate-based capal; - dose | *rar
single SO mg cral MI12): To evahuie the | washont T stagle dose; o
administration in behavior of each between P . -
24 healthy vohmteers enantiomery of F2207 treatments .0—15:‘1)3 hc:;:itﬁ_c?rf o
after adminisration of g single dose
different formulations of
milnacipran and to
determine whecher
squivalence is also
observed for the
egantiomers (F2695 and
F2696).
- ‘ - - Healtly T smar
Location Study Desi Test Product(s); Number L Duration =
g,’,’;,."f Study Heutifier | of Smdy | Objectives of the study | and Type 5}' Dose Regimen; e ‘g’)"?“:’ﬂ?: P f.’"""}
¥ Report Control Ronte of Adwministration Subjects of P‘:" r".'" ts Treatment Rl?e 2
Group A:
100-mg score rablet; 50mg
single dose with a standard
breakfast; oral
M140: .
S 50-mg tablet; 50 mg single
3‘- 2 Nl m‘;ﬂ:ﬁg dose with a standard
(?Oml Fo “”“‘“.}‘?I- breakfast; oral
100 mg Score Tablet .
After Single To test the Open-label, 100+ Gr:oxq;:i bl
Administration % bioequivalence of a naw domized, | 00 mg.“:;’dnm 'th
score Tablet (50 me) F2207 oral fornmlation 2.way h ?&?ﬁ: akf:e n:ma si Com-
BE Versus 50 g 53123 | (100mgscoretablety | crossover Stan 55 37 Healthy a;s“sie plete;
Milnacipran Tablet in versus reference sdy in 100-mg tabler 100.mg single Full
Tiwelve Normal fomulations (S0 mz and | 3 growps of rihee 3 St ng]
Healthy Vohmteers- 100 mg tablers) subjects: °s; “:kfaz ! 1l
100 mg Scored Tablat realinst. o
Versus 160 mg X
Milnacipran Tablet in o
Twelve Nonmal mg scored tbler
Healthy Vohmteers 100 mg single dose with a
3 modified breakfast; oral
100-mg rablet; 100 mg single
' dose with reodified breakfast;
oral
Midl: 100-mg scored dibasic
Comparative To compare the calcium phosphate.based
Bioavailability Smudy bioavailability of two Randomized, tablet; 50 mg single dose
of Two F207 different oral F2207 open-abel, with a standard breakfast; . Single Com-
BA/BE Formulations 53124 | formulations after single s&g‘e P oral u Healthy oy | Plee;
(Milnacipran) After 30 mg oral adminjstration T Fall
Single 50-mg Oral by measuring F2207 MY | 50.mg Iactosebased capsule:
Adminismration in Pplasma and urins levels, 50 mg singla dose with 2
Healthy Volunteers standard breakfast: oral
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S N . Healthy . Study
Location Study Design Test Product(s); Number e e Dnusation .
;':'1";} f’f Study Identifrer of Study | Objectives of thestudy | and Iype of Dose Regimen; of i')’z%’;"': ;" of ;_Iapf:lsof
Repont Control Roaute of Adwinistration | Subjects of Patients Trearment ﬁ‘rpa o1
Part [
25-mg capsule; 25 and 50 mg
single doses; oral
100-mg capsule; 100, 200,
Partl 300, and 400 mg single
Randomized doses; oral
placebo- Placebo; single dose; oral
Mo36: Somalled
Profile of tbe Plasma '*‘l“‘e‘:?f; PartII:
Sseol i || e | Dot | 2oscomerm | 2
elalion 1o tite o (3 & a1 1 . - N . .
pg | Adwinistered During | 5, | phermacokinetic profile ﬂ;ﬁ’sﬁ:;s ronidple dose ey Lo @l | Healthy b ;oe?::
Clinica} 0 | of mileacipran in relation washont 12: Part 14 days Fall
Safety/Acceprability 10 the dose administerad. between 50-mg capsule; 50 mg o 10) 7
Evalnation After eatments | 2ultiple dose every 12 hours;
Single and Repeated oral
Dosing Part II: 75-mg capsule; 75 mg
Repeated | prltiple dose every 12 hours
dosing for
14 davs 100-mg capsule;100 mg
N nultiple dose every 12 hours;
oral
200-mg capsule; 200 mg
multiple dose evary 12 hours;
oral
To define the . 50-mg capsule; 50 mg single
M037: pharmacakinetic mdﬂ.ﬁi dose and 50 mg smltiple
Pharmacokineties parameters of lacabo. dose every 12 howrs; oral 13 (10 Com-
K Swmdy of F2207by | 5.3.3.1.2 | milnacipran following a tgnrroll ed, active, 3 | Healthy 16days | plers;
Repeated Dosing in . single and multiple dose arallel. placebo capsule; singleor | placebo) Full
the Healthy Voluntzer administration of P *., | multiple dose every 12 hours;
milnacipran goup smdy oral
. . . Healthy . Study
Location Study Design Test Product{s); Number iy Duration <
Doeof | smap tdensifir | of Study | Objectives of e smdy | and Type of Dose Reginen; of |Subectsor] "o | Stat o
¥ Report Control Route of Administration Subjects of Pf, Hents Treamment R?;: o
25-mg capsule; 25 mg single
dose; oral
Mod0: Open-label 4 | ) ]
Study of ?t:m Linzarity To investigate the ) smglg 50-mg capsule.; 50 mg single
ofthe relation between increasing dose; oral Single Com-
K Phanmacokinetics of | 5.3.3.L3 harmacokinstic doses with 7- 6 Healthy ;Sse plere;
F2207 in Relation to R e anddose | davwashour | 100-me capsule; 100 mg Full
the Dose Tespo! 08 between each single dose; oral
Administerad treatment
100-mg capsule; 200 mg
single dose: oral 4
25.mg d l-milnacipran
To investigate the capsule; 50 mélsmgle dose;
pharmacokinetics of the o
MI1S: two milnacipran . I
T N ; : Randomized, 25.mg d-milnacipran
P@agoMncs of enantiomers \\lml given | goubleblind, | ca peule; 35 mg single dose: _ Com-
73 Milsacipranandlts | 554, | - stpamtelymdm 3w po) 12 | Heany | Siogle | e
Enantiomars Aftar R combination in order to 1o s':t}"er = dose Pl-' all
Single Oral Doses in evaluate their kinetic " » e .
it s 3 25.mg I-milnacipran capsule;
Healthy Subjects operdes and possible study s :
P interaccious when 15 mg single dose; oral
administered together. Placebo capsule; single dose;
oral
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. . . Healthy - Study
Location | Study Design Test Produci(s); Number e Durasion -.
gﬂ:f Study Mentifier | of Study | Objectives of the study | and Type of Dose Regimen; e ‘?;g“f;: of ?"m;‘f
> Report Control Route of Administration Subjects of Pﬂmrs Treatment R‘;‘o ot
To evahuate the
cardiovasenlar
<afety/acceprability of
several doses of
milnacipran,
administered twice daily
€30, 100, and 200 mg/d)
05, A s | 13m0
. " rd T double-bi 100 mg multiple doses every 9 days
Cardiovascular determine milnacipran . ] ery
3.4 53315 e 4 x 4 latin- 12 howns; oral (3 daysat | Com-
Tolerance of pharmacokineties and 47 19 Healthy h lete:
Milnaciprau 50, 100, y ig e ot wachovs Placebo capsule; nxlriple Y mﬂ:::dpxa Pl-'utlel’
. < . day >
agi’azggomfm ml:t;ogis::‘gscb:mk‘een between doses every 12 hours; oral n dose)
Vohmteers parameters and {reatments
milnacipran
concentrations
{Cardiovascular
tolerabiliry data presenred
in study report C241)
MLN-PK-91:
Double Blind,
Randomizad, To evaluate the safety .
L ; Randomized, g
Placebo-Controlled and tolerability of double-blind, | 12.5.mg, 25-mg, 50-mg, 2nd 9 days fof
Study to Evaluate the milnacipran HCl and ro lacebo- 1005 - & 2% Group A; c
Safety and charactesize milngeipran | PECC g capsules; dose 264 wpwlo |
K Tolerability of 533.16 pharmacokineties overa controlled, { escalarion to 100 mg dose or placebo, § Healthy days for plete;
Milnseipean HC1 range of mmltiple d:she_- 200 mg dose o::fq' 12 hours; | 20 active 1 Groups B Full
Following Escalating ascending doselevels in | %5 d‘;"“ adE
Multiple Dose healthy adult subjects ®
Adminismation to
Healthy Subjects
. . N . Heaithy . Study
Location Study Design Test Prodnct(s); Number p Duration e
reof V Study Hewsifier | of Smdy | Objectives of she smdy | and Tope of Dose Regimen; of |Subjectsor| "o f.“’"’:-,
- Report Control Route of Administranion Subjects of. P: sients Treatment R‘ga :
MIN-PK-05: -
A Study of ihe Mass To determise the 20 mg/al. solution; 100 mg
_ Brlanceand . tolerability of 3 100 mg | Open-label, e doses Single | Som
K Metabolism of {°C}- | 533.1.7 _ milnacipran ] single-dose 20 gL solution 20 Healthy dose plete;
Milnacipran hydrochloride dose given smdy containing [¥C} milnacipran; Full
Hydrochloride in as an oral solution. l(;:’ms . dose: ?ﬂm
Healthy Subjects mg single dose; o
M002: To evaluate the
extent of absotption,
plasma concentrations
and excretion routes of
X radioactivity after oral .
M002M034: administraton of {*C] | Open-label, 50-mg [**C] milpacipran Single Com-
K The Pharmacokinetics | 5.3.3.1.8 milnacipran singledose § capsule; 50 mg single dose; 2 Healthy d plete;
of “C.F2207 in Man . swdy oral ose Full
: M034 (Addendumn to
1002): To determine the
plasmea concenirations of
milpacipran and irs
conjugnte.
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. . A . Bealthy - Study
Location Study Design Test Produci(s), Number - Duretion -,
Szl | Sudytdensifier | of Smdy | Objectives of thestudy | and Type of Dose Regimen; of %‘1’3;‘35 orl g f."_;’;‘:}.
N Report Control Ronte of Adwinistration | Subjects of Patients Treatment Report
M120:
A double-blind, Multicenter,
omulticenter, randomized,
comparative, dose- double-blind,
finding study of the Todefmetedose- | PRS2 | 19500 2500 and So-mg
ca eihicacy, 1asponse relationship of nirel capsules; dose escalation to
rolerabilty and safety S0mg, 100mgand | TRIWER | 50 doce every 12 bows; | 74655 d Com-
K . 100, 53321 | 200 mgofmilnacipran | 3PF oral active, 19 | Depressed | g qoe | plere:
200 mg daily doses of Yed to placebo in treatment laceboy | FPaUents ! Fall
plac g’:&:‘l patients with a major -:’;:‘;Ps ugnls Placebo capsule; mmltiple F
treatment of major dapressive episode. ofalarge dose every 12 hours; oral
e oets )
Ap c safely i
substudy in a sazellite €232
group of patients.
Mo42:
. To study the
Pharmacokinetic 2 Open-label, . o s , " } Com-
153 Smdy of2207by | 53331 | Phamuaccldustesof | oy, gocy | S0mgcapoules Wmgsingle | 5y | Healhy | Single |
.| Single Dosing i the 0T B e erly smdy ose; o elderly ose | “Full
Eldesly Subject
To study the
h kinetics of .
MO43: plamseoxinen®> " | Randomized
milnacipran in elderly p
Pbam;iﬁe%;s of depressed patients in the dongce;glo'md, 25-mg capsule; 25 mg single Depressad Com.
PK 07 53332 { context of a trial aiming P : dose and 25 mg omltiple 14 patents, | 29days | plete;
2207 by Repeated roevalatetre | CCorolledin} 12 houss; orel Aderly Fall
Dosing in the Elderly et de;res;;:t :ﬁ.m and | 2paralel ose every 1.2 houss; o sideny :
Patient saﬁetyiaccz‘tlabﬂity of the grovps
3.
. - L . Healihy . Study
Location Smudy Design Test Product(s), Number o oo . | Duration -
g!?;‘.af Study Identifier of Study | Objectives of thesmdy | and Liype of Dose Rrgimen,: of ‘Si')".?‘“;”?: of ;mms.
? ) Report Control Ronte of Administration | Subjects of Pi:‘m g5 | Trearment Ig;;f
To investigate the effect
M6 of old age on the
Pharmacokinerics and Pmnom ; foral 23
Tolerability of i y 50-mg capsule; 50 mg . Healthy Com-
K Milnacipran at Steady | 533.3.3 companson 10 young Open-label, nmltiple dose evary 12 hours; {8 young, elderlyand | Sdays plete;
State in Health subjects; to evaluate the | parallel study ’ 15 o
Y. S oral young Full
Elderly and Young tolerability of elderly)
Subjects milnacipran in healthy
young and healthy
eldarly subjects.
ML
Study of the
PharmacoXinatics of Tosmdy e Open-label, 25.mg capsule; 25 mg single 4 Healthy Single - Com:
PK 3 ey 53334 pharmacokinetics of single-dose 12 . pleta;
F2207 Administered E2207 in the child, dose; oral Children dose
Orally in Children in study Full
(25 mg Capsule)
286
MLN-PK-02: healdhy
A Single Dose To evalnate the ﬂéb;“?ﬂ‘f
Pharmacokinetic pharmacokinatic wild 3 Healthy
Study of Milnacipran characteristics of Open.label, . : - and mild to " Com-
PK in Healthy Subjeets | 53335 | milnacipran followinga | singledose | *0m8coule; 0mgsingle | with | Ty | SmEle |
and Subjects Wich single 50-mg dose in study 05 0 | remal % | Fa
Mild 1o Severe subjects with vasious o | impainnent
Impaired Renal degress of renal fimeti g
Function Pty
impair-
nent)
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. . . . | Healthy . Study
Location Study Design Test Product(s), Niimbes Py Duration .
gﬁ;;f Study Hentifier of Study § Objectives of the ssudy | and Type of Dose Rrgimm," [ %%’"" or of ;’“m s
Report Conirol Route of Administration | Subjects of Pilr'i:;;t‘s Treatment R‘Z’p:?rf
M045: To evaluate the ua
phanmacokinedies of biscts
nnlmcxpr.m in patients s :‘l:;
with va:-xous degrees of m‘:dnine
renal impairment Healthy
MOJSAMILT: compared to kealthy S;?E subjects
Study of the subjects. Open-label, nin and, and Com
Pharmacokinetics of § single-dose, | 50-mg capsule; 25 mg single : subjects Single N
K F07inSwjects -8 | M7 Addendumto | pamallel. i 7 with with o Bt
with Chronic Renal M045): To evaluate the | group study e chronic
Faiture pharmacokinstics of d- mpair- remal
and /-milnacipran in il
patients with various g:am
degrees of'renal < 8‘33;5
impaimment compared to in)
healthy subjects. oia
298
{LN.PE-11 —
MLN.PE-11: subjects; | Healthy
A Single Dose To euahue the effect of Swits | sobject
Phanuacokinetic . pﬁmcmm @®K) | Opendabel, wid 8 | and Com.
PK Study of Milnacipran 533.3.7 | characteristics of 2 30- single-dose 50-mg capsule; S0mg single |  with subjects Single fota:
in Healthy Subjects - le o doce of’“g snidy dose; oral moderate, | with dose Prtni’
and Subjects with mgmu o ' Swith | impaired
Imp?red Hepatic Ivérockl on%e HL severe | hepatic
wniction v " hepatie | fimetion
‘[ lm‘ -
ment)
. . . - Healthy - Study
Location Study Desi; Test Produci(s), Number L Duration R
Seeof | smayBentfier | ofSmdy | Objectives of the study | and Type o Dose Reginen; o Swjects or | “op | proms: A
: Report Control Route of Administration | Subjects o f;::'l":l ,' ts Trearment ?;a:t
To define the
pharmacokinede Control
s, 50 i) P
ipran, as a single > . o,
M6 dose, orally and Open-ldbel, | S0-mgcapsule; SOmgsingle | 1746 oo ang .
Pharmacokinetic intravenously, in patients paraltel- . dose; oral ;;?:ot; renal Single Com-
22071 i i .
| omiyel£nrin | 32338 | bleocle | o seat gt somgcite | "1 | S0 | 0 | e
) ;_ vith Hep: 1 = p dose; intravenous infusion | hepatic 2
ailure with dwse ofaconwol | persubject over | hour cubjecrsy | Subjects
group showing o Jee with
evidence of any impaired hepatic
fimetion of excretory faihwre
orgas.
To assess the influence of
repeated administrations
of milnacipran on rmous
probes for the acu\-g Open-label,
c)1oclm)me PA50 ¢t one-period,
iso-enzymes, namely parallel. :
i, sparteine (CYPIDG), | aroup smdy Extensive
AzH: heaytein with a fixed and poor
Study of the Influence CYPICIO), s metabo-
iinzeipran on the ( 19), caffeine reatment | 50-mg capsule; 30 mg single } lizess of Com-
K Activity of 53339 (C‘ﬂ’lA.) and sequence in dose and 50 mg multiple 235 . 8 days plete.
Cyochrome P450 6p-hydroxy iveand | dose, every 12 howrs; oral and full
y cortisol excretion poor .
Tso-Euzymes (CYP3AY. To compaxe metabolizers mepheny-
the of spantei toin
mxlnaupm in ex‘tumw
metabolizers (EM) versus | mephenyoin
pivo metabolizers (PM)
of sparteine and
mephenytoin.
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Treof | sua Hewifior l;}z;lr:';r: Obictv e sty Smgyxpm'gn g est Plrtodl_m(s).; Number Sfl;:f-‘lsh’;r Duiration ;:Z—r
Study h v hjectives of the stidy and Iipe of os¢ Regimen; of Diagnosis of Tipeof
- Report Control Route of Adwinistration Subjects of Patienss Trearment R
PR AR 0.2 mg Lanoxicaps; multiple
A.‘g;;:%ﬁa dose of 0.2 mg every 12 18 days of
R: Yomized. Ope;l- To investigate whether | Open-label, kours on Day 1 and every milnacipra
Label, Crossover there is an effect on the nultiple- 24 hows theseafter alone or ]
) pharmacokinetcs of dose, 3-way with miluacipran: oral (9days | Com-
Phammacokinetic
PK ) 53341 digoxin followi Crossover, 30 Healthy | aloneand | plete;
Interaction Study wnltiple-dose dug- | 125 mg, 25.1mg, 50-mg and 9days | Full
mfnﬂ!‘ m:‘fgm admintistration of interaction | 100-mg ‘niilnacipran capsule; together
No mallgl-ol iy milnacipran smdy uptitation to 100 mg every with
Volu 12 howrs alone or together digoxin)
with Lanoxicaps; oral
o ?&pﬁ;— 50-mg milnacipran capsule;
To iuvestigate the each eroup of 50 mg xoultiple dose every
ML3S: possible pharmacckinetic | * m%’ lp_ 12 hours alone or with single
Phamacokinetic interaction between labkein dose digoxin; oral
Interaction Study milnacipran and digoxin. domized, 6days | Com.
PK Between Milnacipran | 5.3.3.4.2 To evaluate whether Py n'::z 0.5 mg/2 mL injectable i3 Healthy { milnacipra | plete;
and Digoxin in repeated co- -y lution of digoxin; 1 mg A Full
Normal Healthy administration of d‘“ e 47 single dose alone or with
Volunteers milacipran and digoxin | S*IE% ot | ultiple dose milnacipras;
was well tolerated. da{imsen intravenous infiision over 1
— treatments how
MLN-PK-7: To assess the effacts of
A Single-Center, milnacipran at steady
Randasized, Opea- state on the Openabel, | 20 S0me ~;i‘;‘lps‘\gg‘“5
Label, Two-Way pharmacokinetics and multiple- titra pra 10 100 me
Crossover pharmacodynamies ofa | dose, 2-way nmln'ple d:s’;" 0. lf‘f 11days | Com-
PK Phanuacokinetic | 53343 | single dose of warfwin. | crossover | 2 "Pm i ot | 28 Healthy | milnacipra | plete;
Tureraction Study To assess the effects of a  dmg one orv o n Full
ber\“ﬁ!];:csx;erﬂyaxs; N onthe m?g}dneﬁcs ‘“’ﬁ&;"" %;mg Coumadin tablet
Sinple-Dose Warfarin of milnacipran at steady- =) g single doce;
in Healthy Voh state.
Tipeof i . lacariorf . Study Design Test Prothgcr(s)_; Number sf,;.‘;z,:ym, Duiration é:;":-:'
Study Study Identifier of Stndy | Objectives of the study | and Lype of Dose Regimen; [ Diagnosis of Tipeof
- Report Control Route of Administration Subjects of Pi't:'m s Treatment ﬁ;o ﬂ
Non-
randomized;
open-label, | 30-mg milnaciprm capsule;
To investig 1550 50 mg nultiple dose every
N126: possible i study witha 5| 12 hours alone (Period 1) or
- o phanpacodynamic and wachout together with
Study of the S p . ine {end of
Pharmacodynamic N [ B EOR T ST N T
K and Pharmacokinetic | 53344 interaction betwean Period 1 Period 2); oral 6days | Com.
Interactions Berween milnacipran and (milnaciprn . ) 14 Healthy {milnacipra | plete;
Milnacipran and levomepromazine alone}and | Nozinan (fevomepromazine) a Full
Levo ine in Period 2 4% oral solution; 15mg
Hmmmomm (Phammscodynamic data | Gevome- | mmltiple dose every 12 hours
are presented in snidy promazine | alone (Period 2) or together
report C211) alone for with milnacipran (end of
11 days, then Period 2); oral
together with
milnacipran)
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. . . Healthy 5 Study
Location Stndy Design Test Product(s); Number Py Duration ol
Toeof | oty Ioensifier | of Study | Objectives of thestudy | and Type of Dose Regimen; of |Subedsor] T, ;:"'";.-f
¥ Report : Control Route of Administration Subjects of. Patients Treatment ﬁg‘, it
Qpen-label,
mulniple
dose, 3-
ey
wil I .
weament 55%.mg pmiltpls dose ff‘el:l:
To evalunte apossible | sequence and 2 l::\%xs alons (Period 1) o
M0 _ Phanmacoknetic 72y | b carbamazepine (Peviod
mz:k];t:?i; Lor b;.mazeTpine m :emodesml Pronl 11days | Com-
