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Systemic and local toxicity of the drug product were evaluated in two GLP 14-day 
repeat-dose general toxicology studies in rats and dogs with IM administration route and 
in local tolerance studies in rats and rabbits with IM or SC administration route. These 
studies were conducted to support the higher nalmefene concentration and the levels of 
MgCl2 as this excipient. is not currently in any FDA approved IM/SC products.

In the 14-day repeat-dose toxicity studies, animals received daily IM injections of 
nalmefene or the vehicle of MgCl2 (0.94%). There were no test article-related adverse 
systemic effects observed at high exposure multiples compared to the human 
nalmefene exposure after administration of two doses (see Table 22 for exposure 
multiples). Test article-related local effects were observed at the IM dosing site, 
including minimal to mild edema, fibrosis and hemorrhage; minimal to marked myofiber 
necrosis and associated minimal to moderate inflammatory changes (mixed cell and/or 
macrophages). Minimal to mild local effects were generally observed in the vehicle 
(0.94% MgCl2) and the low dose-treated group with similar incidence, but there was a 
dose-related increase in incidence and severity at the mid-dose and the high dose 
groups. The local findings at the mid-dose and the high dose of nalmefene were 
considered exacerbation of vehicle/procedure-related local toxicity. By Day 29, the local 
changes observed on Day 15 had partially or completely resolved. It is noted that these 
repeat-dose studies characterized the exaggerated local toxicity profiles given that the 
nalmefene autoinjector is intended for single acute use. 

The local safety of the drug product was primarily characterized in acute local tolerance 
studies. In these studies that included a 14-day recovery period, rats or rabbits received 
a single IM or SC administration of saline, several doses of MgCl2 alone or combination 
of MgCl2 and nalmefene. In the local tolerance rat study, minimal to moderate local 
effects including necrosis, inflammation and hemorrhage were observed at the IM or SC 
injection site across all groups. Recovery of the local effects were observed on Day 15. 
Test article-related minimal to mild local effects were observed at nalmefene 
concentrations up to 5.2 times and 2.6 times the clinical nalmefene concentration, 
respectively; and up to 2.8 times and 5 times the clinical MgCl2 concentration, 
respectively. In the local tolerance rabbit study, minimal to mild local effects were 
observed at the IM or SC dosing site in all treatment groups with nalmefene or MgCl2 
concentration up to 2.5 times the corresponding clinical concentration. These local 
effects were considered procedure related as opposed to MgCl2 or nalmefene related, 
given that the local findings are commonly seen secondary to injection procedures, 
lacked a dose-response in incidence and severity, and occurred at similar incidence and 
severity across all treatment groups (including the saline group). 

Taken together, the submitted pivotal nonclinical studies described above have 
adequately characterized the local and systemic safety of the nalmefene auto-injector.

1.3 Recommendations

1.3.1 Approvability
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 Pharmacodynamics
Nalmefene reverses the effects 
of natural and synthetic opioids, 
including respiratory depression, 
sedation, and hypotension. 
Pharmacodynamic studies have 
shown that nalmefene injection 
has a longer duration of action 
than naloxone injection at fully 
reversing doses. Nalmefene has 
no opioid agonist activity.

No changes are proposed in this 
section.

The original Revex label has the 
language, “Nalmefene has no opioid 
agonist activity.” It is noted that 
nalmefene is an opioid receptor 
antagonist at mu and delta opioid 
receptors. In vitro and in vivo 
studies report that nalmefene is a 
partial agonist at human kappa 
opioid receptors (Remmers 1999, 
Bart 2005), however this has not 
been uniformly replicated (Toll 
1998).

13 NONCLINICAL 
TOXICOLOGY
13.1 Carcinogenesis, 
Mutagenesis, Impairment of
Fertility

Carcinogenesis
Long-term animal studies to 
evaluate the carcinogenic 
potential of nalmefene have not 
been completed.

No changes are proposed to this 
section.

Mutagenesis
Nalmefene did not have 
mutagenic activity in the Ames 
test with five bacterial strains or 
the mouse lymphoma assay. 
Clastogenic activity was not 
observed in the mouse 
micronucleus test or in the 
cytogenic bone marrow assay in 
rats. However, nalmefene did 
exhibit a weak but significant 
clastogenic activity in the human 
lymphocyte metaphase assay in 
the absence but not in the 
presence of exogenous 
metabolic activation.

No changes are proposed to this 
section.
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Table 1: Acceptability of Excipients in the Drug Product

Excipient
Max. Daily 

Exposure from 
Two Doses

(mg)*

Amount/Dose Listed 
in IID 
(mg)

Acceptability 

Magnesium 
chloride 

hexahydrate (9.4 mg as MgCl2)
Not listed in IID for IM 

or SC route
Yes,

See discussion below

MgCl2 is not currently in IM or SC products as depicted in the FDA Inactive Ingredient 
Database (IID). This excipient is present in products for other parenteral routes 
including intraperitoneal route. MgCl2 is present in over-the-counter oral supplements 
with a daily dosage from 200-400 mg. To support the systemic and local safety of 
MgCl2, the Applicant has conducted 14-day repeat-dose studies with IM administration 
route in rats and dogs, as well as acute local tolerance studies with IM or SC 
administration routes in rats and rabbits. As shown in the tables below, no systemic 
adverse effects were observed with MgCl2 treatment at doses up to 1 times and 3.3 
times human exposure to MgCl2 after two doses of NAI (body surface area comparison) 
in the 14-day rat and dog study, respectively. The systemic safety margin established in 
the rat study is 1x. Given that MgCl2 is present as an excipient in drug products 
approved for parental routes including intraperitoneal route at high levels, its use in 
over-the-counter supplements as well as the safety profile demonstrated in the 14-day 
repeat-dose studies, this Reviewer has no concerns on systemic safety of MgCl2 at the 
proposed level for this life-saving drug product. For the local effects, the local tolerance 
studies with either IM or SC administration route in rats or rabbits demonstrated 
adequate safety margins. In summary, based upon the totality of the data, this Reviewer 
concludes that there are no systemic or local safety concerns with MgCl2. 

Table 2: Estimated Systemic Safety Margins Reached in Nonclinical Studies 
Compared to Two Doses in Humans

Animal 
Excipient

Study
NOAEL 
Dose** 

(mg/kg/day)

HED Based 
upon BSA* 
(mg/day)

Human MgCl2 
Dose after 2 
Doses of NAI

(mg/day)

Safety Margin
(Animal HED/ 
Human Dose)

14-day Rat
(Study 3243-

002)
0.94 9.10 ~1

MgCl2 14-day Dog
(Study 3243-

003)
0.94 31.33

9.4

3.3

*HED: Human equivalent dose calculated based upon conversion factors for the dog and rat, 1.8 and 6.2, respectively, assuming 60 
kg human; BSA: body surface area
** NOAEL dose refers to the dose of MgCl2 in the excipient group in the rat and dog study: 9.4 mg/mL * 0.1 mL/kg = 0.94 mg/kg for 
the NOAEL dose in rats and dogs
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Table 3: Estimated Local Safety Margins Reached in Nonclinical Studies

Animal Human
Excipient

Animal Study Route
NOAEL 
MgCl2 

Concentration*
MgCl2 

concentration

Exposure Margin 
Based upon 

Concentration
(Animal/Human)

IM 26.4 mg/mL 2.8 Rat Local Tolerance 
Study

(Study 3243-004) SC 47 mg/mL 
9.4 mg/mL

5
IM 23.5 mg/mL 2.5

MgCl2  Rabbit Local 
Tolerance Study
(Study 3243-004) SC 23.5 mg/mL 9.4 mg/mL 2.5

*NOAEL dose for MgCl2 refers to the mid dose of MgCl2 alone treatment for the IM route and the high dose of MgCl2 treatment alone 
for the SC route in the rat study, and the high dose of MgCl2 treatment alone for IM or SC route in the rabbit study.

