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1 Executive Summary

1.1 Introduction
NDA 216903 submitted by Slayback Pharmaceuticals is for a fixed-dose combination 
product consisting of neostigmine methylsulfate (1.0 mg/mL) and glycopyrrolate (0.2 
mg/mL) in a 3 mL prefilled syringe. The Applicant has submitted this NDA via the 
505(b)(2) regulatory pathway and has cited NDA 204078 (BLOXIVERZ) and NDA 
017558 (ROBINUL) as the Reference Drugs (RDs) for neostigmine methylsulfate and 
glycopyrrolate, respectively. The Maximum Daily Dose (MDD) for this product is 5 
mg/day neostigmine, 1 mg/day glycopyrrolate. 

1.2 Brief Discussion of Nonclinical Findings
In support of their drug product, the Applicant submitted a literature search from the 
time of approval of the RD to the date of submission regarding pharmacology, 
pharmacokinetic, ADME, toxicokinetic, and toxicology data for each API. There were no 
data from published studies that warrant changes to the proposed labeling. The 
Applicant also submitted a comparison of physiochemical properties between their 
proposed product, BLOXIVERZ (Neostigmine Methylsulfate), Glycopyrrolate Injection, 
USP (0.2 mg/mL), and a combined mixture between these products in a 1:1 ratio. The 
proposed drug product is isotonic and within the pH range of the respective RDs.

The Applicant’s proposed specifications for drug substance and drug product impurities 
are within the levels outlined in ICH Q3A(R2) and Q3B(R2). Residual solvent 
specifications are within the levels as stated in ICH Q3C(R8). Elemental impurities are 
below the control threshold of 30% as per ICH Q3D. To support the safety of the 
container closure system, the Applicant provided extractables and leachables studies. 
One leachable above the SCT of  were identified and was properly qualified, 
and therefore there are no concerns with the safety of the prefilled syringe container 
closure system.

To support the local safety of the combination product, the Applicant conducted an in 
vitro hemolysis study and a local tolerance (IV/PV) study. It is noted that while the 
hemolysis study was GLP, the local tolerance was non-GLP and utilized only male 
rabbits. In response to an information request (IR), the Applicant informed the Division 
that the local tolerance study was conducted in the spirit of GLP. The Applicant also 
provided literature indicating that sex-dependent differences regarding local toxicity from 
parenteral drugs are unlikely, which this Reviewer is in agreement. In discussions with 
the Clinical Review Team, it is noted that neostigmine methylsulfate and glycopyrrolate 
are used in combination. Taking into consideration the clinical experience with the 
individual APIs and with the combination, there are no outstanding safety concerns with 
the nonclinical data submitted in support of the fixed-dose prefilled syringe combination 
product.
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1.3 Recommendations

1.3.1 Approvability
From a nonclinical pharmacology/toxicology perspective, NDA 216903 for the 
combination product housed in a prefilled syringe that consists of neostigmine 
methylsulfate and glycopyrrolate is recommended for approval.

1.3.2 Additional Nonclinical Recommendations
N/A

1.3.3 Labeling
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The recommended dose of Glycopyrrolate Injection is 0.2 mg for each 1 mg of neostigmine or 5 
mg of pyridostigmine.

The labeling for the RD of neostigmine methylsulfate, BLOXIVERZ®, states the 
following:

The recommended maximum total dose if 0.07 mg/kg or up to a total of 5 mg, whichever is less.

From the labeling, the MDD of the proposed product is 5 mg/day neostigmine, 1 mg/day 
glycopyrrolate.

2.4 Comments on Novel Excipients
The excipients for the proposed drug product are as follows:

Table 8: Quantitative Composition of Drug Product
Component Quantity per Unit 

(3 mL Prefilled Syringe)
Maximum Daily 
Intake (MDI)

MDI in Inactive 
Ingredients 
Database (IID)

Comment 

Disodium 
edetate 
dihydrate 
USP

0.5 mg 2.5 mg  19 mg Within limits 
listed in IID.

Sodium 
Chloride

8 mg 0.8% w/v, 40 mg 1800 mg Within limits 
listed in IID.

Hydrochloric 
Acid NF

q.s. to adjust pH 3.0-4.2 - - -

Sodium 
Hydroxide

q.s. to adjust pH 3.0-4.2 - - -

Water for 
Injection 
USP

q.s. to 1 mL - - -

Data from 2.3.P Drug Product QOS, pgs. 2/120.

The excipients are within levels contained in approved drug products as listed in the 
FDA Inactive Ingredients Database (IID). Therefore, there are no novel excipients.