123 Benveen Milnacipran | 53345 | miluecipren. To evaluate | Period 100-mg and 200-mg 12 Healthy | milnacipra | plete:
and Carbamazepine in whether m‘d : (:llﬂna;c;sdm; carbamazepine tablets; o Full
12 Healthy Male condministre s one) f_;“a)robamzeping u%iumedxo
2 ; X iple dose ev
Volunteers caxbam:zlep::‘;\ns well zepmf ;g;mg‘); 2 mg n:ll;z Period 2')‘-‘3;
olexa n;e\:“:u together with milnacipran
Period 2 and (Period 3); oral
Period 3 3
(carbama-
zepine
milnacipran)
Ms: Rendomized, | S)408 miloacipron capail;
Pharmacokinetic Toevahutethe | opendabel, 2. | 298 single dose and 0 mg
Interacdens Batween pharmacokinetie way ¢ cose every 12 Com-
F2207 and Lithinm : N - with lithjum; oral 4 days on
K =00 o 53346 b crossover, 12 Heolhy | milnacipra| plere;
After Repeared Oral F2207 and lithinm after week 250.mg lithium tablet: a CFalt
Administrations i repeated orat washout ~7§ ’mg inle dose every
Normal Healthy At Iy 375 mg owltiple ery
Vol 12 hours alone or together
'ohmteers treatments with milzacioran: oral
5 . - Healthy y Study
Location Study Design Test Product(s); Number 2= | Duration -
Tweof | Smdy lentifier | of Sty | Objectives of the study | and Typeof Dose Regimeit; of |Subjectsor] "7, g'"":_-r
idy Report Control Route of Administration Swbjects of. Pi:'m " Treatment Epa
To evaluate the potential | Randomized, { 50-mg milnacipran capsule;
M138: pharmacokinetic andlor | double-blind, } 50 mg single dose alone or
B kin;ﬁ o and _pl_mmn_codg'namic dway with lorazepam; oral c
: inferaction between crossover . am-
174 pamacodynamic | 53347 | miaciprnand | sméywitil- | 0.5-mgand 1.0-mg Avan 9 Heaty | Sigle | ppere;
Miloa on :x:;d lorazepam. week (lorazepam) tablets placed Full
L or:lzp mam washout into a gelatine capsule;
<P (PD data not provided in between 1.5 mg single dose alone or
1epor) treatments with milnacipran; oral
Open-fabel,
omiltiple
dose, three
To evalnate the influence | period with
of decreasing fixed
F2207 GE M212: ions of
Study of the Risk of fluoxetine from steady- | sequence, 5. | 50.mg milnacipran capsule;
Pharmacokinetic state levels on the 10days | 50 mg multiple dose every 12
oo i | | bewem | o et ol Sdays | Com-
PR Finoxetine i Healihy | 33348 cipran P g 12 Healthy | milnacipra | plete;
Vohmteers when To define the conditions { (milnacipran | 20-mg Prozac (fluoxerine) B Full
Switching from of switch from fluogetine | alone}and2 | capsule; 20 mg multiple dose
Flouxedne to to milnacip (fh every 24 hours; oral
Milnacipran treatinent based on alone), and
pharacokinetics and no washout
tolerability data berween
Periods 2 and
3 (switch to
milracipran)
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. . . Healthy y Study
Location Stdy Design Test Product(s); Niimber Duration .
g’"s}of Study Identifier of Study | Objectives of thesidy | and Dipe of Dose Regimm,: R of %}?’;{;ﬂ": of ;ﬂ':}
Report Consrol Route of Admiwistration | Subjects of Pﬁ rients | Treatment ng A
Open-label,
To evaluate the influence | Ziple
2207 GE M213: ofdecteasing | periodwitha
Smdy of the Risk of cf:“m o fived 50-mg miluacipran capsule;
Pharmacokinetie sea d;:mg onthe | Teament | 50 mg multiple dose every 12
Interaction Berveen ’ Linetics of sequence, hours alone or after switch 8da c
Milnacipran and s paan 5-10 days from cloripramine; ozal ¥s ora-
K Clomipramine in 53349 | milnacipran and to defive “washont 12 Healthy | milnacipra | plete;
Healthy Vohmteers mtﬁ?:ill::lis of s‘.“:“h berween | 25-mg clomipramine wblet; | n Full
When Switching from eatmment to ran Lan | Periods 1 and | uptizration to 75 mg nuultiple
Clomipramine w0 wweatment | 10‘; 2, and no dose every 23 hours; oral
Milnacipran o washout
pharacokinatic and et
tolerabiliry data. Periade 2 and
3
. . . Healthy . Study
Location Study Design Test Product(s); Number L Duration =,
5:55;” Study Heurifier | of Snudy | Objectives of thestdy | and Type of Dose Regimen; of |Shbjectsar] Tor | Status:
N Report Control Ronte of Adwiristration Subjects of P‘Z'"'.:::; Treatment R‘;";{
Two part stady: .
PartA: R Parr! 4 i
To evaluate the safety double-blind
and tolerability of placebo-
MLNPE: . miluacipran HClatdoses | Gnrolled | 12.5-mg, 25.mg, S0-mg, and’ Pt
An Evaluation of the wp mg study 100-m capsules nn-.mon ebo.
Safety and PartB: P dgo xp,l“ iina.
r . ‘mrt B 3 - a
&;‘ml&mk- To determine ifthe - |  Forr2 e\ery 12 hours; mal cipran)
pReD | DoseRegimensof | .o, mhl:xghzst dose ofo pe | double-blind, 400.mg Avelox PartB: - | 57 days ngm .
Milnacipran HClagg | >34 | xilacipran fommd iobe | (orpigeqy | (anxiionacin) encepsulated Togay | Tty | 3Ty | plew
the Effect of the Part Aot o ogtes | genden), | tabler; 400 mg single dose; | 190 ¢
Masimum Tolerated oy oo on | pamaliek oral milga-
Dose on Cardise mecmed by maal | EO: e
Repolarization in m‘:;xﬁon-o e tar | multiple- | Placebo capsules, multiple g o
Healthy Subjects rate.comected QT do; acaz:ie- dose every 12 hows: oral pla. cebo)
interval on repeated - lacgebo-
digitally reconded 12-Jead | PRSI
electrocardiogram (ECG) study
wacings.
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n Location Study Design Test Product(s); Number S."H;;Z’;{, , | Duration ;;ﬂ;,d-"_
fzp.;'v"f Study Identifier | of Study | Objectives of the smdy | and Lipe of Dose Regimen; of | Dicemosis of |1 a ': 7
) Report Conirol Ronte of Adwminisiration Subjects of. P’s’r'ien s Troatment Ig; A
To evahmate the
cardiovascular
safety/acceprability of
several doses of
Fibe
administered rwice daily
€241 (50. 100, and 008/0) | p.sonived | 25.ing capsules 25. 50 and
Swdy of the 4 | CRedwithplaceboin | o pie bind' | 100 mg mulriple dores every 9 days
Cardiovascular 53412 healthy volunteers, 4% 3 latin- “12 hows: ordl . Gdayeat | ¢
D Tolerance of determine milnacipran a7 O 19 Healih gh 10:11_—
Milnacipran 50, 100, phammacokineticsand | SHMTS; 5~/ . ¥ eact pete;
g : - v Placebo capsule; multiple milnacipra | Full
and 200 mg/d Versus investigate the dayw ?shom d ’cap y h’ 'upml a T
Placebo in Healthy relationship berween Bb;meen o3es every 12 hours; o n dose)
Vohmreers cardiovascular toents
parameters and
milnacipran
concenirations
(PK dara are presanted in
study report M146)
Randomized,
double-bli
placebo-
€001 . : controlled
; i To investigate the e 25-mg and 100-mg capsules;
Singl ’R‘:‘;‘j-’ng°;°f tolerance and sy with | *35. 50, 100, 200, 300, 300 . com.
PD the Antidepressan | 53,413 | PATacodmamic effects | g, | mg single doses; oal 2| Helty | Sige plet
Milnacipran in o ? between s y
Healthy Male mxl:;cllpran nin healthy aeaments (2 Placebo caps:]l:l, single dose;
Volueers < ilracip
and 1 placebo
weatment per
subject)
. . . Healtly . Study
Location Study Design Test Prodnct(s); Nunber L Duration -
g,;";v"f Study Wdentifier  } of Study | Objectives of thestudy | and Type of Dose Regimen; 9 sg,.?”:’;: of IS.'M':’.
- Report Control Ronte aff-!dmx'uinmﬁon Subjects of. Pi;;.‘_ s I mu‘mqn R‘e};a et
25-mg capsule; 25 mg
€002: I multiple dose evary 12 hours;
- o investigate the Single-blind, cral
T Tomes ot wmcsma | e o o
m s s 414 | DB dy effects trollad 50-mg capsule; 50 mg - . .
ubjects to Repented | 53.414 of milmacipran sudy with | ltiple dose every 12 hours: | 2cAve, 1 | Healthy 1ddays | plete;
A.n?ﬁl D::::n‘:f;he enr administered orally awice [ two parallel oral " | placebo) Full
\egrm ant g daily for 14 days. moups
‘ ? Placebo capsule; Mubtiple
dose every 12 hours
C003:
Tolerance and
Phamacokinetic To investigate the
Study of the tolerance and 75-mg, 100-mg, and 200.mg
Antidepressant Agent phamacodynamic effects Single-blind, capsules; 75, 100, and 200
Miacipran of milnacipran Tacebo- mg pmitiple doses every 12 5 Com-
K Administeredin  § 5.34.15 | administesed orally for c%mmllcd hours; oral active.1 | Heallhy 14days | plets;
Multiple Oral Doces 14 days in twice daily smdy placebo) Full
(Ramging From 75- doses ranging from 73- ¥ Placebo capsule; nultiple
200 mg Twice Daily) 200 mg 10 healthy male dose evesy 12 howrs; oral
for 14 Days to volunteers.
Healthy Male
Vohmteers
C242: 1 10-mg, li-mg,s a;\g)'o-nllgs
-l © assess tolerance 10 . solution: 10, 25, 50, and
Sm'g e Risimg single rising doses of Double-blind, mg single dose; intravenous
Inravencus Dose milnacipran adminisered | PCEBe- infusion over 2 bowrs 2002 Single | S
PD Tolerance Sudy of | 5.3.4.1.6 by inngenous nfusion, controllad active, 8 | Healthy dose plete;
*}1’:‘;’%1”\3‘;1‘: in2 groups of 10 healthy | S™8Y B2 | p1;cebn eohution, single dose; | F1ACEb0) Full
. volunteers Froups intravenous infirsion over 2
Volmteers hours
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. . Healthy - Study
Location Study Design Test Product(s); Number L Duration -
g’:g’f © Study ldentifier | of Study | Objectives of the smdy | and Type of Dose Regimen; 0 ‘5’,’3’“’ :."' o) f.m""
Report Control Ronte of Administration Subjects of. Pi:xl'::’; ; Treatment }i‘;‘:’f{
CO135:
Investigation of a To evaluate the effects of | Randomized, { 12.5-mg, 25-mg, 50-mg and
Range of Doses of a range of doses of double-blind, | 100-mg capsules; 12.5, 25,
Milnacipran on CNS milnacipran on objective placebo- | 50, and 100 mg single doses: Singl Com-
D Activity. Cognitive | 53417 of perf iled, 4 oral 10 Healthy ory | plee:
and Psychomotor CNS activity and the way se Fall
Function and bjectt of Placebo capsule; single dose;
Subjective Appraisals alermess and side effacts. ‘study oral
of the Drug Effects . ”
€029 Randomized, | 25-mg milnacipran capsule;
P double-blind, § 75-mg multiple dase for 3
A Double-Blind Jacebo- - oral
Placebo Conrolled To evatuate the cnsnglele 43 days; o :
Investigation of the psychometric effects of " R . Com-
D Cognitive Effects of 33418 milnacipran compared to w?y. 225 ;mgaamlullnpliylgt capsule; 12 Hle;lg:y 3days | plete;
Mitacipran and itriphryline in elderly | CTOSSOVER -mg multiple dose every elderly Full
Amitriptyline i Amitrp subjects study with 7- 12 howrs; oral
sunitry E day washour
Healthy Eld s .
S‘:gjccs"’y bervem | Placebo capsule; miiple
freatments dose: oral
Randomiz_ed, ’
C197: To investigate any do“;h;:ol'fd’
A Comparative Study possible effect of Paceto | 50.mg tablet: SO mg multiple
of the Effects of ilnacipran on Y, dose every 12 hours; oral Com-
D Milnacipran and 53419 aitention and o i1 12 Healthy 7days | plete;
Placebo on Cognitive : Ppsychomotor n:‘:[ ~ | Placebo tablet; multiple dose Fall
Functions in Healthy performance of healthy wazhout every 12 hours; oral :
Volmeers volunteers, berween
freatments
. ) . . . Healthy s Study
Location Study Design Test Produncifs); Number .= | Duration .
Tipeof Study Hentifier | of Sindy | Objectives of the study | and Type § Dose Regitnen; 9 Subjects or o Status:
Study J N 81 Diagnosis Iipeof
. Report Control Route of Adminisiration | Snbjects of Pi:‘ie s Trentment Rgm ’
Randomized,
cs: _ double-blind,
Soudy of tbe Effects o mestigate possible Dcehos, | 50-ms tablec 50 mg mutple
éﬁgﬁd itk 5341 | ofalcoholtogetherwith | crossover dose “:;Ly ai:: lll:,ms :ﬁme or - | Com-
PD Al %o | milnacipran, at the usual | stodyin4 with alcohol; o 1 n Healdy [ 7days | plete;
Newo-Sensorial iepenriedose, ot | SeNEICES, | oo tbler; malipl dose Fall
Aleriness on Car s 1“ O-sensorl ! asho) alone or with alcohol: oral
Driving alertness. ‘X:emegl:
treatments
50-mg milnacipran capsules
encapsulated in o gelatine
. capsule; 50 mg multiple dose
néggligﬁnl‘:”‘ To evahuate the effect of | Double-blind, | every 12 howrs alone or with
Phampacokinetic and . alcohol  on the p]ace}v'o-’ alcohol; oral
mmmf 534, | phamacokiveticsand | o 25.mg amitipryline capsule Cam-
PD Interaction with I tolerability of study witha | encapsulated in a gelatine * 17 Healthy Sdays | plete;
\ ! 4 i ipran, 1-week capsule; 25 mp omltiple dose Full
\_f:lmmigs anitripiyline, and washout | every 12 hours alone or with
é]z c:b? in Noaal placebo u{ healthy male between alcohol; oral
Healilyy Volunteers : Placebo gelarine capsule;
multiple dose every 12 hours
alone or with alcobol; oral
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. . . " Healthy . Study
Location Study Desigu Test Product(s); Number PP Duration >
gg’;‘_"f - Study Hentifier | of Study | Objectives of thestdy | and Iype of Dose Regimen; : of %'P):’m or of f."’ms‘
v Report Control Route of Admiwistration | Subjects 0[;‘; r;:;:l,s Treamment é?;'o{
Non-
randomized,
open-label, | 50-mg milnacipran capsule;
To investig; < 50 mg nmltiple dose every
a1 possible studywitha 5 | 12 hours alone (Period 1) or
Srud; ofthe I d day wach together with
B codynamic 5.341  phannacokd bem levomepromazine (end of
aud Ph cokinetic A2 interaction between Perind 1 Period 2); oral Com-
PD Tuteractions Betww ilnacipran and (milnacip 14 Healthy 6days | plete;
{’;‘hcfsm i Isvomepromazine. alone) and | Nozinan (levamepromazine) Full
Leve ”; rein Period 2 4% oral solurion; 15 mg
Heamoml umazmma s (Pharmacokinetic data (levome- owltiple dose every 12 howrs
: are presented in smdy promazine | alope (Period 2) or together
eport M126) alone for with milnacipran (end of
11 days, then Period 2); oral
together with
milnacipran)
Randomized,
C012: To compare the don]l;le-};lol_nd, 25-mg milnacipran capsule;
A Comparison of the anticholinergic effects of o olr)m:ellei 3 50 mg single dose; oral
Anticholinergic ilnacipran with R
Actions of 5.3.4.1 | amitriptyline and placebo S 25-mg amitriptyline capsule; - Single Com-
PD ' - i crossover p Y N 8 Healthy plate;
i,y | | s | | 75mssnge o ot |
Placebo in Normal periphéral cholinargi week Placebo capsule; single dose;
Subjects activiry. berween ol
treatments
] . i - Healthy . ¥ Study
Location Study Design Test Product(s) Number s ic . | Diiration ;
g},’;)_’f Study Lentifier | of Study | Objectives of the study | and Type of Dose Regimen; Cof | Shbectsor) 7, ms:
Report Control Route of Administration | Subjects of Pﬁ:ﬂ; Treatment R‘g:az‘
R(‘:l?‘lzéd To evahuste hormonal | double b.)ind, Sttlms L’”‘s‘t” Son':-gxﬁﬁ“
M 0 evalnate hormo otble.! lose mg e
Amﬁw 5341 medifications induced in placebo- dose every 12 hours; oral 1310 Com-
K Tolerance and ) nemmal vol bya led aciive,3 | Healthy 15days | plete;
Pharmacokinatics of . repeated adminisgation | study with2 | Placebo capsule; single and | placebo) : Full
~ Milnzcipran in of milnacipran paratlel nwltiple dose every 12 hours;
Healtky Volteers groups orl ‘
. ) To evaluate the tolermce
of a new milnacipran
. formulation (100 mg
scored table) varsusa | o, o .o
c220: £ ilnacip open-label,
Tolerance Study of foromiation (50 mg o ) .
Two F2207 capsule) after a single crossover | 50-mg C“Ps“le_’ 30 mg single
: iy ) study, witha dose; oral . Com-
D Formulations 5341 oral 50 mg 1 ek 100 Heal Single g
OMilnacipran) Afer | .15 administration e . By | Cdose | Bl
Single 50 g Oral : washout 100-mg tablet; 50 mg single Full
Administration in To evahuate the b]:;wd dose; oral
Healthy Vohumteers bioavailability of two een
different oral milnacipran teatments
‘formulations by
measuring milnacipran
wrinary levels.
50-mg dibasic caleium
€223: hosphate tablet; 50 mg
Tolerance Smdy of To determine the F single dose; oral
Three F2207 tolarance of three Randomized, c
D Formmlations 3341 wilnacipran oral open-label, 50-mg dibasic calcium 12 Healthy Single 122:
(Milnacipran) After .16 formmlations parallel- phosphate-based capsule; 50 = ¥ dose pFu!.l‘
Aﬁiﬂi 3:) éng Onl:!’o adnu;inm' rzrt?'l5 gl asingle | group smdy mg single dose; oral
o in 12 ose of 50 mg.
Healthy Vohmteers 50-mg lactose-based captule;
50 mg single doze; oral
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. . . Healthy " Study
Location Study Desi Test Product(s); Number -1 Duration -,
g}l’;‘?f Study Identifier | of Study | Objectives of the study | and Irpe gj"' Dose Regimen; of |Subjectsor o ;"'"‘;}‘
- Report Control Ronte of Administration Subjects of. Potients Treatmens RJP’ 7
; 25-mg milnacipran capsule;
F02207 GE 10L: m‘;‘m 50 g multiple dose every 12
Effect of Subchronie laceb hours; oral
(11 days) Treament To evaluate a : P €ho-
with Milnacipran or L h o 0.5 mg Pepravion
0 Paccbomde | 3341 | oo | any | sttt || g | | S
Subjective and 47 toms induced by crossover single dose 2 hours after - - - pfun
Vegeative Effects of Symop! .y stady witha 7 |  Filoacipran or placebo on
the Pentagasuin pentagas 017 Day 11; inwavenous
Challenge in Healthy g hd‘zg
Subjects wash :d Placebo capsules; multiple
pat dose every 12 hours; oral
Placebo
FMS-021: .
APhase I omare: T e | Rondomized, |
Multicenter. Double. Primary: To characterize | doubla-blind, § Milnacipran 25-200 mg QD
Etfi Blind, R Jomiz od, the efficacy of placebo- 125 Fibro- Compl
53511 ilnacipran in the 1led Milnacipran 12.5-100 mg (2836 el 12weeks | ere;
cacy Placebo-Controlled £ fiborvalgi BID . myalgia Wl
Stody of Milnacipran freatment o myalgia parallel, /51) F
for Treatment of syndrome (FMS). flexible-dose
Fibrontyalgia smdy cagxs;lﬂes
FMS-031 (MLN- To demonstrate the .
MD-01): efficacy of milnacipran : Placebo
A Phase I Bivotal, 100mg day a5 conpared m";‘]ﬂ
Multicenter, Double- 1o placebo in the vty Milnacipran 50 mg BID c
Effi. Biind, Randomized, | <+ ¢ treatment of the P °u od, 88N Flro- |, fmj
cacy Placebo-Controlied | 7'~ syndrome of cono ) Milpacipran 100mg BID | 224/441) | myalgia | '™ p}'ﬁ?
Monotherapy Study fibromyalgia during ﬁmndise
of Milnacipran for treatment weeks 14-15 o capsule or rablet
Treamient of (3-month) or treatment smdy oral
Fibromyalgia weeks 26-27 (6-manth).
. . . Healiliy : Study
Locanion Study Design Test Product(s); Number - Duration R
g,?;‘ of 8 Sty Ioutifier of Study | Objectives of the study | and Type of Dose Regimer; 0 ‘ﬁ?"gg 9 ;mm:.
! Report Control Route of Administration | Svtjects of .Pi;l,'ﬂl s Treatment Ig;: r{
A}Pﬁ.;:.%l[%xgul, To demonsmate the safety | p 00 Placebo
. and 7 of :
e, | Dind Rantomed mimerainde | “e | Mg somgsD | g | Com-
- al 0! g 1010~ vl N
acy l}”iltl;;%;o:.ca;;uoﬂed 53.5.13 Soromyalgh syndrome c;z;ol}leid. Milnacipran 100 mg BID (4[(’)319/ 63)99 yalgia 29 weeks Pg_:‘];
of Millacipran for EMSorthepain | g3 dose
:!‘reammp;:zf associated with sudy capsules
Fibronwalgia fibromyalgia, aral
FAS-034 OLN.
MD-03):
APhase HI, . . s o b Mil 50 mg BID
Joticenser, Daulle- it | S | Com-
Efi- Blind, Randomized, 53521 ilnacipran for the aralle], Milpacipran 100 mg BID 449 Fibro- 8 wwesks | vlete:
cacy Monotherspy - ¢ fbro: | B od (48/401) | myalgia | ~ B n].l’
Extension Stdy of weatment of Bbromyalgia | * fived-dose capsules F
Milnacipran for the syndrome (EMS). study oral
Treamen: of
Fibronmyalgia _
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(Source: Applicant’s tabular listing from Synopsis of Individual Studies, p- 5-33)

