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The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the Pharmacy Compounding Advisory
Committee (advisory committee). We are bringing certain compounding issues to this advisory
committee to obtain the committee’s advice. The background package may not include all issues
relevant to the final regulatory recommendation and instead is intended to focus on issues
identified by the Agency for discussion by the advisory committee. The FDA background
package often contains assessments and/or conclusions and recommendations written by
individual FDA reviewers. Such conclusions and recommendations do not necessarily represent
the final position of the individual reviewers, nor do they necessarily represent the final position
of the Review Division, Office, or Agency.
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I. Introduction

Section 503A of the Federal Food, Drug, and Cosmetic Act (FD&C Act) describes the
conditions that must be satisfied for human drug products compounded by a licensed
pharmacist in a State-licensed pharmacy or Federal facility, or by a licensed physician, to
be exempt from the following three sections of the FD&C Act: section 505 (concerning
the approval of drugs under new drug applications (NDAs) or abbreviated new drug
applications (ANDAs)); section 502(f)(1) (concerning the labeling of drugs with adequate
directions for use); and section 501(a)(2)(B) (concerning current good manufacturing
practice (CGMP) requirements).

A. Bulk Drug Substances That Can Be Used by Compounders
under Section 503A

One of the conditions that must be met for a compounded drug product to qualify for the
exemptions in section 503A of the FD&C Act is that a licensed pharmacist or licensed
physician compounds the drug product using bulk drug substances that meet one of the
following criteria:

(1) Comply with the standards of an applicable United States Pharmacopeia
(USP) or National Formulary (NF) monograph, if a monograph exists, and the
USP chapters on pharmacy compounding;

(2) If such a monograph does not exist, are drug substances that are components
of drugs approved by the Secretary; or

(3) If such a monograph does not exist and the drug substances are not
components of drugs approved by the Secretary, appear on a list developed by the
Secretary through regulations issued by the Secretary under subsection (c) of
section 503A.

(See section S03A(b)(1)(A)(i) of the FD&C Act.)

FDA is considering those substances nominated for inclusion on the list of bulk drug
substances that can be used to compound drug products under section 503A of the FD&C
Act (503A Bulks List). In the Federal Register of February 2019, FDA published notice
of a final rule establishing the criteria for evaluation of bulk drug substances for inclusion
on the 503A Bulks Lis (84 FR 4696):
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(1) The physical and chemical characterization of the substance;

(2) Any safety issues raised by the use of the substance in compounded drug
products;

(3) The available evidence of effectiveness or lack of effectiveness of a drug
product compounded with the substance, if any such evidence exists; and

(4) Historical use of the substance in compounded drug products, including
information about the medical condition(s) the substance has been used to treat
and any references in peer-reviewed medical literature.

In evaluating the candidates for the 503A Bulks List under these criteria, the Agency will
use a balancing test. Specifically, the Agency will consider each criterion in the context
of the others and balance them, on a substance-by-substance basis, to decide whether a
particular substance is appropriate for inclusion on the list.

B. Withdrawn or Removed List

1. Process for Identifying Candidates for or Amendments to the
Withdrawn or Removed List

Under sections 503A and 503B of the Federal Food, Drug, and Cosmetic Act (FD&C Act),
FDA is to develop a list of drugs that have been withdrawn or removed from the market
because they have been found to be unsafe or not effective (the Withdrawn or Removed List
(codified at 21 CFR § 216.24)).

The following outlines the process that has been and will be used in the future to identify
new candidates for this list, or to identify proposed amendments to the list, such as
removing an entry or amending an entry on the list to qualify it in some way because the
drug has been shown to be safe and effective for some use.

FDA stated in a final rule published in the October 7, 2016 Federal Register that FDA
intends to continue updating the Withdrawn or Removed List through notice and
rulemaking (see 81 FR 69668).

Process for Identifying Candidates For or Amendments to the List:

e FDA periodically reviews available information to identify and compile a list of
possible new candidate drugs that have been withdrawn or removed from the market
because they have been found to be unsafe or not effective. The information may
include, for example, Federal Register notices announcing withdrawal of approval of a
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drug application for safety or effectiveness reasons, Federal Register notices
announcing an Agency determination that a drug product was removed from sale for
reasons of safety or effectiveness, relevant FDA Alerts, FDA Drug Safety
Communications, FDA News Releases, Public Health Advisories, Dear Healthcare
Practitioner Letters, Citizen Petitions, and Sponsor letters.

¢ In addition, periodically, FDA reviews available information to determine whether any
new drug applications have been approved for a drug product containing as an active
ingredient any of the drugs on the list to determine whether any of the drug entries on
this list should be modified to account for this new safety and effectiveness
determination and approval. For example, if a drug has been approved in a new
formulation, indication, route of administration or dosage form since the list was last
revised, FDA might consider proposing a modification to the list to remove the drug
from the list or to exclude the particular formulation, indication, route of administration,
or dosage form.

e Appropriate divisions within the Office of New Drugs (OND) then evaluate each
identified candidate or proposed modification using the available information about the
drug and prepare a review of the information that documents their recommendations as
to whether to include the drugs on the Withdrawn or Removed List or remove a drug or
modify an entry.

e We intend to propose regulations to revise the Withdrawn or Removed List periodically,
as appropriate, as we identify drugs that we tentatively determine should be listed.
We would also propose regulations when we tentatively determine that changes to the
status of drug products already on the list should result in a revision to their listing, for
example, if some version of a drug on the list has been approved for marketing.

2. Entry Under Evaluation for the Withdrawn or Removed List

The Agency is considering “Neomycin Sulfate: All parenteral drug products containing
neomycin sulfate (except when used for ophthalmic or otic use or in combination with
polymyxin B sulfate for irrigation of the intact bladder)” for inclusion on the Withdrawn or
Removed List. See Tab 5 for the background material that forms the basis for FDA’s
proposal to include this entry on the list.
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II. Substances Nominated for Inclusion on the S03A Bulks List
(in order of discussion at the meeting)

A.  Melatonin (Tab 1)

1. Nominations (Tab 1a)

a.
b.
c.

National Community Pharmacists Association
Professional Compounding Centers of America
Technology and Business Law Advisors, LLC

2. Nomination Clarification (Tab 1b)

a.

Professional Compounding Centers of America

3. FDA Evaluation (Tab 1¢)

B.  Methylcobalamin (Tab 2)

1. Nominations (Tab 2a)

FER e Al o

Alliance for Natural Health USA

American Association of Naturopathic Physicians
American College for Advancement in Medicine
Fagron

Integrative Medicine Consortium

International Academy of Compounding Pharmacists
McGuff Compounding Pharmacy Services, Inc.
National Community Pharmacists Association
Professional Compounding Centers of America

2. Nomination Clarification (Tab 2b)

a.
b.

d.

Alliance for Natural Health USA

Joint clarification from American Association of Naturopathic
Physicians and Integrative Medicine Consortium

Joint clarification from Fagron, International Academy of
Compounding Pharmacists, National Community Pharmacists
Association, and Professional Compounding Centers of America
McGuff Compounding Pharmacy Services, Inc.

3. FDA Evaluation (Tab 2¢)
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C. Choline Chloride (Tab 3)

1. Nominations (Tab 3a)

Alliance for Natural Health USA

American Association of Naturopathic Physicians
American College for Advancement in Medicine
Integrative Medicine Consortium

International Academy of Compounding Pharmacists
McGuff Compounding Pharmacy Services, Inc.

moe o o

2. Nomination Clarification (Tab 3b)
a. Alliance for Natural Health USA
b. Joint clarification from American Association of Naturopathic
Physicians and Integrative Medicine Consortium
c. McGuff Compounding Pharmacy Services, Inc.

3. FDA Evaluation (Tab 3c)

D.  Ockxitriptan (Tab 4)

1. FDA Evaluation (Tab 4a)

III. Neomycin Sulfate - Entry Considered for the
Withdrawn or Removed List

A. Neomycin Sulfate (Tab 5)

1. FDA Evaluation (Tab Sa)

IV. Points to Consider
A. June9, 2021, a.m. session

Points for the PCAC to Consider Regarding Whether to
Include Certain Bulk Drug Substances on the S03A Bulks List

1. FDA is proposing that melatonin for oral administration be
INCLUDED on the 503A Bulks List. Should melatonin for oral
administration be placed on the list?
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2. FDA is proposing that methylcobalamin NOT be included on the
503 A Bulks List. Should methylcobalamin be placed on the list?

B. June 9, 2021, p.m. session

Points for the PCAC to Consider Regarding Whether to
Include Certain Bulk Drug Substances on the S03A Bulks
List

3. FDA is proposing that choline chloride NOT be included on the S03A
Bulks List. Should choline chloride be placed on the list?

4. FDA is proposing that oxitriptan for oral administration be
INCLUDED on the 503A Bulks List. Should oxitriptan for oral
administration be placed on the list?

Points for the PCAC to Consider Regarding Whether to
Include Certain Entries on the Withdrawn and Removed
List

5. FDA is proposing that “Neomycin sulfate: All parenteral drug
products containing neomycin sulfate (except when used for
ophthalmic or otic use or in combination with polymyxin B sulfate
for irrigation of the intact bladder)” be ADDED to the Withdrawn or
Removed List under sections 503A and 503B of the FD&C Act. Do
you agree?
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Tab 1

Melatonin



Tab la

Melatonin

Nominations



NCPAE

NATIONAL COMMUNITY ;. S -
PHARMACISTS ASSOCIATION

Submitted electronically via www.regulations.gov

September 30, 2014

Division of Dockets Management (HFA-305)
Food and Drug Administration

5630 Fishers Lane, rm. 1061

Rockville, MD 20852

Re: Docket No.: FDA-2013-N-1525: Bulk Drug Substances That May Be Used To Compound Drug
Products in Accordance With Section 503A of the Federal Food, Drug and Cosmetic Act; Revised
Request for Nominations

Dear Sir or Madam:

The National Community Pharmacists Association (NCPA) is writing today to nominate specific bulk
drug substances that may be used to compound drug products, although they are neither the subject of a
United States Pharmacopeia (USP) or National Formulary (NF) monograph nor components of FDA-
approved drugs. As the FDA considers which drugs nominated will be considered for inclusion on the
next published bulk drugs list, NCPA is committed to working with the FDA and other interested
stakeholders on these critical issues.

NCPA represents the interests of pharmacist owners, managers and employees of more than 23,000
independent community pharmacies across the United States. Independent community pharmacies
dispense approximately 40% of the nation’s retail prescription drugs, and, according to a NCPA member
survey, almost 89% of independent community pharmacies engage in some degree of compounding.

Regarding specific nominations, NCPA would like to reference the attached spreadsheet as our formal
submission of bulk drug substances (active ingredients) that are currently used by compounding
pharmacies and are not, to the best of our knowledge, the subject of a USP or NF monograph nor are
components of approved products.

All nominated substances on the attached spreadsheet are active ingredients that meet the definition of
“bulk drug substance” to the best of our knowledge, and we have searched for the active ingredient in all
three sections of the Orange Book, and the substances did not appear in any of those searches,
confirming that the substance is not a component of any FDA-approved product. In addition, we have
searched USP and NF monographs, and the substances are not the subject of such monographs to our
best knowledge.

100 Daingerfield Road
Alexandria, VA 22314-2888
(703) 683-8200 PHONE
(703) 683-3619 FAX

THE VOICE OF THE COMMUNITY PHARMACIST



Regarding the request for chemical grade information pertaining to the submitted ingredients, NCPA
would like to stress that chemical grades of bulk active products vary according to manufacturing
processes, and products are often unassigned. When compounding products for patient use, pharmacists
use the highest grade ingredients available, typically USP/NF, USP/GenAR, ACS, or FCC, among
others, depending on the chemical. The same standard applies for all of the bulk active ingredients
submitted on the attached list.

Related to rationale for use, including why a compounded drug product is necessary, NCPA would like
to stress that many of the attached listed products are unavailable commercially in traditional dosage
forms and must therefore be compounded using bulk ingredients. For other listed products, the use of
bulk ingredients allows compounders to create an alternate dosage form and/or strength for patients who
are unable to take a dosage form that is commercially available.

NCPA would like to strongly recommend that FDA institute a formal process by which the list is
updated and communicated to the compounding community. We would recommend an annual process
that can be anticipated and acted upon in order to ensure maximum understanding and adherence to the
list. The FDA should issue such request via The Federal Register and review and consider all updates to
the list with the Pharmacy Compounding Advisory Committee (PCAC). No changes to the list should
occur without the input and review of the PCAC.

NCPA is very disappointed that despite a call for nominations to the PCAC which we submitted in
March 2014, no appointments have been made nor has the Committee been formed to do the work that
Congress requires of the Agency. Without formation of this Committee, FDA is unable to consult the
Committee regarding the submitted lists. NCPA strongly recommends that FDA consult with the PCAC
related to every single submission the Agency receives in relation to FDA-2013-N-1525. It is only
through complete consultation with the PCAC that each substance can be appropriately evaluated.

NCPA is committed to working with the FDA and other stakeholders regarding these important matters.
We appreciate your consideration of our comments.

Sincerely,

& %
~—
Steve Pfister

Senior Vice President, Government Affairs

Attachment



Ingredient Name

Melatonin

Chemical Name

acetamide, N-(2-(5-
methoxy-1H-indol-3-
YL)ethyl)-

Melatonin

UNII Code

JLS5DK93RCL

From PCCA
MSDS: 100%
by weight and
stable.

Ingredient
Format(s)

Recognition in
Pharmacopeias

Not USP; sold OTC
in US as a dietary
supplement.

Capsule
Solution
Cream

Gel
Suspension

0.2mg
2mg
3mg
5mg
20mg
0.0125%
0.1%
0.2%

1%

2.5%

Oral
Sublingual
Injection
Ophthalmic

Bibliographies on Safety and
Efficacy Data

Final Compounded Formulation
Clinical Rationale and History of
Past Use

stabilization of sleep cycle




@ PCCA

September 20, 2017

Julie Dohm, CDER

U.S. Food and Drug Administration
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

[Docket No. FDA-2015-N-3534]

RE: Bulk Drug Substances That Can Be Used To Compound Drug Products in Accordance With Section
503A

Dear Dr. Dohm:

| am writing on behalf of PCCA to formally submit two new nominations to the open docket (ID: FDA-
2015-N-3534-0001) for consideration of melatonin and creatine monohydrate to the 503A Bulks List.
The patients who rely on these materials to be compounded are primarily those with autism spectrum
disorders and mitochondrial disorders affecting muscle, heart and brain function. Please note that the
nomination includes safety studies in the bibliography, and while those may be designed for clinical
outcomes other than the nominated uses, we included them to assist FDA in your thorough evaluation
of the substance. We respectfully ask that this nomination be considered for placement in Category 1 of
the 503A Bulks List with urgency. There are no suitable alternative manufactured products for many
patients with these serious conditions, and we wish to avoid disruptions in care.

Both melatonin and creatine monohydrate are currently on the 503A Category 3 list. Per FDA’s Interim
Policy on Compounding Using Bulk Drug Substances Under Section 503A of the Federal Food, Drug, and
Cosmetic Act, section 3B, “FDA generally expects to categorize bulk drug substances nominated to the
October docket and to publish updated categories on its website on the first business day of each
month.” We understand FDA likely has a detailed internal review process for these types of
nominations, and we hope the urgency of the patient need prioritizes this request. We look forward to
hearing from you soon.

G . i

Jim Smith
PCCA President

PCCA USA: 9901 S. Wilcrest Drive Houston, Texas 77099 | 800.331.2498 (f) 800.874.5760 | www.pccarx.com
PCCA Canada: 744 Third Street London, ON Canada N5V 5)2 | 800.668.9453 (f) 800.799.4537 | www.pccarx.ca
PCCA Australia: Unit 1, 73 Beauchamp Road Matraville NSW 2036 Australia | 02.9316.1500 (f) 02.9316.7422 | www.pccarx.com.au



PCCA Submission for Docket No. FDA-2013-N-1525: Bulk Drug Substances That May Be Used To Compound Drug Products in Accordance With Section
503A of the Federal Food, Drug and Cosmetic Act; Revised Request for Nominations

Ingredient Name

Is it a "bulk drug substance"

Is it listed in the Orange Book

Does it have a USP or NF Monograph
Chemical Name

Common Name(s)

UNII Code
Chemical Grade

Strength, Quality, Stability, and Purity

How supplied

Recognition in foreign pharmcopeias or registered in
other countries

Submitted to USP for monograph consideration
Compounded Dosage Forms

Compounded Strengths

Anticipated Routes of Administration

Saftey & Efficacy Data

Melatonin

Yes

No

Yes
N-[2-(5-Methoxyindol-3-yl)ethyl]acetamide

Melatonin

JL5DK93RCL

NA

Assay, Description, Solubility, etc.; Example of PCCA Certificate of Analysis for this chemical is
attached.

Powder

British Pharmacopiea; OTC in US as dietary supplement

Already included in USP Dietary Supplement section
Oral dosage forms as requested by prescriber

0.2 to 20mg

Oral

1. Wasdell MB, Jan JE, Bomben MM, et al. A randomized, placebo-controlled trial of controlled
release melatonin treatment of delayed sleep phase syndrome and impaired sleep maintenance
in children with neurodevelopmental disabilities. J Pineal Res. 2008;44(1):57-64.

2. Garstang J, Wallis M. Randomized controlled trial of melatonin for children with autistic
spectrum disorders and sleep problems. Child Care Health Dev. 2006;32(5):585-9.

3. Wirojanan J, Jacquemont S, et al. The efficacy of melatonin for sleep problems in children with
autism, fragile X syndrome, or autism and fragile X syndrome. J Clin Sleep Med. 2009;5(2):145-
50.

4. Cortesi F, Giannotti F, Sebastiani T, Panunzi S, Valente D. Controlled-release melatonin, singly
and combined with cognitive behavioural therapy, for persistent insomnia in children with
autism spectrum disorders: a randomized placebo-controlled trial. J Sleep Res. 2012;21:700-9.

5. Malow B, Adkins KW, et al. Melatonin for sleep in children with autism: a controlled trial
examining dose, tolerability, and outcomes. Autism Dev Disord. 2012;42(8):1729-37. doi:
10.1007/s10803-011-1418-3.



Used Previously to compound drug products
Proposed use

Reason for use over and FDA-approved product
Other relevant information - Stability information

6. Giannotti F, Cortesi F, Cerquiglini A, Bernabei P. An open-label study of controlled-release
melatonin in treatment of sleep disorders in children with autism. J Autism Dev Disord.
2006;36(6):741-52.

7. Paavonen EJ, Nieminen-von Wendt T, Vanhala R, Aronen ET, von Wendt L. Effectiveness of
melatonin in the treatment of sleep disturbances in children with Asperger disorder. J Child
Adolesc Psychopharmacol. 2003;13(1):83-95.

8. Andersen IM, Kaczmarska J, McGrew SG, Malow BA. Melatonin for insomnia in children with
autism spectrum disorders. J Child Neurol. 2008;23(5):482-5. doi: 10.1177/0883073807309783.

