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Executive Summary

The sponsor is seeking an approval for methylnaltrexone (Relistor®, NDA 21-964). In
December 2007, the general clinical pharmacology review closed with one outstanding
issue regarding QT prolongation (see clinical pharmacology review DFS dated
12/12/2007). Briefly, in certain toxicology studies in dogs, MNTX was associated with
QTc prolongation at doses that exceeded the highest proposed SC clinical dose. The
question of QT prolongation potential could not be further addressed because a thorough
QTc (TQT) clinical study of SC MNTC (MNTX 1106) conducted in humans was found
to be deficient by the FDA IRT/QT team in a number of areas including the failure of the
positive control arm to perform as expected in a number of areas. Thus the TQT study
remained an unresolved issue at the time of general clinical pharmacology review
closure.

Subsequently, it was agreed between the sponsor and the Agency to incorporate the
results of an IV MNTX study (sponsored by their development partner Wyeth under IND
64583) into this NDA as a major amendment to address this issue. The amendment 0014
was submitted with the QTc clinical study report and summary (3200L2-104 US) on
December 7, 2007 and resulted in a 90 day clock extension in the PDFUA date for the
application. :

The FDA IRT/QT team has reviewed the study report and concluded that there was no
significant effect of methylnaltrexone on QT prolongation detected in the study (see the
following excerpt from the IRT/QT team review, the IRT/QT review has been placed in
DFS).

Excerpt from the IRT/QT team review for the new TQT study report conducted at
0.3 mg/kg and 0.64 mg/kg IV MNTX. '



No significant effect of methynalirexone was detected in this “thorough QT’ study. The
largest upper limits of the two-sided 90% C1I for the mean difference between the two
doses of methylnaltrexone (0.3 mg/kg and 0.64 mg/kg IV infusion) and placebo were
below 10 ms, the threshold for regulatory concern as described in the ICH F14 guideline.

The study was a single-center, randomized, double-blind, placebo- and moxifloxacin-
{open label} controlled 4-period crossover study in which 56 healthy subjects were
administered 0.3 mg/kg, methylnalirexone 0.64 mg/kg, placebo as a single 20-minute IV
infusion. Subjects also received a single oral dose of moxifloxacin 400-mg. Overall
findings are summarized in the following table.

FDA Analysis: The Point Estimates and the 90% CIs Corresponding to the Largest
Upper Bounds for MOA-728 (0.3 mg/kg and 0.64 mg/kg) and the Largest Lower
Bound for Moxiflexacin

Treatment Time (hour) AAQTEN (ms) 90% CI{ms)
MOA-728 0.30 mg/kg 24 0.7 (-1.5,29)
MOA-728 0.64 mg/kg 24 03 (-19,2.9

Moxifloxaein® 2 D4 ’ (57.13.0)

* Muitiple time points are adjusted with 3 post —baseline time points.

Conclusion and Recommendation

With the successful closure of the QT issue by the FDA IRT/QT team, there are no
outstanding issues from a clinical pharmacology standpoint for this NDA.
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1 Executve Summary

1.1  Recommendation

At this time (Dec. 2007) the clinical pharmacology studies submitted in support of this NDA are
incomplete as the required TQT (thorough QT study) is un-evaluable due to methodological
difficulties related to the failure of the positive control to produce the necessary QT prolongation
for comparison (see Summary of Clinical Pharmacology Findings). In communications with
the Agency in Nov. 2007 the sponsor committed to providing the results of a TQT study with the
IV formulation to support the approval of the SC product in this NDA on an accelerated timeline:

> November 30" Submission of summary cardiology report containing final QTc
results and conclusions and SAS datasets for ECG



> December 7 Submission of full clinical study report for study 104, including
PK and other safety information, in addition to the QTc results by
or before.

> December 11 Submission (approximately of individual waveforms sent/uploaded
to the data warehouse by, if necessary.

As this would result in a major amendment to the NDA, with the attendant 90 day clock
extension, a decision was made to close out all pending reviews and in the case of Clinical
Pharmacology issue a second review that would capture the new TQT study with regards to its
affect on the safety calculus. As such it is the recommendation of the Clinical Pharmacology
Review Team that this issue should be addressed prior to full approval for this drug. Otherwise,
from a clinical pharmacology stand point, the sponsor has adequately addressed the requirements
of 21 CFR 320. Final labeling negotiations will be deferred until the new TQT study has been
reviewed.

1.2 Phase 4 Commitments
None at this time.

1.3 Summary of Clinical Pharmacology Fi indings \

Palliative administration of opioid medication is widely regarded as a primary approach for the
treatment of pain associated with serious medical iliness, such as cancer and AIDS. Chronic
opioid use may be complicated by a number of adverse effects, including constipation. The
laxatives that are currently available to patients with advanced illness (that is, patients with life
expectancies of less than six months) receiving palliative opioid treatment have many
disadvantages in this population. The onset of effect is variable and will also depend on the type
of laxative and the dose. Methylnaltrexone bromide (MNTX), a selective p-opioid receptor
antagonist, is a quaternary derivative of the opioid antagonist, naltrexone.

Naltrexone Methyl-Naltrexone
17-(cyclopropylmethyl)-4,5a-epoxy- 3,14- | 1 7-(Cyclopropylmethyl)-17-methyl-4,5-epoxy-
dihydroxymorphinan-6-one 3,14-dihydroxymorphinanium-6-one

/_<]

o
HO © HO © H O

The addition of a methyl group at the ring nitrogen forms a quaternary amine and the permanent
positive charge provides the compound with greater polarity and lower lipid solubility. These
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This finding was generally confirmed in study MNTX1106 (the TQT study) where dose
proportionality was demonstrated in 119 subjects receiving SC doses of 0.15, 0.3, or 0.5mg/kg in
a parallel fashion (see section 2.2.5).

0.30 mg/kg 0.10 mgikg 0.30 mg/kg 0.45 mglkg

v S5C 3C 3C

Mean (SD)

Cuax {ng/mL) 1006 (190) 475(12.3) 197.0(47.0) | 317.0(82.0)
AUC: (ng/mL)’h | 378.8(52.3) | 72.1(104) | 301.9{(425) | 544.0(33.9)
AUC. (ng/mL*h) | 379.8(52.9) | 73.3(10.6) | 303.2(43.14) | 545.7(34.6)
tmax  (h) 0.06 (0.01) 0.45(0.21) 0.30 (0.11) 045(0.11)
tn  (h) 7.81(1.17) 6.14 (0.88) 8.04 (1.67) 8.83 (0.85)

Cl  {Linkg) 0.80 (0.11) - - -
CF  (Lin/kg) - 1.39(0.21) 00 (0.14) 0.83 (0.05)

V  (Lkg) 9.05(1.81) - - -
VIF  (Lkg) - 123(2.1) 1M.7{2.9) 10.5(1.1)
F - 0.60 (0.07) 0.82 (0.08) 0.99(0.14)
R (%) 435(7.1) 256(4.0) 243(42) 50.5(4.1)
Clr {mL/min) 401.6(88.6) | 397.5(84.0) | 270.6{44.8) | 469.5(59.3)

Data source: Tables 14221, 14222, 14223 14224

As can be seen in the data above, appearance of drug in the plasma is rapid with concentrations
being detected in the plasma at 15min, with peak levels occurring at 30min, followed by a multi-
compartmental elimination profile with an overall T1/2 in the range of 6-9hrs. A cross-study
evaluation of the pharmacokinetic data from the NDA did not reveal any significant impact of
either race or gender on the pharmacokinetics of MNTX. A similar examination was made on
age, however, the data in this NDA was collected in a healthy adult population with only 1
subject older than 60, so no conclusions with regards to age effects in the elderly can be drawn
nor have there been any studies conducted in children to date with the SC formulation.
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1.3.1.2 BE of Clinicially Studied vs. To-Be-Marketed

All of the clinical pharmacology studies except for MNTX-3200K1-103, were conducted with
the original formulation. This study (3200KI-103) was an open-label, single-dose, randomized,
2-period crossover, bioequivalence study between the clinically studied and to-be-marketed
formulations in normal subjects. This study was conducted against the advice of the FDA
clinical pharmacology reviewer at that time as under both the regulations and SUPAC principles
neither of the changes being made could be considered as changes that would result in an
alteration of absorption for a SC administered product. The results of this trial are more
completely discussed in the appendix, however, the tabular results of this trial are reproduced in
the following table:

As one would expect, given the minor formulation changes (see section 2.1.1 below), the
variability seen was minimal and the plasma level concentration profiles (as shown in the
appendix) essentially lie on top of each other. On the basis of the observed results the two
formulations can be considered equivalent.

C, AEC, AUC, b %

Formulation {ngimL} {ng-h/ml) {np-h/mL} {k) {h)
Currant '
Mean * 3D 119+33 221138 22336 92E25% 0.4t
ki, Max) {B2.8, 197} {163, 333) {168, 315) (7.0, 194 08, 1.0)
New
Mean T ST 137134 238£37 224+37 8414 .34
lim, Max) {82.9, 183} {163,33%) €172, 3335) (6.4, 13.8) {08, 1.9)

Ratios of geometric LS means and $0% confidence intervals®

Ratic of geomsetric

LS Mesns W07% 98.6% 58 4% . .
90% Log- 98,1 —117% 962 - 101% 95.9 - 191% _ .

transformed CT

1.3.2 Special population (Renal and Hepatic Insufficiency)

The effects of renal impairment on the pharmacokinetics of MNTX were evaluated in subjects
with mild, moderate and severe renal impairment (see section 2.3 Intrinsic Factors). Total
exposure (AUCx) increased as a function of the renal impairment, and was approximately
doubled in the severe renal impairment group (89% increase) while mean Cmax was varied
among groups. As such the cumulative quantity excreted unchanged (Fr (%)) declined from
45.2% in the normal subjects to 10.3% in the subjects with severe renal impairment. In that
situation the sponsor is recommending a halving of the dose. For mild and moderate renal
insufficiency no dose reduction is being recommended by the sponsor based on both the lack of a
dose response and the demonstrated safety of the compound in the clinical studies. On the other
hand, the mild and moderate hepatic impairment resulted in only modest changes in the
pharmacokinetics of MNTX. As such no dose adjustment is recommended for patients with
hepatic insufficiency.




1.3.3. Drug-drug interaction

Based on in vitro testing (see section 2.4.2) MNTX was identified as a potential inhibitor of
CYP2D6 with an ICso value of 15.92 pM. In order to evaluate this further the sponsor conducted
a study of the effect of a single SC dose or five IV doses of MNTX on CYP2D6 activity. This
study included paroxetine as a positive control and used changes in the urine
dextromethorphan/free dextrorphan ratio as the endpoint Compared to baseline values, the mean
change in dextromethorphan/free dextrorphan urinary ratio was not statistically significant when
the MNTX-treated groups were compared to placebo (p>0.8402), but were highly significant
when the paroxetine group was compared to placebo (p =0.0107). The observed change in
urinary metabolic ratio are not suggestive of an effect of MNTX on CYP2D6,

2 Question Based Review
2.1 General Attributes of the Drug

2.1.1 What are the highlights of the chemistry and physico-chemical propertiesof methyl-
naltrexone and the final to-be-marketed product

The proposed commercial formulation of Methylnaltrexone Bromide Injection, 20 mg/mL,
consists of 20 mg/mL MNTX, — mg/mL edetate calcium disodium (CaEDTA), <« mg/mL
glycine hydrochloride and # mg/mL sodium chloride in water for injection. )

Phase 1-3 clinical studies evaluated refrigerated formulations of 2-40 mg/mL MNTX in saline
solution. Phase 3 clinical trials were conducted on a 20 mg/mL and a 40 mg/mL subcutaneously
administered formulation of MNTX in saline solution.

— — — - . The clinical
formulation had three main MNTX degradation products:

= -

poo N ... The re-formulated product is stable at room temperature storage

conditions. An overfill of '~ mL (total fill volume, — mL) is included in the vials to allow
delivery of 0.6 mL with a syringe. The drug product vial is intended for single-use only, and
therefore a preservative was not considered for evaluation in formulation development. A
summary of formulations used in clinical development is provided below:

Formualtion Comparison-Phase 3 Clinical Trials (Commercial) Formulation of MNTX

Component Refrigerated (Phase 3} Roomn Temperature
Vial glass Apii)er Clear
Stopper A : )
Methyinaltrexone bromide 20 mp/mL 20 mgiml
CaEDTA Not used mg/ml
Glycine HC1 Not used \ ng/nl.
NaCi 7 mgiml togmb
oH - |35-70 |30-50
Filt volume —
Masizmm volume of injection | 1.0mL [0.6mL




2.1.2 What is the proposed mechanism of action of methyl-naltrexone

As a locally acting opiate antagonist, MNTX works at the level of the peripheral opiate receptors -
found throughout the GI tract. By antagonizing the effect of opiates at these peripheral sites GI

motility can be increased resulting in improved bowel function and alleviation of opiate induced

constipation associated with the use of opiates in palliative care.

2.1.3 What is the proposed indication?

The proposed indication is for the treatment of opioid-induced constipation in patients receiving

palliative care. In this setting palliative care is defined as a life expectancy of six months or less.

2.1.4 What are the proposed dosing regimens for methyl-naltrexone?

The proposed dose of MNTX SC is 8 mg for patients weighing 38 to less than 62 kg (84 to less
than 136 1b) or 12 mg for patients weighing 62 to 114 kg (136 to 251 Ib).

Patient Weight Injection Dose Dose Dose
Volume mg/kg mg/kg
Pounds Kilograms (low range)* | (high range)*
84 to less than 136 | 38tolessthan 62 | 0.4 mL 8 mg 0.21 0.129
136 to 251 62to 114 0.6 mL 12 mg 0.19 0.105

*range based on the the proposed extremes of patient body weight

Patients whose weight falls outside of the ranges in the table should be dosed at 0.15 mg/kg. The
injection volume for these.patients should be calculated using one of the following:

e Multiply the patient weight in pounds by 0.0034 and round the volume to the nearest 0.1 mL
e Multiply the patient weight in kilograms by 0.0075 and round the volume to the nearest
0.1 mL

The dosing strategy as proposed by the sponsor is thus somewhat variable. For example, a
patient who upon admission to hospice weighs 63kg would receive under this dosing strategy a
dose of 0.19mg/kg. A week later, their weight could fall to 60kg, now they would receive
0.133mg/kg, a dosage change of ~30% (0.0545/0.19* 100) for a less than 5% change in body
weight. The clinical studies were done with a dosage regimen that was primarily based on
straight mg/kg and not fixed doses (see section 2.2.1). Even so, the drug has been shown to safe
in clinical studies in the target patient population and lacking evidence of a dose response for
either safety or efficacy, there is no apparent justification to strict dosing control (ie mg/kg vs.
fixed doses) thus, the proposed dosing regimen appears acceptable. '

In patients with severe renal impairment (creatinine clearance less than 30 mL/min), the sponsor
is recommending a dose reduction by one-half, (see section 2.3.2.5).




2.2 General Clinical Pharmacology
2.2.1 What are the design features of the pivotal clinical trials?

The efficacy of SC MNTX was evaluated in two double-blind, randomized, placebo-controlled
phase 3 studies (MNTX 302 and MNTX 301) and one double-blind, randomized, dose-ranging
phase 2 study (MNTX 251). These represent all of the studies conducted by the Sponsor to
evaluate the efficacy of SC MNTX in the treatment of patients with advanced iliness who were
receiving both palliative opioid therapy for pain associated with their illness and background
laxative regimens for opioid-induced constipation. The doses used ranged from 0.02 mg/kg to
0.3 mg/kg as a single dose once-daily.

The important differences in the above studies are:

e The duration of double-blind treatment was one day (one dose) in MNTX 301, two weeks
(seven doses) in MNTX 302 and one week (three doses) in MNTX 251.

e The duration of open-label treatment following completion of the double-blind period
was three weeks in MNTX 251, three months in MNTX 302/302EXT, and four months in
MNTX 301/301EXT. Although the prlmary goal of long-term treatment was to evaluate
safety, efficacy was also assessed.

e MNTX 251 was a dose-ranging study that included a subtherapeutic MNTX dose (1 mg)
but not a placebo group.

As an example of the design and clinical response of MNTX in these patients, the results of
Study MNTX 301 are briefly covered below and in the following section, as excerpted from Dr.

Orleans (Medical Officer) efficacy review:

Study Design MINTX 301

Screening—Eligible patients (178) —Randomized (N=155)
}
One Dose of MNTX (0.15 mg/kg) (n=47) or MNTX (0.30 mg/kg) (n=55) or Placebo (n=52)

1
Open-Label Days 1-28

Patient Demographics for Study MTNX 301

Characteristics Category Placebo MNTX 0.15 MNTX 0.30
’ (N=52) (N=47) (N=55)
Age (years) Mean 64.7 65.9 65.3
Median 62.5 67.0 68.0
Sex (%) Male 53.8 53.2 56.4
Female 46.2 46.8 43.6
Race (%) Caucasian 82.7 80.9 83.6
Black 5.8 10.6 7.3
Hispanic 9.6 6.4 7.3
Asian 1.9 21 0
Weight (kg) Mean 67.1 70.4 65.5
Primary Diagnosis (%) Cancer 82.7 78.7 81.2




Cardiovascular 3.8 8.5 5.2

HIVIAIDS 0 21 0.6

Other 13.5 10.6 13.0
Oral Morphine Equivalents Mean 617.3 3289.8 1220.4
(mg/day) Median 150.0 207.0 188.0
Current Pain Score (1-10) Mean 3.2 3.2 3.1
Constipation Distress (%) None 8.2 8.7 7.4

Somewhat 20.4 19.6 241

Very Much 16.3 26.1 204
Number of Laxatives Taken by Generic | Mean 21 1.9 2.0
Term

2.2.2 What is the basis for selecting the response endpoints?

The response endpoints used varied by trial and trial design but were centered on laxation and

included the following measures in study MNTX-301:

Primary Efficacy Endpoint:

Laxation response within 4 hours of double-blind dosing with study drug. The proportion of
patients with positive laxation response was the basis for point estimates of efficacy for each

treatment group.