4.3 Review Strategy

The main focus of the efficacy review consisted of the pivotal studies FMS031 and MLN-MD-
02.

The review of safety was focused on data from all three placebo-controlled studies in FM
patients including the Phase 2 study FMS021, as well as data from the long-term FM safety
studies. Safety in the fibromyalgia populations was compared to the safety experience in
placebo-controlled trials in non-FM patients, and the Phase 1 studies conducted by Forest. Safety
data from the historical database, post-marketing experience, adverse event reporting and a -
PubMed search conducted by myself were also reviewed to support the safety of this drug.

4.4 Data Quality and Integrity

Following a preliminary review of safety and efficacy, four study sites of each efficacy trial were
selected for inspection by the Division of Scientific Investigations (DSI). A total of eight sites
were selected because both of the pivotal efficacy studies were large, with multiple participating
centers: Study FMS031 was conducted in 59 study centers and Study MLN-MD-02 was
conducted in 86 study centers. Therefore the inspection of only two sites per study might not
yield sufficient information to guide the regulatory action.

Based on the site reports received by DSI no approvability issues have been encountered.

4.5 Compliance with Good Clinical Practices

According to the Applicant, the clinical studies were conducted in full compliénce with the
guidelines for Good Clinical Practice (GCP) and in accordance with the ethical principles that
have their origins in the Declaration of Helsinki and 21 CFR, 312.120.
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4.6 Financial Disclosures

None of the investigators that participated in the FM clinical studies had financial agreements
with the Applicant; nevertheless, a financial disclosure was not obtained for 19 of the
investigators. Six of these investigators were participants of Study FMS031 and there was no
explanation why the disclosure form was not obtained. Other two investigators were participants
of Study MLN-MD-02 only for approximately two weeks. Because of the large number of study
centers and participating investigators, I do not believe this would impact the integrity of the
data.

5 CLINICAL PHARMACOLOGY

At the time of this review the clinical pharmacology review by Dr. Sayed Al Habet had not been
finalized. The data presented is based on the Applicant’s study reports and the proposed label.

5.1 Pharmacokinetics

Milnacipran is a cis-¢2 /) racemate composed of the 4 and /£ enantiomers. Milnacipran is
rapidly absorbed after oral administration and is extensively distributed in the body within 1 to 2
hours. The mean volume of distribution of MLN following single intravenous (IV) dosing to
healthy subjects is approximately 400 L. Plasma protein binding is 13%. Absolute
bioavailability of MLN is high (85%-90%). Peak plasma concentrations occur at approximately
2 to 4 hours following administration.

Terminal elimination half-life (T\;) is 6 to 8 hours. The active enantiomer, #“milnacipran, has a
longer elimination half-life (8-10 hours) than the Zenantiomer (4-6 hours) and there is no inter-
conversion between the enantiomers. After twice-daily administration steady state levels are
reached within 36 to 48 hours and twice-daily dosing leads to higher plasma levels of MLN at
steady state by approximately 70%. '

Drug elimination occurs by biotransformation and renal excretion. Approximately 55% of the
drug is excreted by the kidneys as unchanged parent drug, and the remainder of the drug
undergoes limited hepatic metabolism. The /milnacipran carbamoyl-O-glucuronide is the major
metabolite excreted in urine and accounts for approximately 17% of the dose; approximately 2%
of the dose is excreted in urine as #Zmilnacipran carbamoyl-O-glucuronide. Altogether, 8% of
the dose is excreted in urine as the N-desethyl milnacipran metabolite.