9. Gupta R, Hutchins J. Melatonin: a panacea for desperate parents? (hype or truth). Arch Dis
Child. 2005;90(9):986-7.

10. Galli-Carminati G, Deriaz N, Bertschy G. Melatonin in treatment of chronic sleep disorders in
adults with autism: a retrospective study. Swiss Med Wkly. 2009;139(19-20):293-296.

11. Carr, R., Wasdell, M. B., Hamilton, D., Weiss, M. D., Freeman, R. D., Tai, J., . . . Jan, J. E. (2007).
Long-term effectiveness outcome of melatonin therapy in children with treatment-resistant
circadian rhythm sleep disorders. Journal of Pineal Research,43(4), 351-359. doi:10.1111/j.1600-
079x.2007.00485.

12. Zisapel, N., L., Garfinkel, D., Laudon, M., & N. (2011). Prolonged-release melatonin for
insomnia —an open-label long-term study of efficacy, safety, and withdrawal. Therapeutics and
Clinical Risk Management,301-311. doi:10.2147/tcrm.s23036

13. Wade, A. G, Ford, I, Crawford, G., Mcconnachie, A., Nir, T., Laudon, M., & Zisapel, N. (2010).
Nightly treatment of primary insomnia with prolonged release melatonin for 6 months: a
randomized placebo controlled trial on age and endogenous melatonin as predictors of efficacy
and safety. BMC Medicine,8(1). doi:10.1186/1741-7015-8-51

14. Russcher, M., Koch, B. C., Nagtegaal, J. E., Ittersum, F. J., Jong, P. C., Hagen, E. C., ... Wee, P.
M. (2013). Long-term effects of melatonin on quality of life and sleep in haemodialysis patients
(Melody study): a randomized controlled trial. British Journal of Clinical Pharmacology,76(5), 668-
679. doi:10.1111/bcp.12093

15. Faya, M., Carranza, A., Priotto, M., Graiff, D., Zurbriggen, G., Diaz, J., & Gobello, C. (2011).
Long-term melatonin treatment prolongs interestrus, but does not delay puberty, in domestic
cats. Theriogenology,75(9), 1750-1754. doi:10.1016/j.theriogenology.2011.01.015

Yes
Adjunctive treatment of autism spectrum disorder
no FDA-approved product available



PCCA USA PCCA Canada PCCA Australia

9901 South Wilcrest Drive 744 Third Street Unit 1, 73 Beauchamp Road
London, ON N5V 5J2 Matraville, NSW 2036
Tel: 800.668.9453 Tel: 02.9316.1500

"" Houston, TX 77099
Tel:281.933.6948

CERTIFICATE OF ANALYSIS

PRODUCT: MELATONIN

ITEM NUMBER: 55-2220 CAS: 73-31-4

LOT NUMBER: C169246 MW: 232.2800000000

MFG. DATE: 07/07/2013 FORMULA: C13H16N202

EXPIRATION: 07/31/2018

TEST SPECIFICATIONS RESULTS

Ash ==0.1 % 0.04 %

Assay 98-102 % 99.5 %

Description pass pass

off-white powder

WHITE TO OFF-WHITE TO TAN POWDER OR CRYSTALLINE POWDER

Heavy Metals <=10 ppm 10 ppm

Identification pass pass

Loss On Drying ==1.0 % 0.12 %

Melting point

Purity (HPLC)

Solubility

116-120 celsius

>=99.0%

pass

INSOLUBLE IN GLYCERIN AND WATER;

119.9 celsius

999 %

pass
SOLUBLE IN ALCOHOL AND CHLOROFORM



TECHNOLOGY & BUSINESS LAW ADVISORS, LLC

Bernard Rhee

Tel (direct): 443.519.5540
Fax: 866.941.8799
brhee@tblawadvisors.com

August 2, 2017

Julie Dohm, J.D., Ph.D.

CDER

U.S. Food and Drug Administration
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002

[FDA Docket No. FDA-2015-N-3534]

RE:  Bulk Drug Substances That Can Be Used To Compound Drug Products in
Accordance With Section 503A of the Federal Food Drug, and Cosmetic Act;
Establishment of a Public Docket

Dear Dr. Dohm:

I am writing on behalf of Technology and Business Law Advisors, LLC (TBLA)
in reference to FDA’s Interim Guidance on Bulk Substances Under Section 503A.
Currently melatonin is listed on Category 3: Bulk Drug Substances Nominated Without
Adequate Support, and FDA has cited violations by 503 A pharmacies for compounding
with this substance.

Attached for your consideration is a nomination for it to be placed on FDA’s
Category 1 list of bulk substances that can be lawfully compounded. Due to the nature of
metabolic diseases and the regulatory implications for patient care, TBLA respectfully
requests that Melatonin be immediately placed on Category 1 — Bulk Drug Substances
Under Evaluation. There are no suitable alternative manufactured products for many
patients with sleep disorders, and we wish to avoid disruptions in care.

It is important that compounding pharmacies be able compound melatonin.
Although melatonin is widely available as a dietary supplement, it is important that
physicians be allowed to prescribe compounded melatonin so that dosage and dosage
form can be individualized according to each patient’s needs.

1435 Autumn Leaf Road . Baltimore, Maryland 21286 www.tblawadvisors.com



Julie Dohm, J.D., Ph.D.
August 2, 2017
Page 2

Please feel free to contact me if you have any questions about this nomination.
Thank you for your prompt consideration of this request.

Sincerely,

@_, D

Bernard Rhee, Esq.

Encl.

Page 2 of 2



TBLA Submission for Docket No. FDA-2013-N-3534:
Bulk Drug Substances That May Be Used To Compound Drug Products in Accordance With Section 503A of the Federal Food, Drug and Cosmetic Act;
Revised Request for Nominations

Ingredient Name Melatonin

Is it a "bulk drug substance" Yes

Is it listed in the Orange Book No

Does it have a USP or NF Monograph Yes (as a Dietary Supplement)

Chemical Name and Formula N-[2-(5-methoxy-1H-indol-3-yl)ethyl]lacetamide; C13H16N202
Common Name(s) melatonin; melatonine; N-acetyl-5-methoxy tryptamine

UNII Code JL5DK93RCL

Chemical Grade USP

Strength, Quality, Stability, and Purity

How supplied Powder and other various solid and liquid dosage forms

Recognition in foreign pharmcopeias or registered in

. British Pharmacopoeia; OTC in the United States as a dietary supplement
other countries

Submitted to USP for monograph consideration Already included in USP Dietary Supplement section
oral capsules, extended release tablets, immediate release tablets, sublingual tablets, lozenges,
Compounded Dosage Forms .
oral liquid
Compounded Strengths 1 mg - 1000 mg for solid dosage forms; 1 mg/ml for solution
Anticipated Routes of Administration Oral

Robert L Sack, Alfred J Lewy & Rod J Hughes (1998) Use of melatonin for sleep and circadian

Saftey & Efficacy Dat
attey & Efficacy Data rhythm disorders, Annals of Medicine, 30:1, 115-121, DOI: 10.3109/07853899808999393

Tjon Pian Gi, C.V., Broeren, J.P.A,, Starreveld, J.S. et al. Eur J Pediatr (2003) 162: 554.
doi:10.1007/s00431-003-1207-x

Used Previously to compound drug products Yes
Proposed use General wellbeing and treatment of sleep disorders
Reason for use over and FDA-approved product no FDA-approved product available

Other relevant information - Stability information



Tab 1b

Melatonin

Nomination Clarification



@ PCCA

May 11, 2018

Toni Hallman, MS, BSN, RN

LT USPHS

Project Manager, PCAC

CDER/OC/OPRO

10903 New Hampshire Ave., Bldg 51, Rm 3249
Silver Spring, MD 20903

LT Hallman:

Thank you for contacting PCCA as the nominator of melatonin for inclusion on the 503A Bulk Drug
Substances list. Below is our response to FDA’s question #1.

1. PCCA does want to pursue review by the FDA and consideration by the PCAC of melatonin for
inclusion on the 503A Bulks list. Please note that melatonin does have a monograph in the
current USP/NF, and thus meets the statutory requirement for use as an Active Pharmaceutical
Ingredient under section 503A of the DQSA.

The nominated use of compounded melatonin is adjunctive therapy in the management of sleep
disorders for patients with autism spectrum disorders. There are no FDA-approved medications
for the treatment of insomnia in children and adolescents. Further, medication intolerance and
varied dosing protocols require patient-specific compounding of melatonin for patients with
autism spectrum disorders.

Dosing ranges from 0.2 mg to 5 mg orally. In the bibliography below, please note that some of
the literature does not study this specific nominated use. Those citations have been included to
assist the Agency in your safety review of melatonin.

a. Gringas P, Tali N, Breddy J, et al. Efficacy and Safety of Pediatric Prolonged-Release
Melatonin for Insomnia in Children With Autism Spectrum Disorder. J Am Acad Child
Adolesc Psychiatry. 2017 Nov;56(11):948-957.

b. Wasdell MB, Jan JE, Bomben MM, et al. A randomized, placebo-controlled trial of
controlled release melatonin treatment of delayed sleep phase syndrome and impaired
sleep maintenance in children with neurodevelopmental disabilities. J Pineal Res.
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We look forward to providing you further information as requested in the coming weeks.

Sincerely,

Jim Smith
PCCA President
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Project Manager, PCAC
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10903 New Hampshire Ave., Bldg 51, Rm 3249
Silver Spring, MD 20903

LT Hallman:

Thank you for contacting PCCA as the nominator of melatonin for inclusion on the 503A Bulk Drug
Substances list. The information provided here is not to be considered all-inclusive. Some clinicians may
have further information that we were not able to collect by the due date requested.

Below are our responses to FDA’s questions #2 and #3:

2. Tothe best of our abilities, approximately 110,000 prescriptions of compounded melatonin per
year are estimated to be dispensed as adjunctive therapy in the management of autism
spectrum disorders (ASD).

3. The Autism Research Institute lists melatonin as a highly rated therapy by thousands of parents
who responded to ARI’s parent surveys. “Its rating of 8.3 to 1 means that for every child in
whom a negative effect was noted, more than eight benefited. No sedative, tranquillizer,
antipsychotic or anticonvulsant comes anywhere close to such a rating and none of them are as
safe as melatonin.”?

Natural Medicines Comprehensive Database lists melatonin as “likely effective” in this patient
population.?

Autism Speaks has robust information on the role of melatonin in ASD, and has assembled
Melatonin and Sleep Problems in ASD: A Guide for Parents. As stated on their website, “This tool
kit is designed to provide parents with information about melatonin and to help parents decide
if trying melatonin is right for their child.”

Several groups under the NHS in the United Kingdom have care guidelines for practitioners
regarding melatonin for sleep disorders in children, notably for patients with autism spectrum

PCCA USA: 9901 S. Wilcrest Drive Houston, Texas 77099 | 800.331.2498 (f) 800.874.5760 | www.pccarx.com
PCCA Canada: 744 Third Street London, ON Canada N5V 5)2 | 800.668.9453 (f) 800.799.4537 | www.pccarx.ca
PCCA Australia: Unit 1, 73 Beauchamp Road Matraville NSW 2036 Australia | 02.9316.1500 (f) 02.9316.7422 | www.pccarx.com.au
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disorders. These guidelines include dosing, safety and patient monitoring information, including
d.3—10

indications for use in patients as young as 1-month ol
It is important to note that melatonin is not a cure for autism or autism spectrum disorders, or for the
sleep dysfunctions that many ASD patients experience. There are no cures for these complex conditions.
Melatonin is a valuable tool for clinicians and caregivers when helping to improve the lives of these
patients.

There are no FDA-approved products to address sleep dysfunction in patients with ASD.

We hope this information aids the Agency in your review of compounded melatonin. If you require
further information, please contact us at your convenience.

P . i

Jim Smith
PCCA President
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I. INTRODUCTION

Melatonin' is a hormone nominated for inclusion on the list of bulk drug substances for use in
compounding under section 503A of the Federal Food, Drug, and Cosmetic Act (FD&C Act).
Melatonin was proposed for the treatment of sleep disorders in patients with autism spectrum
disorder (specifically children and adolescents) in doses ranging from 0.2 mg - 5 mg for oral
administration.> The nominator did not propose specific dosage forms to be compounded.**
Because the proposed route of administration is oral, i.e., administration to or by way of the
mouth®, the proposed dosage forms for melatonin could include pill, tablet, capsule, or liquid to
be placed in the mouth and swallowed, with absorption taking place in the digestive tract
(Verma et al. 2010), and could also include melatonin tablets delivered by the sublingual route
(i.e., administration beneath the tongue) or by the buccal route (e.g., lozenge).

Melatonin is marketed in the United States as a dietary supplement. The nominator stated that
melatonin has “a monograph in the current USP/NF, and thus meets the statutory requirement for
use as an Active Pharmaceutical Ingredient under section 503A of the DQSA” (Drug Quality and
Security Act). However, as explained in FDA’s 2019 final rule implementing the 503A bulks
list (84 FR 4696), FDA does not consider USP monographs for dietary supplements to be
“applicable” USP or NF monographs within the meaning of section 503A(b)(1)(A)(1)(I).
Although there is a melatonin USP monograph for dietary supplements, there is no official USP
or NF drug substance monograph for melatonin; thus, there is no “applicable” USP or NF
monograph for melatonin for purposes of section S03A(b)(1)(A)(1)(I).

There are currently no FDA-approved drug products that contain melatonin. However, there are
products containing melatonin as an active ingredient licensed and marketed outside the United
States for treating sleep disorders in the pediatric and adult population. These products are listed
below:
e C(Circadin 2 mg prolonged-release tablet (Neurim Pharmaceuticals) was approved by the
European Medicine Agency (EMA) in 2007 for the short-term treatment of primary
insomnia characterized by poor quality of sleep in patients aged 55 years or over (EMA

! The common name is melatonin. The CAS (Chemicals Abstract Service, a division of American Chemical
Society) name is N-[2-(5-Methoxy-1H-indol-3-yl)ethyl]acetamide and an additional name for melatonin is N-acetyl-
5-methoxytryptamine (The Merck Index® Online).

2 Melatonin was also nominated for “stabilization of sleep cycle.” However, FDA did not evaluate this proposed use
because the nomination did not include sufficient information for the Agency to evaluate whether the substance is
appropriate for this use in compounded drug products.

3 On 8/2/2017, Technology & Business Law Advisors (TBLA), LLC nominated melatonin in the compounded
dosage forms of “oral capsules, extended release tablets, immediate release tablets, sublingual tablets, lozenges, oral
liquid” for the oral route of administration in the compounded strengths of “1 mg - 1000 mg for solid dosage forms;
1 mg/mL for solution” for the proposed uses “general wellbeing and treatment of sleep disorders”. Access
nomination at: https://www.regulations.gov/document?D=FDA-2015-N-3534-0007

40n 9/20/2017, PCCA (Professional Compounding Centers of America) nominated melatonin in “oral dosage forms
as requested by prescriber” for the oral route of administration in the compounded strengths of “0.2 to 20 mg” for
the proposed use “adjunctive treatment of autism spectrum disorder”. Access nomination at:
https://www.regulations.gov/document?D=FDA-2015-N-3534-0012

5U.S. Food & Drug Administration, Data Standards Manual (monographs), Route of Administration accessed at:
https://www.fda.gov/Drugs/DevelopmentApprovalProcess/FormsSubmissionRequirements/ElectronicSubmissions/
DataStandardsManualmonographs/ucm071667.htm



assessment of Circadin 2007).° Circadin is a melatonin receptor agonist containing
melatonin as the active ingredient. It is commercially available in more than 45 countries
in Europe, Asia-Pacific, Latin America, Africa and the Middle East (Neurim
Pharmaceuticals, Ltd. 2018).

e Slenyto 1 mg and 5 mg prolonged-release minitablets (controlled-release melatonin;
Neurim Pharmaceuticals) was approved in 2018 by the EMA Committee for Medicinal
Products for Human Use (CHMP) after adopting a positive opinion, for the treatment of
insomnia in children and adolescents aged 2-18 with autism spectrum disorder (ASD)
and/or Smith-Magenis syndrome (SMS), where sleep hygiene measures have been
insufficient’ Slenyto is a melatonin receptor agonist containing melatonin as the active
ingredient (EMA Assessment of Slenyto 2018).

e Melatonin 3 mg immediate-release (film-coated tablet; Pharma Nord) was approved in
the UK in 2019 for the short-term (up to 5 days) treatment of jetlag in adults.® It was the
first licensed indication for a condition other than chronic sleep disorders.

e Melatonin 1 mg/ml oral solution (Colonis Pharma Ltd) was approved in the UK in 2019
for the short-term (up to 5 days) treatment of jetlag in adults.’

e Melatobel (melatonin) granules, 0.2%, received marketing approval in Japan in June
2020 for sleep onset difficulty associated with neurodevelopmental disease in children.!”

There are FDA-approved drug products containing the melatonin receptor agonists ramelteon
and tasimelteon, which are tricyclic synthetic analogs of melatonin.!! '> Ramelteon drug
products are indicated for the treatment of insomnia in adults characterized by difficulty with
sleep onset. Tasimelteon capsules are indicated for the treatment of non-24-hour sleep-wake
disorder and for the treatment of nighttime sleep disturbances in the genetic disorder SMS in
patients 16 years of age and older. Tasimelteon oral suspension is indicated for nighttime sleep
disturbances in SMS in pediatric patients 3 years to 15 years of age. Although approved drug
products containing ramelteon and tasimelteon may have similar pharmacologic effects to
compounded drug products containing melatonin, ramelteon and tasimelteon are structurally
different from melatonin and are considered to be different bulk drug substances for purposes of
compounding under section 503A.

FDA’s evaluation of melatonin’s effectiveness was based on information regarding the use of
melatonin to treat sleep disorders in children and adolescents with autism spectrum disorder.
The discussions of the use of melatonin in the other pediatric populations and in certain adult

¢ The Circadin summary of product characteristics (prescriber information) can be accessed at
http://www.circadin.com/files/17-06-11-ema-UK-SPC.pdf

" The Slenyto summary of product characteristics (prescriber information) can be accessed at
https://www.ema.europa.eu/en/documents/product-information/slenyto-epar-product-information_en.pdf.

8 The Melatonin Pharma Nord summary of product characteristics (prescriber information) can be accessed at
https://www.medicines.org.uk/emc/product/11018/smpc.

° The Melatonin solution summary of product characteristics (prescriber information) can be accessed at
https://www.medicines.org.uk/emc/product/10419/smpc.

10 The company website announcement of Melatobel (melatonin) granules, 0.2% approval can be accessed at
https://www.nobelpharma.co.jp/en/research/product/.

' See Ramelteon at https://www.accessdata.fda.gov/scripts/cder/daf/. (NDA 021782, ANDA 091610, ANDA
091693, ANDA 211567, ANDA 212650, ANDA 213186, ANDA 213815).

12 See Tasimelteon at https://www.accessdata.fda.gov/scripts/cder/daf/. (NDA 205677, NDA 214517, ANDA
211607, ANDA 211654).



populations are included in the Appendix section of this evaluation as background information.
However, the other uses were not considered for the overall assessment and recommendation.