Laxation Response by Treatment Group after 4 Hours MNTX 301 Double-Blind

Time Placebo 0.15 mg/kg 0.30 mg/kg
(n=52) (n=47) (n=55)

Number of Patients with Rescue-Free Laxation Response within the Time Interval

4 Hours 7 (13.5%) 29 (61.7%) 32 (58.2%)
P-Value [1] <0.0001 ~ <0.0001

Number of Patients with Laxation Response within the Time Interval (with or without Rescue)

4 Hours

7 (13.5%)

30 (63.8%)

32 (58.2%)

P-Value [1]

<0.0001

<0.0001

[1] P-values are the nominal p-value in the pairwise comparison of each MNTX dose with placebo.
Because of the interim analysis and comparison of each dose with placebo, p-values <0.0249 are

considered statistically significant.

Secondary efficacy endpoints (Study MNTX 301):
1) Laxation response within 24 hours of treatment.
2) Changes in constipation distress scale.

3) Changes in bowel movement consistency.

4) Changes in bowel movement difficulty.

5) Changes in pain ratings.

6) Changes in opioid withdrawal symptoms (using a Modified Himmelsbach scale)
7) Global clinical impression of change (GCIC) ratings (patient and clinician).
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While other endpoints were used, they are all related to laxation and bowel movement
consistency. For most, if not all secondary endpoints there was a marked improvement in bowel
function following dosing with MNTX.

2.2.3 Are the active moieties in the plasma (or other biological fluid) appropriately identified
and measured to assess pharmacokinetic parameters and exposure response relationships?
Yes, see Mass-Balance (section 2.2.5.5) and Analytical (section 2.6) for details on these issues.

2.2.4 Exposure-response
2.2.4.1 What are the characteristics of the exposure-response relationships (dose-
response, concentration-response) for efficacy?
Clinical dose-response relationships were explored using a theoretical approach supplemented
with data from phase 3 clinical trials MNTX-251, MNTX-301, and MNTX-302 (For details, see
Clinical review on these studies). It should be noted that no PK data was collected from
patients and exposure data was estimated by the sponsor based on the linear relationships
between AUC and dose established from MNTX1106. In study MNTX-251, fixed doses of 1, 5,
12.5 and 20 mg were administered to 6-10 patients at each dose and then converted to a weight-
based dose based on one body weight of 60 kg not based on the actual body weight of patients.
In addition, it should be noted that there was no placebo arm in study MNTX251.

The study MNTX-251 showed that dose-response relationship does not exist although 1 mg
MNTX was less effective than doses greater than 5 mg such that 43% (3/7), 60% (6/10) and 33%
(2/6) patients had laxation response within 4 h after a single dose of 5 mg, 12.5 mg, and 20 mg
MNTX respectively, whereas 10% (1/10) patients at 1 mg MNTX dose had laxation response
within 4 h (Table 1). Similarly in the study MNTX 301/302, there was no increase in efficacy
with dose increase such that 62% (29/47) and 58% (32/55) of patients had laxation response
following single dose of 0.15 mg/kg and 0.3 mg/kg MNXT, respectively while patients on
placebo had 13% laxation response within 4 h. Doses less than 0.15 mg/kg were not studied in
studies MNTX301/302 for efficacy and two doses 0.15 mg/kg and 0.3 mg/kg were studied in
MNTX301 while in MNTX302 only one dose 0.15 mg/kg was studied (Table 2 and 3).

TFable 1: Number of Patients {% with Laxation en Days 1, 3 and 5 of Tetal
Remaining in Study MINTX-251 and Ne Prior Lazatien Response) with Laxation
Response after Four Hours on Posing Days: Double-Blind Phase

MNTX Dose Level
{mg/kg conversion based on 60 kg body weight)
Dosing | I mg/0.02 | 5mgf0.68 | 12.5mg/0.2 | 26 mgD.233 | >5mgHb.8 me'ke
Day metks mgike mg'kg meo'ke Combined
Four-hour response
1 V10 {10%) | 3/7(43%) | 6/10060%) | 2/6 (339%) 11423 (48%6)
3 279 (22%) 4/6 (67%) 37 (71%) 2/4 (36%) 1117 (65%)
3 0/7 (0%) 443 (80%) 47 (57%) 344 (75%) 11/16 (65%)
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Table 2: Laxation Response within Four Hours of Single Double-Blind Dese of

MNTX SC

Rescne-Free Laxation P-Value
Drose group | Within Four Hours of Dosing | Total |{vs. placebo)
Freguency No Ves
Percent

45 7 -
Placeba 870 13% 32
29

0.15 mg'ks 3§§ v : é"% 47 =0.0001
0.30) mg'kg 4%2% 5?3‘;6 35 =0.0001
Total 86 68 134

Table 3: Laxation Response Within Four Hours of the First Denble-Blind Daose of

Placebo and MNTX SC
Placeho MNTX
(71 (62}
Patients ; Patients
with  |Percentage of| with  |Percentage of

Patients | Laxation | Responders | Patients | Laxation | Responders
Doesed | Response | (952 CI) | Dosed | Response | {95%CI} |P-Value®
Laxation within 4 155 48.4

bours on Pay 1 1 N gi.ng| 30 | (359-60.g) [P0-0001
At least 2 Laxations 85 516
within 4 hours over 71 6 (2.0—149) 62 32 (392 - 64.1) p=0.0001

the first 4 doses
* A Double-Blind, Phase 3, Two-Week, Placebo Controlled Study of Methyinaitrexone Bromide
{MNTX) for the Relief of Constipation Due ta Opioid Therapy in Advenced Medical Hiiness,
Progenics Studv MNTX 302 (11}

The sponsor provided dose-response relationship based on the combined efficacy data in MNTX

251 and MNTX301/302 in the following table:
Table 3: Observed Efficacy (Patients Respense to Laxation Within Four Hours [%0])
at Various First Deuble-Blind MNTX Poses Administered in Studies MNTX-251,
MNTX-301, and MNTX-302 Compared with Peak {Cp,y) and Total {AUCay)
Exposures Simulated for Each Dose.

First Dounble Patient Response
MNTX Blind Dose Cuas” AUCs;® | Laxatien Within
Study N {(ng/kg) (mg/ml) | (ng/ml.*hr) | Four Hours (%)
3017302 123 Placebo 0 ¢ 15
251° 10 0.02 16 23 10
251 7 0.08 63 94 43
3015302 110 0.13 118 176 54
251 10 0.20 157 235 60
301 55 0.30 236 352 58
251 & 033 260 388 33

* There was 1o placebo anm in MNTX-251.
b Estimated using data from MNTX-1106.
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It is inadequate to combine study results especially when MNTX251 did not have a placebo arm
and the number of subjects at each treatment arm was largely unbalanced between studies.
Therefore, there are only two doses studied for dose-response relationship and no further
increase in response rate was observed at tested high dose, 0.3 mg/kg. Of note, Cmax may
possibly be correlated with the efficacy. The Cmax is achieved approximately at 0.5-0.45 h and
it appears to correspond to the median time to laxation response following MNTX dosing, which
ranged 0.42 to 0.73 h regardless of number of doses in study MNTX 302EXT (Table 5).

Table 5. The Median time to rescue-free laxation response from MNTX 302EXT (copied
from the submission)

Tahble 11: Median time to rescue-free laxation response (analysis set: safety)
Dose Number of Patients with Median Time to
Laxation Response® Laxation (hours) Range {Fours)

1 37 0.60 0029

2 32 {143 8022

3 31 .42 0.0-4 0

4 30 0.534 0.0-4.0

3 3G {148 00235

] 7 .32 0.0-35

7 23 442 0.0-4.0

R 26 {1.56 0038

S 21 .50 0.0-2.3
1D 20 0.63 0.1-33
it 23 {158 0.0-4.0
12 18 .34 0038
13 23 0.53G 0.0-40
14 ' 17 4.50 G030
i3 18 (.48 0.0-13
16-29 21 D73 0.0-2.2
30+ 2 : .71 0.4-1.6

Reference: Section 14.2, Table 14.2.2.1 and Section 16.2, Listing 162.6.1

®  Laxation response=rescae-free laxation within 4 hours after the dose.

2.2.4.2 What are the characteristics of the exposure-response relationships (dose-

response, concentration-response) for safety?
At this time the overall safety evaluation of the clinical data is still underway. One of the
concerns associated with this product is the potential for the MNTX to cross the blood-brain-
barrier and cause central opiate blocking, an effect that would negate therapeutic pain control.
To evaluate the potential of MNTX to enter the CNS, the sponsor has conducted a urodynamic
study that also incorporated tests of pupiliary response as a marker for any central opioid
blocking effect. From a dynamic point of view the study was designed to test the hypothesis that
a significant proportion of opioid-induced changes in bladder function, (measurable as detrusor
pressure [Pdet] or maximal force of bladder contraction), are due to activation of peripheral
opioid receptors and can be reversed by MNTX.
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This was designed as a single-center, double-blind, randomized, placebo and active comparator-
controlled phase 1 pilot study of the urodynamic effects of the opioid antagonists MNTX and
naloxone in healthy male volunteers who had received a short acting opioid, remifentanil
(REMI). It should be noted that his study was not done with the to-be-marketed subcutaneous
formulation, but with the IV formulation <
—— Tt is included in this NDA package as part of the demonstration, on a mechanistic basis,
of the relative selectivity of MNTX for peripheral opiate receptors as outlined above.

Figure 1: Schema of tirnepoints for urodynamic (Pg,) measurements

Study Schema
1VS instiflation VS instillation VS Instillation
l Remion ls:uay Med ‘L l "Reni Oﬂ’\b
v v | 1 ,
1520 min 15 min 10 min,T\ 20 min 'I\ 10,28 min
Urodynamic ]\ Urodynamic Urodynamiic
Measurements i Measu rgments Measurements
“Baseline” Urodynamic “Study Med” "Remi GF®
Measurements

|e— Pupii#easurements at Frequent lnterva!s--——-—-}i

The urodynamic effects component of this study is contained in the ISR for study MNTX 206 in
the appendiix.

Pupillary Effects

Eye pupil size reversal was defined as a change 10 minutes post-study drug. Across all subjects,
REMI administration caused a mean pupillary constriction of 4 to 5 mm. Following
administration of study drug 30 to 60 minutes post-baseline, all subjects receiving naloxone
(100%) showed an increase in pupil size, while subjects receiving MNTX and placebo showed
no significant increase, suggesting that MNTX did not cross into the CNS and thus was unable to
reverse the REMI induced effects. By 160 minutes, all three groups showed pupil size returned
to baseline levels

Change In Pupll Slze by Treatment

1831 sw3s20 am8d




Infusion of the p-type opioid, REMI, produced ocular miosis in 21 of 21 sessions (100%), and
urinary retention in 18 of 25 sessions (72%). While the pure opioid antagonist naloxone
successfully reversed all opioid-induced miosis in. all sessions, neither placebo nor MNTX had

any significant effect on miosis, demonstrating that MNTX does not cross into the CNS in any
appreciable amounts.

2.2.4.3 Does this drug prolong the QT or QTc¢ interval?

In certain toxicology studies in dogs, MNTX was associated with QTc prolongation at doses that
exceeded the highest proposed SC clinical dose. According to the sponsor, several nonclinical
cardiovascular safety pharmacology studies showed a mild lengthening of the QT. interval (QT
interval corrected for heart rate). Additional changes affecting the cardiovascular organ system
were observed in hemodynamic and repeat dose toxicity studies of MNTX. Histopathological
examinations in rats and dogs in repeated-dose toxicity studies found signs of altered circulatory
function. Per the sponsor, no changes were seen upon histopathological examination of the heart
and there were no effects on ionic channel current or action potential duration in cardiac-related
tissues. Studies of MNTX in models of cardiac function that test mechanisms associated with
torsades de pointes and QT prolongations were also negative. Potassium current through hERG
channels was not affected by MNTX exposure in two studies, yet low concentrations of the
positive-control substances cisapride and terfenadine produced strong reductions in current.

A thorough QTc (TQT) clinical study of SC MNTC was conducted (MNTX 1106), however,
upon evaluation by the FDA IRT/QT team the study was found to be deficient in a number of
areas, but most importantly in the failure of the positive control arm to perform as expected in a
number of areas:

1.) The positive control, a single oral dose of 400 mg moxifloxacin, failed to have
the expected effect on the QTc; at no time was the mean effect on the QTc¢ greater
than 5 ms as evidenced by a lower 90% confidence interval > 5 ms. Therefore, the
study lacked assay sensitivity, i.e. the ability to detect a mean effect of
methylnaltrexone on the QTc of about 5 ms had it been present. -

Figure 1: Mean (90% Confidence Intervals) AAQTcI by Time for Moxifloxacin
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2.) The observed moxifloxacin effect on the QTcF was prolonged well beyond
the time the serum concentration of moxifloxacin is expected to have
significantly declined, not returning to baseline for at least 12 hrs post dosing.

3.) The confidence intervals for the placebo corrected mean change in QTc of
moxifloxacin and MNTX are wide and overlapping indicating large variability in
the study. This large variability may be due in part to the use of a parallel group
design instead of a crossover design, which limits variability by using each
subject as their own control.

In addition to the issues related to the positive control arm, both an unusually large number of

subjects had an increase from baseline in QTc between 30 and 60 ms (over 50% among all the

treatment groups) and several subjects had un-interpretable ECGs due to “technical problems,”
which also suggests problems in the overall conduct of the study.

At this time the conclusion of the IRT/QT team is that the study is un-interpretable for these
reasons which raise the question of risk-benefit to the patient population. This issue is at the
time of this review (Nov. 2007) an outstanding issue. The Agency is having discussions with the
sponsor about the feasibility of the incorporating of the results of an on-going IV MNTX study
(sponsored by their development partner Wyeth under IND .~ into this NDA as a major
amendment to address this issue. This study is a multi-arm 4 way crossover study that represents
a more powerful study design than the one utilized in this NDA. The Agency is expecting final
submission of the ECG datasets in mid Dec. Given the nature of the study, the size of the data,
and its impact on labeling it is likely that this submission will be recorded as a major
amendment, extending the clock 90 days from Jan 30", to approximately the first week in May.
A new TQT study review will be placed into DFS at that time that will hopefully address these
issues.

2.2.5 Pharmacokinetic characteristics
2.2.5.1 What are the single dose and multiple dose PK parameters?

The following table summarizes the single dose pk data from the dose proportionality trial
MNTX 103, and the MNTX arms of the TQT study MNTX 1106. While the validity of the QT
portion of 1106 may be in question (see section 2.2.4.3) the pk data generated from this trial are
generally in agreement with the values from the other studies and represents the largest single
database in this NDA with 119 subjects data for the MNTX arm (representing almost %2 of the
total pk data available). '
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Combined Summary Data Table MNTX 103 and 1106

As noted in the introduction to the single dose pk data in section 1.3.1, study 1106, the data from
this study was also used to demonstrate dose proportionality between the-different doses of
MNTX. In general the pharmacokinetics of MNTX are linear with a multi-phasic elimination

STUDY | Objectives Design/ Coar f AUC, AUTC, ty Clor Vor | Comments
Treatment (ng/mL} | {B) (eg'l'ml} | (ng'hinl} | (h) LUF YiF
GroupsiN LNk | Lk
AT | PKinplasmm | 4-way F=(32
103 and uztne LTNSIOVer 0.3 mgk
Absolute N =5 raales;
bicavailability | 5 completed
Di0mghkg | 473 €45 | 724 73 514 | 139 123
s (123 0.21) | €11 {an {0.89) | {0.21) 2.y
£.30mgkg 197 £38 302 303 304 | 160 117
s¢ 8.7 811} | 43 3) {1873 | {0.14} £2.98)
043mghkg | 317 645 |34 346 583|083 105
sSC {81.7) 0 | 36 3% {0.85) | (085 {111)
030 mekg 1006 37% 230 781 | 4380 805
FA' {1903 [424] {33) {LID | I (1.31)
MNTX. | QTc Paraliel
1186 N=206
coompleted; PE_{ 3
199 fr QTe, Linearify
119 for PK Established
MNTX Q1 (117 85¢ |17
mghgSC | 430 ©25- | ;37
325 o7 %
MNTX 030 | 239 830 | 362
wgkeSC |2 | €2 [wg
975
MNTX 0. 50 302 430 | 382
mgkg ST | (48 30,;’_5 (111.2)
.15

phase with a half-life of approximately 8hrs as shown below:

MNTX 1106

Mean plasmn concentrations {ng‘mL) of MNTX after a single subcutaneous fnfecrion

1000

g

MNTX Plasma Concentration (ng/imt)
=]

—e— 015 moikg {30}
e 0,30 mghg (N=39)
—m— .50 mgAg (N=31}

10 12 14

Holrs post dose

ng'hrink

b

502 -

309

Dose Proportionality MNTX 1106

AUCH{N= 116}

FRTX

&% 0. 180mgiky, b=0.3mgky, c=0.8ng/kg

JANTRE

However, it should always be understood that this data was generated in healthy adult subjects.
In clinical practice, this drug will be used in a population that is both nutritionally depleted, been -
subject to both radiation and chemotherapy, and have altered disposition due to these therapies.
The use of pk data to design dosage regimens for a patient population that is likely to be very
heterogeneous in nature should be done with caution as the extrapolation from healthy subjects

to subjects in an end-of-life setting is markedly different.
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2.2.5.2 How does the PK of the drug and its major active metabolites in healthy
volunteers compare to that in patients?
As noted previously the clinical pharmacology studies were done in healthy adult subjects. No
end-stage or palliative care patients were enrolled in the trial and based on ethical issues of
quality of life (and the expected high pharmacokinetic variability in this population) it is highly
unlikely that any studies will be done in this population.