2.5 Comments on Impurities/Degradants of Concern
Based on the MDD of this product (5 mg neostigmine, 1 mg glycopyrrolate), the 
following are the relevant qualification thresholds:

- Drug Substance Impurities as per ICH Q3A(R2)
= 0.15% or 1.0 mg/day, whichever is lower

- Drug Product Degradants as per ICH Q3B(R2)
= 1.0% or 50 mcg TDI, whichever is lower

Drug Substance Impurities and Qualifications 
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The specification limits for the drug product degradants are set at %. All proposed 
levels are within the thresholds outlined in ICH Q3B(R2)

Elemental Impurities
The Applicant provided an Elemental Impurities Risk Assessment study report (found in 
3.2.P.2 Elemental Impurity Assessment Report). 

The Applicant supplied an elemental impurities risk assessment with considerations of 
potential sources of elemental impurities in the drug substance, excipients, 
manufacturing equipment, utilities, and container closure system.

Figure 1: Elementals Risk Assessment

From 3.2.P.2 Elemental Impurity Assessment Report, pg. 8/304.

A risk assessment of the final drug product also took into considerations the leachables 
data. Three batches of the drug product (batch numbers ATY101, ATY 102, and ATY 
103) were analyzed. 
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with the Applicant occurred under PIND 139866. This is a first NDA submission for this 
combination product.

3 Studies Submitted
Study Title Study # Study Type Location
In Vitro Blood Compatibility (Hemolysis) 
Study of Neostigmine Methylsulfate and 
Glycopyrrolate Injection 10 mg and 0.2 
mg per mL in Human Blood

 
001

Hemolysis EDR

Intravenous and Paravenous Local 
Tolerance Study of Neostigmine 
Methylsulfate and Glycopyrrolate 
Injection 1.0 mg and 0.2 mg per mL in 
New Zealand White Rabbits

 
3497

IV/PV, Local Tolerance EDR

(See also Declaration 
Letter: EDR) 

4 Pharmacology
No new primary pharmacology studies or data with neostigmine or glycopyrrolate were 
submitted. The Applicant is  relying upon the data in the referenced product label. 

5 Pharmacokinetics/ADME/Toxicokinetics
No new pharmacokinetic, ADME, or toxicokinetic studies with neostigmine or 
glycopyrrolate were submitted. The Applicant is relying on the labeling based on the 
RDs. 

6 General Toxicology
No new single- or repeat-dose toxicity studies with neostigmine or glycopyrrolate were 
submitted, and the Applicant also indicated that no relevant studies were identified in a 
literature search. The Applicant is relying upon the Agency previous findings of safety 
and efficacy of the referenced products.

7 Genetic Toxicology
No new genetic toxicity studies with neostigmine or glycopyrrolate were submitted, and 
no relevant studies were identified in a literature search. The Applicant is relying upon 
the Agency previous findings of safety and efficacy of the referenced products.

8 Carcinogenicity
No new carcinogenicity studies with neostigmine or glycopyrrolate were submitted, and 
no relevant studies were identified in a literature search. As the proposed drug product 
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is for acute use, a carcinogenicity evaluation for neostigmine and glycopyrrolate is not 
needed.

9 Reproductive and Developmental Toxicology
No new reproductive and developmental toxicology studies with neostigmine or 
glycopyrrolate were submitted, and no relevant studies were identified in a literature 
search. The Applicant is relying upon the Agency previous findings of safety and 
efficacy of the referenced products.

10 Special Toxicology Studies

Local Tolerance Studies

10.1 Study Title+: In Vitro Blood Compatibility (Hemolysis) Study of 
Neostigmine Methylsulfate and Glycopyrrolate Injection 1.0 mg and 0.2 mg 
per mL in Human Blood

Study no.:  001
Study report (Electronic) location: EDR

Type of Study: Other
If “Other”: In Vitro Blood Compatibility (Hemolysis) 

Study initiation date: July 13, 2021 
Conducting laboratory and location:

Duration: 1 
Duration Units: days

GLP compliance: Y
Drug, lot #, and % purity: Neostigmine Methylsulfate and 

Glycopyrrolate Injection IH, 1.0 mg/0.2mg 
per mL, ATY101, 101.1% Neostigmine 
Methylsulfate, 99.9% Glycopyrrolate 

Methods
Test System: Fresh Human Whole Blood

Frequency of dosing: Once
Number/Sex/Group: Mixture blood from 3 human volunteers 

Dose volume: 10 mcL
Formulation/Vehicle: Ready-to-use from Applicant

Comment on Study Design and 
Conduct:

Blood collected from three human volunteers 
was pooled and subjected to plasma-free 
hemoglobin concentration determination. 
Plasma-free hemoglobin concentration was 
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determined at 0.157 mg/mL, whole blood 
hemoglobin concentration was 152.30 
mg/mL and was diluted to 10 mg/mL with 
CMF-PBS. Test item ratios of neat, 1:2, 1:4, 
and 1:8 were utilized. Blank, normal saline 
(vehicle control), test item at concentrations, 
plasma (negative control), Saponin 1% 
(positive control) were added to different 
tubes. Following incubation, samples were 
mixed gently and centrifuged. Absorbance of 
reactions were spectrophotometrically 
measured at wavelength 540 nm.