We have evaluated publicly available data on the physicochemical characteristics, safety,
effectiveness, and historical use in compounding of melatonin. For the reasons discussed below,
we believe the evaluation criteria weigh in favor of placing melatonin for oral administration on
the list of bulk drug substances that can be used to compound drug products in accordance with
section 503A of the FD&C Act (503A Bulks List).!?

II. EVALUATION CRITERIA

A. Is the substance well-characterized, physically and chemically, such that it is
appropriate for use in compounding? '

Figure 1: Melatonin Structure
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Melatonin is a small molecule hormone produced by the pineal gland in animals.

Databases searched for information on melatonin in preparation of this section included PubMed,
SciFinder, Analytical Profiles of Drug Substances, European Pharmacopoeia, British
Pharmacopoeia, Japanese Pharmacopoeia, and USP/NF.

1. Stability of the API and likely dosage forms

Melatonin is likely to be stable at room temperature as a solid. Long term stability studies have
been performed on one oral formulation of melatonin (capsule 0.5 mg and 6 mg) for up to
18 months at 25 °C / 60 % relative humidity. No trend showing significant degradation of the

13 Inclusion on the list of bulk drug substances that can be used to compound drug products in accordance with
section 503A of the FD&C Act should not, in any way, be equated with or considered an FDA approval,
endorsement, or recommendation of any drug compounded using the substance. Nor should it be assumed that a
drug compounded using a substance included on the list has been proven to be safe and effective under the standards
required to receive Agency approval. Any person who represents that a compounded drug made with a bulk drug
substance that appears on the 503A Bulks List is FDA approved, or otherwise endorsed by FDA generally or for a
particular indication, will cause the drug to be misbranded under section 502(a) and/or 502(bb) of the FD&C Act (21
U.S.C. 352(a), (bb)).

14 Among the conditions that must be met for a drug compounded using bulk drug substances to be eligible for the
exemptions in section 503 A of the FD&C Act is that the bulk drug substances are manufactured by an establishment
that is registered under section 510 of the FD&C Act and that each bulk drug substance is accompanied by a valid
certificate of analysis. Sections S03A(b)(1)(A)(ii) and (iii). A bulk drug substance is deemed to be adulterated if the
methods used in, or the facilities or controls used for, its manufacture, processing, packing, or holding do not
conform to or are not operated or administered in conformity with current good manufacturing practice. Section
501(a)(2)(B).



API has been observed (Filali et al. 2017). A 0.16 mg/L aqueous solution of melatonin resulted
in 22% of the drug substance degradation after 2 weeks at 25 °C when kept away from air.

More significant degradation was observed for a similar solution after 6 days in the presence of
air (41% after 6 days and 66% after 13 days) (El Moussaoui et al. 2014). However, an aqueous
solution of melatonin was observed to be stable for 6 months when stored in sterile vacuum vials
at 4 °C (Cavallo and Hassan 1995). In 2019, a 1 mg/ml aqueous oral solution of melatonin was
authorized for marketing in UK by Colonis Pharma Ltd as a prescription only drug (authorization
number: PL 41344/0050), and a shelf life of 18 months was approved under ordinary storage
conditions with protection from light. An in-use period of 2 months is assigned to this product
after initial opening of the bottle when the drug product is stored below 25 °C and protected from
light. Therefore, melatonin is likely to be stable under ordinary storage conditions in solid
dosage forms. With protection from oxygen (air), light and proper formulation components, a
relatively stable liquid formulation of the drug substance can be achieved.

2. Probable routes of API synthesis
Multiple synthetic routes have been reported for the manufacturing of melatonin (Szmuszkovicz
et al. 1960; He et al. 2003). The following scheme is one example of the chemical synthesis:
(He et al. 2003).

Figure 2: Melatonin Chemical Synthesis
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3. Likely impurities!®

Likely impurities may include:
1) Residual starting materials and reaction intermediates
2) Residual solvents and reagents

4. Toxicity of those likely impurities

Per different synthetic routes, some residual reagents and solvents may be toxic. Reagents such
as alkyl halides and aldehydes are likely to be involved in the synthesis, which may present
structural alert for mutagenicity. Levels of such impurities in the final bulk substance need to be
carefully monitored. Further toxicity issues are discussed in Section II.B.

5. Physicochemical characteristics pertinent to product performance, such as particle
size and polymorphism

Melatonin is a white to off-white solid, which is soluble in water. No further information on the
influence of particle size and polymorphism on bioavailability were found in the literature.

6. Any other information about the substance that may be relevant, such as whether the
API is poorly characterized or difficult to characterize

Melatonin is easily characterized with proton nuclear magnetic resonance (‘"H NMR)
spectroscopy, Carbon-13 nuclear magnetic resonance (*C NMR) spectroscopy, UV-Vis
spectroscopy, Fourier transform infrared spectroscopy (FT-IR), and mass spectrometry (MS).

Conclusions: Melatonin is a small molecule hormone. It is likely to be stable under ordinary
storage conditions as a solid. When compounded as proper liquid formulations (e.g., proper
compositions, storage under vacuum or inert atmosphere, protected from light), the product is
also likely to be stable. Alternatively, a liquid product can be formulated and stored for a
relatively short time under normal atmosphere when protected from light. The expiration period
of such a product should be supported by appropriate stability data. The nominated substance is
easily characterized with various analytical techniques and the preparation of this substance has
been well developed.

15 This review contains a non-exhaustive list of potential impurities in the bulk drug substance and does not address
fully the potential safety concerns associated with those impurities. The compounder should use the information
about the impurities identified in the certificate of analysis accompanying the bulk drug substance to evaluate any
potential safety and quality issues associated with impurities in a drug product compounded using that bulk drug
substance taking into account the amount of the impurity, dose, route of administration, and chronicity of dosing.



B. Are there concerns about the safety of the substance for use in compounding?
1. Nonclinical Assessment

The following databases were consulted in the preparation of this section: PubMed, National
Toxicology Program website, Embase, Web of Science, ToxNet, NIH dietary supplement label
database, Google, GRAS notice inventory, US Pharmacopeia, and Drugs@FDA.

a. General pharmacology of the drug substance

Melatonin is a neurohormone which is almost exclusively synthesized in the pineal gland in
mammals. It conveys signals to various organs, principally the brain, which affect the synthesis
of second messengers and impacts sleep patterns and circadian rhythms. Using the rat as an
experimental model, it was shown that the rates at which the pineal gland synthesizes serotonin
and melatonin were associated with circadian rhythms, and that the melatonin rhythm is
generated by intrinsic circadian signals originating from the suprachiasmatic nucleus of the brain
(Klein and Moore 1979) which are controlled primarily by the light—dark cycle.

Melatonin synthesis starts with the uptake of the amino acid tryptophan from the plasma,
followed by 5-hydroxylation (by the enzyme tryptophan hydroxylase), decarboxylation (by the
enzyme aromatic L-amino acid decarboxylase) to form 5-hydroxytryptamine or serotonin.
During daylight hours, the serotonin in pinealocytes is unavailable to form melatonin (through
the action of monoamine oxidase and the melatonin-forming enzymes). During night time
conditions, postganglionic sympathetic outflow to the pineal gland increases causing the release
of norepinephrine into pinealocytes where stored serotonin becomes accessible for intracellular
metabolism. Concurrently, norepinephrine activates the enzymes that convert serotonin to
melatonin, allowing melatonin to diffuse out of the pineal gland into the bloodstream and
cerebrospinal fluid where plasma melatonin levels rise rapidly (see illustration in Figure 3 below;
Wurtman 2005). Due to its high lipid solubility, melatonin diffuses freely across cell membranes
into all tissues and is found in the blood largely bound to albumin. Most of the melatonin in the
circulation is inactivated in the liver, where it is first oxidized to 6-hydroxy (OH) melatonin by a
cytochrome P450-dependent microsomal oxidase and then largely conjugated to
6-sulfatoxymelatonin (6-SMT; the major metabolite of melatonin'®) or glucuronide before it is
excreted in the urine or saliva (Wurtman 2005).

16 6-SMT is used to monitor the urinary excretion of melatonin.



Figure 3: Metabolism of Tryptophan to Melatonin in the Pineal Gland
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Fig. 1 Metabolism of tryptophan to melatonin in the pineal gland. (Reproduced with permission [rom Zhdanova, LV.:
Wurtman, R.J. In Endocrinology: Basic and Clinical Principles; Conn, P.M., Melmed, S., Eds.: Humana Press, Inc.: Totowa,
NI, 1997: 281.)

The effect of prolonged melatonin administration on several metabolic and hormonal variables
was tested in male and female Sprague-Dawley rats (Bojkova et al. 2008). Melatonin was
administered in tap water (4 pg/ml) daily to rats (aged 6 months at the start of the study) which
were fed standard diet ad libitum and were kept in a typical light: dark regimen (12h:12h) for a
period of 12 weeks. Throughout the study, female rats showed a decrease in body mass while
male rats showed the same effect starting from day 42 of the experiment. Other effects included
an increase in the relative heart muscle weight in females and absolute/relative thymus weight in
males in the melatonin group. Exposure to melatonin was also associated with decreased
glycemia, heart muscle glycogen concentration in females and liver glycogen concentration in
both sexes. Serum insulin concentration in males was decreased and serum corticosterone
concentration was increased in both males and females. Serum triacylglycerol and heart muscle
cholesterol concentrations were decreased in females, whereas serum and heart muscle
cholesterol concentration were increased in males. Liver phospholipid concentration was
decreased in females and heart muscle phospholipid concentration was increased in males.
Melatonin exposure was associated with an increase in malondialdehyde concentrations in heart
muscle of treated males and in liver in both sexes. Based on the findings in this study, melatonin
seems to induce several sex-dependent changes in both carbohydrate and lipid metabolism
pathways. The significance of these biochemical alterations cannot be determined as
histology/histopathological assessment was not conducted in this study.

b. Pharmacokinetics/Toxicokinetics

Following a single intravenous injection of melatonin (5 or 15 mg/kg body weight) in propylene
glycol in adult male Sprague—Dawley rats, plasma concentrations of melatonin increased to

39 and 199 million pg/mL (0.199 ug/mL) at 2 min, and 128000 and 772000 pg/mL at 120 min,
respectively. The initial fall in plasma concentration of melatonin occurred within the first



10-20 min (half-life of 2-3 min) and was followed by a plasma half-life of 20-30 min (See
Figure 4 below; Cheung et al. 2006).

Figure 4: Plasma Concentration of Melatonin
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Fig. 1. Plasma concentration of melatonin (in pg/mL) at 2, 5, 10,
15, 30,45, 60,90 and 120 min following an intravenous injection at
5 or 15 mg/kg.

A 28-day subcutaneous injection of melatonin in Sprague-Dawley rats showed an increase in
melatonin levels at the 3% dose but not in the lower dose of 0.3%. High variability was noted
among the groups (See Table 1; Prevo et al. 2000).



Table 1:  Serum Melatonin Concentrations (pg/ml)

TABLE 4
Serum melatonin concentrations (pg/ml)
Males Females

Group/treatment Week |  Week2  Week3 Week4 Weekl Week2 Week3 Week4
I Mean ND ND ND BLQ ND ND ND 446.0
Sham-operated SD — — — — — —_ —_ —

n — — — 9 - — — 14
I/11S Mean 141 112 24 58 BLQ BLQ BLQ BLQ
PEG 400 SD 38 NA NA NA — — — —

n 29 14 14 14 3 3 3 10
LIS Mean 272 527 328 294 340 210 169 257
0.03% melatonin  SD 207 222 216 88 78 126 28 170

n 2 3 3 9 3 3 3 10
IV/IVS Mean 7990 7313 1803 4222 3020 2480 3058 3113
0.3% melatonin ~ SD 7212 2600 270 1698 546 1723 3501 1724

n 3 3 3 10 3 3 3 10
VIVS Mean 2167 40933 44500 33644 21300 19733 22567 52678
3.0% melatonin SD 15252 17074 9215 24498 9443 13966 8113 24760

n 3 3 3 10 3 3 3 9

Notes. ND = not determined: NA = not applicable; BLQ = below level of quantitation.
“One or more samples were BLQ and not included in the calculations.

Sleep induction was observed in all rats administered intranasal melatonin formulation

(melatonin niosomes) within 15 min of dosing. Intranasal delivery of melatonin in rats showed

delayed absorption, lower exposure (AUC), faster clearance (CL), longer exposure (ti1,2) when

compared with melatonin injected via the intravenous route (See Table 2; Priprem et al. 2017).

Table 2: Pharmacokinetic Parameters of Intranasal Melatonin-Encapsulated Niosomes and
Intravenous Melatonin Solution in a Crossover Design Studies in Rats (n = 8 each)

Table 2. Pharmacokinetic parameters of intranasal melatonin-encapsulated niosomes and

intravenous melatonin solution in a crossover design studies in rats (n = 8 each).

Parameters Intranasal melatonin niosomes Intravenous melatonin injection
(0.02 mg/rat) (0.02 mg/rat)

CL (ml/h/kg) 1602 + 612 1189 + 579

vd (ml) 2.2+06 2116

Vz (ml) 77 +0.8 1.9x£09

C,ax (Nn@/ml) 12.6 £ 6.1 33.0+6.8

Half-life (min) 1231 +£81.9 71.5+53.3

Tonax (Min) 18.3x£75 Not determined

MRT (min) 159.2 + 110 96.0 £ 51.4

AUC (ng min/ml) 1189 + 579 1601 £ 612

Bioavailability (%) 98.7 + 23.6 100

CL: Clearance; C_, : Maximum concentration; MRT: Mean residence time (AUC_/AUC_); T__: Time to reach the maximum concentration;

Vd: Volume of distribution (at steady state); Vz = During terminal phase.
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Administration of melatonin solution (0.5, 3, 5 and 10 mg) in a liquid food formulation to
baboons (n=3) for 3 consecutive day, twice daily (morning and evening) showed a decrease in
the evening’s activity among animals dosed with 5 and 10 mg melatonin but did not affect the
circadian rhythm of dosed animals. Dosing of melatonin (0.5 mg) was associated with an
increase in melatonin levels when measured 1hr after dosing in 2 baboons (108 and 168 pg/mL)
as compared to control animals (1.5 and 1.3 pg/mL) (Hao and Rivkees 2000).

c. Acute toxicity!

Acute toxicity studies for melatonin conducted in the mouse and rat models using different
routes of administration exhibited low toxicity profile for melatonin as shown by the high doses
required to reach LDso values (see Table 3; Sugden et al. 1983).

Table 3:  Acute Toxicity of Melatonin — LDso Values

TABLE 1

Acute toxicity of melatonin

This table compares the LDy, values of melatonin by different routes of administra-
tion in the mouse and rat. The numbers in parenthesis indicate the 95% confidence
limits of each LDy value. Five mice or three rats were used at a minimum of four

to five dose levels.
Route of LDso (Mg/kg)
Administration Mouse Rat
i.p. 1168 (987-1382) 1131 (800-1600)
oral 1250 (1090-1434) >3200
s.C. >1600 1600
i.v. 472 (400-564) 356 (115-1105)

Single intravenous doses of melatonin (5 or 15 mg/kg) diluted in 10% propylene glycol did not
show any major toxicities in the rat; changes were limited to alterations in the level of some
metabolic enzymes at 60 min after injection (increased levels of creatine, aspartate transaminase
and lactate dehydrogenase) when compared to levels measured prior to melatonin injection.
Within 60 min of injection, blood pressure, heart rate and body temperature of treated rats
remained unaffected. Gross pathological examination of the brain, kidney, liver and spleen did
not reveal any evidence of toxicity. In addition, six daily injections of melatonin (intravenous
injection in propylene glycol) did not show any gross or histopathological changes. The only
change observed was a 5.5% reduction in body weight 24 hours after the injection, which may
have been a transient change or associated with the use of vehicle, propylene glycol.!® In the
absence of a reversibility arm in the study, it is not possible to associate the effect of melatonin
exposure on body weight changes (Cheung et al. 2006).

17 Acute toxicity refers to adverse effects observed following administration of a single dose of a substance, or
multiple doses given within a short period (approximately 24 hours). Endpoints captured in acute toxicity studies
usually include mortality and gross clinical observations. Acute toxicity data are usually superseded by data
obtained from longer term toxicity studies.

18 See https://www.ema.europa.eu/documents/report/propylene-glycol-used-excipient-report-published-support-
questions-answers-propylene-glycol-used _en.pdf.
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d. Repeat dose toxicity'’

A 28-day toxicity study was conducted in Sprague-Dawley rats (n=19/sex/group) where
melatonin was delivered continuously via a subcutaneously implanted osmotic pump (60 ul/day
of vehicle (polyethylene glycol 400), 0.03%, 0.3%, or 3% melatonin). The calculated dose of
melatonin delivered based on weekly group mean body weights was approximately 0.050, 0.50,
and 4.8 mg/kg/day for the male groups and 0.074, 0.75, and 7.3 mg/kg/day for the female
groups, respectively (n = 10). An additional sham-operated group (n=19/sex) was included in
the study. No deaths or abnormal clinical observations occurred that were attributed to
melatonin. No drug related effect was seen in body weights, hematology, clinical chemistry,
urinalysis, or gross pathology. A dose-related trend of increased serum melatonin concentrations
occurred in males and females. In males, there was a trend towards a decrease in serum prolactin
concentrations in all melatonin-treated animals. No difference in serum follicle-stimulating
hormone concentrations was noted in melatonin-treated groups when compared to control
cohorts. A dose-related increase in urine 6-SMT (the primary metabolite of melatonin)
concentrations occurred in melatonin-treated rats of both sexes. No treatment-related organ
weight or histopathological changes were noted in rats infused with 0.03% or 0.3% melatonin.

In two male rats (out of 10 males) administered 3.0% melatonin, a decrease in testicular weights
along with testicular degenerative changes (reduced or absent spermatogenesis, spermatidic giant
cells, and edema) were seen at the end of the study (Prevo et al. 2000).

A 90-day toxicity study compared the toxicity profile of intranasally vs. intravenously
administered melatonin (Priprem et al. 2017). Acute (single dose, 0.2 mg) and subchronic
(90-day, 0.2 mg) exposure to melatonin did not impact clinical signs, behavior or hematological
profiles in treated animals. Transient nasal irritation with no signs of inflammation was observed
in rats treated with intranasal melatonin, indicating the nose is a potentially safe and feasible
route of administration for melatonin.

A 90-day oral gavage toxicity of melatonin in rats (0.3, 1.2 and 6 mg/kg/day) showed minimal
toxicities which were limited to a decrease in body weight gain among mid (males) and high
doses (males and females) treated animals. Decreased testis and increased kidney relative
weights were also observed at the 6 mg/kg dose (EMA assessment of Circadin 2007).