2.2.5.3 What are the characteristics of drug absorption?
MTX is administered in this application as a SC injection; as such absorption is relatively rapid
with peak levels occurring routinely in less than one half hour.

2.2.5.4 What are the characteristics of drug distribution?
Free MNTX is generally well distributed throughout the tissues with minimal protein binding
(<20%). In study MNTX 102, following an IV dose 0.30 mg/kg (99.975 pCi) dose of 14C-
MNTX in six healthy adult male subjects the reported volume of distribution, expressed as Vrea,
was 7.92 = 1.54 L/kg. By comparison following repeated IV infusions of 0.45mg/Kg in study
MNTX-1108 the volume of distribution, expressed as Vss, was 1.07 +£ 0.21 L/kg.

2.2.5.5 Mass Balance Study

The sponsor conducted a mass balance study using an IV dose 0.30 mg/kg (99.975 pCi) dose of
MC-MNTX in six healthy adult male subjects. Pharmacokinetic metrics for both unchanged
MNTX and total radioactivity in plasma, and for total radioactivity in whole blood, were
estimated following non-compartmental analysis of data. Mass balance was determined from
total recovered radioactivity in urine, feces, and exhaled 1C0a. 1dentification and quantification
of metabolites by LC/MS was undertaken, using selected urine and fecal samples. Metrics for
unchanged MNTX in plasma and total radioactivity in plasma and in whole blood are given in
the following table:

Summary of Mean (5B)" Pharmacokinetic Metrics for MNTX and
Total Radivactivity in Plasma and Whole Blood

Mewic Tnits Plasina MNTX Plazima #C Blood *C
Cmax ek 1153 305 1183 (2605 {46 {139}
foax (hry 0.0300 (0.0500, 0100} | £.0500 (0.0500, 6.100) | £.0500 £0.0500, 0.100)
A fophrmlY | 3884 522 (47) NA
AUC, farrml) | 353 (32) 632 (34) 301 3D
AUC. {ariomly’ | 384850 748 {103) 392442
% AUC. ar
Exirapolatad (¥ 3.333400.119) 127038 233421
% {140 3.0822 {3.0179) 0,325 (0.0413 DA 02T
frn (hr) 889 2.3} 8150271 331 {0.97)
Y sras {Lkg) 782 (1.54) 284 {0.68) 453 {0383)
£l (mLsminkg) | 103 {19 335 {080 1302
Cl {mLminkg} | 637 {3.00) 3INL{D54) N&

* Hfedian {min, reax) shown for fus

® Ulnits for "“C-HINTX are ne-equivalents rether than ng
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After intravenous administration of MNTX, concentrations of both unchanged drug and total
radioactivity in plasma and blood declined in a polyexponential manner, with a relatively rapid
distribution phase followed by a slower terminal phase. In all subjects total radioactivity in both
matrices declined to below the limit of quantification after 24 hours post dose. Concentrations of
MNTX were still detectable in most subjects at 48 hours.
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Concentration versus time profiles of MNTX and toial radioactivity in plasma and whole
blood

2.2.5.6 What are the characteristics of methyl-naltrexone metabolism?
Using the data collected as part of study MTNX 102, the mean plasma AUCO0-12 ratio of
unchanged MNTX to total radioactivity was 0.59. Overall, approximately 50% of the recovered
radio-label was present as unchanged MNTX.

Relaiive abundance of methylnalirexene metabolites in urine and feces

MNTXAMfetabolite® Percent of Dose
{Urine Feces
0-24 Hours Post 3-163 Hours Total®
doze Post doze
Mean {+ SD} Radiodose Excrated 43.9£17.2 173262 512
I S R R
M1 (Methyl-8-naliraxal Snlfata) .14 ¥D .14
122 Olathyinalirexone Sulfate) 1.25 ND 1.28
183 {Dihydroxy-methyl-S-nakrexol) 004 ND 204
M4 (Methyl-6-naltrexol Isonver) 425 0.833 508
M5 (Methyl-6-naltrexol Isoner) 4.74 024 098
Total” 433 125 56.0°

WD Mot detected.

a3  Tenratively ideasifiad by LIVME sumalysis.

b FBecovered redicdose for 0-24 howr wine and selected feces samples over 508 hour post dose.
¢ Inchudes Subject 03 {incomplete collecions)
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Based on the results of study MNTX 102, the following metabolic scheme was proposed for
MNTX.

Propased bistransformation pathway of methylualresone in human

s

P4

OR

M2

MNTX is primarily eliminated in the urine as unchanged drug with lesser amounts of
radioactivity being excreted into the feces. Approximately 60% of the administered radioactivity
was recovered with 5 distinct metabolites being resolved, none of which being detected in
amounts over 6% of total. Of the metabolites 1 of them (M3) was only detected in 1 subject and
then a very low amounts only. Limitations of this study include the lack of complete recovery of
the radioactivity and the potential impact of depletion of sub-cutaneous fat stores in end stage
cancer/AIDS patients and its potential impact on SC absorption. This latter issue is not so much
a limitation of the study itself but in the ethical issues of doing such a study.

+ 2.2.5.7 What are the characteristics of methyl-naltrexone excretion?

The excretion profile of MNTX and metabolites in 0-24 h post-dose urine samples from the mass
balance study was generally consistent across subjects and consisted primarily of unchanged
methylnaltrexone (33.0%-53.3% of administered radioactivity), along with six low abundance
metabolites. As noted above, the most abundant metabolites, methyl-6-naltrexol isomer (M4),
methylnaltrexone sulfate (M2), and methyl-6-naltrexol isomer (MS5), accounted for 3.15% -
6.37%, 0.72% - 2.11%, and 0.07% - 1.43% of administered radioactivity, respectively, during the
initial 24-h interval.
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Urine excretion profiles at later time points showed lower amounts of methylnaltrexone relative
to metabolites suggesting that the pharmacokinetics of the metabolites may differ from that of
the parent drug.

2.2.5.8 Based on pharmacokinetic parameters, what is the degree of linearity or
nonlinearity in the methyl-naltrexone dose-concentration relationship?
As demonstrated previously in the section on single dose pk parameters MNTX has shown dose
proportionality.

2.2.5.9 How do methyl-naltrexone pharmacokinetic parameters change with time
following chronic dosing?
Unknown as at this time as chronic dosing has not been studied with the SC dosage form. In the
Cyp2D6 mediated drug-drug interaction study (MNTX 1108) MNTX 0.45 mg/kg was
administered IV as a 20-minute infusion every six hours for five doses. It resulted in an
accumulation factor (R) of 1.19
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It would be expected that SC dosing, having a somewhat lower relative bioavailability would
have a lower accumulation factor, and simulations done by the sponsor suggest an R value of
1.07 or minimal accumulation, which is what would be expected based on the IV data.
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2.2.5.10 What is the inter- and intra-subject variability of pharmacokinetic parameters in
volunteers, and what are the major causes of variability.

In the largest single dose trial done (MNTX 1106) the inter-individual CVs associated with the
data for AUC and Cmax were on the order of between 20-30%, with Cmax having CVs toward
the higher estimate. Given the route of administration, these are not evidence of excessive
variability. As for intra-individual, the majority of the studies are underpowered to provide a
meaningful estimate of intra-individual CVs as, for example, the N in study MNTX 103 was six.
As study MNTX 1106 was a parallel study, an estimate of intra-individual CV was not possible
for MTNX. Again, as mentioned previously, given the target population, it is likely that the
inter- and intra-subject variability seen in these subjects would exceed the variability seen here
due to the differences inherent in this patient population.

2.3 Intrinsic Factors

2.3.1 What intrinsic factors influence exposure or response to methyl-naltrexone? What is the
impact of these factors on exposure and response?
No intrinsic factor has been identified that would require dose adjustment beyond renal function.

2.3.2 Based on what is known about exposure-response relationships, what dosage regimen
adjustments, if any, are recommended for each subgroup listed below?
2.3.2.1 Elderly .
As noted previously, the clinical pharmacology dataset was composed of healthy adults. Thus
the number of subjects aged 65 or more is insufficient to draw conclusions on. The sponsor did, .
however, conduct a linear regression of CI/F vs. Age to look at general trends in the dataset]

Linear Regression Analysis of CI/F vs Age Using the Pooled SC MNTX
Doses 0.15 to 0.50 mg/kg

I ¥= 0088 + 1713
R = 00912
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Age was found to have a statistically-significant but clinically-irrelevant effect on the following
four metrics: AUCw, CI/F, ts, and MRT. However, given the limitations in the data (6 subjects
over the age of 50), whether or not this is a true effect of age on MNTX pharmacokinetics is
unknown and the magnitude itself is does not lend itself to a modification of the dosing regimen.

2.3.2.2 Pediatric Patients
No studies have been done to date in pediatric patients.

2.3.2.3 Gender
The sponsor conducted a dose normalized, cross-study analysis of the data from a pool of 80
males and 65 females with valid data sets. Reproduced below are comparative bar charts of

AUCIinf/Dose and Cmax/Dose:
AUC,/Dose CyDose
1,600 1 P=463 1,206 1 P=0ss -
1,400 1,306

AUCHe (rthg ngimaling)

B

5588

3

Femate

Cender

Male

1,006
905 -
805 -
705

500 1
46 +

Cmax iDose kg apimlingy

248 -
108 +

Famale

Afate
Geader

Comparison of Pharmacekinetic Metries of SC MINTX by Gender
(p < 0.83, significant difference)

Pooled Dependent df Between | df Within
Daoses “ariable N Groups Groups F P-value
01510050 | Coux'D 145

{ke*ng/mlimg) 80 male; 65 female | 1 143 449 0.04
0.15100.50 | AUC/D 137

(hr*kg*ne/ml/mo)} | 73 male; 64 female |} 135 0.17 0.68
01510050 | V/F 137

(Lkg) 73 male; 64 female | i 135 0.05 0.82
0.15t00.50 | CVF 137

{(mL/minkg) 73 male; 64 fomale | I 135 0.09 0.77
0.15t00.50 | toe 145

{h} 80 male; 65 female | 1 143 0.44 0.51
01510050 | tin 137

(h) 73 male; 64 female | 1 135 0.01 092
01510050 | MRT 137

() 73 male; 64 female | 1 135 4.94 0.03

From this analysis, minor differences were seen in parameters such as Cmax/Dose and MRT.
Even so the differences noted, while statistically significant do not rise to the level where
alternative dosing recommendations should be considered.
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2.3.2.4 Race
A similar cross-study analysis to the one conducted for gender difference was also conducted
using race as a co-variate. Again while some variability was seen in individual parameters
among races again they did not rise to the level requiring dose adjustment. Reproduced below are
comparative bar charts of AUCinf/Dose and Cmax/Dose for the different races reported in the
clinical pharmacology/biopharmaceitics dataset:
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2.3.2.5 Renal impairment
The effect of renal impairment on the pharmacokinetics of MNTX was evaluated in 32 subjects
with varying degrees of renal failure in Study MNTX 1105. Eight subjects were enrolled in four
panels representing normal renal function and mild, moderate, severe renal impairment. As with
the rest of the subjects in this NDA this was a single dose study using a 0.30mg/kg dose SC.
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Total exposure (AUCw) increased as a function of the renal impairment, and was approximately
doubled in the severe renal impairment group (89% increase). While, a relatively large variance
made the effect on mean Cmax difficult to interpret, Cmax for an SC dose is a relatively fleeting
phenomena and can be related to the SC technique and other variables as well, so it is a less
sensitive measure of absorption than usual.

23




Study MNTX 1105 Mean Data %CV

AUCt AUCinf Cmax Fr%
Normal 427(15%) 433 (21%) 257 (36%) 45.2 (30%)
Mild 560 (12%) 566 (13%) 208 (23%) 31 (47%)
Moderate 752 (19%) 754 (19%) 231 (18%) 17 (49%)
Severe 819 (9%) 822 (9%) 304 (41%) 10 (64%)

The fact that the Cmax for Normal subjects is also the second highest value strongly suggests
that this is not a significant finding and may be related to other factors. Further, examination of
the data in bar charts below also shows this quite clearly with the second highest variability for
Cmax being the normal group. Given that renal function should have little impact on Cmax for a
SC (or IV) administered drug (especially following a single dose), it is likely that this is an
artifactual finding.

AUCO-t(ng*hr/ml

1000 B
960 450
8060 JOB e wron e e e
700 350
600 N —— 300
500 256 +-
460 1 208 -
360 4 150

260 + 180
180 58

Normal Mild Moderate Severe Normal Afld AModerate

Severe

Again, as would be expected from a drug that is renally eliminated, the cumulative quantity
“excreted unchanged (fR(%)) declined from 45.2% in the normal subjects to 10.3% in the subjects
with severe renal impairment.

One difference that was noted on the original review of this data by the FDA was that the
terminal half-life (t1/2) also increased as a function of severity of impairment, from a mean of
13.4 h in the normal group to 19.6 h in the severe group. While changes in terminal half-life are
not surprising for a renally eliminated drug (see results of the mass balance study) the finding is
a bit more unusual as the half-life previously seen with MNTX in normal subjects was in the
range of 6-Shrs. While the true reason for this difference in half-life between the normal subjects
in this study in other studies is unknown, one possibility, and the most likely one, was the
analysis itself. One of the limitations of the original study report was the lack of data from a
number of subjects in this study due to problems with the assay. As will be covered in the
analytical section of this review, the sponsor apparently (in the FDA’s opinion) set the LLOQ too
low, such that at low concentrations there were occasional spikes in concentration seen with the
last timepoint. Due to poor quality control, the sponsor’s consultant, rather than truncating the
AUC earlier, elected to drop these subjects from the analysis. In the normal subject group this
resulted in 4 subjects out of 8 being dropped from the analysis. An example of the fitting of
pharmacokinetic data from this study is shown below:
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While the sponsor did not feel that this removal of subjects from the analysis affected their
results, a subsequent re-analysis, truncating the AUC to eliminate these apparently spurious
concentrations yielded a revised estimate of 10.8+/-4.9hrs for half-life (down from the original
estimate of 13.4+/-4.8hrs). A value that while still higher than most other normal subjects data
was at least in the ballpark.

In terms of the interpretation of these results the sponsor is recommending a reduction in dose
only in subjects with severe renal impairment. In that situation the sponsor is recommending a
halving of the dose. For mild and moderate renal insufficiency no dose reduction is being
recommended by the sponsor based on both the lack of a dose response and the demonstrated
safety of the compound in the clinical studies.

2.3.2.6 Hepatic impairment

Twenty-four subjects/patients were enrolled, 8 subjects with normal hepatic function (matched
reference) and 8 patients from each category of hepatic impairment (mild or moderate), using the
Child-Pugh classification, as recommended by FDA guidelines. Subjects with severe renal
impairment were not included in the study. Based on the results of the mass balance study it was
not considered likely that hepatic impairment would have a marked effect on. the disposition or
elimination of MNTX. The results of this trial supported this assumption with there being only
modest changes in the pharmacokinetics of MNTX in subjects with hepatic insufficiency.

PK Metrics

Hepatic Coax | AUC, AUC, tin fr
Function  Statistic (1302;‘1111.) (hr) (mgshr/ml}  (mgehvr/mL) (hr) (%0)

Normal MEAN 208 0.47 482 441> 117 53

SD 54 {0.25,1.00) 132 47 6 7

N 8 8 8 [ 6 "8

Mild MEAN 218 0.47 .410 412 78 34

SD 58 {0.25,0.75) 120 121 1.5 15

N 8 8 8 8 8 8

Moderate ~ MEAN 256 0.34 508 511 14.5 39

sD 62 {0.25,0.50) 218 219 10.6 14

N 8 8 8 8 8 8

*Median (min, max} shown for Tmax :

“For the maiched reference group, mean AUCq, is less than mean AUCy, due to a difference in the number of
subject/patients used in calculating descriptive statistics.

Reference: Appendix 16.2.6, 16.2.6.1 - Phanmacokinetic Report
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As has been noted in previous studies in this NDA there was a continued problem with
estimation of half-life due to “apparently” spurious concentration values at the end of the
sampling intervals. However, in this study the impact was quite a bit more pronounced, even for
the mean data collected for the normal subjects:

Mean Data All Subjects

1900

e
- =]
L4 o

Mean Plasma Cone, (ngimb}

41

-‘“‘*“vﬁl ------- —

@ B8 12 48 24 30 36 42 A8 S& B0 65 72 78 B4 S0

Time {h}

36 102 108

414 120

Mean Data-Normal Subjects

-
” 2 2
- 3 5]

Plasma Concertration (ng/ml)
bed
o

801

FESNTICSm

L]

6

12 18 24 30 36 42 48 5& B0 €6 72 78 84 S50 96 102

Time {hr}

Again, two subjects were excluded from the half-life estimation due to a poor regression and the
half-life was estimated by the regression with 18-19 points, when in fact the data should have

been truncated earlier.
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Per Agency’s request, the terminal half-life estimation with data truncation at 48 h was provided
(amendment 010). In addition, the sponsor provided reanalysis of the AUC and Ty, in the
amendment 011 after excluding anomalous data points from two previously excluded subjects.
The reanalysis resulted in 12% decrease in the half-life from 11.7 = 5.9 h to 10.4 £ 5.6 h and
10% decrease in AUCt from 482 to 438 ng/ml-h and 0.2% change in AUCeo from 441 to 440
ng/ml-h.

While the overall conclusion from the study did not change, i.e., dose reduction is not required in
hepatic insufficiency, the study again points to both analytical problems that need to be
addressed and problems in the sponsors reliance on the analysis without proper scientific review.

2.3.2.7 What pregnancy and lactation use information is there in the application?

None, given this intended patient population it is unlikely that pregnant or lactating women will
be using this product for this indication. Reproduction studies have been performed in pregnant
rats and rabbits. There were no effects on fetal development at intravenous dosages of up to 25
mg/kg/day in the rat or up to 16 mg/kg/day in the rabbit. There are, however, no adequate and
well-controlled studies in pregnant women. Because animal reproduction studies are not always
predictive of human response, this drug should be used during pregnancy only if clearly needed.
It has been given a Category B rating based on the animal data.