Dosing Solution Analysis: Applicant provided finished drug product 
certificate of analysis (CoA)

Key Study Findings
- Percentage of hemolysis of test article against negative control were -0.188% 

(Neat), -0.108% (1:2), 0.081% (1:4), and -0.161% (1:8), respectively
- No evidence of hemolysis in any of the concentrations tested of the test article

Observations and Results
The concentration of hemoglobin for the blank, negative, and positive controls were 
reported at 0.381±0.005, 0.585±0.005, 1.538±0.009 mg/mL respectively. The 
percentage of hemolysis for the negative and positive controls were 2.1% and 12.0%.

The concentrations of hemoglobin of the test item formulations for the Neat, 1:2, 1:4, 
and 1:8 were 0.363±0.009, 0.371±0.005, 0.389±0.030, and 0.3650±005 mg/mL, 
respectively. The percentage hemolysis against that of the negative control were 
calculated at -0.188%, -0.108%, 0.081% and -0.161%, respectively. 
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Table 15: Plasma Free Hemoglobin, Total Blood Hemoglobin, and Total Diluted 
Blood Hemoglobin Concentration

From 4.2.3.6 Invitro Blood Compatibility study report, pg. 18/30. 

Table 16: Hemoglobin Concentration and % Hemolysis
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From 4.2.3.6 Invitro Blood Compatibility study report, pg. 19-20/30. 

Overall, no hemolysis was found at any of the concentrations under the experimental 
conditions tested.

Reviewer Comment: It is noted that, while a hemolysis study was submitted, the 
Applicant did not provide protein flocculation or platelet activation data with the 
combination product. It is recognized that there is clinical experience for use of these 
products together under current clinical practice. Given the absence of the findings in 
the provided nonclinical studies and the lack of safety signals raised from clinical 
experience of both products together and individually, we do not have any concerns 
regarding the blood compatibility of this combination product. See the clinical review 
memo for additional information.
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10.2 Study Title+: Intravenous and Paravenous Local Tolerance Study of 
Neostigmine Methylsulfate and Glycopyrrolate Injection 1.0 mg and 0.2 mg 
per mL in New Zealand White Rabbits

Study no.:  3497
Study report (Electronic) location: EDR

Type of Study: Other
If “Other”: Local Tolerance Study

Study initiation date: June 23  2021 
Conducting laboratory and location:

Duration: 1
Duration Units: days

GLP compliance: N
Drug, lot #, and % purity: Neostigmine Methylsulfate and 

Glycopyrrolate Injection 1.0 mg and 0.2 
mg per mL, ATY101, Neostigmine 
Methylsulfate (101.1%) and 
Glycopyrrolate (99.9%)

Methods
Doses: 0.2 mg Neostigmine Methylsulfate/0.04 mg 

Glycopyrrolate
Vehicle Control (G1), Intravenous (G2), 
Paravenous (G3)

Frequency of dosing: Single dose
Number/Sex/Group: 3 (Males only)

Dose volume: 0.2 mL
Formulation/Vehicle: Ready-to use from Applicant

Route of administration: INTRAVENOUS
Species: RABBIT

Strain: NEW ZEALAND
Age / Sexual Maturity: 4-5 months

Comment on Study Design and 
Conduct:

Non-GLP study utilizing only males. Groups 
were treated with the vehicle control or test 
article in the right ear and the placebo on the 
left ear.
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Dosing Solution Analysis: CoA presented of drug product. Neostigmine 
Methylsulfate characterized at 101.1%, and 
Glycopyrrolate characterized at 99.9%

Key Findings
- Study was non-GLP with only males evaluated.
- No adverse clinical signs or local skin reactions were reported.
- Gross pathology and histopathology showed no adverse test article-related 

findings.

Observations and Results
Mortality
No mortality was reported in this study.

Clinical Signs
Tremors, ventral recumbency, and lethargy were reported approximately 2 to 10 
minutes in all animals of the IV treatment group and one rabbit in the PV treatment 
group. Animals were normal after 96-hour post-dose. No other clinical signs were 
reported.