A 90-day oral gavage toxicity study of melatonin in male and female Long-Evans rats (0, 5, 50,
5,000, 50,000, and 200,000 ng/kg) did not impact survival, terminal body weights or organ
weights of treated rats. In the same report, Fischer 344 rats (males and females) were dosed by
gavage treatment with 0, 5, 50, 5,000, 50,000, and 200,000 pg/kg of melatonin for 13 weeks.
While the study showed no effects on survival or organ weights, terminal body weights were
decreased by 5, 9, and 11%, in the 5,000, 50,000, and 200,000 ug/kg treated males, respectively.
These decreased terminal body weights were statistically significant and appear to be related to
melatonin administration. No gross pathology findings, neoplastic or nonneoplastic microscopic
findings were interpreted to be treatment related (Gerken et al. 2003, cited in Scientific
Committee on Consumer Safety report on melatonin, 2010).

19 Repeated-dose toxicity studies consist of in vivo animal studies that seek to evaluate the toxicity of the test
substance by observing the changes that emerge in clinical observations, clinical chemistry, gross pathology, and
histology endpoints when the test substance is repetitively administered daily for a predetermined period of time.

12



A 13-week and a 26-week oral rat toxicity study of melatonin (15, 75, and 150 mg/kg) showed
limited toxicities. At the 13-week time point, changes included increased hemoglobin
concentrations and platelet counts at 75 and 150 mg/kg/day among treated animals.

Increased liver weights with minor centrilobular hepatocytic hypertrophy were also observed.
Increased testes, prostate and epididymal weights were seen in mid and high dose treated males.
At the 26-week time point, macroscopically dark thyroid was noted in high dose animals. At the
microscopical level, changes were limited to minor liver hypertrophy which was seen in some
high dose animals, a finding which was reported to be more pronounced in the 13-week toxicity
study (EMA assessment of Circadin 2007).

A 6-month oral toxicity study conducted in dogs, exposure to melatonin (0.4, 1.5, and 8 mg/kg)
showed toxicities which were limited to treatment-related increases in serum glucose levels.
However, the changes were variable and were not dose-related and thus were not considered to
be toxicologically-relevant findings. Microscopic examination of melatonin-treated dogs
revealed pituitary gland and parathyroid cysts, adenomyosis of the uterus, capsular fibrosiderosis
of the spleen and cytoplasmic rarefaction of hepatocytes consistent with the presence of
glycogen. The summary was provided in the EMA assessment of Circadin (2007) and did not
provide detailed information on whether these findings were also observed in control cohorts.

Juvenile Toxicity

Melatonin was tested for toxicity in juvenile animals as reported in the EMA report of Circadian
(2007) as well as in the approval package for melatonin prolonged-release minitablets (Slenyto;
approved on July 26, 2018) which is indicated for treating insomnia in 2 to 17-year-old children
and adolescents with autism spectrum disorder, in addition to approval for use in patients with
SMS) (EMA Assessment of Slenyto 2018). A 14-day rat juvenile toxicity study was conducted
to determine the maximum tolerated dose (MTD) of melatonin and to define dose levels for the
subsequent pivotal juvenile toxicity study. No mortality or morbidity was observed during the
treatment. No melatonin-related effects were observed for any of the in-life parameters, organ
weight or macroscopic findings. The pivotal study was a 70-day repeat-dose toxicity study,
which was conducted to determine the systemic toxicological and toxicokinetic profile of
melatonin following daily oral administration (20, 80, 160 mg/kg/day) to juvenile male and
female rats and to evaluate the reversibility of any effects observed following a 14-day recovery
period. No mortality or morbidity was observed during the treatment period. No melatonin-
related effects on clinical signs, body weight, food consumption, ophthalmology, estrous
cyclicity, sexual maturity, sperm parameters or macroscopic changes were observed.
Significantly higher percentage of abnormal sperms were observed in all treated male dose
groups (up to 5% at the low and mid doses and up to 9% at the high dose); however, these
findings were found to be within the historical control for this strain of rats (which was noted to
be up to 21.5%). In the same study, no adverse effects were noted for the central nervous system
(functional observation battery), endocrine/reproductive systems (estrous cyclicity, vaginal
opening, preputial separation, and sperm quality) up to >80 mg melatonin/kg/day by the oral
route. Toxicokinetic data from the 70-day juvenile toxicity study showed that AUClast increased
with dose in a greater than dose proportional manner between 20 and 80 mg/kg, but in a dose-
proportional manner between 80 and 160 mg/kg. No notable gender differences were observed.
Compared to the exposure of melatonin in adult rats, melatonin exposure in juvenile rats was
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higher at similar dose levels, but the NOAEL (no observed adverse event (AE) level) in both age
groups was observed at similar dose levels of melatonin.

e. Genotoxicity?

A standard battery of genotoxicity tests has been performed for melatonin. The Ames test,

in vitro gene mutations in mouse lymphoma cells, in vitro chromosome aberration in human
lymphocytes and in vivo mouse micronucleus were all negative (EMA assessment of Circadin
2007).

Other studies have shown that both melatonin and its main metabolite, 6-hydroxymelatonin,
were not mutagenic in an Ames test using three strains of Salmonella typhimurium (Neville et al.
1989).

f. Developmental and reproductive toxicity?!

Rat

Adverse effects were noted in a 28-day toxicity study where 2 out of 10 male rats subcutaneously
administered a dose of 3.0% melatonin showed a decrease in testicular weights along with some
testicular degenerative changes including reduced/absent spermatogenesis, spermatidic giant
cells and edema (Prevo et al. 2000).

A study assessing the fertility and early embryonic development effects of melatonin was
conducted in rats (n= 25 animals/sex/dose) dosed orally by gavage with 0, 50, 100 or

200 mg/kg/day melatonin. The estrous cycle, mating performance, and male fertility parameters
(sperm number, motility and morphology) were unaffected by the treatment. Although not
statistically significant, abnormal effects included an increase in the mean incidence of
preimplantation loss in the high dose group (15%) when compared to concurrent controls (7.5%);
which was slightly higher than the incidence in background control range of the National
Toxicology Program (NTP) database (8.7% to 14.5%). No effects on post-implantation loss was
seen among treated animals (Jahnke et al. 1999).

Melatonin was orally administered by gavage to pregnant rats (n=25) from gestation day (GD)
6 to 19 at doses of 50, 100, and 200 mg/kg/day. No maternal deaths were observed, and some
minor clinical signs were seen. Transient reduction of the body weight gain and relative
decrease in food intake were observed at the high dose group. Increased relative maternal liver
weight was also observed among mid and high dose treated animals. Absolute liver and gravid
uterine weights were not affected.

20 The genotoxicity assessment battery usually consists of a gene mutagenicity assay (for single dose trials) and a
variety of clastogenicity/genotoxicity assays. To support multiple dose administration in humans, additional
genotoxicity testing assessment is usually conducted to detect chromosomal damage in mammalian systems.

2l Developmental and reproductive toxicity studies are usually designed to assess the potential adverse effects in
humans of both sexes and include females from various age groups that will be exposed to the proposed substance.
Developmental toxicity or teratogenicity refers to adverse effects (can include embryo-fetal mortality, structural
abnormalities, functional impairment, or alterations to growth) and can occur in pups either as a result of the
exposure of their parents to the substance, prior to the pups’ birth, or by direct exposure of the pups to the substance
after birth.
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Melatonin was orally administered to pregnant rats (n=24) from GD 6 to post-natal day (PPD)

21 at doses of 0 (control), 15, 55 and 200 mg/kg/day. No effect was noted on parturition or
outcome of pregnancy. Some effect on growth and viability of the high dose offspring was seen
during the postnatal (lactation) stage of development. At weaning, a slight reduction of offspring
growth was observed in all dose groups, but no effects were seen in subsequent F1 generation
(EMA assessment for Circadin 2007).

Rabbit

Melatonin was orally administered by gavage to pregnant New Zealand White rabbit from GD

7 to 19 at 0 (control), 15, 50 and 150 mg/kg/day. No dose-related maternal effects were seen at
any dose level. No effects were observed on pre- or post-implantation loss or mean number of
fetuses/dam. Fetal, litter and placental weighs were not affected by treatment. Visceral and
skeletal malformations and/or variations were observed in all groups including controls.

Some malformations/variations showed a trend or a significant increase in the treated groups,
such as absence of lung or iliac alignment/caudal shift of vertebrae in the high dose group (EMA
assessment for Circadin 2007).

g. Carcinogenicity*

A short-term carcinogenicity study was conducted in transgenic mice (hemizygous TG.NK
female mice with MMTV/c-neu oncogene®®) to study the impact of melatonin (50-200 mg/kg)
alone or with flaxseed oil (melatonin 50 mg/kg combined with 0.10ml flaxseed oil) on the
incidence of breast tumor occurrence and regression (Rao et al. 2000). When dosed alone,
melatonin showed a trend towards delaying the occurrence of mammary tumors and was
associated with a decrease in the number of tumors (per mouse) among mice dosed with

50 mg/kg melatonin but no changes were noted at the 100 mg/kg dose (see Table 4 below, from
Rao et al. 2000).

22 Studies that assess cancer risk in animals are used as predictive tools to evaluate the potential for drugs to result in
tumors when used by humans on a chronic basis. Carcinogenicity studies are conducted if the clinical use is
expected to be continuous for a minimum of 6 months of life, or if intermittent clinical use is expected to total 6
months or more of life.

2 MMTV/c-neu is the human breast cancer oncogene homologue of erbB2.
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Table 4:  Body Weigths, Number of Mammary Tumors, Mammary Tumor Weigths and IGF-1
Concentrations of TG NK Mice Gavaged with Melatonin and/or Flaxseed Oil

Table 3. Body weights, ber of ¥ * y tumor weights, liver weights and IGF-1 concentrations of TG.NK mice gavaged with melatonin
and/or flaxseed o1l
Ti Numt Body Incidence No. of tumors  Multiplicity’ ~ Weight (g) of Mean tumor  Liver IGF-1
of mice  weight [g)1 (%) per mouse” tumors/mouse? weight (;.[)3 weight (g) ng/ml
Control 12 243+076° 833 1.75 (21/12) 210+£0.28 0.53+0.15 0.64+0.16 1.13+£005 308.7+196
(NTP-2000 +
0.2ml Com oil)
Melatonin 13 2394057 38.5* 0.69 (9/13)* 1.80£0.49 0.08 +0.05* 021+0.11* 1094004 3109+159
50mg/ke
Melatonin 11 2284037 818 1.18 (13/11) 1444024 0.23 £0.09* 028+0.10* 1.03+£003 305.6+139
100 mg/kg
Melatonin 8 2254031 25.0* 0.25 (2/8)* 1.00+0.00* 0.16+0.16* 0.63+0.62 1.02+0.02 2787+175
200 mg/kg
Flaxseed o1l 12 2414055 100 2252712 2254033 1.08 £0.40 1.08 £0.40 1.14+003 2849+214
0.05 ml/mouse
Flaxseed o1l 11 23.0+£0.47 818 1.45(16/11) 1.78 +£0.36 1.20+0.56 1.47+0.66 1.114£005 3413£156
0.10 ml/mouse
Flaxseed o1l 10 239+057 70.0 1.00(10/10)5  1.43+0.20 0.25+0.14* 036+019* 110+003 3234+198
0.20 ml/mouse
Flaxseed o1l + 14 228+0.29 64.3 1.00 (14/14)*  1.56+0.24 0.24£0.11* 038+0.15* 108+003 2703x11.5*
Melatonun

(0.10 ml + 100 mg/kg)

lB.ocly weight in grams after 20 weeks on study (24 weeks of age), before tumor development.

24|&\'.1ugt for all mice in the group including the mice with no tumors (total number of all umors/number of mice in the group).
3A\'cragc for only the mice with mamors.

4A\'erage for all mice in the group including the mice with no tumeors (total weight of all tumors/number of mice in the group).
SMean + Standard error.

6p < 0.06.

*p <0.05.

In a combined rat chronic toxicity and carcinogenicity study (104-week study), an increased
incidence of pituitary adenomas was seen in high dose treated males (statistical significance at
p<0.036). In addition, thyroid tumors were observed at the higher doses in rats. Liver enzyme
induction was suggested as the possible mechanism of the tumor incidence (no supportive data
had been cited). An increased incidence of thyroid macroscopic and microscopic findings was
apparent in treated animals when compared to their counterpart controls; however, the thyroid
findings were not clearly correlated with the liver findings (see Table 5; EMA assessment of
Circadin 2007).
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Table 5:

Carcinocenicity

Incidence of Thyroid Neoplastic and Non-neoplastic Lesions in the 104 Rat

Table: Incidence of thyroid neoplastic and non-neoplastic lesions in the 104 rat carcinogenicity

Male Female
Neoplastic® Non-neoplastic’ Neoplastic® Non-neoplastic”
Control 15/100 (15.0%) 10/100 (10%) 11/99 (11.1%) 2/99 (2%)
15 mg/kr 5/17 (29.4%) 3/17 (17.6%) 5/22 (22.7%) 0/22 (0%)
75 mg/kg 8/29 (27.6%) 12/29 (41.4%) 2/29 (6.9%) 13/29 (44.8%)
150 mg kg 13/50 (26.0%) 21/50 (42%) 4/50 (8.0%) 14/50 (28%)

* B-C-cell adenomas + all thyroid carcinomas
® B-follicular cell hypertrophy

Conclusions: Acute animal toxicity studies show a high threshold of toxicity for melatonin.
Exposure to melatonin (at doses up to 3% subcutaneously) for up to 28 days was not associated
with adverse effects except for some testicular effects. Melatonin did not have genotoxic
adverse effects. Developmental studies in the rat did not show embryofetal toxicities.

Some malformations were noted in the rabbit when dams were dosed at 150 mg/kg/day.

The carcinogenic potential of melatonin in the rat showed an increased incidence of pituitary
adenomas and thyroid tumors among animals treated with 150 mg/kg/day when compared to
control vehicles. Melatonin exposure was associated with a delay in the incidence of tumor
progression in one form of breast cancer in a transgenic mouse model.

2. Human Safety

The following databases were consulted in the preparation of this section: PubMed, EMBASE,
Cochrane Database of Systematic Reviews, FDA Adverse Event Reporting System (FAERS),
the Center for Food Safety and Nutrition (CFSAN) Adverse Event Reporting System (CAERS),
and ClinicalTrials.gov.?*

a. Reported adverse reactions (FAERS, CAERS)

FAERS

The Office of Surveillance and Epidemiology (OSE) conducted a search of the FAERS database,
the American Association of Poison Control Centers’ (AAPCC) National Poison Data System
(NPDS), in addition to a review of the medical literature for reports of AEs and potential safety
signals for melatonin from January 1, 2008 through December 31, 2020.

FAERS report executive summary

e For the identified AEs and case reports in the OSE analysis, the AEs were either consistent
with the known safety profile of melatonin including information discussed in the literature,
or confounded by concomitant medication/disease state, or lacked enough details precluding

24 Per search of ClinicalTrials.gov conducted on 03/07/21, 534 studies listed melatonin as an intervention.
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the ability to determine a drug-event association. The AEs also primarily consisted of acute
reactions to exposure rather than exposure data for longer-term effects.

e None of the cases reported included information regarding the use of a compounded
melatonin product. There was no information about the exact contents of any melatonin
products reported in these cases and cannot be confirmed.

e There was an upward trend in reported FAERS AE cases and in the AAPCC NPDS data for
overall exposures reported with melatonin use, especially for the reports of childhood
melatonin exposures.

¢ General unintentional exposure (82.3%, 153297/186282) and therapeutic error (9.1%,
17032/186282) were the most common reported reasons for all calls recorded in AAPCC
NPDS. Overall, the calls related to general unintentional exposure comprised of younger
children, with 91.4% (140110/153297) being reported in children under the age of five years.

e There was insufficient information regarding the safety of long-term melatonin use,
particularly in children.

Summary discussion of FAERS database findings and the literature reports

e No cases involved a compounded melatonin product.

e For the serious events identified, in the 7 to <17 year-old age group there were five
reports, in the 17 to <65 year-old age group there were 23 reports and in individuals
>65 year-old there were 21 reports.

e One death was reported in the FAERS database although the event was confounded by
the patient’s underlying health condition.

0 FAERS case #15935767
Preferred terms: Drug interaction; General physical health deterioration;
Hallucination; Lung squamous cell carcinoma metastatic
The case describes an 81-year-old female with lung squamous cell carcinoma and
Parkinson’s disease who was taking pimavanserin for hallucinations and delusions
associated with Parkinson’s disease psychosis, diphenhydramine for an unknown
indication, and melatonin for an unknown indication. Her son reported a possible
drug-drug interaction with melatonin and diphenhydramine leading to an increase and
worsening of the patient’s hallucinations. The patient later died due to metastatic
squamous cell carcinoma of the lung. No further information was provided.

e One infant death was reported in the literature. The parents, who reportedly had no
medical training and had not acted under a physician’s guidance, had been regularly
administering up to 40-50 mg of dissolvable melatonin daily for an unspecified period,
apparently as a sleep aid. The infant twin was found unresponsive next to her surviving
twin. The post-mortem examination revealed a melatonin blood level of 1400 ng/mL
(reporting limit = 100 ng/mL), which was “well above the expected endogenous levels
in both pediatric and adult patients.”

e (Cases described a wide range of dosing from 1 mg to > 10 mg daily.

0 In the cases that reported time to onset, the majority (72.7% (16/22)) reported the
AE occurring within 1 week or less, indicating that most AEs were a result of
short-term use of the product rather than longer term effects after chronic use.

e Majority of reported AEs (71%, 42/59) were confounded by concomitant drug, disease
state, or both.
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0 Adverse events were reported in six cases that involved single-substance
melatonin. These AEs included parasomnia (nightmares), altered mental status
(“odd feeling in my head”), weakness due to possible myasthenia gravis flare,
sharp heart pain, and two events of feeling groggy.

0 Many of the most frequently reported preferred terms for the AEs included
hallucination, somnolence, dizziness, insomnia, nightmare, etc. that are expected
considering melatonin’s known mechanism of action and use (i.e., to induce
sleep).

e Three patients reported use for sleep disorder in autism spectrum disorder or
neurodevelopmental disorder:

0 16-year-old male with Asperger’s syndrome using melatonin to treat insomnia
from the use of Concerta (dose, duration not reported) experienced restlessness,
mild dysphoria, hallucinations, lightheadedness, and insomnia after taking 3 mg
melatonin once daily for one day. Melatonin was discontinued, and the AEs
resolved (positive dechallenge). Action with Concerta was not reported.

0 8-year-old female with attention-deficit/hyperactivity disorder (ADHD),
neurodevelopmental disorder, and sleep disorder received melatonin 5 mg daily at
bedtime for one year. She was reported to have “recently” switched from Vyvanse
to Concerta. She experienced irritability and agitation one month after an increase
in dose of Concerta. Concerta dose was decreased and patient experienced
difficulty falling asleep, hallucinations, and suicidal thoughts. Concerta was
discontinued, and melatonin was continued. The outcome was not reported.

0 10-year-old male with autism was on melatonin 3 mg daily at bedtime for 3-4
years. He had a 2-year history of abdominal pain, heartburn, dysphagia, and an
endoscopy revealed eosinophilic esophagitis. He also experienced muscle aches.
The outcome was not reported.