2.4  Extrinsic Factors :

2.4.1 What are the extrinsic factors that influence exposure or response?

Extrinsic factors that would effect exposure or response in the target patient population would be
primarily related to the end-of-life process itself, prior laxative use, prior radiation therapy,
nutritional status, prior chemotherapy, and the degree of opiate use required for pain
management. In addition, the use of drugs such as NSAIDs in pain management that would
decrease renal function would also be expected to have an impact on the elimination of MNTX
and thus its clinical effect.

2.4.2 Drug-drug interactions

The potential for MNTX to interfere with CYP450 mediated metabolism was evaluated in vitro
using human microsomes as part of the non-clinical development of MNTX in study 107n-0304
(see pharmacology review). The probe substrates used were phenacetin (CYP1A2), coumarin
(CYP2A6), tolbutamide (CYP2C9), S-mephenytoin (CYP2C19), dextromethorphan (CYP2D6),
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midazolam (CYP3A4) and testosterone (CYP3A4). The corresponding enzyme activities were
measured by LC/MS/MS as the formation of acetaminophen, 7-hydroxycoumarin, 4-
hydroxytolbutamide, 4’-hydroxymephenytoin, dextrorphan, 1°-hydroxymidazolam and 6-

hydroxytestosterone.
Surmmary of Inhibition of CYP450 Activity by MNTX

CY P58 Acvity Bxp d a5 % Vehicle Comirol
INTH o
Corcearation CYDIAY LYP2AG CYP2Ce CYRICID CYEZDE 12 CYRIAL5 LCYPIALS
(X} g i
160 75 3 5 188 09 {354
333 7% 161 &5 198 159 162
311 75 foity &3 122 103 98
370 20 29 &7 185 102 25
123 <03 161 07 18R 110 103
D41 fis o9 g 112 114 184
5137 87 100 108 186 156 185
0046 50 26 103 133 107 107
G015 87 o9 161 a8 10 93
[1¢' <] 108 160 6 160 150 R 1]
ICs (M} =00uM > 100 pM > ID0 pid = 19D pM ; > 180 pid = 160 pM
Sub Phenacetin  Coumarin  Tolbmsmide  5-Meph ain D borplan]  Midarolans  Testosterone

VC = Vekirle Control.

The results demonstrate that MNTX does not inhibit CYP1A2, CYP2A6, CYP2C9, CYP2C]19,
and CYP3A4 activity using selected probe substrates. MNTX does appears to be a CYP2D6
inhibitor with ICso value of 15.92 uM. For comparison, quinidine inhibited CYP2D6 with an ICso
of 0.098 [M. The positive controls were determined to be potent CYP450 inhibitors using
selected probe substrates. The calculated ICso values for positive controls were consistent with
reported literature values

As a follow-up to these in vitro results the sponsor conducted MNTX-1108, as study in which
the effect of either SC or IV doses of MNTX (according to sponsors propoed regimen)
dextromethorphan (a known 2D6 substrate) was studied. The results of this study demonstrated
that while paroxetine (a known 2D6 inhibitor) caused a marked change in dextromethrophan
excretion, MNTX did not have a marked effect using a doubling of the urinary ratio as a marker
of 2D6 inhibition: ‘

Categorical analysis of urinary ratios of dextromethorphan/free dextrorphan in subjects
co-administered either MNTX or paroxetine

frromp 1 Lzranp 2 Gronp 3 Gronp 4
ANTX ANTEX Parozetine  PlacsbaSC
Variable 038 mede 5C 048 made IV MemzPO
Dentding of Bazeline Dextromethorphan
Free Dextromphan Fatio
Yag 335000 24336068 {0055 FR P A
Mp 5¢82.5%) - {E5%) 140.0%) 7 (B15%y
p-value w3, Baceho 1.5892 9.5652 60014 -—
p-value vs. Fasoxstine Q023 20255 - (5014

2.4.3 What issues related to dose, dosing regimens, or administrations are unresolved and
represent significant omissions?

The remaining dosing issues, as outlined in the Executive Summary relate to mg/kg dosing, dose

reduction in moderate renal failure and the resolution of the TQT issue. These issues have been

previously detailed in the appropriate sections of this review.
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2.5 General Biopharmaceutics

2.5.1 BCS

2.5.2 Bioavailability (Absolute)

N/A

Study MNTX 103 incorporated a single IV dose along with 3 SC doses in a randomized cross-
over trial. Absolute bioavailability results (from the 5 subjects who completed all legs of the
trial) for the SC treatment legs are presented below:

Mean(sd)
0.30 mg/kg 0.10 mg/kg 0.30 mg/kg 0.45 mg/kg
W SC SC SC
AUC- (ng/mL*h)) 379.8 (52.9) 73.3(10.6) 303.2 (43.14) 545.7 (34.6)
F 0.58 0.79 0.96

A phenomenon that has been seen previously in this data is the apparent increasing
bioavailability with dose. It may be that giving a larger SC dose (i.c., a larger injection volume)
causes a higher level of absorption due to tissue effects. While no direct conclusions can be
drawn from this data, it does suggest that the dose of MNTX should be given. as a single
injection and not as a split injection if at all possible.

2.5.3 Food Effect N/A
2.5.5 Dissolution N/A

2.6  Analytical Section

Overview

A number of analytical methods were used in the development of MNTX, depending on the
timeframe and the species of interest. These methods included a high-performance liquid
chromatography (HPLC) with electrochemical (EC) detection method that was used for both
plasma and urine samples in an early ascending dose IV PK study and a refined HPLC method
that use used in the first single dose SC study. Both of these methods have been published:

.Foss JF, O'Connor MF, Yuan CS, Murphy M, Moss J, Roizen MF, “Safety and
tolerance of methylnaltrexone in healthy humans: a randomized, placebo-

controlled, intravenous, ascending-dose, pharmacokinetic study.” J Clin
Pharmacol. 1997 Jan;37(1):25-30.

Osinski J, Wang A, Wu JA, Foss JF, Yuan CS “Determination of
methylnaltrexone in clinical samples by solid-phase extraction and high-
performance liquid chromatography for a pharmacokinetics study.” J
Chromatogr B Analyt Technol Biomed Life Sci. 2002 Nov 25;780(2):251-9.

For this NDA, the majority of the analytical work was done using an LC/MS/MS procedure that
was originally developed and validated by - based on work

done by ——--— Later in the development, the methodology was transferred to ———
~—amd “partially validated” for use in one study:
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Analytical Site Used Study Number
~ 102
i C — KI-103,1105, 1106, 1107,1108

Analytical-Methods

In general following sample preparation, either plasma or urine samples were spiked with —=—
~————— IS and were extracted by ___ " witha ———— MPC-

standard density 96-well extraction plate. The extracted samples were analyzed by reversed-

phase HPLC witha- —— " mass spectrometer. Positive ions were monitored

in the multiple reaction monltorlng mode. Quantification was by peak area ratio. The regression
type was linear analysis with a 1/x” weighting.

2.6.1 Were relevant metabolite concentrations measured in the clinical pharmacology and
biopharmaceutics studies?

Yes, in this NDA the sponsor followed the parent compound. This decision was based on the

results of the radiolabeled mass balance study (MNTX-102) which demonstrated that the parent

compound was the predominant species present in the blood and urine:

Relative abundance of methylnaltrexone metabolites in urine and feces

MNTX Metabolite® Percent of Dose
Urine Feces
11-24 Hours Post 3-168 Hours Total”
doze Post dose
Mean {= 3T Eadiodose Excrated 43.8=17.2 173262 51.2
M&ﬂr lnalmemﬁe f{x{%\’i‘}{; S L R SE4R R
TAT (Methyl-nalienol Sulfare] A 0.9
M2 (ethyinaitrexone Suifate) 1.26 135
k3 {Dibypdroxy-methyl-§-naltrexel} 404 c04
hE4 dethyl-S-naltvexol Isomer) 425 508
b5 dathyl-6-nalirexol Foomer) .74 023
Total” 415 125 56.0°

ND Mot detected.

a  Tentatively idenvifiod e LCYS spalysiz.

¥ Recovered mdicdose for 0-24 howr urins and selscted feres samples pver §-96 hour post dose.
€ Inchides Bubject 03 (jocomplete collections)

Of the other metabolites M2 is roughly equipotent with parent, but it is present at much lower
levels while the other metabolites in animal models of opiate potency have much less binding
affinity to the opiate receptor.
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2.6.2 For all moieties measured, was free, bound, or total measured? What is the basis for that
decision, and is it appropriate?

Total MNTX concentrations were measured in the plasma. Equilibrium dialysis studies showed

that MNTX is less than 20% protein bound. As free MNTX is the predominate circulating and

active species, it was appropriately chosen as the analyte of interest for this NDA

2.6.3 Were the analytical procedures used to determine drug concentrations in this NDA
acceptable?

Throughout the NDA problems were encountered with the quantification of low levels of MNTX
in plasma. As part of their methods validation, quality control samples at six concentration
levels (0.05, 0.15, 5, 90, 150 and 225 ng/mL) were prepared. The LLOQ QC was the same
concentration as the lowest calibration standard, the LOQ QC concentration was <3 times the
concentration of the lowest calibration standard, and the high QC was close to the concentration
of the highest calibration standard. The remaining QCs were distributed evenly between the
lowest and highest QC on a log scale. During assay development/ validation, the follow results
were obtained:

Interday Precision and Accuracy of N-Methylnaltrexone in
Human Plasma

Caoncentrstions
Avatysis [yg/mil
Date &.13 3 ou 130 23

N 28 36 30 38 3
Keaan 0.148 4624 86.955 145008 234344

By 0018 .394 1.840 3.825 13.877
Eoay 132 4.2 z1 27 &3
9% Diff -1.3 1.E 34 -3.3 4.7

These results compare favorably to those observed in study MNTX 103:

Cluality Control Inter-batch Precision and Accuracy- Plasma

0,150 ngimb 3.00 ngimbL 7540 ngimlL
Mean. {.1588 2.7461 720425
CV% 39.86°9 379 541
REY% +5 .87 -B.46 -3.84
M 18 18 16
N = coefficient of variation; QT = quality control; RE = ralative deviation fron found and theorefical

concenirations. '
a One of the 16 GC samples was approximately theee-fold higher than the others. This accounts for the
reported %CY of 238.88%. Because the curve met the slandsrd and QC acceptance criteria, i was included
in the data set. Without including this GC sample, the %CV for the remzinder 15 samples would be less
than 15%. Reference #13

A closer inspection of this data does, however, show the presence of a high value that was 3x the
expected concentration at the lowest control. This is an interesting finding in that throughout the
NDA it was noted that there were occasional anomalous values reported at low concentrations.
While this data is from Study 103, a similar pattern was seen in the validation report for Study
1105 and the rest of the NDA. In that study(1105) out of 22 runs to measure a standard
concentration at 0.15 ng/ml MNTX, 40% (9/22) did not meet the —_—
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deviation). In some cases, the back-calculated concentration was deviated more than ten times
from the nominal concentrations such as 2.4 ng/ml for 0.15 ng/ml and 3.9 ng/ml for 0.05 ng/ml.

This point is relevant as throughout the NDA the sponsor’s consultant (
rejected some subject’s data as the presence of high “unexpected” plasma concentrations at the
end of the plasma level time curve resulted in poor computer “fits” of the data. This has
previously been discussed in detail in this review in relation to the data from the hepatic and
renal impairment studies (MNTX 1107 and 1105, respectively). Given what appears to be the
presence inconsistent reproducibility at low concentration, it would have been better to select a
more stable LLOQ or manually evaluate the goodness of fit rather than relying on the computer
for interpretation. While it is unlikely that this represents a fatal flaw to the analytical method, it
does raise the issue of the wisdom of selection the LLOQ at 0.05 ng/ml and the over-reliance on
computer methods and a lack of oversight of the analysis, per se. These issues have been raised
with the sponsor in communications on this NDA during the review cycle, —————__

e

B = e - -

_\___—/_—

Analytical-Conclusion

While there is a concern about the selection of LLOQ for MNTX, we do not believe that it
represents a major stumbling block to the assay. In general the selection of controls and
preparation of standard curves is appropriate and adequately documented. The assay could be
improved up as indicated above, also by validating the ability of the assay to discriminate
between MNTX, naltrexone, and 6-B-naltrexol (the prlmary metabolite of naltrexone). These

issues have and will be raised with the sponsor in

e

3 Detailed Labeling Recommendations
At the present time detailed labeling recommendations are being deferred as labeling
negotiations have been deferred until the submission of the pending TQT study.

4 Appendices
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Appendix-General Studies

Page #

MNTX-102-

An Open-Label, Phase 1, Single Dose Study of the Pharmacokinetics, Mass Balance
and Disposition of Intravenously Administered 14C-Methylnaltrexone in Normal,
Healthy Volunteers

34

MNTX-103- ‘

An Open-Labe] Phase I Study of the Pharmacokinetics and Bioavailability of
Single, Ascending Subcutaneous Doses of Methylnaltrexone vs. an Intravenous
Dose in Normal, Healthy Male Volunteers

40

MNTX-206-

A Phase 1 Urodynamic Study of the Opioid Antagonist Naloxone and Intravenous
Methylnaltrexone to Reverse Opioid Effects on Bladder Function in Healthy
Volunteers

45

MNTX-3200K1-103

An Open-Label, Single-Dose, Randomized, 2-Period Crossover, Bioequivalence
Study Between the Current Formulation and the New Formulation of MOA-728
Administered Subcutaneously in Healthy Subjects-(Aug. 3 Submission #4)

49

Special Population Studies

MNTX 1105-

Phase 1, Open-Label Study to Evaluate Single Dose Pharmacokinetics, Safety, and
Tolerability of Methylnaltrexone (MNTX) in Subjects with Impaired Renal
Function

54

MNTX-1107- :

Phase 1, Open-Label Study to Evaluate Single Dose Pharmacokinetics, Safety, and
Tolerability of Methylnaltrexone (MNTX) in Subjects with Impaired Hepatic
Function

60

Safety Studies

MNTX-1106-

A Randomized, Double-Blind, Placebo/Positive Controlled Evaluation of the
Effects of MNTX on ECG Parameters and Cardiac Repolarization in Normal
Volunteers :

65

MNTX-1108-

A Phase I, Randomized, Open-Label, Active- and Placebo-Controlled Parallel
Group Study of the Effect of Subcutaneous and Intravenous Methylnaltrexone on
CYP450 2D6 Activity in Healthy Extensive Metabolizers of Dextromethorphan

68

Labeling

Original Proposed Labeling (3/20/2007)

73
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STUDY MNTX-102
Title: An Open-Label, Phase 1, Single Dose Study of the Pharmacokinetics, Mass Balance and

Disposition of Intravenously Administered /4C-Methylnaltrexone in Normal, Healthy
Volunteers

Study Site:

/

Clinical Lab:

-

Overview

This was an open-label, non-randomized, single-dose study conducted at a single site. SIX
healthy adult male human subjects were assigned and treated as a single group. A single
intravenous 0.3 mg/kg (99.975 pCi) dose of "C-MNTX was administered to each subject
followed by serial blood sampling and cumulative urine and feces sampling for 120 hrs post-
dose. In addition, expired CO, sampling was done for 8 hrs post-dose according to the following
schedule:

Analvytical Lab:

Sampie Day1 Day2 Day3 | Day4 | DayS | Day$

D ¢predoze}, 2, 5, 15,30, 45 min

i 3

Blood 115,2.3.4.5.6.8 10, 12, 16k 24,36% 48h nh %6 126
X \

Totai Uring G242 2448k | 48-72h | 7296k | 96120 | ©
Collection”
Total Stool p - I
Collection’ 6-24h 248k | 48-72h | 7296k | 06-120- ¥
Expired €Oz G-8 h (zee defails below) | — — . — - -

{13 10-mL aliguots were collected from forearm vain in arm conra-lateral 1o that uzzd for dosing, into lavender top (BGEDTA preservative’ — The stopper was removed, snd two

.50+ mL aliquots of wbo[e blood were gansferred to lobaled scintiliation vials, and frozen upsight at -20° C. Remaining blood was centifuged, and zppxtmmateh equal portions of the plasma

£

5 d via disposable slass pipet o two kzbeled, sorew-cap polypropylens tubes, and frozen upright at ~ -20° C. were stored in ice water between diawing and

XGC&::RZ.
{3 For each vol fotal collections during ach indicated tma period were pooled in 2 single, poly lene or glass inar and sfored reff; d during aach collection period. Upon
Jetion of the zoliection inferval, ware mixed well, the volume measured =3 mal, and three 50-mL aliquots transferred to icbeled, WESC eontainers, and fozen at ~ -20° C.
Ambulatory collections ware kept eold as nuch 25 possitle.

{3} Total stool for each Ixsationwas collected tely dwing the § its specified. Time and date of each laxation were recorded {as obisined from subject’s diary for avsbulatory wisits), and

individual stoels were not pooled over 24-hperiods. Samples wers label and stoyed at ez -20e C.
{4} Excreta ware collected at the end of the 128 b post dose terval unless deemad incomplete.

Expired CO; Samnple Collections — Day 1
Period Post Dose I 04h | 48h
Collection Intervals | q1 Srain | 30min

Subjects were confined under supervision in the clinical facility beginning ~12 hr prior to dosing
(~8pm). After administration of a single i.v. dose of study drug, subjects remained confined and
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under supervision until 48 hr post dose for blood sampling and collection of excreta. All
subsequent sample collections and assessments were performed on an ambulatory basis at 24-h
intervals until study completion.