2.5 Comments on Impurities/Degradants of Concern

Drug Substance Organic Impurities
A list of DS organic impurity specifications, including comparisons to ICH Q3A(R2) 
qualification and identification thresholds and acceptability, are summarized in the table 
below. 

Table 4: Drug Substance Organic Impurities
Comparison to ICH Thresholds
Identification

Threshold
Qualification

Threshold
Impurity

Proposed 
Specification

Max. 
TDI* Q3A(R2)

0.1% or 1.0 
mg/per day
whichever is 

lower

Q3A(R2)
0.15% or 1.0 
mg/per day
whichever is 

lower

Acceptable?

NMT % w/w mcg/day Exceeds
Yes; see 

discussion 
below

NMT % w/w  
mcg/day Complies Yes, per ICH 

Q3A(R2)

NMT % w/w mcg/day Complies Yes, per ICH 
Q3A(R2)

*: TDI: Total daily intake calculated based upon 2 doses of 3 mg/day of nalmefene base

As shown in the table above, the drug substance specification for , NMT 
% (w/w), is greater than 0.15% qualification threshold recommended by ICH Q3A 
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(R2), whereas the total daily intake (TDI) of  after administration of 2 doses of 
3 mg nalmefene is less than the qualification threshold of 1 mg/day.  

 In the nonclinical batch (1902000371) used in the 14-day repeat-dose rat 
study,  was present at % (w/w). As shown in the table below,  
HED at the NOAEL of the study is times the human  dose after the 
administration of 2 doses of nalmefene. Thus the nonclinical repeat-dose rat study 
provides adequate systemic support for the proposed  impurity specification. 
No adverse effects were observed in the local tolerance studies in rats and rabbits that 
received IM or SC administration with the test article containing  impurity at a 
concentration  times the impurity concentration in the clinical formulation (See 
Table 6). Based upon these nonclinical data, this Reviewer concludes that there are no 
safety concerns with the proposed specification for the DS  impurity.

Table 5: Systemic Safety Margin of  in 14-day Rat Toxicology Study 

Impurity Animal 
Study

Concentration 
of  
in Nonclinical 

Lot 

Nalmefene 
NOAEL  

 
Dose at 
NOAEL 

 
HED 

 Max 
Human 

Exposure 
from

2 doses*

Safety 
Margin**

14-day 
Rat 

Study

 % w/w
(lot 

1902000371) mg/kg/day
 

mg/kg/day  mg/day  
mg/day

*:
**

Table 6: Local Safety Margin of  in Local Tolerance Studies

Impurity Animal 
Study

Concentration 
of  
in Nonclinical 

Lot 

Dosing 
Rout

Nalmefene 
NOAEL 
(mg/mL)

 
Concentration

(mg/mL)

Max 
 

Concentration 
in Drug 

Formulation 
at NMT 

(mg/mL)*

Safety 
Margin**

IMRat Local 
Tolerance 

Study
(Study 

3243-004) SC

IMRabbit 
Local 

Tolerance 
Study
(Study 

3243-005)

 % w/w
Lot 

1902000369

SC

 

*
*
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is less than 1 mg. Taken together, the nonclinical studies are considered adequate to 
support the safety of the proposed specification of NMT % for .

Table 8: Systemic Safety Margin of  in 14-day Rat Toxicology 
Study

Impurity Animal 
Study

Administration 
Route NOAEL  HED Based 

upon BSA

Max. 
Human 

Exposure 
at NMT 

%
(2 

doses)*

Safety 
Margin**

14-day 
Rat Study

IV
(Study 

01352006) 

IV mg/kg/day  mg   
mg/day

Table 9: Local Safety Margin of  in Local Tolerance Study

Impurity Animal 
Study

Dosing 
Rout NOAEL 

(mg/mL)

Max  
Concentration in Drug 

Formulation at NMT 
%

(mg/mL)*

Safety Margin**

IMLocal 
Tolerance 

Rabbit 
Study
(Study 

20457072)
SC

*:
**

Residual Solvents
As shown in the table below, residual solvents in the DS are Class 2 and Class 3 with 
limits in compliance to the ICH Q3C guidance. The Applicant states that no residual 
solvents are used in or generated during the manufacture of the DP.

Table 10: Residual Solvents in the Drug Substance

Residual Solvent Solvent Class
Acceptance 

Criteria as per 
ICH Q3C

Acceptable?

Class 2 ppm Yes

Class 3 ppm Yes

Class 2 ppm Yes
Class 3 ppm Yes
Class 3 ppm Yes
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follow up extractable/leachable data as a postmarketing commitment. Given that no 
leachable compounds were detected above 5 mcg/day,  
have been used in other FDA approved products, and that this is a life-saving product, 
this Reviewer is in agreement that the outstanding CMC issues may be addressed as a 
postmarketing commitment.

2.7 Proposed Clinical Population and Dosing Regimen
Clinical Population: Adults and pediatric patients aged 12 years and older.

Dosing Regimen
Initial Dosing: 
The recommended dose of NAI in adults and pediatric patients aged 12 years and older 
is 1.5 mg nalmefene base delivered by intramuscular or subcutaneous injection into the 
anterolateral aspect of the thigh, through clothing if necessary.

Repeat Dosing:
If the desired response is not obtained after 2 to 5 minutes, administer an additional 
dose of NAI using a new auto-injector. If there is still no response and additional doses 
are available, administer additional doses of NAI every 2 to 5 minutes until emergency 
medical assistance arrives.  

2.8 Regulatory Background
This is a 505(b)(2) application referencing the approved drug product Revex (NDA 
20459) as the listed drug (LD). Revex has been approved for reversal of opioid 
overdose and reversal of postoperative opioid depression via the IV, IM, or SC route of 
administration. According to the original Revex drug label, which was initially approved 
in 1995, the recommended initial dose is 0.5 mg/70 kg, for management of known or 
suspected opioid overdose. If needed, this may be followed by a second dose of 1.0 
mg/70 kg, 2-5 minutes later. 

The Division provided comments on the nonclinical development program of the 
nalmefene auto-injector (refer to PIND meeting minutes (MM) dated 7/19/2018, MM 
dated 11/3/2021, End-of-Phase 2 (EoP2) MM dated 8/2/2023 and PreNDA MM dated 
12/1/2023 under IND 137597). The following key comments were communicated to the 
Applicant:

• The Division concurred that 14-day repeat-dose studies in the rat and dog via IM 
administration are appropriate studies to support the systemic safety of the drug 
product.

• The Division concurred that single-dose local tolerance studies in rats and rabbits 
via IM and SC routes of administration appear reasonable to support the 
characterization of local safety for the drug product. We recommended 
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histopathological evaluation of the injection site on Day 2 and Day 14 to evaluate 
potential acute and delayed local toxicity.

• The Division concurred that a 14-day repeat-dose toxicity study with IV 
administration route in rats and an in silico computational analysis for 
mutagenicity are appropriate to support safety qualification of the drug 
degradant,  at higher levels. The Applicant agreed to conduct 
a single local tolerance study in rabbits with IM and SC administration route to 
support the local safety of  at higher levels.

• In the PreNDA meeting, we emphasized to conduct toxicology risk assessments 
based upon the leachables data and the final toxicological risk assessment 
should be based on the maximum level of each leachable detected in long-term 
stability samples that include any intended secondary container closure 
system(s) taking into consideration the maximum daily dose of your product. 
Detailed recommendations regarding the extractables and leachables 
evaluations were provided.