All three cases highlighted the medical complexities, including polypharmacy, of
children/adolescents with autism spectrum disorder or neurodevelopmental disorders.
One case described melatonin being used to treat another medication side effect
(Concerta’s insomnia). Missing information (outcome in 2 cases) and confounding
factors make these cases difficult to assess. Two cases were confounded by
Concerta (labeled for psychiatric adverse events in Section 5.2 WARNINGS AND
PRECAUTIONS; insomnia and anxiety in ADVERSE REACTIONS section).

Figure 5 below copied from the OSE analysis display the trend for 59 unique cases of serious
adverse events (SAE) (Male=22; Female=33; unknown=4) with melatonin use that were
included in the cumulative FAERS cases series report from January 1, 2008 through December
31, 2020. Although the numbers were small, overall, there was an increasing trend over time of
SAE cases with melatonin reported to FAERS. Similar trend was observed with rising numbers
of reports to the AAPCC NPDS (See Figure 6 below). The trend may be secondary to the
increased use of melatonin (Grigg-Damberger and Ianakieva 2017).
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Figure 5: Trend of Serious Adverse Event Cases with Melatonin Included in the Cumulative

FAERS Case Series from January 2008 —December 2020 (N=59)
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Source: OSE FAERS report for melatonin (2018-1754)

Summary discussion of the AAPCC NPDS database

Similar to the trends in Figure 5 of the FAERS reports, Figure 6 below displays the
number of melatonin-involved exposure cases documented by U.S. poison control centers
per year that included a summary of aggregate counts per year with single substance
exposure to melatonin, meaning exposure to a single product containing melatonin alone.
The figure demonstrates a steady increase in reports over the past seven years.

General unintentional exposure (82.3%, 153297/186282) and therapeutic error (9.1%,
17032/186282) were the most commonly reported reasons for all calls to U.S. poison
control centers.

Overall, poison control center calls related to general unintentional exposure were
predominately comprised of younger children, with 91.4% (140110/153297) being
reported in children under the age of five years.

The most frequently reported and documented clinical effect by U.S. poison control
centers was drowsiness/lethargy (58.5%, 16920/28930), which is a known and expected
AE associated with melatonin use given its mechanism of action and use (i.e., sleep
disorders). Although less commonly reported, the remaining top ten related clinical
effects, which include CNS depression, nausea/vomiting, agitation, abdominal pain,
dizziness/vertigo, tachycardia, and headache, are all known AE that have been described
with melatonin use.
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Figure 6: Melatonin-Involved Single Substance Exposure Cases Documented by U.S. Poison
Control Centers Per Year, January 1, 2008 —December 31, 2020 (N=186,282)
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CAERS

The Center for Food Safety and Nutrition (CFSAN) collects reports of AE involving food,
cosmetics, and dietary supplements in the CFSAN Adverse Event Reporting System (CAERS).
A search of CAERS was conducted in August 2020 for AEs associated with melatonin based on
the term “melatonin.” A total of 238 CAERS cases were spontaneously reported from July 2007
through August 2020 that included at least one AE in association with the use of melatonin.
Some cases listed as many as 73 different ingredients in the suspect product containing
melatonin and many of the CAERS melatonin cases were confounded by either other ingredients
in the suspect melatonin product or melatonin was used with other concomitant medications.?
Few case reports listed melatonin as the only active ingredient in the suspect product and the use
of concomitant products was not reported.

The following CAERS cases provide examples of the wide range of AEs reported in the
relatively few case reports that listed melatonin as the only active ingredient.

e Report ID #142574
20-year-old female with no reported medical history of other illnesses or history of food
allergies consumed one melatonin 300 mcg tablet and developed hypersensitivity
reactions characterized by dyspnea, tachycardia, generalized rash and ocular hyperemia.
She obtained medical care, and the adverse reactions resolved after discontinuing the
product.

25 It was difficult to accurately determine the total number of melatonin CAERS cases confounded by concomitant
medications because even when the concomitant medications field was blank, the use of concomitant medications
was frequently mentioned in the narrative field.
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e Report ID #145127
59-year-old female with significant medical history of other illnesses and history of food
allergies consumed one melatonin 300 mcg tablet and developed hypersensitivity
reactions characterized by oropharyngeal swelling with throat tightening, dysphonia, and
generalized urticaria. She self-treated with diphenhydramine 50 mg orally and
administered an epi-pen to herself. There was no additional information available.

e Report ID #148686
37-year-old male consumed one melatonin 3 mg tablet and developed anxiety, muscle
spasm and body pain for which he was hospitalized for back injury with hypokalemia,
dystonia, muscle spasms, and pain. He was managed with anxiolytics and discharged on
citalopram. There was no additional information available.

e Report ID #151616
Subject consumed melatonin 10 mg as sleep aid for two weeks and was hospitalized
(life-threatening) after developing dependence, aggression, anorexia, insomnia, mental
status and behavioral changes with somnambulism. The subject stated, “I totaled my car,
ran through the woods naked, went completely insane, screaming and fighting the
emergency people that were trying to help me.” The melatonin level was 73.0 pg/ml.

e Report ID #154079
An adult female with no prior history of seizures who used melatonin 5 mg tablets
regularly as sleep aid for four years reported to her doctor regarding experiencing an
episode of convulsion (became incoherent, could not speak, and shook violently) after
discontinuing melatonin for five days. There was no additional information available.

e Report ID #157061
10-year-old boy with no prior history of seizures or other ongoing medical illness used
melatonin 3 mg tablets at bedtime as sleep aid for two weeks. He developed convulsions
at school with eye rolling, hallucination, skin discoloration and was then observed in the
emergency room (CT scan negative; no abnormal labs reported). Following melatonin
discontinuation, the boy began experiencing hallucinations, and was to be followed by
neurologist. There was no other information reported.

e Report ID #182089
48-year-old female who used melatonin 3 mg to aid in sleep intermittently up to four
times developed hypopnea, insomnia, and palpitations after taking the last dose.
The symptoms resolved after treatment discontinuation.

e Report ID #186758
67-year-old female with cardiovascular comorbidities of hypercholesterolemia and
hypertension used melatonin 10 mg capsules for five years. She was hospitalized after
experiencing cerebrovascular accident (stroke) and fall.

e Report ID #188491
65-year-old female with history of breast cancer on multiple antihypertensives was using
melatonin dietary supplement pro-advanced formula 220 (2 capsules/daily orally) for
between one to two months when she developed elevated liver enzyme and weight loss.
There was no other information reported regarding clinical course.

Regarding the outcomes listed for the 238 CAERS cases that included melatonin use, 142 cases

reported information for at least one medically important event, 81 cases reported hospitalization
and 14 cases reported life threatening outcomes. In most of the CAERS cases, there was
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insufficient information reported and it was not possible to determine whether a causal
connection existed between the use of melatonin and the AEs reported because of the
considerable number of other ingredients in the melatonin product and/or due to the use of
concomitant medications.

b. Clinical trials assessing safety

Adverse Events reported in trials of melatonin in patients with primary and secondary sleep
disorders

Besag et al. conducted a systematic review of the literature for AEs associated with melatonin
and identified controlled clinical trials that administered exogenous melatonin for primary or
secondary sleep disorders in children and in adults. In the studies included in the systematic
review, the daily melatonin doses ranged from 0.15 mg to 12 mg.?® Of note, the type, frequency,
or severity of AE rates were not correlated with either dose or formulation (immediate/fast-
release or controlled/prolonged-release) (Besag et al. 2019).

Subjects in the studies included in the systematic review were monitored for up to 29 weeks, but
most studies were of much shorter duration (4 weeks or less). Table 6 shows the most common
AEs in the pooled controlled studies and these include headache, daytime sleepiness, other sleep-
related AEs (described as red eyes, vivid dreams, and nightmares), dizziness, and hypothermia.
Uncommon or rare potential events include gastrointestinal complaints: vomiting, abdominal
pain, diarrhea; anxiety, irritability, reduced alertness (concentration impaired), confusion
(disorientation); seizures and mild tremor (movement disorders). Similar AEs were also
observed in the open-label studies: headache (9.2%), fatigue/asthenia (3.1%), gastrointestinal
illness (3.0%), sleepiness (2.6%) and dizziness (1.5%).

26 The study characteristics including the study design, patient demographics, melatonin formulation and co-
medication for the included studies in the systematic literature review can be accessed at:
https://link.springer.com/article/10.1007/s40263-019-00680-w#Sec23; Supplementary material 1 (DOCX 66 kb).
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Table 6:  Adverse Events Reported in Clinical Studies (Numerical and Percentage Frequencies
for Melatonin and Placebo Groups) (Besag et al. 2019)

Adverse event No. studies Melatonin subjects Placebo subjects ~ Subjects with AE corrected ~ AE frequency (%)
with AE (AEy; 1)  with AE (AEp i) for placebo (AEy +—AEp g) corrected for placebo

Daytime sleepiness® 9 50 23 27 1.66
Headache 15 32 12 0.74
Other sleep-related AEs" 6 21 9 12 0.74
Dizziness 4 14 2 12 0.74
Hypothermia® 2 14 4 10 0.62
Decreased appetite 3 7 1 6 0.37
Restlessness 2 6 0 6 0.37
Rash? 4 15 9 6 0.37
Burping 1 5 0 5 0.31
Tearfulness 1 5 0 5 0.31
Fatigue 3 25 21 4 0.25
Seizures (not increased rate) 2 12 8 -+ 0.25
Insomnia® 4 7 3 0.18
Gastrointestinal illness/diarrhoea 3 10 7 3 0.18
Muzziness/fuzzy feeling/hung-over 3 3 0 3 0.18
Hyperactivity 2 4 1 3 0.18
Enuresis 1 3 0 3 0.18

MLT=Melatonin; PLB=Placebo.

* Some of the studies specified ‘daytime sleepiness’ and others simply stated ‘sleepiness’ (or similar) but since it is unlikely that night-time
sleepiness after the melatonin dose would have been listed as an AE, these have been categorized together as ‘daytime sleepiness’;

® Including ‘red eyes,” ‘vivid dreams’ and nightmares; © Including ‘cold feelings’; ¢ Including skin irritation and pruritus; ¢ Including ‘poor sleep’

Esposito et al. reviewed the literature and included the most frequently reported adverse effects
associated with the use of melatonin in children. These included morning drowsiness, headache,
dizziness, diarrhea, rash, hypothermia, and increased enuresis; a mild and transient headache and
gastrointestinal symptoms may occur during the first days of treatment (Esposito et al. 2019).

There were no deaths or life-threatening AEs identified in the systematic literature review.
There were very few reported AEs considered to be serious or of clinical significance.

These included agitation, fatigue, mood swings, nightmares, skin irritation and palpitations.
Adverse events reported in the controlled clinical trials of melatonin for primary or secondary
sleep disorders were characterized as generally infrequent, mild, or moderate in severity and
were either self-limiting or resolved on withdrawal of treatment. Although there were
descriptions of AEs associated with exacerbation of pre-existing condition (e.g. worsening
migraine), exacerbation of clinical features characteristic of the study population (e.g. agitation
and mood swings in patients with ADHD, autism spectrum disorder or other developmental or
behavioral disorders), there was no information indicating relatedness to melatonin treatment.
One clinical study included in the systematic review reported heart palpitations in a single patient
with a pacemaker, which led to withdrawal of the drug but was also considered unrelated to
melatonin.

Adverse Events reported in the product marketed for use in adults in the United Kingdom
Section I. Introduction, section of this review discussed three melatonin products marketed
outside the United States for use in adults. Besag et al. reported that the adverse reactions in the
systematic review analyses and that were listed in the product characteristics (prescriber
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information) for Circadin and the side effects listed in the guidance for melatonin provided by
the British National Formulary are similar in frequency and nature (Besag et al. 2019). Of note,
the British National Formulary site could not be accessed, and it is only available to users in the
UK.

Like the marketed sedative-hypnotics, Circadin has moderate influence on the ability to drive
and use machines. There are no other safety related warnings or precautions.

Adverse Events reported in the product marketed for use in children with autism spectrum
disorder in the United Kingdom

Section I. Introduction, section of this review discussed one melatonin prolonged-release
(controlled-release) product marketed as a minitablet outside the United States for use in
pediatric patients with autism spectrum disorder (Slenyto). Table 7 and Table 8 summarized the
safety data from the clinical study that supported the product approval, which was a randomized,
placebo-controlled study in children diagnosed with autism spectrum disorders and
neurodevelopmental disabilities caused by SMS who had not shown improvement after standard
sleep behavioral intervention. For the pooled melatonin doses during the double-blind period the
AE rates compared to placebo were: somnolence (melatonin=28%; placebo=12%), fatigue
(melatonin=25%; placebo=18%), agitation (melatonin=18%; placebo=11%) and headache
(melatonin=13%; placebo=6%). The rates of mood swings reported as AEs were no different
between the treated groups.
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Table 7:  Most Commonly Reported Treatment Emergent Adverse Events with Slenyto in
Pediatric Patients with Autism Spectrum Disorder (Malow et al. 2021)

TABLE S2 Most Commonly Reported Treatment-Emergent Adverse Events (AEs) (Safety Set)

Double-blind phase Open-label phase
(13 weeks) (91 weeks)
PedPRM Placebo All PedPRM
Participants Participants Participants
(n = 60) Events (n = 65) Events (n = 95) Events
Participants with at least 1 TEAE 51 (85.0%) 50 (76.9%) 80 (84.2%)
Total number of AEs 208 156 524
AEs reported by >10% participants
Somnolence 17 (28.3%) 18 8 (12.3%) 8 24 (25.3%) 31
Rate of somnolence events per participant 1.2 049 0.19
per 1 year of treatment®
Fatigue 15 (25.0%) 19 12 (18.5%) 13 25 (26.3%) 33
Rate of fatigue events per participant per 1 1.27 08 0.20
year of treatment®
Mood swings 10 (16.7%) 10 11 (16.9%) 12 17 (17.9%) 24
Rate of mood swings events per participant 0.67 0.74 0.14
per 1 year of treatment®
Upper respiratory tract infection 9 (15.0%) 9 7 (10.8%) 8 14 (14.7%) 24
Vomiting 8 (13.3%) " 10 (15.4%) 10 20 (21.1%) 33
Agitation 11 (18.3%) 12 7 (10.8%) 8 8 (8.4%) 10
Headache 8 (13.3%) 8 4 (6.2%) 1 12 (12.6%) 12
Cough 7 (11.7%) 7 5(7.7%) 5 16 (16.8%) 27
Dyspnea 6 (10.0%) 6 4 (6.2%) 4 10 (10.5%) 10
Rash 3 (5.0%) 3 3 (4.6%) 3 10 (10.5%) 10

Note: PedPRM = pediatric prolonged-release melatonin; TEAE = treatment-emergent adverse event.

“Rate = number of observed events for the entire group divided by 13 (double-blind) or 91 (open-label), which equals the number of events for the
entire group by week. This value is divided by the number of participants in the group to provide the number of events per week per participant. The
value is multiplied by 52 (weeks/year) to determine the number of events per year of treatment per participant.

Table 8: Most Commonly Reported Severe Adverse Events with Slenyto In Pediatric Patients
with Autism Spectrum Disorder (Gringas et al. 2017)

Double-Blind Phase
PedPRM Placebo
Patients (n = 60) Patients (n = 65)
n (%) n (%)
Number of patients with at least one severe AE 13 (21.7) 13 (20.0)
Most common AEs
Agitation 5(8.3) 3 (4.6)
Fatigue 4(6.7) 2(3.1)
Mood swings 3(5.0) 5(7.7)
Note: Includes severe AEs reported by =5% patients in any group. PedPRM = pediatric-appropriate prolonged-release melatonin minitablets.

The safety of the prolonged-release (controlled-release) melatonin minitablets (2, 5, or 10 mg)
was evaluated in a 104-week long-term safety follow on study in N=80 study participants after
completing the double-blind controlled efficacy study period and was discussed in the referenced
publication (Malow et al. 2021). This study also evaluated the effects of prolonged-release
melatonin treatment on sleep, growth, body mass index, and pubertal development.

26



No deaths were reported during the open label long-term period of the study. Similar types of
AEs reported during the double-blind study were observed during the open label study (Table 7).
The most frequent treatment-related AEs during the open label period were somnolence (25.3%),
fatigue (26.3%), and mood swings (17.9%).

The study authors commented that although somnolence and fatigue were commonly reported,
these were reported only once by a participant at some time during the treatment period, most
commonly within a short time after dose escalation, and was much less commonly reported
during the open label period. The authors considered treatment-related somnolence and fatigue
to reflect the pharmacological effect of residual daytime melatonin most probably secondary to
the excessive dose, and that it was possible that some of these participants were poor
metabolizers of CYP1A2 enzyme and developed daytime somnolence or fatigue owing to
melatonin accumulation.

Changes in mean weight, height, body mass index, and pubertal status (Tanner staging done by a
physician) were within normal ranges for age with no evidence of change in body mass index or
delay in pubertal development.

Melatonin and effects on reproductive function (including effects on growth hormone,
luteinizing hormone, follicle stimulating hormone and prolactin)

The potential consequences of long-term exposure to higher than normal melatonin levels for age
on alterations in estrogen, testosterone, follicle-stimulating hormone, luteinizing hormone, or
prolactin are not known. There was no data on the interaction between melatonin and growth
hormone and the effect of exogenous melatonin on normal growth hormone profiles (Besag et al.
2019).

Melatonin and effects on sexual maturation (puberty)

Because endogenous melatonin levels in humans sharply decline just before the onset of puberty
there may be a potential risk of delayed sexual maturity and with gonadal development in pre-
pubertal children taking melatonin over extended periods, and animal studies have supported this
theory (Besag et al. 2019). Following a 1-week dose finding portion of the clinical study, the
long-term observational phase assessed Tanner stages in N=69 children who used oral melatonin
for an average of 3.1 years (van Geijlswijk et al. 2010). Three Tanner score questions were
surveyed (the age at first ejaculation in boys, the ages of menarche of their mothers and the first
ejaculation of their fathers) and compared the results with healthy population-based controls.
There were no endocrine assessments performed. Only 33% of the children reached the age of
13 in the study, and only 62% of the boys and 91% of the girls answered the questions.

The authors concluded that puberty onset appeared to be undisturbed after 3.1 years of melatonin
usage. No differences were detected during the initial trial or follow-up period.

A review by Boafo et al. provided a comprehensive summary of the effects of melatonin on
pubertal timing and whether there was disruption of puberty in patients receiving long-term
melatonin treatment. The systematic literature review reported that there was insufficient and
inconclusive data with conflicting results that exogenous melatonin interfered with normal
pubertal development in humans (Boafo et al. 2019).
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The long-term study in children and adolescents with autism spectrum disorder discussed above
reported no delay in sexual maturation/pubertal development (Tanner assessments) with orally
administered prolonged-release (controlled-release) melatonin in a subpopulation of N=31
participants (out of N=80) 8 to 17 years of age after 2 years of continuous use (see Table 9;
Malow et al. 2021).