In any event, to avoid environmental contamination, all participants who received any dose of
“C.MNTX, remained confined under supervision until the investigator considered that residual
radioactivity had been cleared sufficiently to avoid risk of exposing others. The total, whole-
body radiation exposure (0.156 MeV B-emission) expected for subjects participating in this study
was estimated to be 0.21 REM, based on the results of a "*C-MNTX tissue distribution study
conducted in Sprague-Dawley rats (contained in the pharmacology section of this NDA). This
constitutes ~ 4.2% of the total annual exposure (5 REM) permitted by FDA in such clinical trials
and ~7% of the total exposure (3 REM) permitted by FDA from a single dose of radiolabeled
material.

The demographics of the study population are summarized below:

Tahle & Screening Demogzraphics by Subject

Elbow

Subject Age  Height  Weight Breadth

Number Gender TRace {yemrs) (cm) (kg {cmm) Frame Size
01 . Idale Capcasian 21 174.5 a7.1 .20 Medmm
e Male Cauncasian 19 178.0 840 125 Medinm
03 Iale Cancasian 27 1735 185 FRLY hMedmm
04 Male Capcasian 20 174.0 86.5 720 hedinm
a3 MMale Cancasian 23 172.0 TR 5.50 Samall
06 hdale  Asian 22 1675 66.6 6.30 Smatl

hlean = 5D 22228 1733435 796284
Median , 22 1738 T83

Reference: Table 14.1-1.

Results

After intravenous administration of MNTX, concentrations of both unchanged drug and total
radioactivity in plasma and blood declined in a polyexponential manner, with a relatively rapid
distribution phase followed by a slower terminal phase. In all subjects total radioactivity in both
matrices declined to below the limit of quantification after 24 hours post dose. Concentrations of
MNTX were still detectable in most subjects at 48 hours.
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’ Plasma Total Plasma “Total Whole Blood
Metric nits MNTX Heaprx HeMRTX
Lo {ngiml® 1151 (305 1183 (280 46 {13
S ¢hy D000 (0.0500, 0.1005 00500 (00500, 03005  0.0560 (5.0500, 0.100)
AL, {npiml s 368 {44 2241 7Y
AU, {ngebinl)® W05 524848 WOn
AV, {ogrhinl? 32 E k4] 4R 110% W
% i‘jﬁg;f;a d %) HEE LR kT Fe e E4 B2 2300
* {1 SREAXLH1T 0,133 {0.081) gi3Gmn
tia iy $89 159 8130227 5.5) (09T
Ve L&g) F92{158 2831065 438 10.3%)
€l {mLimin'ks) 05415 3330031 Wigh
Ty Gl fmintkg) 537 (300 3.01 (0.54) HA
Na=not applicable

¥ Median {oain, max) shows F0r 5,
Y upirs for MOMRTH are np squivalens r3ther fon o

The results of the study indicate that MNTX is rapidly absorbed from the site of administration
as evidenced from the extrapolated values for both Tmax (0.05hr or 3min) and Cmax. The mean
volume of distribution of MNTX in plasma was 7.92 L/kg, indicating that MNTX is distributed
extensively outside the central compartment.
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Figure 2: Cumulative Mean Percent of Dose and Radtodose Excreted in Urine

Renal clearance for MNTX accounted for
approximately 60% of the total plasma

‘clearance, suggesting appreciable non-renal

elimination. The renal clearance of MNTX
(6.37 mL/min/kg, 446 mL/min for a 70-kg
man) is greater than the _glomerular
filtration rate, 125 mL/min (7.5 L/hr) ,
indicating that active transport plays a role
in the renal excretion of MNTX. Excretion
of MNTX and total radioactivity in urine
were generally similar, with mean total
percent recovery of 58.6 and 53.6%,
respectively. These results indicate that
most of the radioactivity excreted in urine
represents unchanged MNTX
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Figure 3. Mean Percent of Administered Radioactivity
Excreted in Urine, Feces, and as *CO,

Note: Subject 3 exclnded from urine and total recovery due to incomplete urine

collection.

Mean total percent recovered in feces was
17.3%. Exhaled CO, accounted for less
than 0.08% of excreted radioactivity in all
subjects. Most of the radioactivity in urine
was recovered in the first 24 hours post
dose. Mean total percent of radioactivity
recovered in urine and feces together was
70.8%, with the majority occurring in the
first 48 hours post dose. The reasons for
incomplete recovery of total radioactivity
were not clear and no conclusions were
offered by the sponsor. The two most
likely cause of incomplete recovery is
incomplete urine and/or fecal collection
(as seen with subject #3) and deep
compartment sequestation of radio-

labeled MNTX.
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Mean recoveries of MNTX and total radicactivity in urine, feces and expired air

Collection Total 23 MNTX Becoversd Total 3% Radioactivity Recoverad
Interval
e Urine Tirine Feces Exhated CD, TFotal
§-24* 374 36.3 3.52 D.O558 539
2448 0.559 238 §.72 M 2.10
43-72 0.105 0.358 432 HA 518
7188 0.0604 0244 2.10 Na 234
96-130 00267 0,134 08733 fok:1 0.20%
120-144 00398 0 00387 NA 0.0387
L44-188 Na MNA 0.240 HNA {.240
(A (Bu®)  (Ae®) (Beo®)
Total® 58.56(18.3)° 536 (6.2 17.3(6.2) 00556 (D.0184) 70985

WA — Ko zample was takea

*CO. was colleoizd 0-8 b post doze

U Mean (5D of individnal totsks

* Excluding Subject 93 (incomplete coflactions}.

Metabolism

The mean plasma AUCO-12 ratio of unchanged MNTX to total radioactivity was 0.59. Because
the relative proportions of radioactivity and unchanged MNTX recovered in urine were
comparable, the AUCO-12 ratio likely reflects minor pharmacokinetic differences (e.g., volume
of distribution and clearance) between parent drug and metabolites. Overall, approximately 50%
of the recovered radio-label was present as unchanged MNTX.

Relative abundance of methylnaltrexone metabolites in urine and feees

Parcent of Bose

MXTXMetabalite™
Urine Feces
8-34 Hours Post 3-188 Hours Total®

doze Post dose

Mean {+ $D% Radiodose Excrated 43.9+17.2 173282 612
I ﬁz@éﬂigr]i:alﬁféﬁio;ﬁe QINTH) 0 0 e D oi4gs ]

MI (dethyl-8-naltraxe] Sulfate) .14
342 (Meathylnalirexons Sulfate) 1.35 ND 128
3 {Dibydroxy-methyl-5-maltrexocl) 0.04 ND 2.04
33 (Methyi-S-naltrexol Isomser) 425 G.83 548
M5 (Methyl-S-paltrexol Inonmr) 874 024 098
Total® 433 125 56.0°

WD Mot detectad.

3 Tentstively identified by LOMS sealysis,

b Fecovered rediedose for 0-24 bour wrine and selectad feces samples cver §-98 hour post Jose.
¢ Jachdes Sabject 03 (incomplete collections)
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Conclusions
Based on the results of this study, the following metabolic scheme is proposed for MNTX.

Proposed bietransformation pathway of methylealfrexone in human

MNTX is quickly absorbed into systemic circulation following SC administration. It is highly
distributed (as evidenced by a Vd of appox. 8L/kg) and the levels of total radioactivity in plasma
were roughly twice as high as levels in whole blood, indicating that MNTX is not bound to red
blood cells or other whole blood components. It is primarily eliminated in the urine as
unchanged drug with lesser amounts of radioactivity being excreted into the feces.
Approximately 60% of the administered radioactivity was recovered with 5 distinct metabolites
being resolved, none of which being detected in amounts over 6% of total. Of the metabolites 1
of them (M3) was only detected in 1 subject and then a very low amounts only. Limitations of
this study include the lack of complete recovery of the radioactivity and the potential impact of
depletion of sub-cutaneous fat stores in end stage cancer patients and its potential impact on SC
absorption. This latter issue is not so much a limitation of the study itself but in the ethical issues
of doing such a study.
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Study MNTX-1103
Title: An Open-Label Phase I Study of the Pharmacokinetics and Bioavailability of Single,
Ascending Subcutaneous Doses of Methylnaltrexone vs. an Intravenous Dose in Normal,
Healthy Male Volunteers

Objective: The purposes of this study were to determine the plasma pharmacokinetics and
urinary excretion pattern of single, ascending, subcutaneous doses and a single intravenous dose
of methylnaltrexone (MNTX) in normal healthy male subjects, and to determine the relative
bioavailability (dose proportionality) of single, ascending subcutaneous doses of MNTX and
their absolute bioavailability vs. a single, intravenous dose.

Study site:
Bioanalysis stie: Q D

Subject: A total of six subjects were enrolled in the study, and five subjects completed the study.
All six subjects were considered for safety evaluation. Pharmacokinetic analysis was based only
on the data from the five subjects who completed the study. :

Study design: A four-period crossover design with a seven-day washout period and the same
treatment was given to all subjects in each period in order of dose administration as follows:
Dose 1: 0.30 mg/kg, IV
Dose 2: 0.10 mg/kg, SC
Dose 3: 0.30 mg/kg, SC
Dose 4: 0.45 mg/kg, SC

PK sampling
Table 8.5.4:2 Sampling Schedule for Dose 4: 0.30 mg/ky, Infravencus {(IV)
Samples Day 4 Bay 2-3 | Day 34
Biood' | 0] 2y | pon | o I 2| & 1hr| 5 Lon | s | ane |ene [ B 12| q6nr | 26m0 | a8t
. 2448 hr
Total Urin 2
Cofie ctionex“ Predose™ and §-6 ir 812t 1224 hr P 85_1;1; o
Fable 9.5.1:3 Sampling Schedule for Dose 2-4: 0.10, 0.30, and 0.45 mg/kg, Subcutanecus
Days
Samples Days 15, 22, 28 1617, 23.24, | DAys16:47,
2431 24-25,31-32
1 15 | 3D | 45
Bloed O | win | i | eoin ]ﬂwr 15hr 2m|3hrl 4hr I 6hr | 8hr l 12hr | 16br 24 hr 43 h?
Total Urins 2448 hr m
Cotin cﬁmﬁ_ Predoss® and 0-6 hr 5-12hr 12-24 hrt 2872 h}“’

1 7wl aliguots collacred foovr: forexm vain fa anncontalxara 1o that wsed for dosing. Bither dromn inve 2 Tavesder top FGEDTA preservative} ™ ———mtor Ztaan by SyTnze mmd fonsbazad to 2

J&nm&mgxé ;\_ cemirifiged. wancfarad plamma with disposable glass piper to labaSad, soew-cap, polyreepyiens vials, and freeas 2 £70" €. For dotails, zee Appendic 5 of Frotce!
dpaendiz 1613y

Totat coliections dvning exch tire pariod indicared, pooked i single, plasic or gitss cantiner for sxch volumpeer i stored refigerated diming anch collecrios period. Upon completon of colbzction.

agervel, conrecs were 10 be wedl mivad, volure nuwaswred =5 mi and 3¢ least thres S6-mE. afiquots renoved: 10 labelad, glass of polspropyians NMSC conminers, and frozen at <70 €. Foz deils,

322 Appendis 3 of Protoced {Appendix 1601}

Cozapiated roliection of Aret moming urina sample, Tot tot2l enllection fom approxinaately - 13 0 Ohr:

Ambulatory collection.

[

v

Bioanalytical procedures: MNTX in human K3EDTA plasma was analyzed using HPLC-
MS/MS and the bioanalytical method covered a range of 0.050 to 100 ng/mL.
Reviewer’s comment: The Pharmacokinetics of the metabolites were not studied.
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Pharmacokinetics  analysis:  Pharmacokinetic —metrics were estimated following
noncompartmental analysis of plasma concentration time course data.

Protocol deviations: According to the protocol, the subcutaneous injection site was to be
documented for Periods 2-4 but no documentation completed for the dosing event. The SC dose
was supposed to be given in the inner thigh.

Subject 2 had positive test for drugs of abuse at Period 3 check-in and did not complete all 4
periods and was excluded from the pharmacokinetic analysis. The nature of drugs of abuse was
not reported.

Results-Pharmacokinetics:

The plasma concentration-time profile of MNTX exhibited multi-compartmental behavior
following IV and SC administration. The Cmax was achieved around 0.3-0.45 hour post-dose and
the terminal half-life ranged 6.14 to 8.83 hr independent of dose and administration route. The
AUC at 0.3 mg/kg of MNTX given by IV and by SC was 379.8 ng/ mih and 303.2 ng/ mlh,
respectively. The AUC of MNTX increased in a roughly dose-proportional manner with an
increase in SC dose of MNTX.

Figume 14.5.7.
Mean Dose -Nommatized AUCG-t} Versus Dose with 95%5 C1 for Mean

1400

1200

1000 |

ATCO-5D0se

800 —

6Og

400
0.10 030 045

SC Dose MNTX
(mgke)

The absolute bioavailability of MNXT SC administration compared to 0.3 mg/kg MNXT IV
administration was 0.6, 0.82, and 0.99 after 0.1, 0.3 and 0.45 mg/kg of SC administration,
respectively.  The renal clearance of MNTX was greater than renal creatinine clearance
indicating active renal secretion of MNTX. Following IV dose of MNXT, the fraction dose of
unchanged urinary excretion of MNTX (fg) was 43.5% and it accounts for less than half of the
total elimination suggesting appreciable non-renal elimination. Notably, fz increased at higher
dose of MNTX such as 24.3% and 50.5% after 0.3 and 0.45 mg/kg MNTX SC administration,
respectively. While the underlying mechanism is unclear, slight deviation of AUC and Cmax
from a dose-proportionality may possibly account for the variability of the increased urinary
excretion of MNTX at higher dose. It is also conceivable to hypothesize that the self-induction
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of active excretion at a high dose of MNTX. Nonetheless, the small number of subjects (n=5) in
study MNXT 1103 cautions the interpretation of the results. The sponsor stated that the
mechanism of atypical urinary excretion would be addressed but no further studies were
conducted and urinary excretion at different dose levels was not evaluated in other PK studies.

Pharmacokinetic metrics estimated by noncompartmental analysis of plasma concentration
time course data and cumulative urine data

0.30 mg/kg 0.10 mg/kg 0.30 mg/kg 0.45 mgikg
v sC SC 8C
: ‘ Mean (SD)

Crmax {ng/mb) 10086 {190) 47.5 (12.3) 197.0 (47.0) 317.0 (82.0)
AUC; (ng/mLYh 378.6 (52.3) 72.1{10.4) 301.9{42.5) 544 .0 (33.9}
AUC. (ng/mL*h} 379.8 (62.9) 73.3{10.8) 303.2(43.14) | 5457 (34.8)
tmax () 0.06 (0.01) 0.45 {0.21) 0.30(0.11) 0.45(C.11)
e (B} 7.81{1.17) 6.14 {0.88) 8.04 (1.87) 8.83 {0.85)
Cl  (Lhikg} 0.80 (B.11) - - -
CiF  (Linkg) - 1.39{0.21) 1.00 (0.14) 0.83 {0.05)
v {L’ka) 9.05(1.81) - - -
VIF  (L/kg) - 12.3(2.1) 11.7(2.9) 105 (1.1)
F - 0.60 (C.07) 0.82 {0.08) 0.99 (0.14)
fr (%) 43.5 (7.1 25.6 (4.0) 24.3{(4.2) 5054.1)
Clr  {mb/min) 401.8 {(88.6) 397.5 (84.0) 270.6 (44.8) 469.5 (59.3)
Data source: Tables 14.2.2.1, 14.22.7, 14223, 14224

Mean Plasma MNTX Concentrations versus time (semi-log scale)

Mean Plasma MNTX Concentrations Versus Time

(Semi-log Scale)
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Mean (S.E.) MNTX Cumulative Urine Amount Versus Time

E—8 A A Single 8.30 mg/kg IV Dose 6f MNTX

€0 G-+ B:ASingle 0.10 mg/kg SC Dose of MNTX
: @ —9 C: A Single 0.30 mgikg SC Dose of MNTX

&— A DA Single 0.45 mgikg SC Dose of MNTX

MNTX Cumutative Urine Amount as % Dose

T T T
[} 8 12 18 24 30 36 42 48 54 €0 55 72 78

Hours from Dosing

Treatments 8, C, and D are shifted to the right for ease of reading

Project AAO737
[

Results-Safety:

Total 10 AE episodes were reported and two subjects (subjects 3 and 5) experienced multiple
AEs. There were no SAEs, no discontinuations because of AEs, and no deaths during the study.
No subject required concomitant medication administration for AE resolution. Excluding one
moderate episode of insomnia, all AEs were mild in severity.

1) Treatment Emergent Adverse Effects
Adverse Events Treatment

i

Treatment
0.30 0.10 0.3¢ 0.45 Total
mgfkg mglkg mg/kg mgikg
v sC SC sC
Subjects Dosed 6 8 5 5 6
AE Episodes 3 8 0 1 10
Subjects with AEs 3 G f 3
Headache 2 1 0 1 2
Neck pain 0 1 G 0 1
Nausea 1 0 G 4] 1
Insomnia 0 1 0 0 1
Somnolence 0 1 ] 0 1
Pruritus 0 1 0 g 1
Rash 0 i 0 4] 1
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Of the four headache episodes reported, three were considered either possibly or probably
related to study drug. One subject required application of an ice bag for treatment of a headache.
Following the 0.30 mg/kg IV dose, one subject experienced nausea either possibly or probably
related to study drug. Subject 3 experienced the AEs of rash and pruritis on the upper arm
following the 0.10 mg/kg SC dose; this episode lasted for more than seven days. It is unclear if
it was at the injection site because the actual injection site was not documented. All other AEs
were resolved in less than 48 hours.

2) Vital Signs, physical findings and other observations related to safety

Subject 4 experienced an elevation of AST and ALT and likely exercised-induced creatine
kinase elevation to 8335 U/L at Period 2. Subject 5 had abnormal Alkaline phosphatase level
from the screening (176 U/L) and through out the study period. It was not considered clinically
significant by the investigator.