The Applicant seeks approval in adults and children, 12 years and older. The Agency 
concurred that safety and efficacy of nalmefene may be extrapolated to pediatric 
patients 12-17 years of age. A deferral has been granted by the Agency for clinical 
studies assessing the pharmacokinetics and pharmacodynamics of nalmefene in 
patients < 12 years old. The Applicant will conduct two juvenile animal studies to 
support their pediatric study outlined in the agreed Pediatric Study Plan (PSP). The 
nonclinical study protocols have been reviewed. The Applicant revised the study 
protocol based upon the Division’s advice and final study protocols have been 
submitted (SDN 63 under IND 137597). 

3 Studies Submitted
The conducted nonclinical studies are summarized in the Applicant’s table below.
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5 Pharmacokinetics/ADME/Toxicokinetics
The Applicant did not submit pharmacokinetics/ADME/toxicokinetic data with 
nalmefene. 

6 General Toxicology

6.1 Single-Dose Toxicity
Several GLP single-dose local tolerance studies have been conducted and are 
reviewed under Section 10 Special Toxicology Studies.

6.2 Repeat-Dose Toxicity

6.21 Study Title: Nalmefene: A 14-Day Intramuscular Toxicity Study in Rats with 
a 14-Day Recovery Period

Study no.: Sponsor Reference No. 
TOX_NAL_N_068
Testing Facility Study No. 3243-002

Study report location: Study Report
Conducting laboratory and location:

Date of study initiation: 3/24/2022
GLP compliance: Yes

QA statement: Yes
Drug, lot #:   Nalmefene HCl, 190200371, 98.4%

  MgCl2, 201453, Not specified

Reference ID: 5419190
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Methods
Doses: 0, 0.3 (LD), 1.5 (MD) and 7.5 mg/kg/day (HD)

Frequency of 
dosing:

Once daily

Route of 
administration:

IM

Dose volume: 0.1 mg/kg
Formulation/Vehicle: Vehicle: 0.94% MgCl2 solution

Dose formulations was prepared by adding nalmefene HCl at required 
amounts to the vehicle (0.94% MgCl2 solution) adjusted to a pH of 3.9 ± 
0.05.

Species/Strain: Rats/Crl:CD®(SD)
Number/Sex/Group: See Applicant’s table below:

Age: 8.5 weeks old at initiation of dosing
Satellite groups: See the table above

Unique study 
design:

No

Deviation from study 
protocol:

No deviations were deemed to significantly impact the data 
interpretation.

Key Study Findings
• At the end of the dosing phase on Day 15, both sexes at the HD exhibited test 

article-related, reversible, generally minimally higher (up to 84% increase from 
the control mean value) aspartate aminotransferase (AST) activity which 
correlated microscopically with myofiber necrosis and associated inflammation at 
the dosing site.

• Test article-related microscopic findings on Day 15 were limited to the injection 
site and adjacent skeletal muscles. By Day 29, test article-related injection site 
changes observed at Day 15 had largely or completely resolved.

o The findings at the injection site included minimal to mild edema, fibrosis 
and hemorrhage; minimal to marked myofiber necrosis and associated 
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minimal to moderate inflammatory changes (mixed cell and/or 
macrophages). 

▪ The findings were dose dependent and were considered 
exacerbation of vehicle-related local toxicity. Minimal local effects 
were observed in the vehicle and LD-treated groups with similar 
incidence, but there was a dose-related increase in incidence and 
severity at the MD and HD.

o The findings in the adjacent skeletal muscle included minimal 
inflammation, necrosis and muscle degeneration/regeneration.

• For the systemic effects, the NOAEL is the HD. This Reviewer considers the 
findings of moderate inflammation or moderate/marked necrosis, observed at the 
MD and HD, to be adverse; therefore, the LD, corresponding to 3 mg/mL, is 
deemed to be the NOAEL with minimal to slight local effects observed. However, 
this Reviewers agrees that the local effects are not dosing-limiting toxicity 
considering the reversibility and clinical monitorability. 

Observation and Results

Mortality
No test article-related mortality was observed.

This Reviewer noticed that one MD male rat (Rat 3243-002-1-7001) in the TK group 
was found dead on Day 1 of the dosing. There was no discussion on the death of this 
animal in the study report. The death was deemed not test article related by the 
Applicant.

Clinical Signs
The Applicant stated that there were no test article-related clinical signs during the 
study. This Reviewer noticed there was a reduction of activity in four HD-treated rats 
during the first week of treatment, which might be potentially test article related.

Body Weights
No test article-related changes were observed.

Food Consumption
No test article-related changes were observed.

Ophthalmoscopy
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No test article-related changes were observed.

ECG
Not conducted

Hematology and Coagulation
The blood samples were taken prior to the designated necropsy in fasted animals.

The following hematology parameters were evaluated:

No test article-related findings were observed.

This Reviewer noticed the following inflammatory cell-related changes in the test article-
treated groups on Day 15 (see the table below). The test article relevance of the 
findings remains unclear given that the findings were not consistent across the sexes.
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Table 11: Noteworthy Changes (% Change from Controls) in Hematology 
Assessment 

Treatment Nalmefene Hydrochloride
Sex M F
Group # 1 2 3 4 1 2 3 4
Dose (mg/kg/day) 0 0.3 1.5 7.5 0 0.3 1.5 7.5
Number of Animals
   Toxicity 10 10 10 10 10 10 10 10
      HEMATOLOGY / WHOLE BLOOD
         Basophils (10^9/L)
            Day 15 0.043 +9 +23 +56 0.042 -10 -2 +19
         Eosinophils/Leukocytes (%)
            Day 15 0.50 +36 -2 -12 0.71 -20 -21 -35
         Large Unstained Cells/Leukocytes 
(%)
            Day 15 0.82 +23 +24 +44 1.21 -5 -12 +2
         Large Unstained Cells (10^9/L)
            Day 15 0.091 +30 +35 +60 0.113 -12 -13 +7
         Monocytes/Leukocytes (%)
            Day 15 2.63 +12 -6 +2 2.99 -22 -27 -31

Clinical Chemistry
The following clinical chemistry parameters were evaluated:

At the end of the dosing interval on Day 15, both sexes at the HD exhibited test article-
related, reversible, generally minimally higher (up to 84% increase from the control 
mean value) aspartate aminotransferase (AST) activity which correlated microscopically 
with myofiber necrosis and associated inflammation at the dosing site.

This Reviewer also noticed a 45% increase of alanine aminotransferase (ALT) in the HD 
male group. However, the increase appears mainly associated with a single HD male 
rat (Rat 4011) without correlated microscopic findings. The test article relevance of the 
finding is not clear.
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Table 12: Noteworthy Changes (% Change from Controls) in Clinical Chemistry 
Assessment

Treatment Nalmefene Hydrochloride
Sex M F
Group # 1 2 3 4 1 2 3 4
Dose (mg/kg/day) 0 0.3 1.5 7.5 0 0.3 1.5 7.5
Number of Animals
   Toxicity 10 10 10 10 10 10 10 10
      CLINICAL CHEMISTRY / SERUM
         Alanine Aminotransferase (U/L)
            Day 15 27.4 +10 +9 +45 23.3 +5 0 +24
         Aspartate Aminotransferase (U/L)
            Day 15 81.8 -1 -5 +84 71.1 -8 +6 +78
 
 
      CLINICAL CHEMISTRY / SERUM
         Alanine Aminotransferase (U/L)
            Day 29 26.2 +2 -2 -6 25.7 -9 +21 +23
         Aspartate Aminotransferase (U/L)
            Day 29 69.8 -7 -8 -2 81.0 -27 +18 -15

Urinalysis 
The following urinalysis parameters were evaluated:

No test article-related changes were observed.

Terminal Procedures
The scheduled necropsy was conducted on Day 15 and Day 29. Terminal procedures 
and evaluations were summarized in the Applicant’s tables below.
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Gross Pathology
There are no test article-related changes observed.