Table 9:  Pubertal Development and Change from Baseline in Mean Standard Deviation Scores
at Week 106 in Children >8 Years of Age Treated with Pediatric Prolonged-Release
Melatonin (Malow et al. 2021)

Pubertal Development and Change From Baseline in Mean Standard Deviation Scores at Week 106 in Children >8

Years of Age Treated With Pediatric Prolonged-Release Melatonin (PedPRM)

PedPRM group Placebo group
SDS Mean (SD) Range Mean (SD) Range
Pubic hair growth 0.881 (1.11), n = 19 —0.43 to 3.04 1.323(0.998), n = 12 —043 to 2.63
Breast 0709 (1.16), n = 7 —0.12 to0 3.14 NA NA
development
Genitalia 0.692 (0.96), n = 12 —0.551t0 2.12 1.205 (0.8), n = 12 —0.551t0 2.1
development
Change from
baseline Mean (SD) Range (95%Cl) <] Mean (SD) Range (95%Cl) ]
Pubic hair growth 109 (1.24), n = 16 00to 340 (049,169 < .0001 155(1.11),n =11 00to 285 (0.85 235 < .001
Breast 1.78(1.70,n =5 00to354 (021,336 < .001 NA NA NA NA
development
Genitalia 074(1.09,n =11 00to299 (005 143 <001 130(1.00),n =11 0.0to 248 (0.67,1.94) < .00

development

Besag et al. commented that there are yet to be determined effects of prolonged exposure to
supraphysiological levels of melatonin on sexual maturation, fetal development, and neonatal
development. The significance of melatonin in neonatal development has yet to be clarified,
although the greater number, and wider distribution, of melatonin receptors in infants indicates a
potentially pivotal role during the early childhood (Besag et al. 2019).

Therefore, the study authors recommend a more conservative policy when treating pre-pubescent
children and pregnant or breast-feeding women. The absence of data on long-term safety in pre-
pubertal children has led to a consensus among healthcare practitioners that melatonin should
not be recommended as a first-line treatment for chronic sleep disorders in pre-pubertal
children (Besag et al. 2019; Buckely et al. 2020). However, this recommendation appears to be
based on lack of data rather than firm evidence for an effect of melatonin on puberty.

Melatonin and effect on seizures

Low endogenous melatonin levels have been reported in some patients with epilepsy, and
melatonin supplements have improved sleep in these patients, purported to be from GABA
receptor agonism. There are conflicting clinical study reports in the literature with inconclusive
information regarding melatonin use associated with seizure episodes in patients with epilepsy.
A systematic review of the literature reached the same findings reported in a Cochrane review
(Brigo et al. 2016), which found that studies of the safety and anticonvulsant effect of melatonin
in patients with epilepsy were of insufficient methodological quality to perform a meta-analysis,
and no firm conclusions could be drawn regarding any association between supplemental
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melatonin and a reduction in seizure activity or that there is an increased risk of seizures (Besag
et al. 2019).

Melatonin and cardiovascular effects

The systematic review included discussions about cardiovascular effects on patients using
melatonin reported in two studies. There were changes in blood pressure and heart rate in
patients with preexisting cardiovascular conditions who were taking antihypertensive medication
(nifedipine) together with melatonin with information suggesting possible drug-drug interaction
although the authors state that it was not possible to determine conclusively whether the
cardiovascular effects resulted from a direct effect of melatonin, or from interaction with
cardiovascular medication. Although in the studies in patients without preexisting
cardiovascular conditions, there appeared to be no information suggestive of cardiovascular
abnormalities with melatonin (Besag et al. 2019).

Dose dependency for adverse events

Besag et al. included information from two clinical trials that analyzed for evidence of dose
dependency for any adverse reactions. Two studies compared melatonin at different doses (Van
der Heijden et al. 2007 and van Geijlswijk et al. 2010). Van der Heijden et al. found that there
was no difference in the rates of AEs between 3 mg and 6 mg daily doses, while van Geijlswijk
et al. found that higher body weight adjusted doses (0.15 mg/kg and 0.1 mg/kg) were associated
with a greater frequency of AEs than a lower dose (0.05 mg/kg) although the AE frequencies
were considered to be low for all three doses.

Residual morning effects

Melatonin has the potential for residual morning effects for daytime sleepiness. Besag et al.
discussed that the effects of daytime sleepiness may extend to impaired psychomotor function
and increased reaction times, highlighting the importance of appropriate timing of doses. In the
clinical studies that reported daytime drowsiness, the symptoms of daytime sleepiness appeared
to resolve when the subjects used melatonin at the recommended regular times at bedtime
implying that melatonin administration too late may be associated with daytime sleepiness
(Besag et al. 2019).

In the Slenyto clinical study the pharmacological activity of the product appeared to wane off
after stopping the active treatment. Like the reported observations with Circadin in adult patients
with insomnia, melatonin discontinuation was reported to be not associated with withdrawal
effects or rebound insomnia with Slenyto exposure in children and adolescents (Malow et al.
2021).

Summary of Adverse Events Data and Clinical Trials Assessing Safety
e Melatonin appears to be a relatively safe substance for oral administration at the

nominators’ proposed dose 0.2 mg — 5 mg when used for the short-term treatment in
children and adolescents with autism spectrum disorders including other
neurodevelopmental disorders. Pediatric melatonin safety/tolerability trials are limited
but there is no evidence that short-term melatonin use has SAEs. The SAEs with
melatonin use was confounded by concomitant medication/disease state, or lacked
enough details precluding the ability to determine a drug-event association. The AEs also

29



primarily consisted of acute reactions to exposure rather than exposure data for longer-
term effects.

The most frequently reported AEs included somnolence and daytime sleepiness that are
expected considering the known mechanism of action and therapeutic use of melatonin
i.e., to induce sleep.

Less frequent AEs were reported related to nausea/vomiting, abdominal pain,
dizziness/vertigo, tachycardia, hypothermia, headache, hallucination, irritability,
agitation, mood swings, vivid dreams, nightmare (parasomnia), CNS depression, reduced
alertness (concentration impaired), confusion (disorientation), seizures and mild tremor
(movement disorders). Many of these AEs have also been reported with the approved
sedative hypnotics.

The AEs primarily consisted of acute reactions to exposure rather than exposure data for
longer-term effects to determine the safety of long-term melatonin use, particularly in
children. Most AEs either resolved spontaneously within a few days with no adjustment
in melatonin, or immediately upon withdrawal of treatment.

The effect of melatonin on sleep is dependent on the dose and the time of administration
for managing sleep disorders. In the clinical studies that reported daytime drowsiness,
the symptoms of daytime sleepiness appeared to resolve when the subjects used
melatonin at the recommended regular times at bedtime implying that melatonin
administration too late may be associated with daytime sleepiness.

Overall there was an increasing trend over time of SAE cases reported to the FAERS
database and with rising numbers of reports to the AAPCC NPDS suggesting increased
use of melatonin use.

0 There are conflicting clinical study reports in the literature with inconclusive
information regarding melatonin use associated with seizure episodes in patients
with epilepsy.

0 There was a report of a woman who experienced complex sleep behaviors after
consuming melatonin for two weeks. She was hospitalized for developing
aggression, anorexia, insomnia, altered mental status and behavioral changes
including agitation, and somnambulism (CAERS report ID #151616).

The reaction appears similar to the information in the label for the marketed
sedative hypnotics.
Melatonin discontinuation was reported to be not associated with withdrawal effects or
rebound insomnia with Slenyto exposure in children and adolescents.
None of the cases reported included information regarding the use of a compounded
melatonin product.
There is no standard dose recommended for melatonin use in adults and in children and
there is no information on body weight dosing recommendations. The significant
numbers of reports of unintentional exposures and therapeutic errors reported in children
may be due to the lack of adequate guidance and dosing recommendations in the pediatric
population from adequate and well controlled studies.

O An infant death was reported in the literature when melatonin was used a sleep aid
that was attributed to dosing error suggesting lack of adequate guidance.

See discussion above in the summary of FAERS database findings and the
literature reports.
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c. Pharmacokinetic (PK) data

Melatonin plays a key role in regulating the sleep—wake circadian rhythm (Esposito et al. 2019).
The suprachiasmatic nucleus in the hypothalamus regulates melatonin synthesis and secretion.
The timing of melatonin production is influenced by the retinal perception of light and the
endogenous rhythmicity of neurons within the suprachiasmatic nucleus, which controls the
pineal gland via neural signals with nearly 80% of the melatonin synthesized at night; peaking in
the middle of the night between 2:00 AM and 4:00 AM in the morning as shown in Figure 7
below (Tordjman et al. 2017). With the onset of darkness, melatonin diffuses out of the pineal
gland into the blood stream and cerebrospinal fluid, rapidly raising human plasma melatonin
levels from about 10-20 pg/ml during daylight hours to 100-200 pg/ml during the hours after
sundown (endogenous melatonin).

Figure 7: Circadian Profile of Melatonin Plasma Concentrations (Tordjman et al. 2017)
Melatonin (pg/mL)
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(The shaded area represents the hours after sundown).
Melatonin secretion by the human pineal gland exhibits a pronounced age dependence with
melatonin concentrations extremely low during the first 3 months of life. Melatonin
concentrations then abruptly increase and contribute to consolidating the sleep—wake rhythm of
infants until their own circadian system matures (Esposito et al. 2019).

Endogenous nocturnal melatonin levels are lower in adults than in children; peak nocturnal
melatonin levels in most 70-year-olds are only a quarter or less of what they are in young adults,
which is due more to their greater body size than a reduction in pineal secretion (Wurtman
2005). Figure 8 below shows night-time peak serum melatonin levels in subjects of different
ages.
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Figure 8: Night-Time Peak Serum Melatonin Levels in Subjects of Different Ages (Years).
(Wurtman 2005)
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Studies report significant variability in melatonin levels with exogenous melatonin
administration. Because the different dosage forms have different effects on absorption,
distribution, metabolism and excretion (ADME) of active pharmaceutical ingredients (APIs)
melatonin metabolism affects the PK based on the dosage form and, in particular, melatonin
bioavailability appears to be low and variable (Moroni et al. 2021).

Most of the melatonin in circulation is inactivated in the liver. It undergoes hydroxylation to
6-hydroxymelatonin (first oxidized to 6-OH-melatonin and then conjugated to sulfate or
glucuronide before being excreted into the urine or feces), with about 2—-3% excreted unchanged
into the urine or saliva.

In a recent systematic review of the clinical pharmacokinetics of melatonin, the following
conclusions were reached (Harpsoe et al. 2015):
e The time to reach the maximum concentration (Tmax) was 50 minutes following oral
immediate-release formulations of melatonin.
e Tinwas 45 minutes in both the oral and IV routes of administration. Cmax, AUC, Cl, and
VD varied extensively between studies.
e Bioavailability of oral melatonin was generally low (approximately 15%) and with
significant intra-individual variability.

Within 1 hour of the ingestion of between 1 to 5 mg, melatonin concentrations are 10—100 times
higher than their physiological nocturnal peak and return to basal levels in 4 to 8 hours (Esposito
et al. 2019). The literature reported that food did not change endogenous levels of melatonin;
nor was there acceptable evidence that any food contains more than trace amounts of the
hormone (Wurtman 2005). The Circadian prolonged-release formulation product characteristics
(prescriber information) included information that the rate of melatonin absorption and
maximum (or peak) serum concentration (Cmax) following Circadin 2 mg oral administration was
affected by food. The presence of food delayed the absorption of the melatonin resulting in a
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prolonged time to reach the maximum concentration (Tmax=3.0 h versus Tmax=0.75 h) and lower
peak plasma concentration (Cmax) in the fed state.

The PK profiles in the studies discussed below further show the variability in melatonin levels
and present the effects of adding exogenous melatonin during the daytime, not necessarily
mimicking the subject’s normal circadian profile of (endogenous) melatonin plasma
concentrations.

e  When 20 healthy male volunteers (mean age = 23 years old) were dosed with oral
melatonin (0.1, 0.3, 1, 10 mg) or placebo at 11:45 am in five 8-hour testing sessions (with
at least 5 days between sessions) the mean melatonin serum levels of exogenous
administered melatonin 0.3 mg dose simulated nocturnal physiological melatonin levels.
The levels varied in proportion to the different melatonin doses ingested. The subjects
self-reported sleepiness and fatigue (See Figure 9 below; Dollins et al. 1994).

Figure 9: Mean Seum Melatonin Levels for Different Doses Adminsitered During Daytime
(Dollins et al. 1994)

10000 -y oomg T s
- A 0.1mg f e
. - A 0.3mg 'tg
E <O 1.0mg "’-,‘
g 1000 @ 10.0mg :
g r OO o
=) <
2 o,
2 100 | ARl Q
5 BT e —y T
? -k “Sa 2
10 = ﬁ-___./-!““‘I“”'"-"‘““-—l
1 " 1 i 1 N 1
1000 1200 1400 1500

Clock Hour

¢ In 12 normal healthy volunteers, the absolute bioavailability of oral melatonin 2 mg and
4 mg was approximately 15%, i.e., oral melatonin tablets in dosages of 2 and 4 mg
showed poor absolute bioavailability, either due to poor oral absorption, large first-pass
metabolism, or a combination of both (see Table 10 below; DeMuro et al. 2000).

Table 10: Pharmacokinetics of Three Doses of Melatonin

Table I Pharmacokinetics of Three Doses of Melatonin

Dose AUC (ng*min/ml) Cpay (pg/ml) tay (min) Half-Life (min) Bioavailability
2 mg oral 237.77 £ 149.79 2175 £ 1645 52.0x 315 608 £ 13.2 0.143 £ 0.07
4 mg oral 530.57 = 267.29 5766 = 2731 60.3 = 31.6 65.0 £ 11.3 0.159 * 0.06
2mg IV 1631.61 = 425,74 96,850 = 55,024 1.79 £ 141 59.5 = 7.2 1.00 = 0.0
p-value® 0.0001 0.0001 0.0001 0.385 0.0001
AUC, area under the serum concenlration versus lime curve from zero to infinity; b, time to peak concentration; (.. peak serum concentralion

a. IV versus cither oral phase.
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e When oral melatonin 10 mg was administered to 12 normal healthy volunteers, the
absolute bioavailability of oral melatonin 10 mg was only 3% but demonstrated
substantial inter-individual differences (Andersen LPH et al. 2016).

e Ina PK study administering melatonin 20 pg (0.02 mg) intravenously initially and
500 pg (0.5 mg) orally on a second occasion to four male subjects, peak oral plasma
melatonin levels varied from 480 to 9200 ng/L (i.e., 480 to 9200 pg/ml) and the
bioavailability of the oral melatonin (determined by comparing the intravenous and oral
data) was relatively poor (mean, 33%) and also varied among the subjects, i.e., 10% to
56%. The wide range of bioavailability of melatonin was attributed to the considerable
person-to-person variability (Di WL et al. 1997).

e In a PK study that dosed five subjects at 11:00 AM with oral melatonin 80 mg, the
individual levels varied by 25-fold among subjects and the peak serum melatonin levels
were observed at 60-150 minutes after administration, ranging from 350 to 10,000 times
those occurring physiologically at nighttime (Waldhauser et al. 1984). The authors
considered the significant differences in the individual levels were to be due to individual
differences in the absorption of melatonin.

e Healthy older subjects (mean age = 59 years old) administered microcrystalline cellulose
filled gelatin capsule oral dose of melatonin 0.3 mg exhibited three times higher plasma
melatonin levels (Cmax), with correspondingly greater variability, than young adults
(mean age = 25 years old) who received the same dose (Zhdanova et al. 2001).

e Fourteen healthy young male volunteers were administered one oral melatonin 80 mg
capsule at noon, 1:00 pm and 2:00 pm (total oral melatonin dose 240 mg; the highest
dose used in the studies included in this review). Their plasma melatonin levels
increased at least 1000-fold over basal levels in 60 minutes; however, the time to reach
the maximum concentration (Tmax) was comparable with studies that used lower doses.
There was no significant change in serum levels of growth hormone, thyroid stimulating
hormone or cortisol. Elevated serum prolactin levels were observed, which was an effect
not observed with a physiologic melatonin dose (Waldhauser et al. 1987).

The effect of melatonin on sleep is dependent on the dose and the time of administration for
managing sleep disorders.

In a double-blind, placebo-controlled crossover PK/pharmacodynamics (PD) study conducted in
six healthy volunteers, each subject received three different doses of melatonin (0.05 mg, 0.5 mg,
5 mg) and placebo, each only once at 17:00 hours and the effect of range of low doses of oral
melatonin on various sleep parameters on the night following treatment were assessed. Visual
analogue scales (VAS) for sleep quality and subjective alertness and daily sleep logs were used
to estimate sleep onset, latency and the number and duration of night awakenings. There was
increase in plasma melatonin profiles with a dose-dependent response (see Figure 10 below).
Based on the subjective sleep measurements there was an earlier sleep onset for all three doses of
melatonin, improving sleep quality and reduced duration of night awakenings (see Figure 11
below), with mean values showing a dose-dependent response (Deacon and Arendt 1995).

34



Figure 10: Mean Serum Melatonin Levels for Different Doses Adminsitered During Sundown
(Deacon and Arendt 1995)
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Fig. 1. Mean( 1+ S.E.M.) plasma melatonin profiles for 6 subjects after
oral administration of 5 mg (O), 0.5 mg (4 ), 0.05 mg (O) of melatonin
(in corn oil) or placebo (M) at 17:00 h on day 3.

Figure 11: The Effect of Oral Melatonin on Sleep Parameters on the Night Following Treatment
(Deacon and Arendt 1995)
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Subjective sleep measurements for the first night following late afternoon treatment with placebo (single-line
shading), 0.05 mg (m), 0.5 mg (L)), 5 mg (double-line shading) melatonin.
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Even though a PD effect of melatonin was seen at doses included in the study discussed above, a
dose-dependent effect was not demonstrated when six healthy volunteers received placebo, or
low doses of melatonin (0.3, or 1.0 mg immediate-release melatonin) at three fixed times in the
evening and around bedtime (18:00, 20:00 and 21:00) in a total of nine sessions, each with a 4 to
7 days period between sessions. They also reported an absence of melatonin sleep-promoting
effects when the melatonin was dosed at 21:00 hours. The authors concluded that the effects of
low doses of melatonin on sleep induction in healthy volunteers depend, at least partially, on the
time of its administration (Pires et al. 2001).

It should be noted that the previously discussed PK studies of melatonin were conducted in
young, healthy adults; thus, the PK profiles from these studies present the effect of adding a
single dose of exogenous immediate-release melatonin on top of the subject’s normal circadian
profile of melatonin plasma concentrations (see Figure 7 above; Tordjman et al 2017). However,
a single evening dose of immediate release melatonin may not mimic the normal physiological
(endogenous) production or the release of melatonin throughout the night in children with
neurodevelopment disorders because they do not appear to have a normal physiological
production of melatonin. In one study by Melke et al, low plasma melatonin concentrations
(defined as at least half the mean of the control values) occurred in 65% of 258 patients with
autism spectrum disorders (Melke et al. 2008).