Dose proportionality was observed following single doses of milnacipran HCI between 25 and
300 mg and following multiple doses between 25 and 300 mg twice daily.
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The Applicant proposes dose reduction in subjects with severe renal impairment. In Study MLN-
PK-02, a decrease in MLN plasma clearance and an increase in Cax and AUC parameters were
observed in subjects with impaired renal function; the relationship of these parameters to renal
function (creatinine clearance) was linear. In subjects with severe renal impairment (creatinine
clearance 5-29 mL/min), Cpax, AUCq., and Ty, increased by 59%, 199%, and 122%,
respectively. In subjects with moderate renal impairment Cpay, AUC).., and Ty, increased by
26%, 52%, and 41%, respectively. These data suggest a dose reduction is necessary for patients
with severe renal impairment but not for patients with mild or moderate renal impairment.

The proposed labeling for patients with renal insufficiency is as follows:

“2.2 Patients with Renal Insufficiency

c

The PK of MLN was evaluated following single oral administration of 50 mg of MLN to
subjects with mild (Child-Pugh A), moderate (Child-Pugh B) and severe (Child-Pugh C) hepatic
impairment and matched healthy subjects by age , gender and weight. AUCg. and Ty, were
similar in healthy subjects and subjects with mild and moderate hepatic impairment. Subjects
with severe hepatic impairment had a 31% higher AUCy. and 55% higher Ty,. The Applicant
does not propose dosing adjustments for patients with hepatic impairment.

The PK of MLN was evaluated in healthy subjects > 65 years old and compared with healthy
young adults 18 to 45 years old in studies M042 and M116. Based on historical data (Study
MO037) the Applicant found that Cpex and AUC values were approximately 35% to 60% greater
in elderly subjects compared with young aduits after single dosing and by about 30% after
multiple dosing, likely as a consequence of the reduced renal function in the elderly subjects. No
dose adjustment for the elderly population is being proposed by the Applicant, unless renal
function is reduced to values for which dose adjustment is recommended.

Following single dosing, female subjects had a 22% increase in Cypgy compared with male
subjects, but similar AUC).... With multiple dosing, there were no differences in the PK of £
milnacipran, which is the active enantiomer, in young female and male subjects, but higher
plasma exposure was observed in elderly female subjects (22% for Cnaxand 16% for AUC.,)
compared with elderly male subjects. The Applicant does not propose dosing adjustments based
on gender as well.
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Zr vizro studies in pooled hepatic microsomes suggested that MLN does not inhibit human
CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP2E1, and CYP3A4 enzyme systems,
indicating a low potential of interactions with drugs metabolized by these enzymes.

Drug-interaction studies were conducted and MLN did not affect the PK of the following drugs:
alcohol, digoxin, warfarin, carbamazepine, levopromazine, lithium, lorazepam, In addition, two
studies evaluated the switch from steady state fluoxetine or clomipramine to MLN treatment
without a washout period. The switch from fluoxetine to MLN without a washout period did not
appear to affect the PK of MLN. The switch from clomipramine to MLN without a washout
period did not appear to cause significant changes in the PK of MLN but there was an apparent
increase in adverse events such as euphoria and postural hypotension. This last finding suggests
the need for monitoring of patients if a treatment switch from clomipramine to MLN needs to
occur.

5.2 Pharmacodynamics

Data from Study MLN-PK-01 indicates that there is a direct relationship between dose of MLN
and cardiac effects. This study was originally designed to evaluate four treatment arms 100 mg
twice daily, 200 mg twice daily, 300 mg twice daily and 400 mg twice daily. Due to significant
increases in blood pressure, pulse rate and tachycardia the Applicant discontinued the treatment
arms with 200 mg twice daily and higher.

Two studies conducted by the Applicant evaluated the cardiovascular effects of MLN- Studies
C241 and M146. The Division of Cardiovascular and Renal Products (DCRP) was consulted to
determine the adequacy of the studies and provide their input regarding the results. Study C241
compared several doses of MLN (50 mg, 100 mg and 200 mg) versus placebo in healthy
volunteers in order to evaluate cardiovascular tolerability. The following were the findings
reported by Dr. Gail Moreschi for Study C241: :
* The heart rate increased with milnacipran over placebo, but did not differ between doses, and
was greater during exercise than rest.

The blood pressure increases were small and did not differ between dose strength.

There were no modifications of PR and QRS on the ECG.

The QT interval decreased with the increase in heart rate with the 200 mg dose,

There were no variations in rhythm or conduction with the Holter monitor.

Exercise testing done 12 hours after the last dose showed cardiovascular tolerability.

The adverse events reported most frequently at the highest dose of 200 mg/d were nausea,
palpitations and headache.

Study M146 studied the PK of MLN at different doses, 50 mg daily, 100 mg daily and 200 mg
daily, with single and repeated administration, and the PK/PD relationship between
concentrations and cardiovascular parameters. In this study, according to Dr. Moreschi, a
limited PK/PD relationship was explored. The adverse event observed was palpitation. Pulse rate
was the most sensitive parameter. A relationship between the concentration of the most active
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enantiomer revealed a lag-time, meaning that the increase of pulse rate was delayed from the
concentration increase and endurance of the PD effect, even when plasma concentration of MLN
are low or not detected anymore. Despite the fact that the effects in the cardiac parameters were
not fully explored, the increases in the cardiac parameters reported in the clinical trials were
modest in the opinion of the DCRP reviewer: 3.1 mm Hg in systolic blood pressure, 2.4 mm Hg
in diastolic blood pressure and 7 to 8 beats per minute in pulse rate. DCRP states that, based on
their previous experience with epidemiological data on essential hypertension and controlled
studies with anti-hypertensive drugs, the clinical implications of these changes is that if the
effects persist throughout the dosing interval and with chronic treatment, for every 6 mm Hg
change in blood pressure there is doubling of cardiovascular risk (death, myocardial infarction,
and stroke). In the case of MLN this increased risk would be of an estimated 50%, but in a
population with a small baseline cardiovascular risk this risk may be smaller. Because of these
findings, I recommend monitoring of blood pressure as is done for other drugs from the NSRI
class.

Study MLN-PK-10 was reviewed by the Interdisciplinary Review Team for QT Studies (IRT-
QT). The study evaluated the safety and tolerability of MLN at doses up to 300 mg twice daily
and was to determine if the highest dose of MLN safely tolerated had any effect on cardiac
repolarization. This was a randomized, positive- and placebo-controlled parallel study. Eighty-
eight subjects received a single dose of moxifloxacin 400 mg on day 1 to establish assay
sensitivity, followed by either multiple doses of MLN up to 600 mg/day or placebo for 37 days.
The IRT-QT team remarked that this design is not optimal to demonstrate assay sensitivity - a
moxifloxacin control should have been conducted concurrently with the other arms. In this study,
moxifloxacin failed to demonstrate assay sensitivity based on the statistical criteria that the lower
limit of the two-sided confidence interval is >5 ms. The exposure to moxifloxacin was lower
than expected and it likely occurred because of the over-capsulation of moxifloxacin to maintain
the blind and because of administration with food. Table XX below is from the IRT-QT consult
which presents the overall study findings using QTcF as the primary endpoint.

Table 3. The Point Estimates and the 90% Confidence Intervals Corresponding to the largest
Upper Bounds for Milnacipran (300 mg twice daily) and the Largest Lower Bound for
Moxifloxacin for QTcF

Treatment Time (h) AAQTCcF (ms) 90% CI (ms)
Milnacipran 300 mg BID 2 7.7 3.5, 12.0
Moxifloxacin 400 mg* 3 7.1 4.6, 9.6

* If Bonferroni adjustment is applied for 7 time points, the lower bound is 3.12 ms
(Source: Table 1 from the IRT-QT consult, p. 3)

Based on the Applicant’s analysis MLN does not cause QTc prolongation because the maximum
increase in AAQTcNi was -5 (-9.4, -0.08). The IRT-QT team did not agree with the Applicant’s
calculation for the QT interval using QTcNi as the primary endpoint. The IRT-QT team re-
calculated the QT interval using QTcF because it corrects for the increase in heart rate caused by
MLN. The average change of heart rate from screening to the end-of —study was 22.5 + 14.2 bpm
for MLN and 5.1 + bpm for placebo. Using the QTcF, the mean increase in the AAQTCF is 7.7

40



Clinical Review

Jane Filie, M.D.

NDA 22-256

Savella® (milnacipran)

(3.5, 12.0). An exposure-response analysis using AAQTcF resulted in a shallow but statistically
significant slope of 3 ms per pg/ml MLN. Based on this relationship, it is expected that MLN
will not significantly increase the QTcF interval over the therapeutic exposure range.

After reviewing the cardiovascular cases in the clinical database the QT-IRT review team
concluded that the effects were comparable with other drugs that affect nor-epinephrine and /or
serotonin uptake. There were no reports of o7sades de poinss in the clinical database and a data
‘mining analysis found one report that was confounded by co-morbidities and concomitant
medications that prolong the QT interval.

The IRT-QT team recommended that the Applicant conduct a repeat TQT study incorporating

the following elements:

¢ Use exercise or 24 hour ambulatory ECG monitoring at baseline as a method to increase the
range of heart rates to compute an individual-correction factor.

¢ Collect additional ECGs during the titration of MLN to determine the dose/concentration-
response relationship for QT prolongation.
Moxifloxacin control should be conducted concurrently with other arms.

e The blinding for the moxifloxacin should use a double-dummy approach instead of
overcapsulation.

In my opinion the effect of MLN on the QT interval has not been fully elucidated and the data
does not provide the needed safety information for this NME. Sudden death cases have been
reported with atomoxetine, which is a drug that affects norepinephrine uptake. Therefore, 1
recommend that the Applicant repeat the TQT study for this NME.

5.3 Exposure-Response Relationships

During the End-of-Phase 2 meeting the Applicant was advised to consider a dose-ranging study
and a trial using a 50 mg/day fixed dose during the efficacy assessment period especially because
other anti-depressants are used at lower doses when for treating fibromyalgia. A dose ranging
study to assess the efficacy of 50 mg/ day was not conducted. Instead, the Applicant estimated
that, based on extrapolations from the use of MLN as an anti-depressant, the 50 mg/day would
not be efficacious.. '

6 INTEGRATED REVIEW OF EFFICACY

6.1 Indication
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The Applicant’s desired indications were “treatment of fibromyalgia pain” and “treatment of
fibromyalgia syndrome”. However, the current position of DAARP is that these elements are
inter-related in such a manner in this disease, that it does not allow for distinction between
claims of “treatment of FM”, “treatment of FM pain” or “treatment of FM syndrome”. It is the
current position of the Division that the indication that will be considered for this class of drugs
is “treatment of FM”.

6.1.1 Methods

The efficacy data reviewed were derived from two placebo-controlled studies, FMS-031 and A
MLN-MD-02 which were randomized, double-blind, placebo-controlled trials. :

6.1.2 General Discussion of Endpoints

Fibromyalgia is a chronic condition in which chronic widespread pain is the main feature, but
patients may also exhibit a range of other symptoms such as sleep disturbance, fatigue, irritable
bowel syndrome, headache, mood disorders, stiffness, skin tenderness, post-exertional pain,
cognitive disturbance, irritable bladder syndrome or interstitial cystitis, fluid retention,
paresthesias, restless legs and Raynaud’s phenomenon. Among all the associated symptoms,
three key features are present in most patients with FM: pain, fatigue and sleep disturbance.

Prior to the reorganization of the Office of New Drugs (OND), the Division of Anti-
Inflammatory, Analgesic and Ophthalmology Drug Products (DAAODP) was responsible for the
review of fibromyalgia applications. DAAODP considered that efficacy of therapies for

- fibromyalgia were to be based on three domains: patient’s pain, patient’s function, and patient’s
report of global (overall) improvement. DAAODP allowed for two possible indications:
“treatment of fibromyalgia syndrome” (based on achieving simultaneous and clinically
significant improvement in all three domains), and “treatment of the pain of fibromyalgia”
(based on achieving simultaneous and clinically significant improvement of the pain and patient
global impression of improvement domains).

During the IND phase, several changes in endpoints occurred and are detailed in the description
of each individual study design. After discussions with the Division, agreement was reached that
efficacy could be evaluated based on a composite responder analysis based on two domains for
the “treatment of pain of FM” indication:

® Pain by morning 24-hour recall using a VAS

e Patient global status by the PGIC

Patients were considered responders for the “treatment of pain of FM” if they met the following

criteria concurrently:
e A decrease in pain of 30% or more from baseline
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¢ A score of 1 (very much improved) or 2 (much improved) on the PGIC

Later, when DAARP became the review division for fibromyalgia applications, the Applicant
was told that a composite responder analysis was optional, not required, for the “FM pain”
indication. Efficacy could be based on an analysis of the effects on pain only and the patient
global could be evaluated as a secondary outcome.

For the indication “treatment of fibromyalgia syndrome”, the composite analysis would include a
physical endpoint, an improvement from baseline of > 6 points on the SF-36 Physical
Component Summary (PCS). That is, patients were considered responders for the “treatment of
FM syndrome” if they met the following criteria concurrently:

® A decrease in pain of 30% or more from baseline

® A score of 1 (very much improved) or 2 (much improved on the PGIC

¢ Animprovement from baseline of at least 6 points on the SF-36 PCS

Pain was to be recorded in a Patient Electronic Diary, using a 0-100 visual analog scale (VAS).

For the patient global status, a fibromyalgia-specific patient global impression of change (PGIC)
question with seven possible answers collected on a standard Likert scale was used as follows:
“Since the start of the study, overall my fibromyalgia is:

Very much improved

Much improved

Minimally improved

No change

Minimally worse

Much worse

Very much worse”

NN RN

The measures of physical function utilized in the clinical trials were the Fibromyalgia Impact
Questionnaire-Physical Function (FIQ-PF) and the SF-36 physical component summary (PCS).
The FIQ-PF is a subset of eleven questions of the overall FIQ and it was originally developed to
assess physical limitations that affect patients’ activities. This questionnaire provides a score that
can be used to assess changes in function over time.

The SF-36-PCS is a subset of the Short Form-36 (SF-36) which is a health survey. Similar to the
FIQ-PF, the SF-36 also is intended to provide a score that allows assessing change over tlme in
physical function.

The Division of Anesthesia, Analgesia and Rheumatology Products (DAARP) has subsequently
determined that three main efficacy elements (patient pain, function, and overall impression of
improvement in their condition) are inter-related in such a manner in this disease, that it does not
allow for distinction between claims of treatment of FM, treatment of FM pain or treatment of
FM syndrome. The current position of DAARP is that “treatment (management) of FM” is the
preferred indication for drugs intended to treat this condition. Efficacy is based on effects on pain
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as the primary endpoint, and the effects on patient function and the patient global as secondary
endpoints. DAARP allows for inclusion of these other components of fibromyalgia in the
product labeling if the efficacy studies provide compelling evidence that the effect is essentially
independent of the treatment effect on the pain component.

DAARP informed the Applicant of the revised wording for the indication as well as the approach
to assessment of efficacy of drugs for fibromyalgia; however these changes occurred after the
Applicant had completed its pivotal studies.

6.1.3 Study Design

The two efficacy studies seemed to be adequately blinded and randomized.

Both efficacy studies included adults 18 to 70 years of age. All patients included had to meet the
diagnostic criteria for FM established by the American College of Rheumatology (ACR):
presence of chronic widespread pain involving all 4 quadrants of the body and the axial skeleton
for at least 3 months, and the presence of at least 11 of 18 tender points on palpation examination
with an approximate force of 4 kg/cm®. The patients were required to withdraw from CNS-active
therapies for FM and discontinue non-pharmacologic treatments for FM. The studies excluded
patients that had an ongoing major depressive disorder by the Mini International
Neuropsychiatric Interview (MINI).