Organ Weights
There are no test article-related changes observed. Some organ weight changes were 
observed on Day 15, but none of them were deemed test article related, considering 
lack of dose dependency, lack of microscopic changes or individual values in treated 
groups being generally overlapping with the control values.

Histopathology
Adequate Battery: Yes

Peer Review: Unknown 

Test article-related microscopic findings on Day 15 were limited to the injection site and 
adjacent skeletal muscle (see the table below). 
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• The findings at the injection site included minimal to mild edema, fibrosis and 
hemorrhage; minimal to marked myofiber necrosis and associated minimal to 
moderate inflammatory changes (mixed cell and/or macrophages).

o The findings were dose dependent and were considered exacerbation of 
vehicle-related local toxicity.

▪ Minimal myofiber necrosis and inflammation were observed in the 
vehicle and LD-treated groups with similar incidence, but there was 
a dose-related increase in incidence and severity at the MD and 
HD.

– Necrosis was defined as fragmented or swollen myofibers, 
typically with internal macrophage or satellite nuclei and loss 
of striations.

• The findings in the adjacent skeletal muscle included minimal inflammation, 
necrosis and muscle degeneration/regeneration.

o Applicant: The findings may be a result of possible inadvertent sampling of 
injection site or limited migration of test article in skeletal muscle near the 
documented injection site.

Microscopically, by Day 29, test article-related injection site changes observed at Day 
15 had largely or completely resolved.

Table 13: Microscopic Findings at the Last Injection Site and in the Adjacent 
Muscles

Treatment Nalmefene Hydrochloride
Sex M F

Group # 1 2 3 4 1 2 3 4
Dose (mg/kg/day) 0 0.3 1.5 7.5 0 0.3 1.5 7.5

      TERMINAL SACRIFICE
         MUSCLE, SKELETAL, UNILATERAL 10 10 10 10 10 10 10 10
            DEGENERATION/REGENERATION
                     1 OF 5 5 1 3 2 0 1 1 2
            INFLAMMATION
                     1 OF 5 0 0 1 1 1 1 0 2
            NECROSIS
                     1 OF 5 0 0 0 0 0 1 0 0
            REGENERATION
                     1 OF 5 0 0 1 0 0 1 0 0
         SITE, INJECTION 10 10 10 10 10 10 10 10
            EDEMA
                     1 OF 5 0 0 0 3 0 0 0 0
                     2 OF 5 0 0 0 2 0 0 0 1
            FIBROPLASIA
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                     1 OF 5 0 0 0 0 0 0 0 1
                     2 OF 5 0 0 0 0 0 1 0 0
            FIBROSIS
                     1 OF 5 0 0 0 0 0 0 0 1
                     2 OF 5 0 0 0 0 0 0 0 1
            FIBROSIS/FIBROPLASIA
                     1 OF 5 0 0 0 1 0 0 0 0
            HEMORRHAGE
                     1 OF 5 0 2 2 1 1 3 3 3
                     2 OF 5 1 0 0 2 0 0 0 2
            INFLAMMATION
                     1 OF 5 6 8 8 1 4 6 10 6
                     2 OF 5 1 0 3 6 0 0 1 6
                     3 OF 5 0 0 0 3 0 0 0 0
            NECROSIS
                     1 OF 5 4 5 3 1 2 4 4 0
                     2 OF 5 0 0 3 3 0 0 3 2
                     3 OF 5 0 0 1 6 0 0 1 5
                     4 OF 5 0 0 0 0 0 0 0 1
            REGENERATION
                     1 OF 5 0 1 1 7 0 2 3 1
                     2 OF 5 0 0 0 1 0 0 0 5

      RECOVERY SACRIFICE
         MUSCLE, SKELETAL, UNILATERAL 6 6 6 6 6 6 6 6
            DEGENERATION/REGENERATION
                     1 OF 5 0 2 2 0 0 1 1 0
            FIBROSIS/FIBROPLASIA
                     1 OF 5 0 0 0 1 0 0 0 0
            INFILTRATE
                     1 OF 5 1 0 1 0 1 0 0 0
            INFLAMMATION
                     1 OF 5 0 0 0 1 0 0 0 2
            REGENERATION
                     1 OF 5 0 2 1 2 0 2 1 6
                     2 OF 5 0 0 0 2 0 0 0 0
         SITE, INJECTION 6 6 6 6 6 6 6 6
            DEGENERATION/REGENERATION
                     1 OF 5 3 3 4 1 3 4 4 3
            INFILTRATE
                     1 OF 5 0 1 1 0 0 0 1 0

1: minimal; 2: mild; 3: moderate; 4: marked; 5: severe

Special Evaluation
Not conducted

Toxicokinetics
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The incurred sample reproducibility data met the acceptance criteria. The TK data are 
summarized in the Applicant’s table below:

Dosing Solution Analysis
The dosing solution was prepared daily. The analytical data demonstrated acceptable 
performance of the method for all reported results, and that dose formulations were 
prepared at the intended target concentrations except for the Day 14, 3 mg/mL 
formulations. The actual concentration readings for 3 mg/mL on Day 14 were  

. An investigation was conducted at the Testing Facility and no assignable 
cause was determined for these high results. This did not impact the interpretation of 
the study data as a higher dose was given.
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6.22 Nalmefene HCl: A 14-Day Intramuscular Toxicity Study in Beagle Dogs 
with a 14-Day Recovery Period

Study no.: Testing Facility Study No. 3243-003
Sponsor Reference No. TOX-NAL-P-066

Study report location: Study Report
Conducting laboratory and location:

Date of study initiation: 2/9/2022
GLP compliance: Yes

QA statement: Yes
Drug, lot #, purity: Nalmefene HCl, 1902000371, 98.4%

MgCl2, 201453, not specified
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Methods
Doses: 0, 0.05 (LD), 0.25 (MD) and 2.5 mg/kg/day (HD)

Frequency of 
dosing:

Once daily

Route of 
administration:

IM

Dose volume: 0.1 mL/kg
Formulation/Vehicle: Vehicle: 0.94%MgCl2 solution

Dose formulations was prepared by adding the nalmefene HCl at required 
amounts to the vehicle (0.94% MgCl2 solution) adjusted to a pH of 3.9 ± 
0.05.

Species/Strain: Dog/Beagle
Number/Sex/Group:

Age: 6–7 months old at initiation of dosing
Satellite groups: No

Unique study 
design:

No

Deviation from study 
protocol:

No deviations were deemed to significantly impact the data interpretation.

Key Study Findings
There were no test article-related systemic effects observed.

Microscopic findings were limited to the injection sites, including minimal to moderate 
muscle degeneration/necrosis with minimal to moderate mixed cell or neutrophilic 
inflammation, minimal to mild muscle regeneration and interstitial fibrosis, and minimal 
ulcer. The local effects were observed across the treatment groups including the vehicle 
group. The Applicant considered the findings to be procedure related and/or vehicle 
related. However, some of the findings such as inflammation and necrosis appear to 
have higher incidence or higher severity rating in the MD or HD group. Local effects 
observed on Day 15 appear at least partially resolved on Day 29.

For the systemic effects, the HD is the NOAEL. This Reviewer considers the findings of 
moderate degeneration/necrosis or moderate inflammation, observed in the MD and 
HD, to be adverse; therefore, the LD, corresponding to 0.5 mg/mL of nalmefene, is 
deemed to be the NOAEL with minimal to mild local effects observed. However, this 
Reviewers agrees that the local effects are not dose- limiting toxicity considering the 
reversibility and clinical monitorability. 

Reference ID: 5419190



NDA 218590 Reviewer Min Zhang, PhD

37

Observations and Results

Mortality
No test article-related mortality was observed.

Clinical Signs
No test article-related clinical signs were observed.

Body Weights
No test article-related changes were observed.

Food Consumption
No test article-related changes were observed.

Ophthalmoscopy
No test article-related changes were observed.