Kulman et al evaluated serum levels of melatonin every four hours in 14 children aged

5-10 years with untreated autism spectrum disorders and none of them showed a normal
melatonin circadian rthythm. These children had significantly lower mean concentrations of
melatonin, during the dark phase of the day (i.e., from 8pm to 8am), with respect to the values
observed in the controls (Kulman et al. 2000). This may explain why there was no effect on total
sleep time or number of awakenings when a single dose of immediate release exogenous
melatonin was administered to N=35 children with neurodevelopmental disabilities and sleep
impairment in the three studies reviewed by Phillips and Appleton in 2004. The authors stated
that a slow or sustained-release preparation may potentially improve these components of sleep
and increase the total sleep time (Phillips and Appleton 2004).

Interactions Between Melatonin and Other Drugs

Exogenous melatonin may increase the effects of other hypnotics and there may be associated
greater detrimental effect on psychomotor performance and memory. A possible PK interaction
with the antidepressant citalopram in one patient resulted in severe sedation (See also CAERS
Report ID #148686 discussed in Section II.B.2.a. about patient melatonin reaction with
citalopram). Besag et al reported that concomitant use of GABAergic antiepileptic drugs,
including sodium valproate, may be associated with suppressed endogenous melatonin levels.
Benzodiazepines have also been shown to exert an inhibitory effect on nocturnal melatonin
secretion. The possibility of augmented effects when melatonin is taken with other central
nervous system depressants is also indicated (Besag et al. 2019).

Melatonin is primarily metabolized by CYP1A2 and CYP2C19, and so inhibitors of CYP1A2
may increase melatonin concentrations (Esposito et al. 2019). The British National Formulary
warns of a severe risk of interaction with fluvoxamine and a theoretical risk of interactions with
the antibacterial ciprofloxacin and rifampin, caffeine, combined hormonal contraceptives,
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leflunomide, mexiletine, phenytoin, ritonavir and teriflunomide. Drug-drug interactions are
additionally discussed in the prescriber information for the EMA approved U.K. marketed
prolonged-release products Circadian, Slenyto, and melatonin Pharma Nord immediate-release
tablet for jetlag (EMA assessment of Circadin 2007; EMA Assessment of Slenyto 2018).%

Summary of Pharmacokinetics

¢ Endogenous melatonin levels vary by age and depend on the time of day for peak
secretions. Furthermore, the nocturnal endogenous melatonin levels in patients with
neurodevelopmental disorders are lower than in normal healthy individuals experiencing
sleep disorders. Therefore, the pharmacological effects of exogenous melatonin on the
PD aspects of sleep in these populations may not be the same as populations experiencing
other primary pediatric sleep disorders. This may explain why there was no overall effect
on total sleep time or the number of awakenings in children with neurodevelopmental
disabilities and sleep impairment with certain doses of orally administered immediate
release melatonin.

e Melatonin has low oral bioavailability (approximately 15%). The effect of exogenous
melatonin on its PD effects on sleep is dependent on the dose and the time of
administration for managing sleep disorders. Orally administered immediate-release
formulations of melatonin reach maximum concentration (Tmax) around 50 minutes
whereas prolonged-release formulations have variable PK and PD effects on sleep.

e The risk of drug interactions involving melatonin has yet to be quantified, although there
is some evidence that CYP1A2 inhibitors may result in elevated serum levels of
melatonin. The British National Formulary warns of a severe risk of interaction with
fluvoxamine and a theoretical risk of interactions with the antibacterial ciprofloxacin and
rifampin, caffeine, combined hormonal contraceptives, leflunomide, mexiletine,
phenytoin, ritonavir and teriflunomide.

d. Availability of alternative approved therapies that may be as safe or safer

Alternative therapies for sleep disorders in children and adolescents with autism spectrum
disorder and other neurodevelopmental disorders

There is no FDA approved treatment for pediatric insomnia and sleep disorders in children and
adolescents with autism spectrum disorder or other neurodevelopmental disorders.

Treatments that may be safer than melatonin for the management of sleep disorders include non-
pharmacological interventions like cognitive behavioral therapy, behavioral interventions, and
maintaining adequate sleep hygiene.

Please also see Section II.C.3. regarding the effectiveness of alternative approved therapies.

Conclusions: Low doses of melatonin that include the nominators proposed dose ranges from
0.2 mg to 5 mg for use as compounded melatonin for oral administration appear to be relatively
safe for the short-term treatment of sleep disorders (sleep initiation) in children and adolescents
with neurodevelopmental disorders. The SAEs were confounded by concomitant

%7 The Melatonin Pharma Nord summary of product characteristics (prescriber information) can be accessed at
https://www.medicines.org.uk/emc/product/11018/smpc.
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medication/disease state, or lacked enough details precluding the ability to determine a drug-
event association. Pediatric melatonin safety/tolerability trials are limited but there is no
evidence that short-term melatonin use has SAEs. Alternative treatments (discussed above) are
recommended that may be safer than melatonin for the initial management of sleep disorders.

There is paucity of data from long-term trials regarding the safety of continuous melatonin
treatment over extended periods or about the potential risks in at-risk and special populations.
The literature recommends that practitioners take a more conservative approach when treating
pre-pubescent children and pregnant or breast-feeding women with melatonin. The systematic
literature reviews reported that there was insufficient and inconclusive data with conflicting
results that exogenous melatonin interfered with normal pubertal development in humans,
although the long-term safety study of prolonged-release (controlled-release) melatonin dosage
form in children and adolescents with autism spectrum disorder reported no delay in sexual
maturation/pubertal development (Tanner assessments).

C. Are there concerns about whether a substance is effective for a particular use?

The following databases were consulted in the preparation of this section: PubMed, EMBASE,
Cochrane Database of Systematic Reviews, and ClinicalTrials.gov.

For purposes of discussion of the use of melatonin in insomnia and sleep disorders, in Section
C.1., information to evaluate treatment effect is limited to children and adolescents with autism
spectrum disorder and other neurodevelopmental disorders. Please see Apendix 1, for a
summary discussion regarding the use of melatonin for the treatment of primary sleep disorders
in adults and in children.

Sleep outcomes and definitions discussed in the section

The clinical studies discussed in this section include information for objective assessments for
the sleep outcomes that were derived from either actigraphy and/or polysomnography. The
following information was obtained from the referenced American Academy of Neurology
(AAN) practice guideline published in 2020 (Buckley et al. 2020).

Sleep onset latency (SOL) refers to the amount of time from lights turned off until the onset of
any sleep stage. Normal SOL in adults is less than 20 minutes. In children, sleep latency is
estimated at 10-26 min, depending on study methods. Sleep latency does not change between
childhood and adolescence (Zolovska and Shatkin 2013). Prolonged sleep latency would be
characterized as difficulty falling asleep.

Night awakenings refers to the number of complete awakenings occurring after sleep initiation.
Total sleep time (TST) refers to sleep duration during a given sleep period time (usually at
night). Reduced TST relates to prolonged SOL, night awakenings, and early-morning waking.

Included studies compare TST changes with treatment rather than referencing age-specific sleep
duration recommendations.
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1. Reports of trials, clinical evidence, and anecdotal reports of effectiveness, or lack of
effectiveness, of melatonin for treatment of insomnia and sleep disorders in the
pediatric population with neurodevelopmental disorders

a. Pediatric Insomnia and Sleep Disorders

Up to 40% of typically developing children and adolescents have sleep problems, although these
often lessen with age (Buckley et al. 2020). The prevalence of pediatric insomnia varies from
1 — 6% in the general pediatric population (Gringras et al. 2017).

Up to 80% of children with neurodevelopmental disorders: autism spectrum disorder, ADHD,
cerebral palsy; neurogenetic disorders like Rett syndrome, tuberous sclerosis, Angelman
syndrome, Williams syndrome, and SMS are affected by disrupted sleep, which frequently has
deleterious effects on their daytime behavior, cognition, growth, and overall development
(Esposito S. 2019). The etiology of sleep disorders in children with neurodevelopmental
disorder is highly heterogeneous and disease specific.

Sleep disorders in children and adolescents (McDonagh et al. 2019)

Healthy children (ages 6 to 12) typically fall asleep within 20 minutes of going to bed, wake one
to three times per night and usually sleep 8.0 to 9.5 hours (McArthur and Budden 1998).

Sleep disorders have been used to describe difficulties with falling asleep (i.e., sleep initiation)
and staying asleep (Parker et al. 2019). Children with pediatric insomnia experience repeated
difficulty in getting to sleep (more than 30 min per night), insufficient sleep (less than 8 h), and
poor sleep consolidation or quality despite having the age-appropriate time and opportunity to
sleep, all of which lead to daytime functional impairment for both patients and their families
(Esposito et al. 2019). Sleepiness in children may manifest as irritability, behavioral problems,
learning difficulties, motor vehicle crashes (teenagers), and poor academic performance
(Esposito et al. 2019). Disordered sleep is also associated with daytime behavioral disturbances,
increased injury risk, obesity, and poor academic performance in the general pediatric
populations (Buckley et al. 2020). Table 11 shows the normal parameters of sleep in children
and adolescents and to differentiate normal sleep pattern from frequent sleep disturbances.

Table 11: Normal Sleep Parameters in Children and Adolescents (Esposito et al. 2019)

Age Total Sleep Time Naps (on average)

0-2 16-18h 3.5 per day at 1 month of age

months

2-12 12 — 16 h (Most children aged 6-9 months Two per day at 12 months of age

months sleep throughout the night)

I-3years | 10-16h One per day at 18 months of age

3-5years | 11-15h 50% of 3-year-olds do not nap

5-14years | 9—13h 5% of whites and 39% of blacks nap at 8 years of
age

14-18 7-10h Napping at this age suggests insufficient sleep or

years a possible sleep disorder
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Insomnia and sleep disorders may be caused by gastrointestinal and pain-related diseases,
pulmonary diseases such as asthma or chronic cough, and upper airway pathologies, especially
snoring and obstructive sleep apnea (OSA), atopic dermatitis. Delayed sleep—wake phase
disorder is often observed in adolescents which is a type of circadian disorder characterized by a
tendency to go to bed late and difficulties in waking up. Table 12 shows the characteristics of
the primary pediatric sleep disorders.

Table 12: Common Sleep Disorders in Children (Esposito et al. 2019)

Sleep disorder Epidemiology Clinical features Diagnostic criteria Treatment options

Obstructive sleep apnea  Prevalence: 1-5% Snoring PSG apnea-hypopnea Adeno-tonsillecto-my
Onset: 2-8 years of age Unusual sleep positions index > 1.5 per hour CPAFR, nasal steroids, rapid maxillary expansion
MF=11 Sleep-related paradoxical breathing

More frequent in blacks and peo-  Bedtime enuresis or diaphoresis
ple with craniofacial abnormali-  Morning headaches
ties, Down syndrome, neuromus-  Cognitive/behavioural problems
cular diseases, or choanal atresia  Excessive daytime sleepiness
Enlarged adencids and tonsils

Pectus excavatum
Confusional arousals Prevalence: 17.3% in 3-13-year- Sleep drunkenness History Re-assurance
olds, 2.9-4.2% in children older  Unusual behaviour Increase total sleep time
than 15 years Slowed responsivenass Scheduled awakenings
MF=11 Slurred speech Bedroom/home safety counselling
Positive family history Confused after awakening
Occurs during the first half of the sleep period, no
memory of the event
Sleep terrors Prevalence: 1-.5% Intense fear History Re-assurance
Onset: early childhood Difficulty in awakening from episode Increase total sleep time
MF=1:1 Dangerous activities Scheduled awakenings
Occurs during the first half of the sleep period, no Bedroom/home safety counselling
memory of the event -Benzo-diazepines
Overlap with other parasomnias
Mightmares Prevalence: 10-50% in 3=5-year- Unpleasant dreams History Re-assurance
olds Increased sympathetic activity Increase total sleep time
Onset: 3-6 years of age; peaks: Occurs during the second half of the sleep period, Scheduled awakenings
6-10years of age memory of the event Bedroom/home safety counselling
MF=1:1 Reluctance to sleep increases Cognitive behavioural therapy, S5R1 (off-label
Association with mood disorders or post-traumatic use)
stress disorder
Behavioural insomnia of  Prevalence: 10-30% Sleep-onset association type History Prevention, parental education, and extinction
childhood MF=1:1 Limit-setting type technigues
Delayed sleep phase Prevalence: 7-16% in adolescents  Difficulty in falling asleep and waking up at socially  History Sleep hygiene education
disorder Onset: adolescence acceptable times Sleep diary and/or actigraphy for - Regular sleep-wake schedule
Positive familiar history in 40% of  Night owl at least 1 week Avoid bright lights before bedtime
cases Melatonin
Bright light therapy
Use of sleep logs to monitor progress
Restless legs syndrome  Prevalence: 2% Urge to move legs with discomfort History Avoid nicotine and caffeine
Mare common in F Begins in the evening, worsens with rest, eases with P56 Dis-continue offending medications
Positive familiar history movement Presence of two of the following: Iron replacement in the case of deficiency
Association with iron deficiency disturbed sleep; a first-degree  Severe cases: levodopa, dopamine agonists,
Association with negative behaviour and mood, and  relative with the condition; gabapentin
decreased cognition and attention five or more periedic limb
Increased prevalence in children with ADHD movements per hour of sleep
during PSG
PSGp phy, CPAP i positive airway pressure, M males, F females, S5R1 selective in re-uptake inhibi ADHD ion deficit/hyperactivity disorder

Sleep disorder in children and adolescents with neurodevelopment disorders

For children with neurodevelopmental disorders, sleep disorders are more common and more
severe compared with typically developing children. The sleep disorders observed in 13—86% of
patients with neurodevelopmental disorders are reported to be complex and usually more
difficult to treat than in subjects without neurodevelopmental disorders (Esposito et al. 2019).

Co-existing conditions in children with neurodevelopmental disabilities such as epilepsy,
nocturnal gastroesophageal reflux disorder, anxiety, depression, bipolar disorder, psychosis, and
ADHD can further contribute to sleep disorder. Circadian disorders with altered melatonin
profiles are frequently seen in children with neurodevelopmental disorders, for example in
children with SMS. Altered endogenous melatonin profiles have also been reported in patients
with Down syndrome, Prader-Willi syndrome, and Sanfilippo syndrome (Esposito et al. 2019).
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Difficulty falling asleep (40%), maintaining sleep (35%), difficulty in settling at night (51%) and
nocturnal awakenings (67%) are common sleep complaints in children with neurodevelopment
disorders. In some severe cases, fragmented sleep throughout the day and night induces daytime
sleepiness and an irregular sleep schedule that may lead to a free-running sleep rhythm or to a
complete reversal of the night-day cycle (Bruni et al. 2019).

Autism spectrum disorders

Autism spectrum disorders (ASD) are complex neurodevelopmental disorders characterized by
core ASD symptom clusters in 2 domains: social interaction/communication challenges and
restrictive, stereotyped, or repetitive behavior patterns. ASD affects more than five million
Americans with reported prevalence in the United States of 1 in 59 children (approximately 1.7%
children). Because of the heterogeneity of symptoms and severity in ASD, it may be diagnosed
in children at different ages (Hyman et al. 2020).

Co-occurring conditions are common in children and adolescents with autism spectrum disorders
and may have significant effects on their health and quality of life, family functioning and
clinical management. Co-occurring medical and behavioral conditions include disorders of sleep
and feeding, gastrointestinal tract symptoms, obesity, seizures, ADHD, anxiety, mood disorders,
and wandering that affect the child’s function and quality of life.

Between 44% and 83% of children with autism spectrum disorder are reported to experience
sleep disorders (Wright 2011), in comparison to 10-20% of typically developing young children
(Ramachandani et al. 2000). Children with autism spectrum disorder including other
neurodevelopmental disorders are more likely to experience chronic sleep problems than their
age-matched typically-developing peers.

Sleep disorders in children and adolescents with autism spectrum disorders include difficulties
initiating and maintaining sleep, frequent and prolonged night awakenings, irregular sleep—wake
patterns, short sleep duration, and early morning awakening (Buckley et al. 2020). They
experience hyperarousal and hypersensitivity to environmental stimuli that contributes to
insomnia. Adolescents are more likely to have shorter sleep duration, experience daytime
sleepiness, and delayed sleep onset compared with younger children with autism spectrum
disorders, who are more likely to have bedtime resistance, experience parasomnias, and night
awakening. Reasons for the increased frequency of sleep disturbances in children and youth
with autism spectrum disorders may include differences in melatonin metabolism, developmental
disruption of other neurotransmitter systems critical to sleep, and lack of social expectations,
among other explanations (Hyman et al. 2020).

Smith-Magenis syndrome

Smith-Magenis syndrome (SMS) is a genetic disorder caused by a microdeletion involving the
retinoic acid-induced 1 (RAI1) gene that maps on the short arm of chromosome 17p11.2 or a
pathogenic mutation of RAI1. SMS affects at least 1 in 25,000 individuals globally but is likely
underdiagnosed and may have a true prevalence closer to 1 in 15,000 individuals (Kaplan et al.
2020).
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Smith-Magenis syndrome affects patients through numerous congenital anomalies, intellectual
disabilities, behavioral challenges, and sleep disorder. Sleep disorders in patients with SMS
typically present in infancy and persist throughout adulthood, and can include frequent nocturnal
arousals, early morning awakenings, and excessive daytime sleepiness. The sleep disorder
associated with SMS are attributed to haploinsufficiency of the RAI1 gene. One consequence of
reduced function of RAII, and characteristic of Smith-Magenis syndrome, is an inversion of the
circadian rhythm; higher endogenous melatonin levels are seen during the day than during the
night resulting in a diurnal melatonin secretion rather than nocturnal pattern (Bruni et al. 2019;
Kaplan et al. 2020).

Practitioners treating sleep disorders in patients with SMS use a combination of sleep hygiene
techniques, over the counter supplemental melatonin, and/or off-label use of medications such as
B1-adrenergic antagonists, pharmaceutical grade melatonin, melatonin receptor agonists, and
stimulant medications, to improve sleep outcomes. Typically, the off-label pharmacotherapy
reported includes a combination of a f1-adrenergic antagonist administered in the morning,
which decreases daytime plasma melatonin levels with additional (exogenous) melatonin
treatment at night, which restores plasma circadian melatonin rhythm and enhances sleep (Bruni
et al. 2019).

b. Melatonin for treatment of insomnia and sleep disorders in the pediatric
population with autism spectrum disorders and other neurodevelopmental
disorders

Although melatonin is not a component of any FDA-approved product, it is the most frequently
used treatment for insomnia and sleep disorders in the pediatric population with autism spectrum
disorders and other neurodevelopmental disorders reported in several literature reviews.
Melatonin is available to consumers over the internet and in retail stores in the United States.

A survey of pediatricians reported that 25% had recommended melatonin for pediatric insomnia
in children with and without neurodevelopmental disorders (Parker et al. 2019).