Some differences in the study populations were as follows:

¢ Study FMS031 required patients to have a baseline average VAS pain score of at least 50
mm on a 100 mm Visual Analog Scale (VAS)

¢ Study MLN-MD-02 required patients to have a baseline average VAS pain score of at least
40 mm on the VAS, a Fibromyalgia Impact Questionnaire-Physical Function (FIQ-PF) score
> 4, and excluded patients with moderate to severe depression who also had a Beck
Depression Inventory (BDI) score >25.

Both studies prohibited the use of benzodiazepines, centrally-acting analgesics, anti-depressants.
Joint and soft tissue injections had to be completed at least seven days before the primary
endpoint determination. Study MLMN-MD-02 also prohibited trigger and tender point
injections, anesthetic patches, biofeedback and transcutaneous electrical nerve stimulation.
Short-term uses of opioid analgesics for indications other than FM were to have an exemption
and should have been carefully documented.

The allowed concomitant medications were: acetaminophen, aspirin, NSAIDs, medications for
the treatment of migraine (rizatriptan, sumatriptan, combination products of butalbital, aspirin/
acetaminophen and caffeine) and insomnia (zolpidem, zaleplon, sedating anti-histamines, chloral
hydrate). Rescue medication was to be discontinued or withheld 48 hours prior to a scheduled
clinic visit.
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6.1.3.1 Study Design of Study FMS031

Study FMS031 was a Phase 3, multicenter, randomized, double-blind, placebo-controlled, three-
arm parallel-group study to investigate the safety and efficacy of MLN 100 mg/day and 200
mg/day in patients with FM. The study was conducted at 59 sites in the United States. After a
washout period from disallowed medications, patients entered a 2-week baseline period during

. which baseline pain scores were captured in a Patient Electronic Diary (PED).

The study excluded patients with current major depressive disorder using the MINI. To meet
eligibility requirements patients had to have a minimum baseline average VAS pain score of 50
mm on a VAS. Eligible patients were randomized to treatment with placebo or with 100 mg/day
or 200 mg/day of milnacipran (1:1:2), orally, in two divided doses.

Patients received up to 24 weeks of treatment after the 3-week dose-escalation phase, for a total
of up to 27 weeks of drug exposure. Efficacy and safety assessments during office visits were
conducted at the screening visit, randomization, at the end of dose escalation (Week 3), and at 4-
week intervals thereafter. Patients recorded their pain in the PED daily and also using paper-
based assessments at the office visits. The following is a study diagram for Study FMS031.

Figure 3. Study Timeline-Study FMS031 from the Original Protocol
STUDY TIMELINE

L 1

= Week Week weex weex Yweek Week Wesk \Wesk Week
g 3L0 BLITXD T3 o TxIT XIS Txi9 T3 Tx7
i {Randomzston)  [End of Dose Tlration)
i
!
!
| warreut Saselne Jo2e Excaatisn Fhase Sreaimen & Oosersxten Pnsse

(Source: Applicant’s Figure 1, FMS-031 Protocol, Vol. 1, p- 2165)

In October 2003, the Applicant submitted a Special Protocol Assessment (SPA) for the design of
this study. In the initial study protocol patients had to meet the following three primary efficacy
endpoints at 6 months to be considered responders for the treatment of fibromyalgia syndrome:

® 30% reduction in pain from baseline in the 24-hour recall pain score recorded daily in the
PED

PGIC score of 1,2, or 3
®  30% reduction from baseline in the FIQ-PF
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To be considered responders for “the treatment of FM pain” patients had to meet only the pain
and PGIC endpoints described above.

The imputation method for missing data was the last observation carried forward (LOCF)
approach. Multiple comparisons with respect to time points (3 and 6 months), primary efficacy
parameters (pain and syndrome), and dosage (MLN 100 mg/day and 200 mg/day versus placebo)
were controlled using a sequential gatekeeping multiple comparison procedure.

Agreement was not reached on this protocol under a SPA because we did not agree to the
protocol proposed in respect to exclusion criteria, study endpoints and statistical analysis
" proposed by the Applicant.

There were several changes in the study design during the IND phase of this product. Ata Type
C meeting held in June 2006, the Applicant was notified that the studies were no longer required
to have 6-months duration, but that two studies of 3-months duration would suffice to meet
registration requirements. There was also agreement that SF-36 PCS would replace the FIQ-PF
as a measure of function and the endpoint of PGIC was made more stringent, as patients were
adjudicated as responders if they had a PGIC of 1 or 2. Study FMS031 was already completed at
the time of the Type C meeting.

Finally at the pre-NDA meeting held in April 2007, the Applicant proposed to conduct a re-
analysis of FMS031 prior to database lock in Study MLN-MD-02, using the same criteria that
were used in Study MLN-MD-02 and the Division concurred with this approach. The re-analysis
would evaluate the efficacy at the 3-months endpoint, using a more stringent PGIC endpoint
(scores of 1 or 2 at study end), as well as physical function improvement based on the SF-36
PCS (change of at least 6 points). The baseline observation carried forward (BOCF) was the
imputation method applied for missing data. This pass 4oc analysis was designated as the -
Uniform Program Analysis (UPA) for FMS031.

This UPA was conducted in the ITT population and further applied in a population subset
designated UPA Population. The UPA Population parallels the population analyzed in Study
MLN-MD-02. The UPA Population is defined as the subset of the ITT population with baseline
FIQ-PF score > 4 and baseline BDI score <25. The BDI was collected in Study FMS031 as a
secondary measure and was not an exclusionary criterion as in Study MLN-MD-02. The figure
below summarizes the changes in the efficacy analyses for study FMS031.

APPEARS THIS WAY
ON ORIGINAL
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Figure 4. Protocol Pre-specified and Uniform Program Analysis Definitions

Table 9.7.1.5.1.3-1. Protocol Prespecified Definitions

Dosnain Iinprovemen: Definiiton Handling of
Pain Global Pinsical Funcrion Missing Daora
Treatment of Pain )
4@ 3-Month Landmark
(Tx13) : None
Treatmant of Pam huproved, nuch
i 6 roved, mu
%;:2%011:]1 Landmark = 30% improventant improved, or very BOCT for weeks
from baseline to nonch fmproved at 0-7; LOCF from
Treamuent of Syndrome | [.pan0ad on PED pain | lmdmark (score of Tx7 to landmark
#6@: 3-Month Landmark 1,2, 0r3onPGIC) | = 30% improvement
Tx1%5) from baseline to
Treatment of Syndrome ) landmark on FIQ-
i@ 6-Month Landmark FFS score
(Tx27)

BOCF = baseline observation carried forward; FIQ-PF5 = Fibromyalgia Inipact Questiomaire-Physical Fanction
Subscale; LOCF =Jast observation caned forward; PED = Patient Experience Diary; PGIC = Patient Global
Tmpression of Change.

Table 9.7.1.5.1.3-2, Uniform Program Analysis Definitions

Domain Improvenent Definition Handling of
Pain Global Physical Funetion Missing Data
Treatmant of Pain
‘i@ 3-Month Landmark EOCF to 3-month
Tx15) andmark
' None BOCF to 3-month
Treatmant of Pain Landmark; LOCF
@ 6-Month Landmark . § from 3-menth to
(Tl'x27) L. Much improved, or 6-month
: »30% improvemant very much Landmark
from bazaline to improvad at
Treatment of Syndrome | 1ndmrk on PED pain | Landmark {Score of BOCF to 3-month
@ 31-M°nfhl_-amhwk lor2enPGIO) | 2 gpoim Landmark
(=19 auprovement from
o baseline te BOCF to 3-moenth
Treatment of Syndromes Jandmark on $F-36. | Landmark; LOCF
Zai: 6-Month Landmark PCS score from 3-month to
(T2n G-month
Landmark

BOCF = basaline observation carried forward; LOCF = last observation carried Sorward: PED = Patient Experience
Diary; PGIC = Patient Global Impyession of Change; SF-36 = Short Form-36 Kealth Suvey.

(Source: Applicant’s Tables 9.7.1.5.1.3-1 and 9.7.1.5.1.3-2, FMS031 Study Report, Volume 1, p.
65)

6.1.3.2 Study Design of Study MLN-MD-02

Study MLN-MD-02 was a Phase 3, multicenter, randomized, double-blind, placebo-controlled,
three-arm parallel-group study to investigate the safety and efficacy of MLN 100 mg/day and
200 mg/day orally, in patients with FM. This study was conducted at 86 sites in the United
States. After a washout period from disallowed medications, patients entered a 2-week baseline
period during which baseline pain scores were captured in a Patient Electronic Diary (PED). The
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study excluded patients with current major depressive disorder using the MINI. To meet
eligibility patients were required to have a minimum average VAS pain score of at least 40 mm
and FIQ-PF >4 at baseline. Eligible patients were randomized to treatment with placebo or with
100 mg/day or 200 mg/day of milnacipran (1:1:1), with twice daily dosing.

According to the initially proposed protocol patients received up to 26 weeks of treatment after
the 3-week dose-escalation phase, for a total of up to 29 weeks of drug exposure. Efficacy and

safety assessments during office visits were conducted at the screening visit, randomization, at
the end of dose escalation (Week 3), and at 4-week intervals thereafier. Patients completed the

PED daily and paper-based assessments at the office visits.

In the initial statistical analysis plan, patients had to meet the following three primary efficacy
endpoints at 29 weeks to be considered responders for the treatment of FMS:
® 30% reduction in pain from baseline in the 24-hour recall pain score recorded daily in the
PED
PGIC score of 1, 2, or 3
30% reduction from baseline in the FIQ-PF

To be considered responders for the treatment of FM pain patients had to meet only the pain and
PGIC endpoints described above. The imputation method for missing data was the LOCF
approach.

There were changes to the protocol during the IND stage. In January 2006 the Applicant
amended the protocol to exclude patients with BDI score > 25 because it was found in Study
FMS031 that the MINI did not fully exclude a number of patients with significant clinical
depression.

At the Type C meeting held in June 2006, the Applicant was notified that studies of 6 months
were no longer required, but instead, two studies of 3-months duration were required for
registration. This study was ongoing and there was agreement that this study could be truncated
at 3 months, despite the fact that some patients had already received up to 29 weeks of drug
exposure. Other changes that occurred after this meeting were as follows:
¢ Physical function would be measured by the SF-36 PCS and responders would have to

demonstrate improvement of > 6 points

The definition of global response was changed to PGIC 1 or 2 instead of 1, 2 and 3

The imputation method for missing data became the BOCF approach.

APPEARS THIS WAY
ON ORIGINAL
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Figure 5. Study Timeline- Study MLN-MD-02
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(Source: Applicant’s Appendix C, Clinical Study Report, MLN-02, Vol.1, p. 2186)

Methods to handle multiplicisy

In Study FMS031, a multiple comparisons procedure was to be used to control the overall type I
error for comparisons of two doses of milnacipran to placebo at two primary time points and for
two indications. The eight (8) primary comparisons described below were to be performed using
the following sequential gatekeeping multiple testing procedure:

1.
2.

200 mg vs. placebo on pain at Weeks 14-15,
200 mg vs. placebo on syndrome at Weeks 14-15 and 200 mg vs. placebo on pain at
-Weeks 26-27,

3. 200 mg vs. placebo on syndrome at Weeks 26-27,
4,
5

100 mg vs. placebo on pain at Weeks 14-15,
100 mg vs. placebo on syndrome at Weeks 14-15 and 100 mg vs. placebo on pain at

. Weeks 26-27,
6.

100 mg vs. placebo on syndrome at Weeks 26-27.

For the UPA analysis of study FMS-031, the Applicant adopted the same strategy as described
above to handle multiplicity for both “treatment of fibromyalgia syndrome™ and “treatment of
FM pain” analyses.

In Study MLN-MD-02, the following sequential gatekeeping multiple comparison procedure was

used:
1.

2.

100 mg versus placebo at 3 months for the pain indication and 200 mg versus placebo at
3-months for the pain indication

100 mg versus placebo at 3-months for the syndrome indication and 200 mg versus
placebo at 3-months for the syndrome indication

6.1.4 Efficacy Findings

Dr. Joan Buenconsejo performed the statistical review of the efficacy data, with input from the
clinical team. Refer to her review for details regarding these efficacy analyses.

Disposition:
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Among the ITT population of the FMS-031 and MLN-MD-02, a total of 34.0% (708/2084)
patients (27.7% placebo, 35.2% milnacipran 100 mg/d, and 37.8% milnacipran 200 mg/d)
prematurely discontinued from the studies (before 3 months). The most common reason for
discontinuation among the milnacipran-treated patients was an adverse event (AE) (18.8% and
24.1% for the 100 mg/d and 200 mg/d milnacipran treatment groups, respectively), whereas
therapeutic failure (10.3%) was the most common reason for premature discontinuation among
the placebo-treated patients.

Table 4. Patient Disposition- Pooled Data from Study FMS031 and MLN-MD-02
Table3.2-1.  Pooled Pivotal Studies—Patient Disposition (ITT Population)

Placebo, .\' %) Milnacipran, N (%)

Parameter 100 mgid 200mgid

N=624 N=623 N=837
Completed 3-month treatment period 451(72.3) 404 (64.8) 521 (62.2)
Administrative 3-month completers 480D 353.6) 49 (5.9
All ather 3-month completers 403 (64.6) 369 (59.2) 472 (56.4)
Discontinued 173217 219(35.2) 316(37.8)
Reason for discontinuation '
Death : 1(0.2) 0 0
Adverse event 579.1) 117(18.8) 202 24.1)
Therapeutic failure : 64(103) 5183 60 (72
Protocol violation 102 100 202
Noncompliant with protocol . 8(1.3) 5{0.8) 81.0)
Withdrawal of consent 27 (3.3 24 (.9 2732
Investigator withdrew the patient 1¢0.2) 3(0.9 1.1
Lost to follow-up 12(1.9) 142.2) 13 (1.6)
Other 2(0.3) 1{0.6) 304

ITT = Intant-to-Treat; N = population size.
(Source: Applicant’s Table 3.2.1, ISE, p. 62)

6.1.4.1 Efficacy Findings of Study FMS031

Applicant’s Efficacy Analysis

The Applicant submitted several analyses of the efficacy of milnacipran utilizing the initially
proposed protocol parameters at 3 months and 6 months and the latest proposed Uniform
Program Analysis (UPA) utilizing both the intention-to-treat (ITT) and UPA defined population.
This efficacy review will focus mainly on the efficacy data that was derived from the UPA,
utilizing the ITT population as this was ultimately agreed upon at the pre-NDA meeting and
most closely resembles the efficacy parameters of Study MLN-MD-02. Also, the results of the
same analyses performed on the UPA population are very similar to those of the ITT population
(refer to Dr. Buenconsejo’s review for these analyses).
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Composite responder analysis for the “ treatment of FM pain” composite endpoint

The data for the composite responder analysis for the “treatment of FM pain” using the UPA of
the ITT population and of the UPA population are presented below. Note that the number of
patients (N) in each population differs because the ITT group includes all randomized patients
who took at least one dose of study medication, whereas the UPA population excludes patients
with a baseline FIQ-PF score of 4 or more and a baseline BDI score of 25 or less.