ECG
All animals in all groups received an electrocardiography (ECG) examination pretest, 
predose and 1 to 2 hours postdose on Day 1 and Day 14.

No test article-related changes were observed.

Hematology and Coagulation
The blood samples were taken pretest and prior to terminal and recovery necropsies in 
fasted animals.

The following hematology parameters were evaluated:

No test article-related changes were observed.
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Clinical Chemistry
The following clinical chemistry parameters were evaluated:

Urinalysis
The following urinalysis parameters were evaluated:

Terminal Procedures
The scheduled necropsy was conducted on Day 15 and Day 29. Terminal procedures 
and evaluations were summarized in the Applicant’s tables below.
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Gross Pathology
No test article-related changes were observed.
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Animal 3501 was in the MD group.

Organ Weights
There were no test article-related changes observed. Some changes of organ weights 
were observed on Day 15, but none of them were deemed test article related, 
considering lack of dose dependency and/or lack of microscopic changes.

Histopathology
Adequate Battery: Yes
Peer Review: Unknown

Histological Findings
Microscopic findings were largely limited to the injection sites, including minimal to 
moderate muscle degeneration/necrosis with minimal to moderate mixed cell or 
neutrophilic inflammation, minimal to mild muscle regeneration and interstitial fibrosis, 
and minimal ulcer. The local effects were observed across the treatment groups 
including the vehicle group. The Applicant considered the findings to be procedure 
related and/or vehicle related. However, some of the findings such as inflammation and 
necrosis appear to have higher incidence or higher severity rating in the HD or MD 
group. Local effects observed on Day 15 appear at least partially resolved on Day 29.

There were no test article-related systemic effects observed.
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Table 14: Microscopic Findings at the Last Injection Site 
Treatment Nalmefene Hydrochloride

Sex M F
Group # 1 2 3 4 1 2 3 4

Dose (mg/kg/day) 0 0.05 0.25 2.5 0 0.05 0.25 2.5
      TERMINAL SACRIFICE

         SITE, APPLICATION, UNILATERAL 3 3 3 3 3 3 3 3
            DEGENERATION/NECROSIS
                     1 OF 5 1 1 2 2 1 1 1 2
                     2 OF 5 2 2 0 1 1 1 1 1
                     3 OF 5 0 0 0 0 0 0 1 0
            FIBROPLASIA
                     1 OF 5 0 0 0 0 0 1 0 0
            FIBROSIS
                     1 OF 5 1 2 0 0 0 1 3 1
                     2 OF 5 0 0 1 1 1 1 0 1
            FOREIGN MATERIAL
                     1 OF 5 0 1 0 0 0 0 0 0
            GRANULOMA
                     1 OF 5 0 1 0 0 0 0 0 0
            HEMORRHAGE
                     1 OF 5 0 0 0 1 1 0 0 0
            INFILTRATE
                     1 OF 5 3 2 2 1 2 2 3 3
            INFLAMMATION
                     1 OF 5 2 1 2 2 2 3 2 2
                     2 OF 5 1 3 1 1 1 1 1 1
                     3 OF 5 0 0 0 1 0 0 1 1
            NECROSIS
                     1 OF 5 0 0 0 0 0 0 1 0
            REGENERATION
                     1 OF 5 1 2 0 2 0 2 2 1
                     2 OF 5 0 0 0 0 1 1 1 0
            ULCER
                     1 OF 5 1 2 2 0 0 0 1 1

      RECOVERY SACRIFICE
         SITE, APPLICATION, UNILATERAL 2 2 2 2 2 2 2 2
            FIBROSIS
                     1 OF 5 0 2 1 0 2 2 1 2
            INFILTRATE
                     1 OF 5 1 0 0 0 1 1 1 0
                     2 OF 5 0 0 0 0 0 0 0 1
            INFLAMMATION
                     1 OF 5 0 0 0 0 0 1 0 0
            REGENERATION
                     1 OF 5 0 2 0 0 1 0 1 2

1: minimal; 2: mild; 3: moderate; 4: marked; 5: severe
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Special Evaluation
Not conducted

Toxicokinetics
The incurred sample reproducibility data met the acceptance criteria. The TK data are 
summarized in the Applicant’s table below:

Dosing Solution Analysis
The analytical data demonstrated acceptable performance of the method for all reported 
results, and that dose formulations were prepared at the intended target concentrations.
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6.23 A 14-Day Toxicity Study of  by Intravenous (Bolus) 
Injection in Sprague Dawley Rats (Amendment 1)

Study no.: Testing Facility Study No. 01352006
Sponsor Reference No.TOX_NAL_P_053

Study report location: Study Report
Conducting laboratory and location:

Date of study initiation: 5/11/2020
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity:
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signs of toxicity throughout the study. Therefore, given the absence of any test article-
related effects and the circumstances around these deaths, the restraint and dosing 
procedures are deemed to be the likely cause of death of these 2 animals.

Clinical Signs
There were no test article-related findings observed.

Body Weights and Food Consumption
There were no test article-related changes.

Ophthalmoscopy
There were no test article-related changes.

ECG
Not conducted.

Hematology
The blood samples were taken prior to the designated necropsy in fasted animals.

The following hematology parameters were evaluated:

There were no test article-related changes observed.

Clinical Chemistry
The blood samples were taken prior to the designated necropsy in fasted animals.
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The following clinical chemistry parameters were evaluated:

There were no test article-related changes observed.

Urinalysis
Urine was collected overnight using metabolism cages prior to the designated necropsy.
The following urinalysis parameters were evaluated:

There were no test article-related changes observed.

Terminal Procedure
Terminal procedures and evaluations are summarized in the Applicant’s tables below:
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Gross Pathology

Reference ID: 5419190





NDA 218590 Reviewer Min Zhang, PhD

49

7 Genetic Toxicology
The Applicant did not submit genetic toxicology studies with nalmefene.

8 Carcinogenicity
Carcinogenicity studies are not needed for this acute indication.

9 Reproductive and Developmental Toxicology
The Applicant did not submit reproductive and developmental toxicology studies with 
nalmefene.

10 Special Toxicology Studies

Local Tolerance Studies

Magnesium Chloride (MgCl2) and Nalmefene: A Single Dose Local Tolerance 
Study in Rats Administered via Intramuscular or Subcutaneous Injection

Study no.: Testing Facility Study No. 3243-004
Sponsor Reference No. TOX_NAL_N_062

Study report location: Study Report
Conducting laboratory and location:

Date of study initiation: 10/13/2021
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Nalmefene HCl, 1902000369, not specified 

MgCl2, 201453, not specified
Saline, 1902089, not specified
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Methods
Doses: • 0, 6.28 (LD), 18.85 (MD) and 67.15 mg/kg (HD) for MgCl2 

treatment alone

• 6.28/3.7 (LD), 18.85/11.1 (MD) and 67.15/21.5 mg/kg (HD) 
for MgCl2/nalmefene combination treatment

Frequency of 
dosing:

Single dose

Route of 
administration:

IM or SC

Dose volume: See the table above
Formulation/Vehicle: Saline

Species/Strain: Rats/Crl:CD®(SD)
Number/Sex/Group: 5/male/dose

Age: 9-11 weeks old at initiation of dosing
Satellite groups: No

Unique study 
design:

No

Deviation from study 
protocol:

No deviations were deemed to significantly impact the data 
interpretation.

The objective of this study was to determine the potential local tolerance of the test 
articles, MgCl2 and Nalmefene, when administered via IM or SC injection as a single 

Reference ID: 5419190



NDA 218590 Reviewer Min Zhang, PhD

51

dose to rats followed by an observation period of 14 days with histopathological 
evaluation of the injection sites on Days 2 and Day 15 to evaluate acute and delayed 
local toxicity. 