Four of the five subjects (subjects 1, 3, 4, and 5) experienced a pulse increase of 13 to 24 bpm
with the position change from sitting to standing one hour following the 0.45 mg/kg dose. At the
one-hour postdose time point, only two of these five subjects (Subjects 4 and 5) experienced a
standing pulse increase from baseline of > 10 bpm and none of the five subjects experienced
corresponding orthostatic blood pressure decreases. Orthostatic pulse increases were not noted at
the remaining postdose time points.

The sponsor’s conclusion

MNTX administered as a single 0.30 mg/kg intravenous dose and single subcutaneous doses up
to 0.45 mg/kg appeared to be safe and well tolerated by the healthy male subjects in this study.

Reviewer’s comments

This study mainly contributed to determination of the absolute bioavailability. The renal
clearance of MNTX is higher than normal GFR by about 3-4 folds suggesting that the renal
elimination of MNTX involves active renal secretion. Also MNTX is a quaternary amine
compound and quaternary amine compounds are known to be actively secreted via the same
transport systems which transport other drugs including morphine. It is unknown that if
concomitant administration of MNTX affect morphine clearance. Potential drug-drug
interactions with concomitantly administered drugs which are eliminated by kidney should be
addressed. The explanation for atypical urinary excretion was not provided by the sponsor.
While it may have possibly been resulted from incomplete urine collection, notably AUC of
MNXT was not compromised despite the increased urinary excretion of MNTX.

44



STUDY MNTX-206

Title: A Phase 1 Urodynamic Study of the Opioid Antagonist Naloxone and Intravenous
Methylnaltrexone to Reverse Opioid Effects on Bladder Function in Healthy Volunteers

Primary Investigator: ~—— e —
Study Site: \
Clinical Lab: /

Overview

The present pilot study was designed to explore the potential benefit of MNTX __

— The study was designed to test the hypothe51s that a
significant proportion of opioid-induced changes in bladder function, (measurable as detrusor
pressure [Pdet] or maximal force of bladder contraction), are due to activation of peripheral
opioid receptors and can be reversed by MNTX.

It should be noted that his study was not done with the to-be-marketed subcutaneous
formulation, but with the IV formulation which - i -
- It is included in this NDA package as part of the demonstration, on a mechanistic basis,

of the

Study Design and Methods

This was to be a single-center, double-blind, randomized, placebo and active comparator-
controlled phase 1 pilot study of the urodynamic effects of the opioid antagonists MNTX and
naloxone in healthy male volunteers who had received a short acting opioid, remifentanil
(REMI). A hybrid, 3-drug, 2-period crossover design was to be used. During the screening visit,
subjects were to undergo screening tests including a review of medical history and physical
examination. Although the protocol specified recruitment and randomization of 15 subjects, it
was assumed that 2 or 3 would be unable to void following opioid administration, yielding an
ultimate sample size of 12 or 13. In practice enrolled and randomized subjects (#10, #14) failed to
void.after catheterization at baseline and were discontinued before receiving study drug. One additional
subject (#2) was withdrawn due to a failure to void at session 2 after completing 1 session (naloxone).
Therefore, the study was able to reach is powered study size of 12 to complete all phases of the trial.

Subiect Groupings Xumber of Subjects
Screened 13
Errclied and randomized 13
Berstved st lesstone dose of smudy dmg i3
Withdrawn befoee receiving st least one doza of study dmg 2
Evalazved for safety I3
Exaluated for efficacy 13
Completed stady 12
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The study period was to consist of 2 sessions separated by at least 1 week. Assignment to a study
drug sequence per session was to be made using a randomization schedule. During each session,
urodynamic measurements were to be made at baseline, during administration of intra-venous
(IV) REMI (remifentanil), after administration of study drug (0.3 mg/kg IV MNTX, 0.01 mg/kg
IV naloxone, or IV placebo [normal saline]), and after discontinuation of REMIL. All subjects
were to receive a single dose of MNTX during one session, and single doses of either naloxone
or placebo during the other session.

Figure 1: Schema of timepoints for arodynamic (Py) measurements

Study Schema
IVS Instillation 1VS Instillation IS Instiltation
\L Remi On lsmdywaeal "Remi OFf"
| _ )l' 1 I al i
1520min  15min 0minA 20min A 1020 min
Urodynamic Urodynamic Urcdynamic
Measurements | ) Measuremenis Measurements
Ppacalingt  Urodynamic “Study Med® "Remi Off"
Baseline'
Measuremenis

l%— Pupil Measurements at Frequent In{'ervais~—-—9'l

For all urodynamic measurements, a 7-French urethral catheter was inserted while the subject
was in a recumbent position. A small rectal catheter was inserted for measurement of intra-
abdominal pressure. The instillation of fluid (saline) and the measurement and recording of urine
volume and intravesicular pressure were performed with the same device /.
- used for routine urodynamic studies at T«

————— . Fluid was instilled at 50 mL/minute, and the subject reminded at 1-minute
intervals to state when he first had a sense of bladder fullness and when he first reported an
urgency to void. The subject was to be asked to void, and Pdet measured (Pdet=maximal
intravesical pressure minus intra-abdominal pressure). If the subject was unable to void
voluntarily, the study was terminated for that subject. After recording baseline Pdet, pupil size
was to be determined using an infrared pupillometer ( —

—_ with an accuracy of £0.1 mm. Ambient light was to be <50 lux, as determined by an
incident light meter held at the subjects face. Baseline pupil size was determined as the average
of three reading that did not differ by >10%.

46



Results-Bladder Effects

Mean values (SD) of Pyx by timepoint and study ding

Timepoint: and fimepnint chanses

MNTX (=12}

[ Lower 9345 CL | Dpper 958 CL

Basaline Pdet 488 18.87 368 50.8
REMI Pdet 124 25.51 -3.6 288
Study dmg Pdet 322 38.57 -2.3 467
Final Pder 388 18.38 271 0.4
Chaege post-RENE 383 2093 -2 8 -238
Smdy-dmg changs Fom REMI 9.5 03 4.4 346
Raverssi change from REMI 262 2309 134 389
Final change from baselina -18.1 i4.71 -184 0.7
Xalpzone (=7}
Bazstine Pdet 1.4 3433 309 228
REMI Pdet 31.1 2828 41 -
Smdy drag Pdet 617 27.69 36.1 873
Final Pdet 378 24.55 43 07
Change post-RENI -38.3 38.88 -56.2 57
Study-drag change from REMI 306 3743 4.0 f52
Reverzal chauge from REMT 3.9 2757 -10.6° 3r4
Final change from baseline 244 | 3145 =335 43
Placebo {u=0)
Haseline Pdat 46.3 1195 338 589
REMI Pdst o0 o.08
Brady drag Pdet 30 .08 . .
Final Pdat 453 3495 202 7.3
Change post-REMI 453 11.96 -588 -33.8
Study-dmg change frorm REMI o0 £.00 . .
Reversal change from REMNI 48.3 2495 202 735
Fingl changs fom haseline 0.0 31.58 -33.1 3.1

Key: C~confidence tmit; n=mumber of subjects. Note: Missing Py values dae to Inshility to void are replaced for

apalysis purpases with a value of zere ().

Mean Py,; changes by study drug, post-REME and post-study drug from REMI

Change In Maximal Detrusor Contraction by Treatment
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Overall, REMI decreased P4« from baseline in
21 of 25 sessions (84%), and in 12 of 13
subjects (92.3%), and caused complete urinary
retention (defined as Paer=0) in 18 of 25 sessions
(72%) and in 10 subjects (76.9%). REMI did
not reduce Peet in 4 sessions (3 naloxone session
subjects and 1 MNTX session subject).
Decreases in Paet (of any intensity) were
inhibited by study drug administration on 7
occasions in 6 of 13 subjects (46.2%). Of the 4
naloxone session subjects with pre-drug Paet
decreases, all showed inhibition of the effect
(100%) with naloxone. Of the 11 MNTX
session subjects with pre-drug Pee decreases, 3
(27.3%) showed effect inhibition with MNTX.
None (0%) of the 6 placebo subjects with Peet
decreases showed any evidence of inhibition of
Pi:  reduction after placebo  (saline)
administration.



Results-Pupillary

Mean values (3D) with CIs for eye pupil measurements by timepoiat and study drug

Timepoint | Mean (mm) | SD [ Lower 95% CL | Upper 55% CL
MNTX

Bazelive scan (=12 6.7 338 §.2 T2
Scan post-REMI, pre-shedy drag (8=11% 22 349 | 1.9 23
Scan 19 min post-study drag 1=5) Z.B .80 2.2 33
®  Scap change post-REMI {o=11} 4.3 .58 -5.0 -3.1
®  Scew chenge 10 min post-study dmg (o=0) 0.5 0.74 =0.} 5.1
Naloxone

Bassline scan (2= 4.8 1.04 5.8 7
Scan post-REMI, pre-study dmg (n=4) iy 230 1.3 33
Scan 10 min post-stady droag {e=8) 32 149 3.8 5.8
®  Szan chenge post-REMI {o=4) EX) 1.07 -5.1 27
&  Scouchange 10 min post-chedy dmg (n=1) 29 148 G 32
Placebo

Baseline stan (o=5) 6.2 0.86 58 7
Scen post REMI, pre-study drig (u=6} 23 G.42 1.3 2.3
Sesr: 10 min post-siudy drag (z=8) 2.4 13.58 19 3z
®  Scsn chenge post-REMI {p==6) 4.7 370 5.4 48
®  Seap chenze 19 min poststudy dag (2=5) 3.5 342 00 05

Key: s=muber of subjects who had measurements at specifisd timspoints for ssch smdy druz group; min=minates.

Change In Pupll Slze by Treatment Eye pupil size reversal was defined as a change

10 minutes post-study drug. Across all subjects,
REMI administration caused a mean pupillary
constriction of 4 to 5 mm. Following
administration of study drug 30 to 60 minutes
post-baseline, all subjects receiving naloxone
(100%) showed an increase in pupil size, while
subjects receiving MNTX and placebo showed
no significant increase, suggesting that MNTX
did not cross into the CNS and thus was unable
to reverse the REMI induced effects. By 160
minutes, all three groups showed pupil size
returned to baseline levels

1331 sa2py0 s0e2
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Summary
This pilot study was designed to explore the potential of MNTX  -- . —

—— T — Asa
positive control naloxone, being a pure p-opioid antagonist, successfully reversed opioid bladder
effects, preventing REMI-induced urinary retention during all 4 sessions in which urinary
retention was present. Administration of placebo had no effect on urinary retention. In contrast to
placebo, MNTX reversed urinary retention in 3 of 11 subjects (27.3%). Infusion of the p-type
opioid, REMI, produced ocular miosis in 21 of 21 sessions (100%), and urinary retention in 18
of 25 sessions (72%). While the pure opioid antagonist naloxone successfully reversed all
opioid-induced miosis in all sessions, neither placebo nor MNTX had any significant effect on
miosis. Single doses of MNTX, naloxone, and placebo were well tolerated.

48



STUDY MNTX-3200KI-103

Title: An Open-Label, Single-Dose, Randomized, 2-Period Crossover, Bioequivalence Study
Between the Current Formulation and the New Formulation of MOA-728 Administered
Subcutaneously in Healthy Subjects

Study Site:

Analytical Site:

Objective: :

The purpose of this study is to determine the bioequivalence between this new formulation and
the current refrigerated formulation and, in a secondary fashion, to obtain addition pk and safety
data on the subcutaneous administration of MNTX. It should be noted that the sponsor was
previously advised by the FDA that this study was not necessary for approval and was actively
discouraged from conducting this study as, from a clinical pharmacology standpoint, the study
represented unnecessary human research [21CFR320.25(a)(1)]. The sponsor, however,
maintains that this study was required for international registration of the new room temperature
product.

This is an open-label, single-dose, randomized, 2-period, 2-sequence crossover, inpatient/out-
patient study in 28 healthy subjects (27 completed all phases, 1 did not return and was lost to
follow-up). The study events and sampling times are summarized in the following table.

Study Day | -I 1 2 3
Study Hour 20| 0 6083|025 (0310675 1 [15) 2 |[3[s]6 ] s 12 6 [2436] 48
Inpatient admission X X
Physical sxamination x* X
Pregnancy test {f-HCG) for women | X° X
Urtine diug screen 3P
Laboratory avaluation® p4 X X X X
Vital sizns’ X X X X X X X X
ECG (12-1ead) X X X X X| X X
Tezt article admiinistration X
PK blood sample collection X X X X X X|IXI1X XXX X X X XX X
Advarse eveat recording X X
Wonstudy medication moniforing X 54
CPE nunmber peziod 1 2 3 4 3 &
periad 2 3 3 9 10 11
. DBriefphysical zssessment may be performed by muse or physician’s assistant and shonid include weight.
b.  Thess procedwes may be omitied in period 2 if the subjects remain in the unit during the interperiod interval
e H fogy. blood chemistry {fasting or non fasting), aud urinalysis.
_d. Sitting blood pressure, pulse rate, and respiratory rate after at least 5 minutes of rest, and aral tempaerahe.
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Healthy men and women aged 18 to 50 years were eligible for enrollment if all other qualifying

criteria were met. As noted above, a total of 28 subjects were enrolled, the general
demographics of the study population are summarized below:

------ —-Trestment Sequence—e—

Current/New New!{Current Total

Characteriztic {n =14} (n=14) =28
Age {years)

N i4 14 28

Mezn 3150 3150 31.50

Standard dewdiaticn 060 782 .14

hinimumn 1BG0 2000 18.00

Maximunm S50 50.00 3000

Median 283D 29.00 2500
Sex, n %)

Famale 4 {28.57) 32143y T{23.00)

Male 07143 11 {78.5T) 21 {75.060)
Race, n (%

Biack or African Amarican & 342143} 3{10.7%)

Oiher : R AEALY 10714 2{7143

White 11 (9288 10:¢71.43) 23 (B2.14)
Ethuir onizin, n T}

Hispante or Latine (714 3{31.43% 4 {1429}

Won-Hizpanie and non-Latine 13 (9286} 1L 78.5T 24 {85.71)

Upon entry into the study unit, an overnight fast was imposed so that no food was taken within at
least 10 hours before administration. Water was not be permitted in the 2 hours before and 2
hours after administration which occurred at ~8am when a 0.15mg/kg SC dose was administered.
Standard medium fat-meals, served according to the clinic’s schedule, were provided 3 hours
after test article administration.

Formulations Used
As indicated above, the objective of this study was to demonstrate bioequivalence between the

original Phases 1-3 refrigerated formulation with a room temperature stable product. The
original formulation was S~

~

C/ T~

B 3 v . According to the sponsor, the product is
stable at room temperature storage conditions.

Component Refrigernted (Phase 3} Room Temperature
Vial glass Amber Clear
Stopper - B

< >

Methylnaltrexone bromide 20 mg/ml. 20 mg/ml
CaEDTA Notused o mgimL
Glycine HC1 Notused \ mgimE
NaCl T mg/ml mg/mlE
pH |35-70 |30-50
Fill volume L — e
Maximmm vohune of injection | 1.0 mL |06mL
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As noted above in the “objectives” section of this summary, the FDA was prepared to give the
sponsor a waiver of in vivo biostudies, as given the route of administration (SC), none of the
changes proposed by the sponsor would have resulted in an expected alteration in in vivo
bioavailability. For this study the following lots of drug were used:

Formulation Manufacturing
Study Drug Strength Dosage Form Number Batch Number Location
MOA-728 for 20 mgimi F ol wial WNPS3TS 204433
5C injection® {amber vials)
2OA-728 for 20 mgml Xl vial 003743 AZ1952
$C injection” {ing vials)

a.  Cument formulation {sfored under refrigeration).
b.  MNew formudation (siored at rocm temperature).

Results-Pharmacokinetic

As was expected the two formulations yielded in vivo biopharmaceutic parameters that were
super-imposable between the two formulations. As this was basically a comparison of two lots
of the same drug substance, a different conclusion would have been almost unimaginable and
again argues that this trial was unnecessary.

Conz AL, AUC, tin toax

Formualation {agimi) {ng-himl) {ng-h/mL) {b) 14}]
Crrrant

Mean T 5D 119133 221%£35 23%36 92425 041

din, Max) {62.6, 157} {163, 333) {168, 335 2.0, 12.4) D08, 1.0y
New

Mean = 5D 127134 218 £37 2037 g4x14 834

(Mlin, Max) {82.9, 188} {165, 333) {172, 335) (6.4, 13.8) (008, 1.0)

Ratios of geometric LS means and $0% confidence intervals”

Ratio of geometic - ; .
18 M 107% 4R 6% 98.4% - -
90% Log- 955 - 101% : -

fransformed CI

98.1-117% 96.2 - 101%

51



Mean Plasma Level Profile New Formulation vs. Phases 1-3 Formulation (ie. Current)
1600 4

100 { 5§

—O— Current
—s7— New

Plasma MOA-T28 Concentration (ngfmb)
B

a~1 T T T ' T T T T T M T M Ll T T T T v T T T T T ‘ M : l.
Time (h)

Results-Safety

In this study, 14 of the 28 subjects (50%) experienced at least 1 treatment emergent adverse
event (TEAE) during the study. All TEAEs were adjudged mild by the supervising clinician.
There were no SAEs, no discontinuations because of AEs, and no deaths during the study.

One subject (103-001-000018) did have an elevated CPK level before, during and at the closure
of this trial. This subject had a CPK of 419 U/L at screening (normal range 35-232 U/L), and 341
and 244 U/L on day 1 before receiving test article (hour -24 and hour -2, respectively). The
subject’s CPK continued to be near the upper limit of normal at all assessment times during
period 1 (252, 207, and 210 U/L). Upon admission for period 2, the subject’s CPK was increased
to 1581 U/L. The subject’s final CPK before discharge was 1022 U/L. The site was unable to
contact this subject to return for a repeat CPK after he was discharged. The relevance of this
subject is hard to evaluate, given that he probably should have been excluded from the trial
anyway due to an elevated CPK at screening.