Table 5. Study FMS031- Composite Responder Analyses for the Treatment of Pain of FM at the
3-month Endpoint- Uniform Program Analysis' with ITT and UPA Populations

ITT Population UPA Population®

Time point: | Placebo MLN Placebo MLN
3 months (N=223) { 100 mg 200mg | (N=171) | 100 mg 200 mg
(N=224) (N=441) ' . (N=189) (N=355)

Composite

responder | 43(19.3) | 61(272) | 118(268) |31(18.1) | 52(27.5) 99 (27.9)
rates (n, %)

Odds ratio 1.52 1.54 1.73 1.75

0, . . . . .
(95% C1) i (0.96,2.39) | (1.04,2.28) - (1.042.87) | (1.11,2.76)
p- value - 0.056 0.032 - 0.034 0.015

"BOCF as imputation method, improvement in pain > 30% of baseline and PGIC 1 or 2
?Excluded patients with BDI< 25 and FIQ-PF >4

(Source: Table compiled by the reviewer based on the Applicant’s Tables 11.4.1.1.3-1 from
FMS031 Study Report, Vol.1, p. 94 and Table 6.1-1 from the FMS031 Uniform Program
Analysis, Efficacy Results, Vol.2, p. 221 10)

The Applicant’s data demonstrates that in the ITT population, 19.3% of placebo-treated patients
met criteria for the “fibromyalgia pain” composite responder analysis, compared to 27.2% of
patients on MLN 100 mg/day and 26.8% of patients on MLN 200 mg/day. The efficacy of MLN
200 mg/day compared with placebo achieved statistical significance (p=0.032), but did not for
'MLN 100 mg/day by a small margin (p=0.056). In addition, because of the pre-specified 8-step
sequential gatekeeping multiple testing procedures, only the efficacy of the MLN 200 mg/day
dose is supported for the treatment of FM pain. Because this dose did not “win” on the step
number three of the testing procedure, none of the other endpoints can be considered or tested for
significance.

In the UPA of the UPA population analysis (i.e. the ITT population excluding the patients with
moderate to severe depression and decreased function), the proportion of “FM pain” treatment
responders was also higher in the MLN treatment arms compared to the placebo arm 18.1% of
placebo patients were responders, compared to 27.5% of patient on MLN 100 mg/day and 27.9%
of patients on MLN 200 mg/day. According to the Applicant, this analysis demonstrated that the
difference between placebo and the MLN treatment arms did achieve statistical significance: for
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the treatment group on MLN 200 mg/day (p= 0.015) and for the treatment group on MLN 100
mg/day (p=0.034). One must bear in mind that this latter analysis was past-4oc. The study was
not initially powered for these sub-analyses, the p-values obtained. are unadjusted, and should be
interpreted with caution.

The Applicant’s data indicates that only MLN 200 mg/day is efficacious for the treatment of FM
when considering the ITT population but when utilizing the UPA population which most closely
resembles the population from the other efficacy study, MLN-MD-02, both MLN treatment arms
demonstrate efficacy. The statistical data provided by the Applicant was confirmed by our
statistical reviewer.

Composite responder analysis for the “ treatment of M syndvome” composite endgpoint

The Applicant also submitted data for the composite responder analysis for the “treatment of FM
syndrome” using the UPA of the ITT population and the UPA population which is presented
below. Note that the number of patients (N) in each population differs because the ITT group
includes all randomized patients who took at least one dose of study medication, whereas the
UPA population excludes patients with a baseline FIQ-PF score of 4 or more and a baseline BDI
score of 25 or less.

Table 6. . Study FMS031- Composite Responder Analyses for the Treatment of FM Syndrome at
the 3-month Endpoint- Uniform Program Analysis' with ITT and UPA Populations

ITT Population UPA Population”

Time point: | Placebo MLN Placebo MLN
3 months (N=223) | 100 mg 200 mg | (N=171) 100 mg 200 mg
(N=224) | (N=441) (N=189) (N=355)

Composite
responder | 27(12.1) | 44 (19.64) | 85(19.27) | 21(12.28) | 39(20.69) | 73(20.56)
rates (n, %)

Odds ratio ) 1.84 1.80 ) 2.05 2.14
(95% CI) (1.07,3.17 | (1.11,2.94) | (1.10,3.81) | (1.20, 8.82)
p- value - 0.028 0.017 - 0.024 0.010

" BOCF as imputation method, improvement in pain > 30% of baseline and PGIC 1 or 2

? Excluded patients with BDI< 25 and FIQ-PF >4

(Source: Table compiled by the reviewer based on the Applicant’s UPA Tables 4.8A and 4.8B
from FMS031 Uniform Program Analysis, Efficacy Results, Vol.2, p- 22219 and 22220)

The Applicant’s data demonstrate that in the ITT population, 12.2% of placebo-treated patients
met criteria for the “fibromyalgia syndrome” responder definition, compared to 19.64% of
patients on MLN 100 mg/day and 19.27% of patients on MLN 200 mg/day patients. According
to the Applicant’s data, the efficacy of both doses of MLN achieved statistical significance when
compared to placebo: MLN 100 mg/day p= 0.028 and MLN 200 mg/day p=0.017. However,
only the efficacy of the MLN 200 mg/day dose is supported for the treatment of FM syndrome -
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because this dose did not “win” on the step number three of the multiple testing procedure, none
of the other endpoints can be considered or tested for significance.

The composite responder analysis for the treatment of FM syndrome was also analyzed in the
UPA population. In this analysis the proportion of treatment responders was also higher in the
MLN treatment arms compared to the placebo arm: 12.28% of placebo-treated patients were
responders, compared to 20.69% of patients on MLN 100 mg/day and 20.56% of patients on .
MLN 200 mg/day. According to the Applicant, this analysis demonstrated that the difference
between placebo and the MLN treatment arms did achieve statistical significance: for the
treatment group on MLN 100 mg/day (p=0.024) and for the treatment group on MLN 200
mg/day (p=0.010). As previously mentioned, this latter analysis was pas~4oc. The study was not
initially powered for these sub-analyses, the p-values obtained are unadjusted, and therefore,
should be interpreted with caution.

_ The efficacy data presented above was confirmed by the statistical reviewer, Dr. Joan
Buenconsejo.

FDA’s Efficacy Analysis

The Applicant proposed efficacy endpoints that the Division does not typically use to support
efficacy of a treatment for fibromyalgia. As discussed in Section 6.1.2 (General Discussion of
" Endpoints), for this indication, efficacy is based on effects on pain as the primary endpoint and
the effects of treatment on patient function and the patient global are considered secondary
endpoints. To further characterize the efficacy of milnacipran in fibromyalgia, FDA conducted
other analyses to:
e compare the change in mean pain scores for each treatment group
e provide an understanding of the impact of each component on the efficacy result
generated by the composite responder analysis, and to verify that the observed dose
effect is consistent in each of the domains,
¢ compare the continuous (cumulative) responder analyses for the patients’ pain and global
components of the “FM pain” composite endpoint.

Bean pain score analysis

The average pain score mean changes from baseline indicate that there is a numerically higher
difference in MLN treatment arms compared with placebo and the magnitude seems to be dose
related. The change in mean pain scores at 3 months for placebo was 12.7, 14.5 for MLN 100
mg/day and 15.2 for MLN 200 mg/day (on a 100 mm VAS). The difference between MLN 100
mg/day and placebo change in mean pain scores was 1.8, and the difference between the MLN
200 mg/day and placebo was 2.5. These differences are rather small and the clinical significance
of this finding is unclear. Based on this analysis MLN does not seem to be better than placebo.

Responder analysis for the patient pain and global components of the “ FM pain” composite
endpornt
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The purpose of conducting a continuous responder analysis for the pain and the PGIC domains
separately is to gain understanding of how each component of the composite endpoint affects the

- result of the composite responder analysis. It is also important to understand how milnacipran
affects pain as this is one of the main aspects of fibromyalgia.

Below are the responder analyses for two of the components of the composite responder
endpoints: pain and PGIC independently, based on Dr. Buenconsejo’s review utilizing the UPA
analysis for the ITT population and BOCF as the imputation method at the 3-month endpoint.
For the analysis of pain responders, the proportion of patients who had > 30% improvement in
pain from baseline was calculated. In terms of the responder analysis for the PGIC, the
proportion of patients who had a PGIC score of 1 or 2 at study end were calculated.

Table 7. Study FMS031-Responder Analyses on Pain and PGIC for the ITT Population at 3
Months (BOCF)

Milnacipran
Endpoints at 3-months - Placebo 100 mg 200 mg
: N= N= N=
Pain Responders n (%) 62 (28%) 76 (34%) 155 (35%)
OR : - 1.34 (0.9,2.0) | 1.42(<1.0,2.0)
PGIC Responders n (%) 60 27%) 74 (33%) 145 (33%)
OR - 1.34 (0.9,2.0) 1.33 (0.9, 1.9)

(Source: Table compiled by the reviewer based on Tables 31 and 32 from the statistical review
by Dr. Joan Buenconsejo)

The data indicate that a higher proportion of patients were considered responders for pain from
the MLN treatment groups compared to placebo: placebo 28%, versus MLN 100 mg/day 34%,
and MLN 200 mg/day 35%. Despite the numerical difference between placebo and the MLN
treatment groups, a statistically significant difference is not supported by the confidence
intervals. The confidence intervals include 1, which indicates that a significant difference
between the treatment arms is less likely.

The data indicate that also a higher proportion of patients were considered “patient global”
responders in the MLN treatment groups than in the placebo group: placebo 27%, versus MLN
100 mg/day and MLN 200 mg/day, both 33%. As above, despite the numerical difference
between placebo and the MLN treatment groups, this difference also is not supported by the
confidence intervals. The confidence intervals include 1, which decreases the likelihood that
there is a significant difference between the treatment arms. The proportion of patients who
improved in each domain is very similar suggesting that both pain and PGIC contributed equally
to the efficacy result obtained in the composite responder analysis for pain.

Continnous (cumulative) responder analysis for the “FIM pain” composite endpoint

An additional analyses conducted by the FDA statistical reviewer was the continuous responder
plot of the composite pain endpoint utilizing the UPA analysis of the ITT population at the 3
month landmark. The plot provides a visual display of the proportion of composite responders
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across a continuum of definitions of improvement in pain, rather than at only one level of
definition of improvement (e.g. > 30% improvement). This data serves to confirm whether the
difference in the proportion of composite treatment responders between the MLN and placebo
groups is maintained if the definition of pain response is changed. Note that the composite pain
endpoint is a more stringent analysis which selects only patients that were responders for both
pain and a PGIC score of 1 or 2. Thus, this analysis includes a subset of the ITT population.

‘The plot for the composite pain response profile below demonstrates that although small, there is

a difference between the MLN treatment arms and placebo, at each level of pain improvement.
However, there is no considerable difference in effect between the two MLN doses.

Figure 6. Study FM031- Composite Pain Response Profile (UPA Analysis- ITT population)
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(Source: Figure 12 from the statistical review by Dr. Joan Buenconsejo)

Continuous (Cumnlative) responder analysis for “pain only” component of the composite
endpoint

The continuous responder curves for the “pain only” responders demonstrate that overall, there is
no clear separation between the MLN and placebo curves across different definitions of pain
improvement, as demonstrated in the figure below. The separation between the curves is small
and is more evident between 20 and 60% improvement of pain. The overall findings suggest that
perhaps, an improvement in pain was not the primary contributor to the results of composite
endpoint for “FM pain.
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Figure 7. Study FM031-Pain Response Profile
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Lercent “pain only” and * PGIC only” responders

The analysis of the percent of responders with respect to the pain and patient global tests is
another mean of exploring the contribution of the pain and global response to the composite pain
responder findings. The following is a table by Dr. Buenconsejo which summarizes the
proportion of patients who were responders for pain and PGIC (composite pain responders), pain
only and PGIC only. Patients were defined as pain responders if they had > 30% improvement
in pain and as patient global responders if they had a score of 1 or 2 on the PGIC.

Table 8. Study FMS031- Analysis of Pain and Global Tests (UPA Analysis, BOCF)

Pain/PGIC Pain/PGIC Pain/PGIC Pain/PGIC

N (Yes/Yes) (Yes/No) {(No/Yes) (No/No)
“Placebo 223 43 (19%) 19 (9%) 17 (8%) 144 (65%)
MLN100 224 61 (27%) 15 (7%) 13 (6%) 135 (60%)
MLN200 441 118 (27%) 37 (8%) 27 (6%) 259 (59%)

(Source: Table 34 from the statistical review by Dr. Joan Buenconsejo)

There are a higher proportion of MLN patients who were responders for the composite pain
responder endpoint than placebo (Column Pain/PGIC Yes/Yes: placebo 19 % versus MLN 100
mg/day 27% and MLN 200 mg/day 27%). The overall proportion of all patients who had an
improvement of pain is similar to the proportion of patients who were responders for the PGIC,
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which demonstrates that the results of the composite pain analysis (Pain + PGIC responders) are
not driven by the PGIC component. As shown below, when we look at the proportion of patients
who improved in “pain alone” compared to the proportion of patients who had a good global
score, we note that the proportion of patients on placebo who improved with respect to their pain
only -Pain Yes/ PGIC No- and who achieved a good global score only- Pain No/ PGIC Yes- was
similar (9% and 8% respectively). In the MLN 100 mg and 200 mg treatment arms, the
proportion of patients who had a good global score only —Pain No/ PGIC Yes- (6% and 6%
respectively) was similar to the proportion of patients who improved on pain only (MLN 100 mg
7% and MLN 200 mg 8%). These findings suggest that both endpoints contributed equally to the
efficacy result of the pain composite responder endpoint:
* Opverall proportion of patients who were responders for pain:

Placebo: 25% (Pain Yes/ PGIC Yes 19% + Pain Yes/ PGIC No 9%)

MLN 100 mg/day: 34% (Pain Yes/ PGIC Yes 27% + Pain Yes/ PGIC No 7%)

MLN 200 mg/day: 35% (Pain Yes/ PGIC Yes 27% + Pain Yes/ PGIC No 8%)

¢ Overall proportion of patients who were responders for the PGIC:
Placebo: 27% (Pain Yes/ PGIC Yes 19% + Pain No/ PGIC Yes 8%)
MLN 100 mg/day: 33% (Pain Yes/ PGIC Yes 27% + Pain No/ PGIC Yes 6%)
MLN 200 mg/day: 33% (Pain Yes/ PGIC Yes 27% + Pain No/ PGIC Yes 6%)

The data also show that more people met the definition for “pain only” response than that for the
composite “FM pain” response (i.e. pain + PGIC responders).

To explore how, if at all, the patients who met criteria for the “pain only,” PGIC only,” and
composite “FM pain” responder were different, Dr. Buenconsejo explored several characteristics
and whether any of these would have contributed to the efficacy differences between the
treatment arms. The baseline characteristics explored were demographics (age, race, gender),
baseline BDI, baseline pain scores, and change in mean pain score (Table 9, below).