Key Study Findings
Test article-related effects were observed in microscopic examinations at injection sites. 
Minimal to mild/moderate local effects including necrosis, inflammation and hemorrhage 
were observed at the IM or SC injection site on Day 2. Recovery of the local effects 
were observed on Day 15. 

IM administration route
• Minimal to mild local effects were observed in the LD and MD groups received 

MgCl2 treatment alone or the combination treatment.

• Moderate severity ratings of the local findings were generally observed at the HD 
of MgCl2 alone or at the HD of combination treatment. 

SC administration route
• Moderate findings were only observed in the HD group received the combination 

treatment. Minimal to mild local effects were observed in other dose groups 
including the HD of MgCl2 treatment alone.

None of the local effects were deemed adverse by the Applicant. However, this 
Reviewer conservatively considers moderate local effects adverse; therefore, for the IM 
administration route, the MD is deemed to be the NOAEL for the local effects of MgCl2 
alone or the combination treatment; for the SC administration route, the MD is deemed, 
by this Reviewer, to be the NOAEL for the combination treatment and the HD to be 
NOAEL for the MgCl2 alone treatment. 

Microscopic Findings at the Dosing Site
Local effects at the IM dosing site
As show in the Applicant’s table below, on Day 2 necropsy, there was acute MgCl2 + 
Nalmefene-related or MgCl2-related microscopic findings at IM injection sites consisted 
of generally dose-dependent minimal to moderate myofiber degeneration/necrosis, 
inflammation and myofiber hemorrhage. Additionally, minimal to mild injection site 
necrosis (muscle, adipose, and collagen degradation) occurred at the HD of MgCl2 
alone or high dose combination. Generally, acute MgCl2-related microscopic findings at 
the IM injection sites consisted of similar findings to those seen in the MgCl2 + 
Nalmefene dose groups, but at slightly less severity and/or incidence at the LD or MD 
comparing to the corresponding combination group. 
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Table 15: IM Injection Site Microscopic Findings on Day 2

As shown in the Applicant’s table below, microscopic findings at the IM injection sites of 
Day 15 rats at the HD combination group had minimal mononuclear cell infiltrate and 
minimal fibrosis, suggesting a recovery of local effects.

Table 16: IM Injection Site Microscopic Findings on Day 15
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Local effects at the SC dosing site
As shown in the Applicant’s table below, acute (Day 2) MgCl2 + Nalmefene SC injection 
sites of rats had microscopic findings of similar nature to those seen at IM injection sites 
but largely confined to the subcutaneous tissue. Changes consisted of dose-dependent, 
minimal to moderate mononuclear inflammation and minimal to mild hemorrhage of the 
subcutis. Additional changes included minimal to moderate necrosis (adipose, muscle, 
and collagen degradation), minimal to mild neutrophilic inflammation of subcutaneous 
tissue, minimal to mild myofiber degeneration/necrosis.

Acute (Day 2) MgCl2-related microscopic findings of SC injection sites were again 
similar in nature to those seen with MgCl2 + Nalmefene, but most of the findings were 
limited to the HD group. 

Table 17: SC Injection Site Microscopic Findings on Day 2

Microscopic findings observed at the end of the recovery period on Day 15 for SC 
injection sites are summarized in the Applicant’s table below. Only minimal 
mononuclear cell infiltration or minimal fibrosis in the SC tissue was observed in the test 
article-treated groups, suggesting a recovery of local effects.
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Table 18: SC Injection Site Microscopic Findings on Day 15

MgCl2 and Nalmefene: An Intramuscular and Subcutaneous Injection Local 
Tolerance Study in Rabbits

Study no.: Testing Facility Study No. 3243-005
Sponsor Reference No. TOX_NAL_N_063

Study report location: Study Report
Conducting laboratory and 

location:

Date of study initiation: 11/2/2024
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Nalmefene HCl, 1902000369, not specified

MgCl2, 201453, not specified
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Methods
Doses: • 0, 1.57 (LD), and 7.83 (HD) mg/kg for MgCl2 treatment 

alone

• 1.57/0.5 (LD) and 7.83/2.5 (HD) mg/kg for 
MgCl2/nalmefene combination treatment

Frequency of dosing: Single dose
Route of administration: IM or SC

Dose volume: 1 mL/animal
Formulation/Vehicle: Saline

Species/Strain: New Zealand White Rabbits
Number/Sex/Group: 3/male/group

Age: Approximately 6.5 to 7 months
Weight: 2.7-3.5 kg

Satellite groups: No
Unique study design: No
Deviation from study 

protocol:
No deviations were deemed to significantly impact the data 
interpretation.

The objective of this study was to determine the local tolerance of the test articles, 
MgCl2 alone and a combination of MgCl2 and Nalmefene, when administered via IM or 
SC injection as a single dose to New Zealand White Rabbits followed by an observation 
period of 14 days with histopathological evaluation of the injection sites on Days 2 and 
Day 15 to evaluate acute and delayed local toxicity. 

Key Study Findings
The findings were limited to the microscopic examination. There were no test article-
related findings observed. The local effects observed at the IM or SC dosing sties were 
considered injection procedure-related; thus, the NOAEL for the local effects was the 
HD for the treatment of MgCl2 alone and the MgCl2/Nalmefene combination.

Microscopic Findings at the Dosing Site
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Local effects at IM and SC dosing site on Day 2
Microscopic observations at both IM and SC injection sites at termination and recovery 
(i.e., minimal to mild leukocyte infiltration, myofiber degeneration/necrosis or 
regeneration, hemorrhage, ulcer, crust, epidermal hyperplasia, and occasional 
embedded hair foreign material) were observed across the treatment groups. The 
Applicant considered the findings incidental and generally attributable to injection 
procedure-related effects, given that these findings are commonly seen secondary to 
injection procedures, lacked a dose-response in incidence and severity, and occurred at 
similar incidence and severity across all treatment groups. This Reviewer agrees with 
this conclusion.

Table 19: Summary of Microscopic Findings on Day 2 at the IM and SC Dosing 
Site
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Local effects at IM and SC dosing site on Day 15
Compatible with the timeframe, these procedure-related findings showed a temporal 
trend from more acute (Day 2) to more chronic (Day 15), including a shift of cellular 
composition from frequently mixed leukocyte (neutrophils, lymphocytes, histocytes, 
eosinophils) to often mononuclear (lymphocytes, histocytes) and decreased incidence 
of acute observations (hemorrhage, ulceration, crust, myofiber degeneration/necrosis) 
to occasional chronic changes (fibroplasia and myofiber regeneration); this pattern was 
consistent with a healing response to the procedure-related effects.
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Table 20:  Summary of Microscopic Findings on Day 15 at the IM and SC Dosing 
Site
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 An Intramuscular and Subcutaneous Injection Local Tolerance 
Study in Rabbits

Study no.: Testing Facility Study No. 20457072
Sponsor Reference No. TOX-NAL-N-080

Study report location: Study Report
Conducting laboratory and location:

Date of study initiation: 7/18/2023
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity:
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necropsy (3/group) were euthanized on Day 2, and animals designated for the recovery 
necropsy (3/group) were euthanized on Day 14 following a 14-day observation period.

The following parameters and endpoints were evaluated in this study: mortality, clinical 
signs, dermal irritation scores, body weights, body weight gains, food consumption, 
organ weights, and macroscopic and microscopic examinations. Only dosing sites were 
evaluated for histopathological changes.

There were no test article-related changes observed on any of the endpoints listed 
above. Microscopic findings observed on Day 2 and Day 14 were procedure related, 
incidental, of the nature commonly observed in New Zealand White rabbits, and/or were 
of similar incidence and severity in control and dosed animals and, therefore, were 
considered unrelated to administration of . The HD, corresponding to 
the measured concentration of  mg/mL, is considered to be the NOAEL for the 
study.