Local Skin Reaction
No erythema or edema was reported at the site of the injection in either the Control or 
Test animals.

Table 17: Summary of Local Skin Reactions Scoring Record

From 4.2.3.6 InVitro PV local Tolerance Study-report, pg. 21/45.

Body Weights
No statistically significant (p<0.05) changes in mean body weights, percent body weight 
change was reported in the treated groups compared to controls.
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Table 18: Summary of Body Weights (Kg) Record

From 4.2.3.6 InVitro PV local Tolerance Study-report, pg. 23/45.

Table 19:Summary of Percentage Change in Body Weight (%) With Respect to 
Day 1 Record

From 4.2.3.6 InVitro PV local Tolerance Study-report, pg. 24/45.

Hematology and Clinical Chemistry
No hematology or clinical chemistry was performed.

Gross Pathology
No gross pathological changes were reported in either the Control or Test groups.
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Table 20: Summary of Gross Pathology Findings

From 4.2.3.6 InVitro PV local Tolerance Study-report, pg. 25/45

Histopathology
Adequate Battery: Y (Local Tolerance Only)

Peer Review: N

At the injection site, a single incidence of focal perivascular fibrosis (minimal, 1 Control 
animal) and a single incidence of focal perivascular infiltration of mononuclear ells 
(minimal, 1 Paravascular animal) were reported. These were considered injection or 
procedure-related and non-adverse changes. No other incidences were reported.

Table 21: Summary of Histopathology Findings

From 4.2.3.6 InVitro PV local Tolerance Study-report, pg. 26/45.
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Reviewer Comment:  It is noted that the submitted study was non-GLP and conducted 
in males only. In the Day 74 letter, the Applicant was requested to provide additional 
information including how the local tolerance study deviated from GLP, how these 
deviations did not affect the integrity of the study, along with clinical and safety data for 
how both the neostigmine and glycopyrrolate combination are commonly utilized in a 
clinical setting.

The following response was received for Information Request (IR) was sent to the 
Applicant on July 7, 2022 in the Day 74 Letter:

We acknowledge that your submitted blood compatibility study (Study No: 
 001) was conducted under Good Laboratory Practices (GLP), however, the 

intravenous and paravenous local tolerance study (Study 3497) was 
not conducted under GLP. Note all nonclinical studies to support human safety 
should be GLP compliant. Provide a detailed list of how your local tolerance 
study deviated from GLP along with a justification as to why these deviations do 
not affect the integrity and/or conclusions of your study. In addition, submit 
additional justification, such as clinical use and safety data that this combination 
is commonly utilized in a clinical setting. If an adequate justification is not 
provided, you may need to repeat the local tolerance study under GLP conditions 
during this review cycle.

The Applicant submitted a report on July 29, 2022 (see 4.2.3. InVitro PV local Tolerance 
Study-report) comparing the study to the study plan, raw data, and in-house SOPs. 
Overall, the report states that instruments used in the study were calibrated as per in-
house SOPs, and all personnel involved in the conduct of the study were trained as per 
principles of GLP.

Reviewer Comment: While the applicant had provided further details on how their 
study conforms to the principles of GLP, issues regarding using only a single sex (i.e., 
only males) and not both males and females in the study were not addressed.

The following information request was sent to the Applicant:

We acknowledge the information sent on July 29, 2022, regarding study number 
3497 and how aspects of the study followed the principles of GLP. 

However, we note that your study report did not account for sex differences, 
given that the study only consisted of 3 males per group. Provide a justification 
as to how your study adequately addresses the local safety for both sexes given 
the use of only females in your study.

The Applicant responded on September 16, 2022. The response cited the study was 
run in accordance with the European Medicines Agency (EMA) “Guideline on non-
clinical local tolerance testing of medicinal products” [2] which recommends that 
evaluation of one species should be sufficient. The applicant also cites an article by 
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the local tolerance was non-GLP and utilized rabbits of one sex. In a response to an 
information request, the Applicant communicated that the local tolerance study was 
conducted in the spirit of GLP. The Applicant also provided some literature indicating 
that sex-dependent differences regarding local toxicity by parenteral drug are unlikely. 
In discussions with the Clinical Review Team, it is also noted that the combination of 
drug products neostigmine methylsulfate and glycopyrrolate are often used in 
combination in both sexes. Based on the totality of evidence, there are no outstanding 
safety concerns regarding combination product. 

Taken together, NDA 216903 for neostigmine methylsulfate and glycopyrrolate is 
recommended for approval from a pharmacology/toxicology perspective.

12 Appendix/Attachments
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