Dr. Buenconsejo found that there were no significant differences in the baseline characteristics
among the treatment groups. The table also shows that, overall, the change in mean pain scores
at 3 months among the composite pain responders (Pain/PGIC, yes/yes) — average of 43 - was
greater compared to change in mean pain scores in among the “pain only” responders
(Pain/PGIC, yes/no) - average of 30- and greater than the change in mean pain score compared to
the “PGIC only” responders (Pain/PGIC, no/yes) - average of 7. This finding indicates that there
is a greater effect on the improvement of pain among patients that met the composite responder
criteria compared to the other groups of responders. However, when we look across the treatment
arms of each responder group, the change in mean pain scores is similar across all the treatment
arms in all responder groups: .
e among the composite responders — mean change of 43 for all treatment arms (placebo= MLN
100= MLN 200)
¢ among the “pain only” responders- the mean change was similar between the treatment arms
but slightly lower on the MLN 100 treatment arm: 31 for placebo, 28 for MLN 100 and 33
for MLN 200 (MLN 100 < placebo < MLN 200)
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e among the “global only” responders- the mean change was similar across the treatment arms
but slightly lower in the placebo arm and higher in the MLN 200 arm : 6 for placebo, 8 for

MLN 100 and 9 for MLN 200 (placebo< MLN 100< MLN 200)

Table 9. Study FMS031- Comparison of Change in Mean Pain Scores and Baseline
Characteristics (Source: Statistical review by Dr. Joan Buenconsejo)

Placebo Milnacipran
100 mg/d 200 mg/d
Total N=223 N=224 N=441
Pain/PGIC (Yes/Yes) 43 (19%) 61 (27%) 118 (27%)
Sex (F) 43 (98%) 60 (98%) 117 (99%)
Race (W) 38 (88%) 56 (92%) 112 (95%)
Age, in yrs (mean) 48.7 (8.9) 50.0 (10.3) 49.3 (10.7)
Baseline BDI 14.2 (10.2) 122 (7.1) 14.5 (7.5)
Duration of FMS 6.2 (5.6) © 47 (4.9) 5.1 (4.5)
Mean Pain Score (Range) -
BOCF 68 (52 -96) 69 (52 - 89) 69 (47 - 99)
Baseline 24 (0-62) 25(0-52) 26 (0-60)
3-month landmark* 43 (24 - 88) 43(19-71) | 43(17-86)
" Change from Baseline}
Pain/PGIC (Yes/No) 19 (9%) 15 (7%) 37 (8%)
Sex (F) 19 (100%) 15 (100%) 37 V(IOO%)
Race (W) 18 (95%) 15 (100%) 33'(89%)
Age, in yrs (mean) 53.6 (5.4) 54.1 (9.9) 51.4(104)
Baseline BDI 13.2 (12.0) 16.5 (6.9) 14.4(79) -
Duration of FMS 7.4 (5.8) 5.1(5.1) 6.4 (6.1)
Mean Pain Score (Range)-BOCF
Baseline 67 (53 - 85) 62 (49 — 83) 66 (49 - 87)
3-meonth landmark* 36 (25-56) 35(23-46) 33(15-54)
Change from Baseline} 31(17-49) 28 (16 -59) 33 (15-51)
Pain/PGIC (No/Yes) 17 (8%) 13 (6%) 27 (6%)
Sex (F) 16 (94%) 13 (100%) 26 (96%)
Race (W) 17 (100%) 11 (85%) 26 (96%)
Age, in yrs (mean) 42.9(11.2) 45.9(9.2) 46.5(9.7)
Baseline BDI 12.2(7.2) 12.6 (7.8) 12.3 (7.1)
Duration of FMS 5.6 (4.7) 6.0 (4.3) 5.04.7)
Mean Pain Score (Range) -
BOCF 66 (52-92) 64 (50-82) 66 (53 - 89)
Baseline 57 (33-90) 54 (24 - 66) 35(30-83)
3-month landmark* 6(-11-21) 8(-7-20) 9(-7-22)
Change from Baselinet :
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One characteristic of great interest is the BDI at baseline, as MLN’s anti-depressant effect could
directly affect efficacy. Dr. Buenconsejo’s analysis of the efficacy data and the BDI baseline
scores confirmed the Applicant’s claim that the effect observed on the efficacy results was not
due to an anti-depressant effect. These findings are shown in the bar graph below (taken from Dr.
Buenconsejo’s review), representing the composite pain responder, pain responder and PGIC
responder by baseline BDI (< 25 or > 25). For further detail please refer to the statistical review.

Figure 8. Study FMS031- Composite Pain Responder, Pain Responder and PGIC Responder by
Baseline BDI (<25 or >25) — BOCF, UPA Analysis
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(Source: Figure 35 from the statistical review by Dr. Joan Buenconsejo)
Lercent “pain only” and “PGIC only” responders— UPA population

The results of the responder analysis for the individual “pain only” and “PGIC only” domains
were similar to those of the UPA Analysis utilizing the ITT population. The proportion pain and
PCIG responders is similar in the treatment groups. The proportion of pain responders was 27%
in the placebo group, 34% in the MLN 100 mg/day group, and 37% in the in the MLN 200
mg/day group. The proportion of global improvement (PGIC) responders was 26% in the
placebo group, 34% in the MLN 100 mg/day group, and 35% in the in the MLN 200 mg/day
group. This data confirms that the result is not being driven by any of the components of the
composite endpoint. '

Also according to this data, MLN 200 mg/day seems to have a greater effect on patient’s pain
and their sense of overall improvement (PGIC score) than the 100 mg/day treatment arm and the
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placebo arm. A summary of the responder analysis on pain and PGIC for the UPA population is
presented below.

Table 10. Study FMS031-Responder Analyses on Pain and PGIC for the UPA Population

i Milnacipran
Endpoints at 3-months Placebo 100 mg 200 mg
N=171 N=189 N=355
Pain Responders n (%) 47 (27%) 64 (34%) 133 (37%)
OR - 1.36 (0.9,2.1) | 1.60(1.1,2.4)
PGIC Responders n (%) 45 (26%) 64 (34%) 125 (35%)
OR : - 1.43 (0.9,2.3) 1.52 (1.0,2.3)

(Source: Table compiled by the reviewer based on Table 38 from the statistical review by Dr.
Joan Buenconsejo)

Composite responder analysis for the “ treatment of FM syndyome” composite endpornt

Although “treatment of FM syndrome” will no longer be considered as an indication, we
evaluated the syndrome composite responder analysis which includes patients that were
responders for the function endpoint (improvement of at least 6 points on the SF-36 PCS score)
in addition to the pain and PGIC endpoints concomitantly. This analysis would provide
information whether by improving function, MLN proves effective for the treatment of FM.
Below is a table summarizing the syndrome composite responder analysis and the results of the
responder analysis for the individual “function only” endpoint.

Table 11. Study FMS031- Composite Syndrome Responder Analysis and Function (SF-36 PCS)
- ITT, BOCF

Time point : 3 Placebo MLN
months (N=223) 100 mg 200 mg

' (N=224) (N=441)
Composite 27(12%) 44 (20%) 85 (19%)
responder rate (%)
Odds ratio(95%CI) 1.84(1.1,3.2) | 1.80(1.1,2.9)
p-value p=0.0277 p=0.0175
SF-36 PCS (%) 61 (27%) 71 (32%) 131 (30%)
Odds ratio(95%CI) 1.28(0.8,2.0) | 1.18(0.8,1.7)
p-value p=0.254 p=0.403

(Source: Table compiled by the reviewer based on Table 36 of the statistical review by Dr. Joan
Buenconsejo) "

There is a higher proportion of patients who were considered responders for the composite
syndrome responder analysis (placebo 12%, MLN 100 mg/day 20%, and MLN 200 mg/day
19%). Once again, only the efficacy of the MLN 200 mg/day dose (p=0.0175) is supported for
the treatment of FMS because it did not win on the step number three of the multiple testing
procedure, therefore none of the other endpoints can be considered or tested for significance. In
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addition, despite the fact that a higher proportion of patients on MLN were considered
responders for the composite syndrome responder analysis, the difference between the function
endpoint of the MLN treatment arms and placebo was not significant making it difficult to
explain how this information correlates with the result of the composite syndrome responder
analysis.

Summary

The results of the composite pain responder analysis indicate that MLN is efficacious for the
treatment of FM. The data provides statistically significant evidence of efficacy for the MLN 200
mg/day dose compared to placebo and there is some indication of efficacy for the MLN
100mg/day dose based on the numerical difference between the proportion of responders in the
MLN 100 mg/day treatment arm and placebo. The difference between the MLN treatment arms
was also demonstrated in the plot for the composite pain response profile where there is a small
difference between both MLN treatment arms and placebo, at each level of pain improvement.
Although there is a statistically significant difference between MLN 200 mg/day and placebo,
clinically, only a relatively low proportion of treated patients (27%) responded to MLN 200

mg/day.
6.1.4.2 Efficacy Findings of Study MLN-MD-02

‘Applicant’s Efficacy Analysis

Study MLN-MD-02 was designed as a 6-month trial. The study was ongoing when the
Applicant was notified that the efficacy studies no longer were required to have 6-months
duration. The study was then truncated to 3 months. The Applicant submitted the analysis of the
efficacy of MLN at the 3-month endpoint as agreed upon during the IND phase, and the results
are presented below.,

Composite responder analysis for the “treatment of FM pain” composite endpoint

The data for the composite responder analysis for the “treatment of FM pain” using the ITT
population is presented below. The Applicant’s data show that there is a higher proportion of
“FM pain” responders in the MLN treatment arms compared to placebo and that these '
differences achieved statistical significance. In the placebo arm 16.4% of the patients were
responders for the pain composite whereas 22.8% (p= 0.024) in the MLN 100 mg/day arm and
24.75% (p= 0.004) in the MLN 200 mg/day arm were responders.

APPEARS THIS WAY
ON ORIGINAL
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Table 12. Study MLN-MD-02- Composite Responder Analysis for the Treatment of Pain of ™M
at the 3-Month Endpoint- ITT Population

ITT Population

Time point: Placebo MLN

3 months (N=401) 100 mg 200 mg
(N=399) (N=396)

Composite | 66 (16.46) | 91 (22.81) | 98 (24.75)

responder

rates (%o)

Odds ratio - 1.50 1.67

(95% CI) . (1.05,2.14) | (1.18,2.37)
- value - 0.024 0.004

(Source: Table compiled by the reviewer based on the Applicant’s Table 3.1C, Summary of
Clinical Efficacy, p. 157)

Composite responder analysis for the “ treatment of FIM syndrome” composite endpoint

The Applicant also submitted data for the composite responder analysis for the “treatment of FM
syndrome” which is summarized below. :

Table 13. Study MLN-MD-02- Composite Responder Analyses for the Treatment of FM
Syndrome at the 3-month Endpoint- ITT, BOCF

Placebo MLN
(N=401) 100 mg 200 mg
(N=399) (N=396)

Composite .
responder | 35(8.73) | 58 (14.54) 55(13.89)
rates (n, %)
Odds ratio ) 1.79 1.75
(95% CI) (1.14,2.30) (1.11,2.75)
p- value - 0.011 0.015

(Source: Table compiled by the reviewer based on Table 14.4.1.2A, MLN-MD-02 Clinical
Study Report, Vol.1, p. 412)

The Applicant’s data demonstrates that 8.73% of placebo-treated patients met the responder
criteria for the “fibromyalgia syndrome” responder definition, compared to 14.54% of patients
on MLN 100 mg/day and 13.89% patients on MLN 200 mg/day. According to the Applicant’s
data, the efficacy of both doses of MLN achieved statistical significance when compared to
placebo: MLN 100 mg/day p=0.011 and MLN 200 mg/day p=0.015. The data indicates that there
is a statistically significant difference in the composite syndrome responder rate between placebo
and the MLN treatment arms when the pre-specified two-step multiplicity adjustment is applied.
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The efficacy data presented above was confirmed by the statistical reviewer. Although one
clinical site was terminated due to non compliance with Good Clinical Practices and the
Applicant excluded this site from its analyses, Dr. Buenconsejo found that the results were not
affected by the inclusion of the 10 patients from this one center, nor from exclusion of class 4
violators and the removal of restrictions in the definition of a treatment responder. For further
detail, please refer to the statistical review.

FDA’s Efficacy Analysis

As previously mentioned, the Division conducted additional efficacy analyses to further
characterize the efficacy of milnacipran in fibromyalgia. The other analyses were conducted to
provide an understanding of the impact of each component on the efficacy result generated by
the composite responder analysis, and to verify whether the effect seen on the primary analysis is
consistent in each of the domains of the composite endpoint. Following is the analysis of the
change in mean pain scores and the responder analyses for the patients’ pain and global
components of the “FM pain” composite endpoint.

Mean pain score analysis

There was a numerically higher difference the in the average change in mean pain score from
baseline in the MLN treatment arms compared with placebo, and seemed to be dose related. The
change in mean pain score for placebo was 10.0 (on a 100 mm VAS), 12.4 for MLN 100 mg/day
and 12.9 for MLN 200 mg/day. The difference between MLN 100 mg/day and placebo was 2.4,
and the difference between MLN 200 mg/day and placebo was 2.9. These differences are rather
small, and they seem to increase with higher dose. The clinical significance of these differences
in the mean changes from baseline is unclear.

Responder analysis for the patient pain and global components of the *“FM pain” compostte
endpoint

Once again, the purpose of conducting a responder analysis for pain and the PGIC separately is
to gain understanding of how each component of the composite affects the composite endpoint
result as well as the effect of each dose. In the case of this drug product it is important to
understand how it affects pain, as this is one of the main aspects of fibromyalgia.

Below are the responder analyses for two of the components of the composite “FMS pain”
responder endpoint: pain and PGIC independently, based on Dr. Buenconsejo’s preliminary
review for the ITT population and utilizing BOCF as the imputation method at the 3-month
endpoint. For the “pain only” responder analysis, the proportion of patients who had > 30%
improvement in pain from baseline was calculated. In terms of the patient global responder
analysis, the proportion of patients who had a PGIC score of 1 or 2 at study end was calculated.
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Table 14. Study MLN-MD-02-Responder Analyses on Pain and PGIC for the ITT Population at
3 Months (BOCF)

Milnacipran
Endpoints at 3-months Placebo 100 mg 200 mg
: N=401 N=399 N=396
Pain Responders n (%) 101 (25%) 124 (31%) 119 (30%)
OR - 1.34 1.28
(<1.0,1.8) (0.9, 1.8)
PGIC Responders n (%) 92 (23%) 125 (31%) 145 (33%)
OR - 1.53 (1.1, 2.1) 1.62(1.2,2.2)

(Source; Table compiled by the reviewer based on Table 20 of the statistical review by Dr. Joan
Buenconsejo)

The data indicates that a higher proportion of patients were considered responders for “pain

- only” from the MLN treatment groups compared to placebo: placebo 25.2%, versus MLN 100
mg/day 31.08% and MLN 200 mg/day 30.05%. Despite the numerical difference between
placebo and the MLN treatment groups, a statistical difference is not supported by the
confidence intervals. The confidence intervals include 1, which indicates that a significant
difference between the treatment arms is less likely.

The data also indicate that a higher proportion of patients were considered “patient global”
responders in the MLN treatment groups than in the placebo group: placebo 22.94%, versus
MLN 100 mg/day 31.33% and MLN 200 mg/day 32.58%. In this analysis, a statistical difference
is supported by the confidence intervals. The data suggest that the PGIC may have driven the
efficacy result obtained in the composite responder analysis for pain.

Continuous (cumulative) responder analysis for the “ FM pain” composire endpoint

As in the analysis of Study FMS031, a continuous responder plot of the composite “FM pain”
endpoint at the 3 month landmark was conducted by the statistical reviewer, utilizing the ITT
population. The plot provides a visual display of the proportion of responders across a
continuum of definitions of improvement in pain and not at only one level (e.g. > 30%
improvement). This data serves to confirm whether the difference across groups that was
observed for the composite primary endpoint is maintained if the definition of pain response is
changed. -

The continuous responder plot for the composite “FM pain” endpoint below demonstrates that
although small, there is a difference in the proportion of responders between the MLN treatment
arms and placebo, which is more evident when a less stringent definition of pain response is
used. The graph also indicates that there is a very small difference of effect between the two
MLN doses.
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Figure 9. Study MLN-MD-02- Composite Pain Response Profile (ITT population)
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(Source: Figure 2 from the statistical review by Dr. Joan Buenconsejo)

Continnous (cumulative) responder analysis for the “pain” component of the composite engpoint

The continuous responder curves for the “pain only” responders demonstrate that there is no
clear separation between the MLN and placebo curves across different definitions of pain
improvement. This suggests that perhaps improvement in pain alone did not drive the positive
result of the composite “FM pain” responder analysis. This analysis suggests that the difference
in the composite responder rate may be attributed to the number of patients with good scores in
the PCIG (i.e. the other component of the composite endpoint).

APPEARS THIS WAY
ON ORIGINAL
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Figure 10.Study MLN-MD-02-Pain Response Profile
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(Source: Figure 2 from the statistical review by Dr. Joan
Buenconsejo)

Lercent " pain only” and “ PGIC only” responders

The analysis of the percent of responders with respect to the pain and patient global tests is
another mean of exploring the contribution of the pain and global response to the composite pain
responder findings. The following is a table by Dr. Buenconsejo which summarizes the number
of patients who were responders for both improvement in pain and PGIC score (composite pain
responders), improvement in “pain only” and improvement on the PGIC only.