Juvenile Animal Studies (JAS)
The NDA submission seeks marketing approval in patients who are 12 years or older. 
The Agency concurred that the safety and efficacy of nalmefene may be extrapolated to 
pediatric patients 12-17 years. A deferral has been granted by the Agency for clinical 
studies assessing the pharmacokinetics and pharmacodynamics of nalmefene in 
patients < 12 years old. The Applicant will conduct two JAS to support their pediatric 
study outlined in the agreed PSP, which are shown below. 

• Conduct a juvenile animal study in rats to support the initiation of clinical studies 
in pediatric patients from 3 years to less than 12 years of age. This study will 
evaluate the effect of the drug on growth and development, specifically 
reproductive performance/sexual maturation and central nervous system 
histopathology and long-term behavioral effects. 

Conduct a juvenile animal study in rats to support the initiation of clinical studies 
in pediatric patients from birth to less than 3 years of age. This study will evaluate 
the effect of the drug on development, specifically neuroapoptosis and central 
nervous system histopathology. 

The Division has reviewed the JAS protocols and provided comments to the Applicant.

11 Integrated Summary and Safety Evaluation
The regulatory pathway for the NDA submission is via 505(b)(2) with Revex as the LD. 
No additional pharmacology studies were needed to support this NDA. The Applicant 
conducted 14-day repeat-dose study with IM administration to support the systemic 
safety and local tolerance studies with IM and SC administration route in rats and 
rabbits to support the local safety of the drug product. To qualify the safety of the 
proposed specification for the drug product degradant , the Applicant 
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conducted a14-day repeat-dose study with IV administration of  in 
rats, local tolerance study with IM and SC administration in rabbits and a (Q)SAR 
assessment. See the tables below for the summary of key findings and resulting 
exposure margins from the nonclinical studies. 

Specifications for the drug substance, drug product impurity and residual solvents are 
deemed acceptable. The drug substance specification for , NMT % 
(w/w), is greater than ICH Q3A(R2)-recommended qualification threshold of 0.15%, 
whereas the total daily intake (TDI) of  after 2 doses of nalmefene treatment 
is less than the qualification threshold of 1 mg/day. As discussed in Section 2.5, 

 is an FDA-approved API, and the 14-day repeat-dose rat study and local 
tolerance studies with IM and SC administration route in rabbits and rats can provide 
adequate systemic and local support for the proposed higher level of . The 
drug product stability specification for , NMT %, is higher than the 
ICH Q3B(R2)-recommended qualification threshold of 1%. As discussed in Section 2.5, 
the totality of the data including the nonclinical studies is deemed adequate to support 
the safety of the proposed specification for . The Applicant submitted 
a report that contains a risk assessment for the potential presence of elemental 
impurities in the finished drug product, in accordance with ICH Q3D. This Reviewer 
concurs with the Applicant that routine analysis and additional controls of elemental 
impurities for the drug product is not required, given that all potential elemental 
impurities are much lower than 30% of the respective established parenteral PDE (as 
per ICH Q3D).

To support the safety of the container closure system, the Applicant submitted an 
extractables leachables assessment. No compounds above the 5 mcg/day threshold 
were observed at any time points evaluated. It is noted that the CMC review team has 
identified issues with the extractable leachables data. However, given that there were 
no leachables above 5 mcg/day, components of the autoinjector have been used in 
other FDA approved products, and that this product is for a life-saving indication, the 
identified issues do not preclude approval and will be addressed through postmarketing 
commitment (PMC) studies.  

Safety Assessment of Excipients
The drug product contains magnesium chloride hexahydrate. MgCl2 is not currently in 
any FDA approved IM or SC drug products. It is used as an excipient in drug products 
approved for other parenteral administration routes including intraperitoneal route. 
MgCl2 is widely used in both medical and nutritional contexts to replenish electrolytes. 
To support the systemic and local safety of MgCl2, the Applicant conducted 14-day 
repeat-dose studies with IM administration route in rats and dogs, and local tolerance 
studies with IM and SC administration routes in rats and rabbits which received MgCl2 
treatment alone or combination treatment with nalmefene and MgCl2.

In the 14-day repeat-dose studies, as discussed in Section 2.4, there were no adverse 
systemic effects observed with MgCl2 in rats and dogs up to 1 times and 3.3 times the 
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human dose of MgCl2 after two doses of the NAI, based upon HED BSA comparison. It 
is noted that the systemic safety margin established in the rat study is 1x. As discussed 
previously, MgCl2 is present as an excipient in drug products approved for parental 
administration routes including intraperitoneal route at high levels. It is used to replenish 
electrolytes via IV or oral route. The typical dose of MgCl2 in over-the-counter oral 
supplements for adults ranges from 200 mg to 400 mg. Oral MgCl2 is well absorbed in 
the gut. Based upon the weight of evidence analysis, this Review concluded that there 
are no systemic safety concerns with MgCl2 as an excipient in this life-saving drug 
product.

In the acute local tolerance studies in rats and rabbits, saline, MgCl2 alone or MgCl2 in 
combination with nalmefene were administered via IM and SC injection as a single dose 
followed by an observation period of 14 days with histopathological evaluation of the 
injection sites on Days 2 and Day 15 to evaluate acute and delayed local toxicity. In the 
rat acute tolerance study, MgCl2-related effects were observed at injection sites, 
including necrosis, inflammation and hemorrhage observed on Day 2. Recovery of the 
local effects were observed on Day 15. In rats that received IM administration with 
MgCl2 alone, moderate local effects were observed at the HD and minimal to mild local 
effects were observed at the LD and MD. In rats that received SC administration with 
MgCl2 alone, only minimal to mild local effects were observed. None of the local effects 
were deemed adverse by the Applicant. However, this Reviewer conservatively 
considers moderate local effects potentially adverse; therefore, the MD (for IM route) 
and HD (for SC route) are deemed to be the NOAEL for the local effects corresponding 
to 2.8 times and 5 times the clinical MgCl2 concentration, respectively.

In the acute tolerance study in rabbits, there were no test article-related findings 
observed. Microscopic observations at both IM and SC injection sites at termination and 
at recovery (i.e., minimal to mild leukocyte infiltration, myofiber degeneration/necrosis or 
regeneration, hemorrhage, ulcer, crust, epidermal hyperplasia, and occasional 
embedded hair foreign material) were observed across the treatment groups including 
the saline group. The findings are deemed incidental and generally attributable to 
injection procedure-related effects, given that these findings are commonly seen 
secondary to injection procedures, lacked a dose-response in incidence and severity, 
and occurred at similar incidence and severity across all treatment groups including the 
saline group. Thus, the high dose of MgCl2 is considered to the NOAEL for both IM and 
SC treatment route, corresponding to 2.5 times the clinical MgCl2 concentration.

In summary, based upon the totality of the data including the nonclinical studies, this 
Reviewer concludes that there are no concerns on systemic and local safety with the 
drug excipient MgCl2 in this life-saving drug product.

Safety Assessment of Nalmefene
Nalmefene in the proposed drug product is in , which is higher than nalmefene 
concentration of 1 mg/mL in the LD, Revex. The nonclinical studies described above for 
supporting the safety qualification of MgCl2 are also used to support local and systemic 
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safety of nalmefene. The effects observed in the nonclinical studies and exposure 
margins of nalmefene reached in the studies are summarized in the tables below. 

In the 14-day repeat-dose studies in rats and dogs, the animals received daily IM 
injection with nalmefene hydrochloride for 14 days with a 14-day recovery period. MgCl2 
was used as a vehicle. There were no test article-related systemic findings except that 
the HD-treated rats exhibited test article-related, reversible, generally minimally higher 
(up to 84% increase from the control mean value) aspartate aminotransferase (AST) 
activity at the end of the dosing phase on Day 15. The Applicant stated that the 
increased AST correlated microscopically with myofiber necrosis and associated 
inflammation at the dosing site. The effect was not deemed adverse. The HD is deemed 
to be the NOAEL for the systemic effects in both studies, resulting in high safety 
margins when comparing to the systemic human exposures after two doses of 
nalmefene treatment (see Table 22 for exposure multiples).