In addition to this subject an additional subject had ECG findings that were abnormal. Subject
103-001-000015 had a high QRS interval at screening, before administration of test article in
period 1, and at multiple assessment times after administration of both formulations. An
additional subject (103-001-000019) had a high QTc interval at 1 time of assessment (hour 48)
after administration of the current formulation. As for these subjects, again the first subject
probably should have been excluded from the trial and the second one, as the event is isolated
and occurred 48hrs following an SC dose, it is unlikely to be related to the study drug.
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Conclusion

The study demonstrated in vivo bioequivalence between the new non-refrigerated formulation of
MNTX and the clinically studied refrigerated formulation. The pharmacokinetic parameters
obtained in this trial are directly comparable to those from the other healthy volunteer trial and
did not generate any new insights into drug absorption or disposition.

As for generating additional safety data one subject did have elevated CPK levels, however,
these levels were elevated at study entry and they should probably have not been enrolled. The
same can be said for the one subject that had consistent ECG issues, i.e., they were present at
baseline and he should not have been enrolled. All in all, the enrollment of subjects who were
clear protocol violators in terms of safety lab evaluations at entry renders the second stated
objective of this trial (namely the generation of additional safety data) relatively un-fulfilled.
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Study MNTX-1105

Title: Phase 1, Open-Label Study to Evaluate Single Dose Pharmacokinetics, Safety, and
Tolerability of Methylnaltrexone (MNTX) in Subjects with Impaired Renal Function

Objective: .
e To evaluate the pharmacokinetics (PK) of MNTX, administered subcutaneously
as a single dose in subjects/patients with impaired renal function, compared to the
PK of MNTX administered to healthy controls.
e To evaluate the safety and tolerability of MNTX, administered subcutaneously as
a single dose, in subjects/patients with impaired renal function.

Study site: "~ ‘/, S
L

Bioanalytical site:

=

Subject: A total of 32 subjects/patients were dosed and analyzed: eight (8) patients with mild
renal impairment, eight (8) patients with moderate renal impairment, eight (8) patients with
severe renal impairment and eight (8) normal healthy subjects. Normal subjects were chosen
after all renalli-impaired patients had been enrolled, using demographic criteria to assure
comparability with the renally-impaired patients with respect to age, weight, and gender.
Subjects/patients were healthy or had mild, moderate, or severe renal impairment as determined
using the FDA-recommended Cockcroft-Gault equation and confirmed by measurements of 24-
hr creatinine clearance.

Reviewer’s Comment: Majority of normal subjects (7/8) and patients with mild renal
impairment (6/8) was Caucasian but majority of patients with moderate or severe renal
impairment was black (5/8). The effect of unequal distribution of racial background is unknown.

Study design: This was an open-label, multi-center, non-randomized, single-dose study. Each
subject received a single, 0.30 mg/kg, SC dose of MNTX following an overnight fast and
- followed by an additional 4 hours with water ad libitum two hours post-dose.

Reviewer’s Comment: It was not necessary to fast subjects for an additional four hours since

food intake does not affect S.C. administration of drug although the blood chemistry may be
affected.
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PK sampling

Table & Sampling for plasma pharmacekinetics and nrinary excretion pattern
Samples Days 1 through § {Hours Post Doia}
Blaoit 035 (D3 (095 [ RO (L5 (20 |25 (30|20 |50 [ 68 S 110 V2| 88 (24 [ 36|36 |48 |72| 26 |120
Total 48| 72 | %6
Urine o3 45 512 1224 2443 - - -
Callection T2 | 88 |30

Referemce: Zppendis 551

Analytical procedures: An analytical runs using HPLC-MS/MS for human K3EDTA plasma
used in this study covered a range of 0.050 to 100 ng/mL with a lower limit of quantitation of

0.050 ng/mL.

Protocol deviations: Due to a miscalculation made at the study site, Patient 01-011 (moderate
renal impairment) received a 0.32 mg/kg instead of 0.3 mg/kg of MNTX, resulting in a 6.5%
overdose. The sponsor stated that this dose was within the range of doses employed in many
other clinical trials, and had no impact on the safety assessment results. In addition, multiple
screening determinations of CLr were made for patients 02-102 and 02-103.

Results: Pharmacokinetics

Mean Plasma Methylnaltrexone Concentration versus Time profiles

1606

—&®— Normal Renel Function (N=8)
—O— Mild Renat Impaired Fuuction (N=8)

—#— Mederate Eenal Impaired Function {IN=8)
—&— Bevere Renal Impaired Foaction {N=8)

510 4
E ]
&) -5
&g@ :
g
£ 14
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g
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0.1 ¥
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]
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Table 18: Summary of plasma PK meitrics and renal excretion of MNTX

PK Metrics
Renal Cmax - AUC, AUC, tur frpg o 8
Fuanction Statistic  {ngiml) {hr} {ng-hriml) @mgbefml) () {mL/min}
Hormal MEAN 257 {44 437 433 134 453 441
MEDIAYN 232 0.408 423 427 134 440 455
s 913 {027 &6 817 483 1348 1487
N g 8 8 4 4 8 ]
hdikd MEAN 208 £33 560 566 17.5 314 124
MEDIAN 205 £.5300 360 3% 173 338 201
3D? 477 {023 it 74 202 14.80 7
® s 8 b4 7 7 3 g
Ioderate MEAN 23 062 752 754 187 171 o045
MEDIAN X7 {500 754 755 18.2 149 808
K1h 406 {0273 1412 1405 188 243 4330
N S 2 g 8 2 B B
Sayere MEAN 304 D36 81% 822 19.6 163 36
MEDIAN 260 .63 94| 524 19.¢ 286 N
s 125 D22y 76 7 2B 663 2811
N 8 3 2 5 g g 3

Range {min, max) shown for ty.,
Reference: Tables 12, 13, 14 and 13,

AUC;nr and Ty, was available from only four normal subjects because the sponsor excluded 4
subjects with poor regression for terminal-half life estimation. All four excluded subjects had
anomlaous MNTX plasma concentration at the last time point above the LLOQ and the poor
regression was done such that 16-20 points used for regression. For example, subject 03-001
with mild renal impairment was excluded from the half-life estimation because the last three time
points (72, 96, 120 hr) chosen for the half-life analysis resulted in the estimation of 212 hr half-
life. The half-life was probably overestimated since the concentration was practically same
beyond 48 hr post-dose.

The clinical pharmacology reviewers communicated with the sponsor and requested data update
via information request (8/29/2007) and a teleconference (10/12/2007). The sponsor provided
reanalysis results (amendment 011). The sponsor excluded the anomalous points because they
represent only a small fraction of the peak exposure ( < 3% of Cp.x) to estimate t;, values, and
subsequently AUC., in all subjects,.. The sponsor claimed that there was no bioanalytical issue
for MNTX concentration measurement and the anomalous concentrations which were >5 times
above LLOQ at 96-120h post-dose were not reanalyzed. The reanalysis of the data resulted in
25% decrease in Ty such as from 13.4 + 4.83 h to 10.8 + 4.9 h for normal subjects while 7.1 %
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decrease in Ty, such as from 17.5 + 2 to 16.4 +3.8 h in subjects with mild renal impairment.
Differences in AUCt and AUCwo before and after reanalysis were less than 6%.

Talde 21: Parametric statistical analysis of MINTX plasmma PK metrics

Renal Impairment Matched Normal 90%
Group Mean® Group Mean® Percent Ratio Confidence
Metric  Unils Comparison {Test) {(Reference) Test/Reference” Interval®
Coax ngiml.  Mild vz Normal 208 257 5 G453, 100
Moderate vz 71 899 (726, 121)
Mormal
Sewvere v
: 8 3 ., 150)
Normal 304 1183 804, 150)
AUC, hr¥ngml Wiild vs Mormal 360 427 1311 {116, 1513
Mpderate vs
= 1758 155 %
Normal 51 1758 (135 ,200;
Severe vs ,
I\ 1§ 170 22
Normal 818 918 (170 . 220
AUC. hr¥agiml Mld ws Nomsi 365 433 1303 {111,157
Moderate v . '
; : 147 207
Normal 54 1741 (147 | 207y
Sewere vs , I
Nozmal 8§22 1808 {163 , 225}

* Amalyses of Uy, AUC, and AT, were performed on the matural log transformed data. Lesst squares mesns, ratios of
least squares mesns, and 90% confidence intervals were obtained by taking the auti-log of the least squares means,
differences of least squares means, and lower and upper confidence bomnds, respectively.

Reference: Table 14221

The renal insufficiency resulted in significant decrease in renal clearance and urinary excretion
was observed. The renal clearance of MNTX in patients with severe renal impairment was
decreased by 8 folds from 441 ml/min to 51.6 ml/min. Compared to in normal subjects, the
AUCt of MNTX was increased by 37%, 84% and 100% in patients with mild, moderate and
severe renal impairment, respectively (compared to reanalyzed AUCt). It is notable that 8 folds
decrease in renal clearance resulted in only 2 folds increase in AUC in patients with severe renal
impairment. The Cmax was more variable such as decreased by 20% and 10% in patients with
mild and moderate renal impairment while increased by 18% in patients with severe renal
impairment.

57



Individual Subject Creatinine Clearance vs. Cmax, AUC;,s, CLr and Typ,

€60 1 Curve 12
Cerax couma 3 120
Coefficients:
. ] 363.1271840509 Curve 1
<09 4 bft] 3336342925 AUCOY oohamn 5:
T3 7.0604784982¢3 1699 . Coeficients:
. . B0) €03.0255662053
. [4] 4.8771993541
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The degree of renal impairment expressed as renal creatinine clearance had a negative
correlation with AUC and MNTX renal clearance and a positive correlation with the terminal
half-life. The correlation between Cmax and renal impairment was not observed.

Results: Safety
There were no deaths, SAEs, or significant AEs during the study. There were a total of 19 AEs

reported by 7 subjects/patients. Nine (9) of the 19 AEs were experienced by three (3) subjects in
the matched reference group. Thirteen (13) of the 19 AEs were reported as related to the study
drug. Of the 13 related AEs, the matched reference group had four (4) possibly related (flushing,
headache, nausea, and vomiting) AEs; the mild renal impairment group had one (1) definitely
related (paraesthesia) and one (1) possibly related (fatigue) AEs; the moderate renal impairment
group had two (2) possibly related (diarrhea and dyspepsia) AEs; and the severe renal
impairment group had five (5) possibly related (dyspepsia, headache, hot flush, and vomiting)
AEs. Overall, there were no meaningful differences in the number, severity, or nature of the AEs
reported across the matched reference group and the three (3) renal impairment groups.
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Table 23: Summary of Adverse E;,venfs by Preferred Term and Severity

Renal Status/Tinpairment
Normal | Nild [ Moderate I Severe | Total

Overall
Moderate Total

Preferred Term Mild | Moderate | Mild { Moderate | Mild Moc-lel':xte AMild | Modemte
Diarthea 1

Dyspepsia 1 1
Fatigue 1 1
Flushing H
Headache 2 1 1
Hot Flush 1
Injection Site Stinging 1
Nausea H
Paresthesia 1
Pharyngolarymgest Pain
Pruritas

Rhinorhea

Rigors

-

o
ra| | EY
B

o] o] v | s | | | ] ] e | | b
b vl =] e | | ] | | e [ | we | e b

Vomiting

o] roa] b ] | e

Total 1 1 3 4 1

o
~J
[+
—
w

*There were no AEs of severs of life threatening miensity.
Reference: Table 14.3.1-15.

Sponsor’s conclusion: The total exposure (AUC:, AUCw) to MNTX was increased in patients
with renal impairment, with an approximate two-fold increase in the severe renal impairment
group. Further, urinary excretion of unchanged MNTX was progressively lower as the severity
of renal impairment increased. Findings from this study, however, are not considered clinically
significant. The proposed dose for MNTX is 0.15 mg/kg SC. Doses of as high as 0.5 mg/kg SC
have been studied in healthy subjects and 0.3 mg/kg SC in the patient population with an
acceptable safety profile in those studies. As total exposure in the severe impairment group was
increased by no more than two fold, it appears that no dose adjustment should be necessary in
patients with impaired renal function.

Reviewer’s comments

Although in the study report the sponsor concluded no dose adjustment was necessary, in
the dosage and administration section of the labeling a dose reduction by one-half was
recommended for patients with severe renal impairment. No dose adjustment was recommended
for patients with moderate renal impairment. The proposed dose-adjustment for patients with
severe renal impairment by one-half appears reasonable and acceptable. Some patients will be
given as low as 0.05 mg/kg after dose-adjustment from the proposed fixed dose schedule. In the
clinical trial, the main studied dose was 0.15 mg/kg and a dose as low as 10 mg (equivalent to
0.08 mg/kg based on 60 kg body weight) showed efficacy in 43% of studied patients (3 out of 7).
While this result has a limitation due to the small number of subjects, the efficacy of MNTX in
terms of laxation response can be easily monitored and will in all likelihood be titrated to effect.
As such the dose-reduction by one-half for patients with severe renal impairment is acceptable
given the above considerations.
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Study MNTX-1107

Title: Phase 1, Open-Label Study to Evaluate Single Dose Pharmacokinetics,
Safety, and Tolerability of Methylnaltrexone (MNTX) in Subjects with Impaired
Hepatic Function

Objective:
* To evaluate the pharmacokinetics of MNTX administered subcutaneously as a  single
dose in individuals with impaired hepatic function as compared to healthy controls.
* To evaluate the safety and tolerability of MNTX administered subcutaneously as
a single dose in individuals with impaired hepatic function as compared to healthy
controls.

Study site: Multiple sites:
RS

Bioanalytical site: ' =

Subject: Twenty-four subjects/patients were enrolled, 8 subjects with normal hepatic function
(matched reference) and 8 patients from each category of hepatic impairment (mild or moderate).
The degree of hepatic impairment was estimated using the Child-Pugh classification, as
recommended by FDA guidelines.

Study design: ' This was a multi-center, open-label, non-randomized, single-dose study. Each
subject/patient received a single SC dose of 0.3 mg/kg MNTX into the upper medial thigh after
an overnight (8h) fast and followed by 4h fast with water ad libitum 2h postdose.

Sample collections for PK Analysis:
Sampling for plasma pharmacokinetics and urinary excretion pattern

Sawples Day i Through Day 6

0 15 | 30 45 1 15} 2 235 3 4 3 6 8 1012 ]161] 24 30 36 | 48 2 96 | 120
min | min [mis | miv | he | hes | dws | hrs | brs [ brs | hrs | hrs [ hes | Bes | bes | hes | hes | brs [ hus [ bes | B | hws | Bs
48 72 | %6
Total 0-12 12-24 2448 - -
Urine brs hrg hrs k3 96 | 120
hrs hrs | hrs
Note: This table reflects that actaal samples were cbtained at boththe S and 10 by time ponfs. even though fhe source table in tae protocol shows only the 3 hr simple ime and the 3 he sample
time was inadvertanily omitted at other points within the protocol.

( Reference: Appendix 16.1.1

Blood

Pharmacokinetics analysis: model-independent PK metrics were calculated from plasma
concentrations of MNTX using WinNOnlin and/or SAS®
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Results-Pharmacokinetics

Summary table of plasma and urine PK metrics for MNTX

PK Metrics
Hepatic Cuas | — AUC, ATIC, fin fr
Function  Statistic (ng/ml.) ¢hy) (ngehy/mL)  (ng+hr/mL) {hr) (%%0)

Normal MEAN 208 0.47 482 441% 11.7 53
sD 54 {0.25, 1.00} 132 47 5 7

N 8 8 8 6 6 8
Mild MEAN 218 0.47 410 412 7.8 34
sD 58 0.25,0.75) 120 121 1.5 15

N 8 8 8 8 8 8
Moderate ~ MEAN 256 0.34 508 511 14.5 39
sD 62 (0.25, 0.50} 218 219 10.6 14

N 8 8 8 8 8 8

*Median {min, max) shown for Tmax

*For the matched reference group, mean AUCq. 15 less than mean AUC;, due fo a difference in the number of
subject/patients used in caleulating descriptive statistics.

Reference: Appendix 16.2.6, 16.2.6.1 - Pharmacokinetic Report

Two subjects were excluded from the half-life estimation due to a poor regression and the half-
life was estimated by the regression with 18-19 points. Per Agency’s request, the terminal half-
life estimation with data truncation at 48 h was provided (amendment 010). In addition, the
sponsor provided reanalysis of the AUC and Ty, in the amendment 011 after excluding
anomalous data points from two previously excluded subjects. The reanalysis resulted in 12%
decrease in the half-life from 11.7 £ 5.9 h to 10.4 + 5.6 h and 10% decrease in AUCt from 482 to
438 ng/ml-h and 0.2% change in AUCo from 441 to 440 ng/ml-h.

There was a tendency of mean peak exposures (Cmax) to increase slightly as a function of
hepatic impairment such as 208 ng/ml in normal subjects to 218 ng/ml and 256 ng/ml in subjects
with mild and moderate hepatic impairment. Relative to the normal group, mean total exposure
(AUCt and AUCw) was lower in the mild impairment group by 10% (90% CI: 67.8, 120) and
higher in the moderate group by 8% (90% CI: 81.1, 144).

The overall results were consistent.