Table 15. Study MLN-MD-02- Analysis of Pain and Global Tests (BOCF)

Pain/PGIC Pain/PGIC Pain/PGIC Pain/PGIC

N (Yes/Yes) (Yes/No) (No/Yes) (No/No)
Placebo 401 66(16%) 35(9%) 26 (6%) 274 (68%)
MLN100 399 91(23%) 33 (8%) - 34 (12%) 241 (60%)
MLN200 396 98 (25%) 21(5%) 31 (8%) 246 (62%)

(Source: Table 22 from the statistical review by Dr. Joan Buenconsejo)

There was a higher proportion of patients who were responders for the composite responder
analysis (placebo 16 % versus MLN 100 mg/day 23%, and MLN 200 mg/day 25%). Based on
this analysis, the data demonstrates that the results of the composite “FM pain” endpoint are
driven by the PGIC component. As shown below, when we look at the proportion of patients
who improved in pain compared to the proportion of patients who had a good global score, we
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note that there were more patients on placebo who improved with respect to their pain only -Pain
~ Yes/ PGIC No- than patients on placebo who achieved a good global score only- Pain No/ PGIC

Yes- (9% vs. 6%), whereas in the MLN treatment arms, there were more patients who had a
good global score only (MLN 100, 8% and MLN 200 mg 12%) than patients who improved on
pain only (MLN 100, 5% and MLN 200, 8%): :
¢ Overall proportion of patients who were responders for pain:

Placebo: 25% (Pain Yes/ PGIC Yes % 16 + Pain Yes/ PGIC No 9 %)

MLN 100 mg/day: 31% (Pain Yes/ PGIC Yes % 23 + Pain Yes/ PGIC No 8%)

MLN 200 mg/day: 30% (Pain Yes/ PGIC Yes % 25 + Pain Yes/ PGIC No 5%)

¢ Overall proportion of patients who were responders for the PGIC:
Placebo: . 22% (Pain Yes/ PGIC Yes 16% + Pain No/ PGIC Yes 6%)
MLN 100 mg/day: 35% (Pain Yes/ PGIC Yes 23% + Pain No/ PGIC Yes 12%)
MLN 200 mg/day: 33% (Pain Yes/ PGIC Yes 25% + Pain No/ PGIC Yes 8%)

In summary:

® 25% of placebo patients improved on pain and only 22% had good PGIC scores

® 31% of the patients on MLN 100mg/day improved on pain but 35% had good PGIC scores
® 30% of the patients on MLN 200mg/day improved on pain but 33% had good PGIC scores

To explore how, if at all, the patients who met criteria for the “pain only,” PGIC only,” and -
composite “FM pain” responder were different, Dr. Buenconsejo explored several characteristics
of the composite pain responders to understand whether any of these would have contributed to
the efficacy differences between the treatment arms (as was performed for Study FMS031). The
baseline characteristics explored were demographics (age, race, gender), baseline BDI, baseline
pain scores, and change in mean pain score (Table 16 below).

Dr. Buenconsejo found that there were no significant differences in the baseline characteristics
among the treatment groups also in this study. The data indicates that the results were not
influenced by any of the characteristics analyzed as the groups seem to have a similar profile in
terms of gender, age race, baseline BDI, and duration of FMS. The table also shows that,
overall, the change in mean pain score at 3-months among the composite pain responders
(Pain/PGIC, yes/yes) — average of 40 - was greater compared to change in mean pain scores in
among the “pain only” responders (Pain/PGIC, yes/no) - average 30- and greater than the change
in mean pain score compared to the “PGIC only” responders (Pain/PGIC, no/yes) average of 6.
This finding indicates that there is a greater effect on the improvement of pain among the
patients who were “composite” responders compared to the other groups of responders.
However, when we look across the treatment arms of each responder group the change in mean
pain scores is similar across all the treatment arms in all responder groups:

* among the composite responders — mean change was similar for all treatment groups with a
slightly smaller change for MLN 100: 40 for placebo, 39 for MLN 100 and 40 for MLN 200
(MLN 100 < placebo=MLN 200)

¢ among the “pain only” responders- the mean change was similar between the treatment arms
but slightly lower on the MLN 100 treatment arm: 31 for placebo, 27 for MLN 100 and 33
for MLN 200 (MLN 100 < placebo < MLN 200)
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e among the “global only” responders- the mean change was similar across the treatment arms

but slightly higher in the placebo arm: 8 for placebo, 5 for MLN 100 and 5 for MLN 200

(placebo< MLN 100< MLN 200)

Because the mean change in pain scores was not significantly higher in the MLN treatment arms
when compared to placebo, the data suggests that the difference in the proportion on responders
in the pain composite responder endpoint may have been driven by the PGIC.

Table 16. Study MLN-MD-02- Comparison of Change in Mean Pain Scores and Baseline
Characteristics (Source: Statistical review by Dr. Joan Buenconsejo)

Placebo Milnacipran
100 mg/d 200 mg/d
Total N=401 N=399 N=396
Pain/PGIC (Yes/Yes) 66 (16%) 91 (23%) 98 (25%)
Sex (F) 62 (94%) 88 (97%) 97 (99%)
Race (W) 64 (97%) 87 (96%) 92 (94%)
Age, in yrs (mean) 51.3(9.8) 49.5(9.5) 50.7 (10.2)
Baseline BDI 12.4 (6.6) 12.2(7.5) 13.6(9.1)
Duration of FMS 10.8(9.3) 9.6 (8.1) 10.0 (7.9)
Mean Pain Score (Range)
Baseline 65(42-94) | 65(39-99) 63 (39-90)
3-month landmark* 25(1-52) 25(1-354) 23(0-57)
Change from Baselinet | 40 (18—75) | 39 (16-80) 40 (13-81)
Pain/PGIC (Yes/No) 35 (9%) 33 (8%) 21 (5%)
Sex (F) 35 (100%) 32 (97%) 20 (95%)
Race (W) 34 (97%) 31 (94%) 21 (100%)
Age, in yrs (mmean) 51.6 (9.9) 53.5(9.5) 49.6 (11.6)
Baseline BDI 14.7 (9.4) 15.0(9.2) 13.5 (7.6)
Duration of FMS 9.6 (9.3) 11.2(8.6) 8.4 (7.2)
Mean Pain Score (Range)
Baseline 63(43-91) | 63 (42-91) 67 (45-91)
3-month landmark* 31(12-52) 35(7-53) 34(4-54)
Change from Baselinet 31(15-60) | 27(14-51) 33 (17-65)
Pain/PGIC (No/Yes) , 26 (6%) 34 (12%) 31 (8%)
Sex (F) 26 (100%) 34 (100%) 31 (100%)
Race (W) 24 (92%) 34 (100%) 29 (94%)
Age, in yrs (mean) 51.1(6.0) 51.3(9.6) 48.6 (10.6)
Baseline BDI 13.2(8.1) 15.5(8.9) 15.0 (9.5)
Duration of FMS 7.8(8.1) 8.4 (6.2) 7.8(6.2)
Mean Pain Score (Range)
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' Baseline ' 69(41-89) | 63(42-99) 66 (43 —95)
3-month landmark* 58 (17-88) | 56 (24-99) 60 (20-95)
Change from Baseline¥ 8(-4-24) 5(-5-23) 5(-7-23)

One characteristic of interest is the BDI at baseline as MLN’s anti-depressant effect could
directly affect efficacy. Once again, Dr. Buenconsejo’s analysis of the efficacy data and the BDI
baseline scores does not indicate that the baseline BDI score affected the results. Below is a bar
graph from Dr. Buenconsejo’s review representing the composite pain responder, pain responder
and PGIC responder values by baseline BDI (< 25 or > 25). For further detail please refer to the
statistical review.

Figure 11. Study MLN-MD-02- Composite Pain Responder, Pain Responder and PGIC
Responder by Baseline BDI (<25 or >25) — BOCF :
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(Source: Figure 33 from the statistical preliminary review by Dr. Joan Buenconsejo)

Composite responder analysis for the * treatment of FIM syndrome” composite endpoint

As performed with Study FMS031, we performed a “FM syndrome” composite responder
analysis, which calculates the percent of patients that were responders for the function endpoint
(improvement of at least 6 points on the SF-36 PCS score), in addition to the pain and PGIC
endpoints concomitantly. This analysis would provide information whether MLN is effective for
the treatment of these three key characteristics of FM. Below is a table summarizing the FM
syndrome composite responder analysis and the results of the responder analysis for the
individual “function only” endpoint.
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Table 17. Study MLN-MD-02- Composite Syndrome Responder Analysis and Function (SF-36
PCS) - ITT, BOCF

Time point : 3 Placebo MLN
months (N=401) 100 mg 200 mg
(N=399) (N=396)

“FM Syndrome” 35 (9%) 58 (15%) 55(14%)

Composite

responder rate (%)

Odds ratio(95%CI) 1.79 (1.1, 2.8) 1.75(1.1,2.8)
-value p=0.011 p=0.015

“Function only” 86 (21%) 108 (27%) 89 (22%)

(SF-36 PCS)

responder rate (%)

Odds ratio(95%CTI) 1.37(<1.0,1.9) | 1.10(0.8, 1.6)

p-value p=0.0628 p=0.4611

(Source: Table compiled by the reviewer based on Table 24 of the statistical review by Dr. Joan
Buenconsejo)

There is a higher proportion of patients who were considered responders for the composite
syndrome responder analysis (placebo 9%, MLN 100 mg/day 15%, and MLN 200 mg/day 14%).
The differences between placebo and the MLN treatment arms are statistically significant:
placebo versus MLN 100mg/day p=0.011 and placebo versus MLN 200mg/day p=0.015 and this
finding is confirmed by the confidence intervals that do not include 1.

The proportion of patients who met responder criteria for “function only” was greatest in the
MLN 100 mg/day group (27%), compared to the MLN 200 mg/day group (22%) and placebo
group (21%). The difference between the “function” endpoint of the MLN treatment arms and
placebo was not statistically significant. These results are not consistent with the results if the
composite syndrome response analysis, making it difficult to explain how these findings
correlate,

Summary

The results of the composite “FM pain” responder analysis indicate that MLN is efficacious for
the treatment of FM. The data provides statistically significant evidence of efficacy for MLN at
both doses compared to placebo and this result seems to be driven by the PGIC. The difference
between the MLN treatment arms was also demonstrated in the continuous responder plot for the
composite “FM pain” endpoint, where there is a small difference between both MLN treatment
arms and placebo, at each level of pain improvement. Although there is a statistically significant
difference between the MLN treatment arms and placebo, the absolute proportion of patients that
responded to MLN is relatively low (23% for MLN 100mg/day and 25% for MLN 200mg/day),
and this is in concordance with the results achieved in Study FMS031.
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6.1.5 Clinical Microbiology

Not applicable.

6.1.6 Efficacy Conclusions

After several discussions held with DAARP the Applicant modified the study design and
endpoints of studies FMS031 and MLN-MD-02. Both trials were intended to be 6-months long.
The former study was already concluded and the latter was ongoing but was truncated to 3-
months duration. These changes in design and endpoints recommended by the Agency reflected
the current approach on the evaluation of drugs for FM. The Applicant chose to show efficacy
using two composite responder endpoints at 3- months. According to the Applicant, the efficacy
data demonstrates that MLN was effective for the treatment of “pain of FM” and “FM
syndrome” in Study FMS031 and in Study MLN-MD-02, at the doses of 100 mg/day and 200

mg/day.

Our analysis of the data is not in concordance with the Applicant’s conclusion of efficacy. With
respect to our analysis of the “FM pain” composite endpoint in Study FMS031, the treatment
effect of MLN was statistically significant only for the 200 mg/day dose. The p value for the
MLN doseof 100 mg/day cannot be accepted as support of efficacy because MLN did not “win”
on the step number three of the sequential testing procedure that was pre-determined by the
Applicant; therefore none of the other endpoints can be considered or tested for significance. In
this study, the positive efficacy result for the composite “FM pain” endpoint both the pain and
patient global components seem to have an equal impact on the efficacy result. Despite the
statistically significant difference between placebo and the MLN 200 mg/day treatment arm the
data indicates that a relatively small proportion of patients (27%) will respond to MLN '
200mg/day. Although the MLN 100mg/day dose did not achieve statistical significance there is a
proportion of patients that seem to respond to this dose. .

In our analysis of Study MLN-MD-02, the treatment effect of MLN did achieve statistical
significance for both doses for the “FM pain” composite endpoint. Despite the statistically
significant result of the pain composite response analysis, the analysis of “pain only” response
did not seem to correlate with the composite endpoint results (i.e. there was no difference in the
proportion of “pain only” responders between the MLN group and placebo). The PGIC
component seems to have driven the results of the composite endpoint favorably. Again, despite
the statistically significant difference of efficacy between the MLN treatment arms and placebo,
the numbers indicate that a small proportion of patients is expected to respond to MLN, 23%
with MLN 100mg/day and 25% with MLN 200mg/day.

I conclude that even though the analysis of the “pain only” responder rates does not indicate that
there is a significant effect MLN on pain, MLN seems to improve FM, as indicated by the
composite “FM pain” responder analysis (i.e. the proportion of patients who had good pain and
PGIC responses). The means by which MLN has an overall positive effect on FM is unclear.
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Several variables were explored such as demographics (age, race gender), baseline BD], and
baseline pain scores, none of which revealed an impact on the efficacy results. The BDI was of
particular interest as MLN through its anti-depressant effect could affect the results. This
hypothesis was not confirmed by several sub-group analyses conducted by the statistical
reviewer.

The efficacy data for the composite “FM pain” endpoint was statistically significant for MLN
200 mg/day in both studies. The efficacy data was statistically significant for MLN 100mg/day,
only in Study MLN-MD-02. Nevertheless, there is indication that there is some efficacy of the
MLN 100 mg/day dose based on the numerically higher proportion of composite “FM pain”
responders in the MLN 100 mg/day treatment group compared to placebo. Also the continuous
responder rate plots for the “FM pain” composite responder analysis using different definitions
of pain response indicate that a proportion of patients do respond to the lower MLN dose.

Lastly, although the indication “treatment of FM syndrome” is no longer being considered, we
analyzed the data for the “FM syndrome” endpoint as additional evidence of the efficacy of this
product. There was evidence of efficacy for the composite syndrome responder analysis for the
two doses in Study MLN-MD-02 and only for the higher dose in Study FMS031 because MLN
did not “win™ on the step three of the multiple comparisons gatekeeping procedure as previously
mentioned. The difference in the “function only” endpoint did not achieve statistical significance
which does not correlate to the findings from the composite syndrome responder analysis. The
higher proportion of responders in the MLN treatment arms, however, suggests that there may be
an effect in improvement of function in FM patients.

7 INTEGRATED REVIEW OF SAFETY

7.1 Methods and Findings

The Integrated Summary of Safety (ISS) submitted by the Applicant summarizes data from five
study groups as follows:
1. Fibromyalgia (FM) Safety Data (Group 1)
¢ One Phase II and two Phase III double-blind, placebo-controlled studies in FM conducted
by Forest/Cypress (Group 1A)
* Two double-blind extension studies in FM conducted by Forest/Cypress (Group 1B
which consists of a subset of 1A patients)
* Long-term safety data from FM patients treated with milnacipran (MLN) for at least 12
- months (Group 1C which consists of a subset of 1B patients)
2. Non-Fibromyalgia Safety Data (Group 2)
* Five double-blind, placebo-controlled Phase III studies in major depressive disorder
(MDD) or generalized anxiety disorder (GAD) conducted by Pierre Fabre
3. Historical Safety Data
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¢ Forty-three Phase II and III studies in the Pierre Fabre MAA (both GCP, and non-GCP)
4. Clinical Pharmacology/PK Safety Data

* Eight Phase I PK studies conducted by Forest (Group 3)

¢ PK studies from the Pierre Fabre MAA
5. Post-marketing Experience

¢ Nine post-marketing studies (Pierre Fabre studies conducted after the approval of
MLN in Europe)
» Spontaneous event reporting

This grouping of safety data was agreed to by the Division at the pre-NDA meeting. The sub-
groups of the total safety population are illustrated in the figure below.

Figure 12. Clinical Studies in the Development Program for Milnacipran

Total Safety Population
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(Source: Applicant’s Figure 5.1.1-1, Summary of Clinical Safety, Vol.1, p.42)

The safety population was for Groups 1, 2, and 3 all patients who took at least one dose of the
study drug. Adverse events were re-coded using version 9.1 of the Medical Dictionary for
Regulatory Activities (MedDRA) across all individual studies. An AE that occurred more than
30 days after the last dose of study drug was administered was not counted as an AE. AEs were
defined as treatment-emergent adverse events (TEAES) if their onset dates were after the date of
the first dose of study drug, or if their onset dates were before the date of the first dose of study
drug but their severity increased during the treatment period.
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