The local safety of nalmefene was evaluated as a combination with MgCl2 in acute local 
tolerance studies in rats or rabbits that received a single IM or SC administration. The 
14-day repeat-dose studies in rats or dogs that received daily IM administration with 
nalmefene in 0.94% MgCl2 solution also included histopathological evaluation of the 
local tissues at the last IM dosing site. The local findings are summarized in Table 21. 

In the 14-day repeat-dose study in rats, the local findings at the last IM injection site 
included minimal to mild edema, fibrosis and hemorrhage; minimal to marked myofiber 
necrosis and associated minimal to moderate inflammatory changes (mixed cell and/or 
macrophages). Minimal to mild local effects were generally observed in the vehicle 
(MgCl2) and the LD-treated groups with similar incidence, but there was a dose-related 
increase in incidence and severity at the MD and HD. The local findings at the MD and 
HD were considered exacerbation of vehicle/procedure-related local toxicity by 
nalmefene. By Day 29 for the recovery assessment, the local changes observed on Day 
15 had partially or completely resolved. For the local effects of nalmefene, the HD was 
considered to be the NOAEL by the Applicant. This Reviewer conservatively considers 
the findings of moderate inflammation or moderate/marked necrosis, observed at the 
MD and HD, to be adverse; therefore, the LD in the rat study, corresponding to 1x the 
clinical nalmefene concentration, is deemed to be the NOAEL with minimal to mild local 
effects observed. In the 14-day repeat-dose study in dogs, local microscopic findings at 
the last IM injection sites included minimal to moderate muscle degeneration/necrosis 
with mixed to neutrophilic inflammation, minimal to mild muscle regeneration/interstitial 
fibrosis and minimal ulcer. The local effects were observed across the treatment groups 
including the vehicle (0.94% MgCl2) group. The Applicant considered the findings to be 
procedure related and/or vehicle related. However, some of the findings such as 
inflammation and necrosis appear to have higher severity rating in the MD or HD group; 
thus, exacerbation of local effects by nalmefene cannot be ruled out. Local effects 
observed on Day 15 were partially or completely resolved on Day 29. The Applicant 
considered the HD to be the NOAEL. This Reviewer considers the findings of moderate 
degeneration/necrosis or moderate inflammation, observed in the MD and HD, to be 
adverse; therefore, the LD, corresponding to 0.2 times the clinical nalmefene 
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concentration is deemed to be the NOAEL with minimal to mild local effects observed in 
the dog study.

In the local tolerance studies in rats and rabbits, microscopic examination of the local 
tissues was conducted on Day 2 for acute effects and on Day 14 for recovery 
assessment. A saline group was included as a control group in these studies.  In the 
local tolerance study in rats, minimal to moderate local effects including necrosis, 
inflammation and hemorrhage were observed at the IM or SC injection site on Day 2 
across all the groups. Recovery of the local effects were observed on Day 15. Minimal 
to mild local effects were observed at the LD and MD of nalmefene/MgCl2, and 
moderate severity ratings of the local findings were generally limited to the HD group; 
thus the MD, corresponding to 5.2 times and 2.6 times clinical nalmefene concentration, 
for the IM and SC administration route, respectively, is deemed to be the NOAEL for the 
rat study, considering the moderate local effects observed at the HD are potentially 
adverse. In the local tolerance study in rabbits, microscopic observations at both IM and 
SC injection sites at termination and recovery (i.e., minimal to mild leukocyte infiltration, 
myofiber degeneration/necrosis or regeneration, hemorrhage, ulcer, crust, epidermal 
hyperplasia, and occasional embedded hair foreign material) were observed across the 
treatment groups including the saline-treated group. The findings are considered 
incidental and generally attributable to injection procedure-related effects, given that 
these findings are commonly seen secondary to injection procedures, lacked a dose-
response in incidence and severity, and occurred at similar incidence and severity 
across all treatment groups. A recovery trend was demonstrated on Day 15. Thus, the 
HD is deemed to be the NOAEL for the rabbit study, corresponding to 2.5 times the 
clinical nalmefene concentration, for both the IM and SC administration route.

Table 21: Nonclinical Findings of Potential Clinical Relevance 
Toxicity/Finding Studies* Reversible? Comments
Dosing Site (IM)

Edema, fibrosis, hemorrhage
(minimal to mild)

Myofiber necrosis
(minimal to marked)

Inflammatory changes
(minimal to moderate)

14-day Rat 
(IM)

Yes
(partial to 
complete)

Muscle degeneration/necrosis
(minimal to moderate)

Mix cell or neutrophilic inflammation
(minimal to moderate)

Muscle regeneration, interstitial fibrosis
(minimal to mild)

 Ulcer
(minimal)

14-day Dog 
(IM)

Yes
(partial to 
complete)

Related to procedure 
and vehicle (MgCl2) 
exacerbated by 
nalmefene treatment
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Necrosis, inflammation, hemorrhage
(minimal to moderate)

Acute 
Local 

Tolerance 
Rat 

(IM or SC)

Yes Moderate severity 
findings were generally 
limited to HD groups. 

Leukocyte infiltration, myofiber 
degeneration/necrosis or regeneration, 

hemorrhage, ulcer, crust, epidermal 
hyperplasia

(minimal to mild)

Acute 
Local 

Tolerance 
Rabbit

(IM or SC)

Yes Procedure-related

*14-day rat study: Study 3243-002
14-day dog study: Study 3243-003
Single-dose rat study: Study 3243-004
Single-dose rabbit study: Study 3243-005

Table 22: Systemic Exposure Margins of Nalmefene Reached in the Nonclinical 
Studies

Animal Human
Exposure
(ng*h/mL)

Exposure Margin
(Animal/Human)

Animal Study
Dose

Nalmefene
(mg/kg/day) AUC0-24h

ng*h/mL
Cmax

ng/mL
AUC (0-inf)

62
ng*h/mL*

Cmax
16.2

 ng/mL*

0.3 39.4 35.1 0.6 2.2

1.5 163 171 2.7 10.614-day Rat
(Study 3243-002)

7.5
(NOAEL) 1110 749 18.2 46.2

0.05 11.8 13.5 0.2 0.8

0.25 53.6 62.9 0.9 3.914-day Dog
(Study 3243-003)

2.5
(NOAEL) 603 674 9.9 41.6

*Estimated values for 2 doses of the proposed drug product based upon average Cmax (8.1 ng/mL) and 
AUC(0-inf) (31 ng*h/mL) achieved after IM administration of a single dose of 1.5 mg of the proposed drug 
product in the clinical study NAL1005

Table 23: Local Exposure Margins of Nalmefene Reached in the Nonclinical 
Studies

Animal Study Administration 
Route

(test article)

Nalmefene 
Concentration

(mg/mL)

Exposure Margin*
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were observed in the repeat-dose studies in rats and dogs and in the local tolerance 
studies in rats, but not in the local tolerance study in rabbits. Although some of the local 
effects with severity rating of moderate or above are deemed adverse by this Reviewer, 
this Reviewer agrees that the local effects are not dose limiting considering the 
demonstration of recovery process and clinical monitorability. The safety of MgCl2 is 
supported by the nonclinical data and weight-of-evidence analysis. In support of the 
safety of the container closure system, no leachable compounds above the 5 mcg/day 
threshold were reported at any time points tested. Although the CMC review team has 
identified issues with the E/L evaluation, these issues do not preclude approval and will 
be addressed in postmarketing commitment studies. Taken together, the submitted 
nonclinical studies support the safety of the drug product, the excipient MgCl2, and 
qualifies the safety of the drug product degradant .
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