Recalculation of terminal half-life with truncation of the data at 48 hr (amendment #010)

Hepatic function N T1/2 (Mean + SD h)
Normal 8 7.93+142
mild 8 7.77 £ 1.46
moderate 8 846 £2.73
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Table 14.2.2-1 Parametric Statistical Analysis of Plasma Pharmacokinetic Data: Hepatic Impaired Groups Relative to
Matched Normal Group
Tatle 142.2-1
Pammesric Stuistical Aralysts of Pinsma Pharmacokinetic Dava:
Hepatic Impaired Groups Refative o Mavched Nommet Group

Eapatic Impaited Group Marchad Normal Group

Mezn Mlzar M Confdence Groap
Parazester Tnits Comparisor {Testy {Referenrs} TestReference Interval Bvaipe”
Crans gl Mifd vs Normal 1 Jeite 123 244, 138 {2208
Mpdarate vs 258 e R0 154} ’
Normat
AR s brtogml  Mifdw: Normal 385 470 840 539,115 34538
Modoraze vs 472 108 764, 132
Normwat
Al Wrtopml  Mild ve Nomal 32 439 0.3 478, 120 8.3183
Mnderate va 475 10g BLL. 144}
Nempak
The br Mitd v Fozmal .85 13.8 23 (440 115} G663
Moderaze vz 113 108 675,174}
Formal

T Cveradl pvalae testing %2 equality of Hepatic Brpeizmest Group means fom AMOVA
HOTE: The parametric stotfstical zualysis waz performed on she ANOWA model of phoruascokinetic porameter = hepatic frapairment status, where hepatic
Smpairment 3tams Was @ Swed effect.
Azalyses of Crpu, AUCqy, AUCyy, 20d Ty were performed on 1be aatural Ing tansformed dats. Least squares nieans, satios of ieast sguares means, and 90%
confidence intervalz were obumived by trking the anti-iog of the lezst squares means, differences of deast squares means, 1nd lower and vpper confidence
bounds, szepectvaly,

Renal excretion in the moderate (fk = 39%) and mild (fr = 34%) hepatic impairment groups was lower
than in the normal group (fr = 53%). A similar trend was noted for renal clearance. The results also
indicate a slightly larger inter-subject variability in renal excretion for the mild and moderate hepatic
impairment groups. Notably, subject 01-802 with mild hepatic impairment had only 3%
cumulative urinary excretion. The subject had positive protein (42 at screening and +1 on Day 1)
and ketones (+1 at screening and on Dayl) in urine and had negative protein and ketones at
discharge. Nonetheless, the AUC of the subject 01-802 was 317 ng/ml-h while the mean AUC
was 412 £ 121 ng/ml-h. Note that subject 01-804 with moderate hepatic impairment had about
2-folds increased AUC and 14% cumulative urinary excretion. No adverse effect as MedDRA
preferred term was reported for these subjects. It is not clear if the low urinary excretion was
due to incomplete urine collection or hepatic impairment.
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Urinary Recovery of MNTX

Hepatic | Normal | Mild | Moderate
3 2% | 29% 14%
§ 57% | 51% 48%
3 g 57% | 42% 44%
s o | 40% | 36% 22% .
&E [ 4% | 3% 44%
T2 [ a% | 31% | 3%
S [ a8% | 44% | 50%
3 2% | 34% 50%

Results Safety
There were no deaths, clinically significant AEs, or serious AEs reported during this study. A
total of 16 AEs were reported by 11 of the 24 enrolled subject/patients.

TFable 19: Sammary of AE relationship to drag

Subject Hepatic StatnsTmpatrment

Relatonship Normal Kditd Moderate Overall
To Drug (N=8} N=8) =58) Total
Definite 1 1
Probably 1 1 1 3
Possible i 3 5 11
Not Related 1 1
Total AEs 2 7 7 15

Reference: Tables 14.3-15and 14.3-1c.

Of the 16 AEs reported, two (2) AEs were experienced by healthy normal subjects, seven (7)
AEs by the patients with mild hepatic impairment, and seven (7) AEs by patients with moderate
hepatic impairment. Of the 16 AEs reported for this study, 1 AE was considered severe in
intensity and 15 AEs were considered mild. The severe AE, intermittent bilateral leg cramps,
was experienced by a matched reference subject and was considered possibly related to study
drug. The most common AEs reported were headaches (50% mild hepatic impairment and 37.5%
moderate hepatic impairment) and injection site burning (12.5% matched reference, 12.5% mild
hepatic impairment, and 12.5% moderate hepatic impairment).

The sponsor’s conclusion

The statistical results indicate that Cmax was 5% and 24% higher for mild and moderate hepatic
impaired groups relative to the matched reference group. Mean AUC« was about 10% lower for
the mild, and 8% higher for the moderate hepatic impaired groups, respectively. Based on the
ratio of means results, hepatic status does not appear to have a clinically significant impact on
the plasma pharmacokinetics of MNTX.

No dose adjustment was recommended in the proposed labeling.
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Reviewer’s comment: The sponsor’s conclusion is reasonable and acceptable. Nonetheless, it
should be noted that two normal subjects had increased MNTX plasma concentrations at 72-96 h
post-dose which was also observed in four normal subjects in study MNTX1105.

IDU_lﬁuo uo
ADM spy SIDaddly

64



[The following material was excerpted from the IRT/QT Review, see full document for details.]

| Interdisciplinary Review Team for QT Studies
Response to a Request for Consultation: QT Study Review

NDA

21-964 / NOOD

Generic Name

Methylnaltrexone Injection

Sponsor

Progenics Pharmaceuticals, Inc,

Proposed Indication

Treatment of Opioid Induced Constipation in
Patients Receiving Palliative Care

Dosage Forms

* Solution for subcufanecus injection

- ~

Proposed Therapeutic Dose

s 8 mg/day SC for patients from 38 kgto <62 kg
s 12 mg/day SC for patients from 62 kg to 114 kg
0.15 mg/kg/day SC for other weights

Duration of Therapeutic Use

Chronic

Maximum Tolerated Dose

0.64 mg/kg IV bolus

Application Submission Date 3/30/2007
Review Classification TQT Study report in Standard NDA
Date Consult Received 6/28/2007
Date Consult Due 8/15/2007

Clinical Division

Division of Gastrointestinal Producis

1/30/2008

PDUFA Date

1 SUMMARY _

1.1 OVERALL SUMMARY OF FINDINGS

Progenics Pharmaceuticals, Inc. has submitted NDA 21964 seeking approval to market
methylnaltrexone solution for subcutaneous injection (MNTX) as treatment for opioid
induced constipation in patients receiving palliative care. In the NDA they included a
study report for study 3200L2-104-US, a single-center, randomized, placebo and positive
controlled, parallel group study designed to evaluate the effect of methylnaltrexone
administration on the QT interval.

In this study the positive control, a single oral dose of 400 mg moxifloxacin, failed to
have the expected effect on the QTc; at no time was the mean effect on the QTc greater
than 5 ms as evidenced by a lower 90% confidence interval > 5 ms. Therefore, the study
lacked assay sensitivity, i.e. the ability to detect a mean effect of methylnaltrexone on the
QTc of about 5 ms had it been present. We conclude that study 32001L2-104-US failed to
provide adequate data to reach a conclusion about the effect of administering
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methylnaltrexone on the QT interval.

1.2 QT INTERDISCIPLINARY REVIEW TEAM’S COMMENTS

1. In thorough QT studies, it is important to have a high degree of confidence in the ability of the
study as designed and conducted to detect small QT effects. When moxifloxacin is used as the
positive control, the mean effect on the QTc should be greater than 5 ms (as evidence by the
lower 90% confidence interval >5 ms) at one timepoint. This study failed to demonstrate assay
sensitivity because the greatest lower 90% confidence bound is 4.4 ms at 4 hours after dosing, as
shown in Figure 1. Failure to detect the positive control’s anticipated effect indicates that the
study could not detect an effect of similar magnitude for methylnaltrexone.

Figure 1: Mean (90% Confidence Intervals) AAQTeI by Time for Moxifloxacin
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2. The moxifloxacin effect on the QTcF was prolonged well beyond the time the serum
concentration of moxifloxacin is expected to have significantly declined, not returning to
baseline for at least 12 hrs post dosing.

3. The confidence intervals for the placebo corrected mean change in QTc of moxifloxacin and
MNTX are wide and overlapping indicating large variability in the study, as shown in figure 2.
This large variability may be due in part to the use of a parallel group design instead of a
crossover design, which limits variability by using each subject as their own control. Given the
terminal half-life of injected methylnaltrexone of 6-13 hrs, the choice of a parallel group design
was not good.
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Figure 2: Mean (90% Confidence Intervals) AAQTcI by Time for MNTX 0.15
mg/ke, MINTX 0.5 mg/kg and Moxifloxacin
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4. An unusually large number of subjects had an increase from baseline in QTc between 30 and
60 ms (over 50% among all the treatment groups) and several subjects had an increase more than
60 ms in all treatment groups (see Table 14 and Table). This anomaly suggests the study conduct
was not optimal.

5. Several subjects had uninterpretable ECGs due to “technical problems,” which also suggests
problems in the conduct of the study.

6. We have recently reviewed a TQT study protocol from the same sponsor under IND 64583, in
which methylnaltrexone is being developed as a treatment for postoperative ileus. The results of
this study, if designed and conducted appropriately, could be used to assess methylnaltrexone’s
effect on the QT interval.
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MNTX-1108

Title: A Phase I, Randomized, Open-Label, Active- and Placebo-Controlled Parallel Group
Study of the Effect of Subcutaneous and Intravenous Methylnaltrexone on CYP450 2D6
Activity in Healthy Extensive Metabolizers of Dextromethorphan

Study Site: / %

( i
Clinical Lab: -
Analytical Lab:
Overview
Studies performed using pooled human liver microsomes in vitro have shown that MNTX is a
weak inhibitor of CYP450 2D6, with a Ki of 7.93 uM vs. dextromethorphan and similar Ki
values against other commonly administered CYP450 2D6 substrates [codeine (11.3 uM),
hydrocodone (11.5 puM), oxycodone (18.1 pM) , and imipramine (15.7 uM)]. Following
therapeutic doses, observed maximum plasma concentrations of unbound MNTX were <2.2 pM
(slow push IV administration) and <0.44 pM (SC administration), approximately 0.12- 0.28 and
0.024-0.056 times, respectively, the inhibition constants measured for these typical substrates.

This suggests that therapeutic doses of MNTX are unlikely to cause clinically significant
CYP450 2D6 inhibition.

Study Design and Methods

The present study was designed as an open-label, parallel group study was designed to determine
the effect of a single SC dose or five IV doses of MNTX on CYPas0 2D6 activity, measured by a
change in the urine dextromethorphan/free dextrorphan ratio following administration of a
potential inhibitor of CYP4s0 2D6 (paroxetine), compared to the ratio with no inhibitor present.
Subjects were randomly assigned to one of four groups:

Group 1 - MNTX 0.3 mg/kg SC single-dose

Group 2 - MNTX 0.45 mg/kg IV (20-min infusion) q 6 h for 5 doses (steady-state)
Group 3 - Paroxetine 20 mg PO single-dose (active control)

Group 4 - Placebo SC (for both active control and MNTX groups)

Each subject was randomized to one of the four treatment groups upon confirmation of
qualifying “extensive dextromethorphan metabolizer” status by three separate dextromethorphan
challenges during a pre-dose run-in period. Overall, 54 subjects were enrolled, 45 subjects
received at least one dose of a study-prescribed drug and were evaluated for safety, and 31
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subjects were randomized to one of the four treatment groups for the determination of any effect
of MNTX administration on CYP4s02D6 activity. All 31 subjects completed the study

Dispesition of Enroiled Subjects

Nomber of
Status Subjects

Enrpllad 54
Discoatinned 23
Bubjece did not neat enay criteria 2
Wishdrawal reguestad by sulject 1

Lozt to fodlovw-up &
Oisher ¥
Safery evaluable subjects 33
Randounized subjaces 3t
Completsd 3

A priori, a doubling of the pre-dose urinary dextromethorphan/free dextrorphan ratio following
administration of study was used as an indicator of inhibition of CYP450-2D6, and was
incorporated into the study design as an analytical endpoint. This end-point was selected based
on published reports in the literature and is acceptable. As noted above the study incorporated
both a single dose SC leg and a multiple dose IV treatment leg for MNTX.

Sample Collection-Blood

Group 1 MNTX 0.3 mg/kg SC single-dose:
- predose, 10, 20, 30 min, and 1.0, 2.0, 4.0, 6.0, and 8.0 h post-dose.
Group 2 MNTX 0.45 mg/kg IV q 6 h:
- Immediately prior to start of each infusion.
« Immediately prior to the start of the S infusion and at 0, 2.0, 5.0, 15.0, & 30.0 min, and
1.0, 2.0, 4.0, 6.0, and 8.0 h after the 5w infusion.
Group 3 Paroxetine 20 mg PO dose:
:0,0.5,1,2,4,6,8, and 10 h post dose.
Group 4 Placebo SC dose:
« No blood samples were drawn from subjects receiving MNTX-matched placebo.

Sample Collection-Urine

All subjects were required to remain in the clinical facility throughout the urine collection
period, during both the run-in and randomized treatment phases of this study. All urine collected
from each subject was collected as a single 0-8 hour sample after the dextromethorphan dose
(both during the run-in and randomization periods).

Results-2D6 Assessment

All 31 subjects randomized to one of four treatment groups completed the study after receiving 3
dextromethorphan challenges and their respective assigned regimens. As expected, the positive
control, paroxetine (20 mg PO) exerted an inhibitory effect on CYP450-2D6 activity in 7/7
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subjects vs. placebo which, by comparison, showed an effect in only 1/8 or 12.5% (p =0.0014)
using the categorical definition of a 2 fold change in urinary excretion ratios.

Categorical analysis of urinary ratios of dextromethorphan/free dextrorphan in subjecis
co-administered either MNTX or paroxetine

Group 1 Gronp 2 Grong 3 Groep 4
o AMNIX MNTX Papnxetize  Placebo 5C
Variable (30 meter SC 0P mezke 1V Hmez PO

Dovibding of Beseline Disntomethorphay
Free Dextrorphen Ratio
Tes 22585 2250%) 7 (108.8%) B IRy
No 5 {52.5%) {825 B {0.0%) T BT.3%
p-walue vs, Blacsho 05662 95602 EELET B -
p-walue vs. Paonsiine 00235 B.0215 - {0014

As shown above, for MNTX, the proportion of subjects showing a doubling of the
dextromethorphan/free dextrorphan urinary ratio relative to baseline following either a single SC
dose or multiple doses of IV MNTX was unchanged between the two modes of administration
and not statistically different from placebo.

Versus baseline, the mean change in dextromethorphan/free dextrorphan urinary ratio was not
statistically significant when the MNTX-treated groups were compared to placebo (p>0.8402),
but were highly significant when the paroxetine group was compared to placebo (p =0.0107).

Change in urine dextromsiborphan/frse dexfrerphan ratics in subjects co-administered

either MNTX or paroxetine: mean + (5T

PAROXETINE = 0.30MG/KG SC  0.45MG/KG IV* PLACEBO
20MG

BASELINE
(MEAN OF 3)

POST-
TREATMENT

DIFFERENCE

On this basis, the sponsor concluded that MNTX does not inhibit CYP450-2D6 activity in
healthy male human subjects receiving MNTX SC 0.30 mg/kg as a single dose, or IV at 0.45
mg/kg qbh to steady-state.

Results-Pharmacokinetics

Although not primarily designed to be a definitive PK study the protocol did incorporate PK
sampling for all treatment legs receiving active drug (MNTX or paroxetine). Graphical
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representation of the individual subjects’ data for MNTX SC and IV and paroxetine oral did not
reveal any subjects who can be considered outliers given the small number of subjects in the
study. In general, the pk parameters for MNTX seen in this study for the SC treatment leg are
similar to those seen in other studies contained in this NDA.

Spaghetti Plot of Individual Subject Profiles after MINTX 0.30
mg/kg 5C (Log)
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The IV data, while lacking definitive comparative data in this NDA does not show any subjects
that show any unusual pharmacokinetic characteristics, given the understanding of MNTX
pharmacokinetics from the SC data.

Spaghetti Plot of Individual Subject Profiles after MINTX 0.45

mg/kg IV (Log)
o000

=

g8
B 000 ¢
: e DX _LI0E B
g ] = | mosties
\': 100« e _HO 1102 D
B : -2 DLBLL_LIGE B
2 . > - | DL 168 B
: v A | nows 1o B
= -\ _oLm_nes s
E - 1 043 1108 B

1 T + L ) ¥ L T ¥ k3 1
9 1 2 3 4 5 [3 7 3 %
Tihae dad
AUC’ Cmax’

MNTX Group 1 457 (11.6%) 191 (19.9%)

(0.3 mg/Kg) :

MNTX Group 2 690 (15%) 1061 (18.7%)

(0.45mg/K g q6hr)

1-AUC for Group 1 is AUC to last time point, the AUC for Group 2 is AUCinf
2-Cmax for Group 1 is observed Cmax, the Cmax for Goupr 2 is Cmaxg

71



While pharmacokinetic data was collected for the paroxetine treatment leg as well, as it does not
have any comparative value in this trial, it will not be summarized in this report.

Overall Conclusions

While the use of 2 fold changes in metabolic ratio has been used as a screening tool for 2D6
inhibition, it is an inexact methodology. While genetic testing predicts the PM phenotype with
over 99% certainty it is not, as the sponsor seems to imply in the text of their report an “all or
none” process. In fact the literature is full of references to Ultrarapid, Intermediate, Extensive
and Poor metabolizers of 2D6. The "Poor Metabolizer" (PM) phenotype is characterized by the
inability to use CYP2D6-dependent metabolic pathways for drug elimination. At the other
extreme, the "Ultrarapid Metabolizer" (UM) phenotype can be caused by alleles carrying
multiple gene copies. "Intermediate Metabolizers" (IM) are severely deficient in their
metabolism capacity compared to normal "Extensive Metabolizers" (EM), but in contrast to PMs
they express a low amount of residual activity due to the presence of at least one partially
deficient allele. The point of this being that the steps taken by the sponsor to ensure only
extensive metabolizers being present in this study are probably inadequate, as evidenced by at
least 2 subjects showing some alteration in urinary metabolic ratio for both the IV and SC routes
of MNTX administration. That being said, the changes in urinary metabolic ratio are not
suggestive of a robust effect on 2D6, compared to those of the positive control paroxetine, and
are unlikely to be clinically significant.
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