Table 13 described clinical studies reported with melatonin use in the literature that were
analyzed in systematic reviews, some of which included meta-analysis of the independent
studies. These studies were assessed to evaluate melatonin for the treatment of insomnia and
sleep disorders in the pediatric population with autism spectrum disorders and other
neurodevelopmental disorders. The clinical studies that were included for evaluation in Table 13
were also discussed in the AAN practice guideline for the treatment of insomnia and disrupted
sleep behavior in children and adolescents with autism spectrum disorder (Buckley et al. 2020).

The studies included in Table 13 showed a treatment response in favor of melatonin for the sleep
outcomes evaluated when used in the short term. In the systematic reviews that analyzed data
from controlled trials, melatonin decreased sleep onset latency (median 28 minutes; range

11-51 minutes), increased sleep duration or total sleep time (median 33 minutes; range

14-68 minutes), and increased the wake time after sleep onset (range 12-43 minutes), but with no
improvement in the number of awakenings per night (range 0-2.7) (mean difference data shown
in Table 14 and Table 15) (McDonagh et al. 2019). The improvements in total sleep time while
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on melatonin treatment appeared to be due to earlier sleep onset. Adding behavioral intervention
to melatonin treatment resulted in a better treatment response.

There was melatonin treatment effect compared with placebo for measures of total sleep time
and sleep onset latency; however, the exact extent of the benefit and whether there were groups
of children who benefited the most are unclear (Figure 12 and Figure 13). There was no
difference in the mean number of night awakenings with melatonin compared with placebo in the
autism spectrum disorder population or in the populations with other neurodevelopmental
disorders.

The studies included in Table 13 used either actigraphy data as objective measure of sleep or
used parents reported and recorded entries in the sleep diaries. The sleep diary included weekly
reporting form that asked the parents to note specific sleep-related events daily. Literature
reports suggest the parent report diaries have correlation to actigraphy. Actigraphy is a
non-invasive method used to study sleep—wake patterns by assessing movement, provides
continuous monitoring of activity level that can be translated to valid estimates of sleep—wake
measures (Cortesi et al. 2012). There may be issues with interpreting data from the crossover
design studies included in the analyses because of the duration of the washout period between
treatments, whether that has any effect of interventions on sleep patterns and the circadian
rhythm, and the biases due to patients/parents’ prior treatment experiences. However,
considering there is not enough data from randomized controlled trials, data from crossover
studies and open-label studies were included. The study citations discussed below are
chronologically organized.
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Table 13: Melatonin Treatment for Sleep Disorders in Children and Adolescents with Autism Spectrum Disorders (Clinical Studies)
(Buckley et al. 2020; Hyman et al. 2020)

Referenced Study Title

Trial design

Population

Regimen/Schedule/Route

Efficacy Outcomes

Health Dev, 32(5):585-589.

Garstang, J and M Wallis, 2006, Randomized Controlled Trial of Melatonin for Children with Autistic Spectrum Disorders and Sleep Problems, Child Care

Randomized, double-blind,
placebo-controlled, crossover trial,
with 4 weeks treatment period.

Parents recorded the baseline sleep
pattern daily using sleep diary for
one week prior to receiving the
first treatment. Sleep diary
recorded total sleep time, sleep
latency, night awakenings and
morning awakening.

The trial started in January 2003
and completed in December 2004.

N=11 children between 4 and 16
years old with reported prior
diagnosis of ASD (DSM criteria
not specified), with history of
difficulties in sleeping at night
defined as sleep onset latency of
at least 1 h after desired bedtime
or night awakenings that required
parental attention, persisting at
least four nights a week during
the last 6 months and be causing
distress to the child or other
family members. There also had
to be a failure of behavioral
management techniques.

Two treatment periods.

Melatonin 5 mg or placebo for 4 weeks.
There was a washout period of 1 week
between each of the treatment periods before
administering the alternative investigational
product (crossover).

Unable to ascertain whether melatonin used
was immediate release or extended
release/prolonged release.

Seven children completed the trial
although it is not clear how many
children were in each treatment

group.

In the small study sample
compared to placebo treated
children melatonin reduced mean
sleep latency by up to 1 h, reduced
number of night awakenings and
increased the mean total sleep time
by 1 h. See cross-referenced

Table 14 for results.

Wright, B, D Sims, S Smart, et al., 2011, Melatonin Versus Placebo in Children with Autism Spectrum Conditions and Severe Sleep Problems Not Amenable
to Behaviour Management Strategies: A Randomised Controlled Crossover Trial, J Autism Dev Disord, 41(2):175-184.

Randomized, double-blind,
placebo-controlled, crossover trial,
with 3 months treatment period.

Parents recorded the baseline sleep
pattern daily using sleep diaries
for one month prior to receiving
the first treatment. Children
previously on melatonin were not
included.

N=17 children between 4 and 16
years old with diagnosis of ASD
based on WHO (ICD-10)
research diagnostic criteria (DSM
criteria not specified), with
reported difficulties in sleeping at
night defined as excessive time
establishing sleep (sleep latency),
excessive night-waking or
reduced total sleep time. There
also had to be a failure of

Two treatment periods; 9-month study. There
was a washout period of 1 month between
each of the treatment periods before
administering the alternative investigational
product for another 3 months (crossover).

Melatonin (standard/immediate release) was
initiated at 2 mg capsule or placebo for three
months administered 30—40 min before
planned sleep time. The dose may be
increased by the parent every three nights by 2
mg to a maximum dose of 10 mg. If ‘“‘good”’

In the seventeen children who
completed the trial, the baseline
average sleep latency was 135 min,
the average number of night
awakenings was 0.5 and the total
sleep time was 499 min.

Compared to placebo treated
children, melatonin reduced mean
sleep latency by 47 min (95% CI,
—78.50 to —14.90), increased the
mean total sleep time by up to 52
min (95% CI, 19.3-5.47), although
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Referenced Study Title

Trial design

Population

Regimen/Schedule/Route

Efficacy Outcomes

During treatment, parents used the
sleep diaries daily to record total
sleep time, sleep latency, night
awakenings and morning
awakening.

behavioral management
techniques.

sleep was achieved the child was stabilized at
that titrated dose. ‘“‘Good’’ sleep was defined
as an improvement of 50% or better.

there was no change in number of
night awakenings. See cross-
referenced Table 14 for results.

The mean final dose when on the
melatonin arm was 7 mg and
ranged from 2 to 10 mg.

Malow, BA, RL Findling, CM Schroder, et al., 2021, Sleep, Growth, and Puberty after 2 Years of Prolonged-Release Melatonin in Children with Autism
Spectrum Disorder, J] Am Acad Child Adolesc Psychiatry, 60(2):252-261 e253.

Open-label, 17-week dose-
escalation study of melatonin for
insomnia in children with ASD.
During the 1-week baseline and
two-week acclimation phase prior
to receiving the first treatment
study participants underwent
actigraphy evaluations. During the
two-week acclimation phase,
parents gave their children an
inactive (compounded) liquid 30
min before bedtime that was
flavored similar to supplemental
melatonin, in order to acclimate
the child to taking a liquid
medication before bedtime.

N=24 children between 3—-10
years with ASD (DSM-IV-TR
diagnosis), with parent reported
sleep onset delay of 30 min of
longer on three or more nights
per week.

Each study participant was initially given 1
mg (4 ml) liquid supplemental nutrition
melatonin (Natrol, Chatsworth CA) for 3
weeks for up to 14 weeks of melatonin
dosing. If a satisfactory response occurred,
defined as falling asleep within 30 minutes in
five or more nights/week (for at least one of
the weeks) as documented by actigraphy,
melatonin was continued at its current dose
until the end of the 14-week dosing period. If
a satisfactory response did not occur at the
preceding 1 mg dose, escalation to next dose
was permitted at 3-week intervals, (starting at
3 mg x 3 weeks, then 6 mg and next up to 9
mg) until a satisfactory response was
documented by actigraphy.

Compared to baseline assessments,
at the end of the 14-week treatment
period, melatonin reduced mean
sleep latency by 16 min, increased
the mean total sleep time by up to
15 min.

Most children received doses up to
3 mg, and three children were
treated with 6 mg.

Cortese, S, F Wang, M Angriman, et al., 2020, Sleep Disorders in Childr

Management, CNS Drugs, 34(4):415-423.

en and Adolescents with Autism Spectrum Disorder: Diagnosis, Epidemiology, and

Randomized, double-blind,
placebo-controlled, 12 weeks
treatment trial.

Parents recorded the baseline sleep
pattern daily using sleep diaries
during the 14-day run-in period
prior to receiving the first
treatment. Trial participants had

N=134 children between 4—10
years with ASD (DSM-IV-TR
diagnosis), experiencing sleep
onset insomnia and impaired
sleep maintenance.

Trial participants were assigned randomly to
one of four treatment arms, either (1)
combination of controlled-release melatonin 3
mg and cognitive—behavioral therapy (N=35);
(2) controlled-release melatonin 3 mg
(N=34); (3) four sessions of cognitive—
behavioral therapy (N=33); or (4) placebo
(N=32) for 12 weeks in a 1:1:1:1 ratio.

Treatment response was assessed
with sleep diary and sleep
questionnaire. 1-week actigraphy
monitoring was performed at
baseline and at week 12. Changes
were compared to the baseline
measurements.

45



Referenced Study Title

Trial design

Population

Regimen/Schedule/Route

Efficacy Outcomes

seven consecutive nights of
actigraphy evaluations at baseline
and at 12-week for primary
outcome reassessment.
Participants met at the outpatient
clinic every 2 weeks for a 15
minute meeting to report adverse
effects and to obtain the dosage
pills for the following 2 weeks.

The investigational melatonin was described
as high purity melatonin preparation (99.9%).
The high-purity melatonin released 1 mg
immediately and 2 mg over 6 hours.

Of note, controlled-release melatonin is also
referred to as prolonged-release melatonin.

Compared to placebo treated
children, melatonin reduced mean
sleep latency by 38 min, increased
the mean total sleep time by up to
68 min, with reductions in number
of night awakenings. Melatonin
therapy alone was more effective
than cognitive—behavioral therapy
alone or placebo in improving
bedtime resistance, sleep onset
delay, night awakenings and sleep
duration subscales. See cross-
referenced Table 14 for results.

Gringras, P, T Nir, J Breddy, et al., 2017, Efficacy and Safety of Pediatric Prolonged-Release Melatonin for Insomnia in Children with Autism Spectrum
Disorder, J] Am Acad Child Adolesc Psychiatry, 56(11):948-957 e¢944.

The two-year long-term safety follow on study to the controlled efficacy study (Gringas et al. 2017) is discussed in Malow, BA, RL Findling, CM Schroder, et
al., 2021, Sleep, Growth, and Puberty after 2 Years of Prolonged-Release Melatonin in Children with Autism Spectrum Disorder, J Am Acad Child Adolesc

Psychiatry, 60(2):252-261 €253.

Multicenter, randomized, double-

blind, placebo-controlled 13-week
trial that was preceded by a 14-day
single-blind placebo run-in period.

Of note, the referenced publication
is the study that supported product
approval in the EMA for
melatonin prolonged-release
minitablets (Slenyto) for treating
insomnia in children and
adolescents with ASD, in addition
to approval for use in patients
with Smith-Magenis syndrome.

N=119 children between 2—-17.5
years with ASD (diagnosed by
ICD-10 or DSM-5 or DSM-IV
criteria), with minimum 3 months
of impaired sleep, defined as <6
hours of continuous sleep and/or
>0.5-hour sleep onset latency
from lights-off on 3 of 5 nights,
based on parent reported diary
recordings and patient medical
history.

Trial participants were administered
prolonged-release melatonin minitablets or
identical appearing placebo, starting with 2
mg daily. If the sleep variables assessed at 3
weeks did not improve from baseline by at
least 1 hour, as measured by shortening of
sleep latency and/or increase in total sleep
time, the dose was escalated to 5 mg. Patients
then continued double blind on 2 or 5 mg of
prolonged-release melatonin minitablets or
placebo for the remaining 10 weeks.

Efficacy assessment (recorded in a
diary, and actigraphy) included
change from baseline in mean
sleep scores to week 13.

Compared to placebo treated
children, melatonin reduced mean
sleep latency by 25 min (95% CI -
44.7,-5.9), increased the mean
total sleep time by up to 32 min
(95% CI 2.48, 62.38), with
reductions in number of night
awakenings. See cross-referenced
Table 14 for results.

Sleep Onset Latency (SOL) refers to the amount of time from lights turned off until the onset of any sleep stage.; WASO describes the time individuals spend awake after sleep onset and before sleep
offset.; Night awakenings reference the number of complete awakenings occurring after sleep initiation.

46




Table 14: Effect of Melatonin on Sleep Outcomes in Children with Sleep Disorders and Autism
Spectrum Disorder (McDonagh et al. 2019)

Referenced Dose, | N* | Duration, | Mean Method of Differences between medication and
Study mg week age, assessment | placebo in mean change from baseline
year mean difference, min (SD)
Sleep Sleep Number of
onset duration or | awakenings
latency total sleep
time
Garstrang and 5 11 4 9 Sleep diary -51.00 65.00 -0.18 (0.08)
Wallis, 2006 (8.35) (14.95)
Wirojanan et 3 12 2 6 Actigraphy -28.10 21.00 (NR) -0.07 (NR)
al, 2009 (NR)
Wright et al, 4-10 17 12 9 Sleep diary -46.70 52.30 -0.10 (0.40)
2011 (55.00) (55.10)
Cortesi et al, 5 160 12 7 Actigraphy -37.40 67.59 (NR) -2.74 (NR)
2012 (NR)
Gringras et 2-5 119 13 8.7 Sleep diary -25.30 32.43 -0.09 (1.30)
al, 2017 (98.98) (152.81)

Abbreviations: NR, not reported; SD, standard deviation
*N based on number of participants that completed the assessment.

Information shown in Figure 12 below and included in the reference (Parker et al. 2019) show
meta-analysis data from seven controlled trials that pooled sleep diary-reported total sleep time:
six crossover trials with a washout period (n=122) and one parallel-group trial (n=110) in
children with autism spectrum disorder and other neurodevelopmental disorders. There was an
increase in sleep diary-reported total sleep time with melatonin treatment compared with placebo
in the population with autism spectrum disorder (pooled mean difference 64.73 min, 95%
confidence interval (CI) 58.81,70.65). The forest plot treatment effect estimates were all in the
direction showing benefit with melatonin. However, in the population with other
neurodevelopmental disorders the results were inconsistent and melatonin treatment did not
appear to show much improvement in total sleep time (pooled mean difference 15.87, 95% CI
9.15, 22.59).
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Figure 12: Sleep Diary-Reported Total Sleep Time (minutes): Melatonin Versus Placebo and
Autism Spectrum Disorder (ASD) Subgroup Analysis (Parker et al. 2019)

Melatonin  Placebo

Study and subgroup  Mean difference SE total total  Weight (%) Mean difference (95% ClI) Mean difference (95% CI)

ASD

Garstang et al.*’ 65.4 3.1 7 7 15.5 65.40 (59.32, 71.48) ==
Wright et al.% 52.3 13.4 17 17 13.0 52.30 (26.04, 78.56)

Subtotal 24 24 285 64.73 (58.81, 70.65) &>
Heterogeneity: 2=0.00; x2=0.91, df=1 (p=0.340); 12>=0%

Test for overall effect: Z=21.43 (p<0.001)

Not ASD

Appleton et al.’® 13.2 13.5 51 59 12.9 13.20 (-13.26, 39.66) —_—1T—

Dodge et al.>® 18 13.2 20 20 13.0 18.00 (-7.87, 43.87) i Rgin e

Jain et al.5! 11.3 3 9 9 15.5 11.30 (5.42, 17.18) e

Wasdell et al.*? 31.2 7.8 50 50 14.7 31.20 (15.91, 46.49) =

Weiss et al.*® 15 4.8 19 19 15.3 15.00 (5.59, 24.41) o

Subtotal 149 157 715 15.87 (9.15, 22.59) <>
Heterogeneity: 12=17.61; »2=5.80, df=4 (p=0.210); I>=31%

Test for overall effect: Z=4.63 (p<0.001)

Total 173 181 100.0 29.63 (6.91, 52.35) T

Heterogeneity: 1°=855.84; x?=181.18, df=6 (p<0.001); 2=97%

Test for overall effect: Z=2.56 (p=0.010) -100 -50 0] 50

100

Test for subgroup differences: y2=114.43, df=1 (p<0.001), 2=99.1% Favours placebo Favours melatonin
Squares represent the point estimate of the individual study result. The squares also give a representation of the size of the study. Larger squares

indicate more participants in the study. SE, standard error; CI, confidence interval; df, degrees of freedom.

Meta-analysis data from controlled trials that pooled sleep diary-reported sleep onset latency in

children with autism spectrum disorder and other neurodevelopmental disorders are shown in
Table 14 and Table 15.
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Table 15: Effect of Melatonin on Sleep Outcomes in Children with Sleep Disorders and ADHD
or other Neurodevelopmental Disorder (McDonagh et al. 2019)

Referenced Dose, | N* | Duration, | Mean | Method of | Differences between medication and
Study mg week age, assessment placebo in mean change from
year baseline
mean difference, min (SD)
Sleep Sleep Number of
onset duration | awakenings
latency or total
sleep time
Comorbid Attention-deficit/hyperactivity disorder (ADHD)
Van der Heijden 3-6 | 107 4 9 Actigraphy | —24.30 335 NR
et al, 2007 (32.36) (56.53)
Weiss et al, 2006 5 19 1.4 10 Actigraphy | -16.00 NR NR
(15.34)
Comorbid other Neurodevelopmental Disorder
Appleton et al, 2-12 59 12 9 Actigraphy -45.34 1.33 NR
2012 (83.61) (112.92)
Majority children
diagnosed with
ASD #
Braam et al, 2008 | 2.5-5 8 4 10 Sleep diary -31.75 | 65.00 (NR) | -0.70 (NR)
Children with (NR)
Angelman
syndrome
Dodge and 5 20 2 7 Sleep diary | -30.00 18.00 -0.20 (0.70)
Wilson, 2001 (61.19) (93.05)
Majority children
with diagnosis
cerebral palsy
Wasdell et al, 5 32 1.4 7 Actigraphy -24.26 23.72 -0.45 (5.12)
2008 (34.64) (85.71)
Children with
cerebral palsy,
epilepsy, severe
intellectual loss,
autism spectrum
disorder *

Abbreviations: ADHD, attention-deficit hyperactivity disorder; NR, not reported; SD, standard deviation

*N based on number of participants that completed the assessment.
¥ No information for number of subjects with each diagnosis.
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Additional supportive meta-analysis data from controlled trials that pooled sleep diary-reported
sleep onset latency in children with autism spectrum disorder and other neurodevelopmental
disorders are shown in the Figure 13 below (Abdelgadir et al. 2018). There was a decrease in
sleep diary-reported sleep onset latency with melatonin treatment compared with placebo in the
population with autism spectrum disorder (pooled mean difference -35.36 min, 95% CI -45.7,
-25.01) and the forest plot treatment effect estimates were all in the direction showing benefit
with melatonin. However, in the population with ADHD other neurodevelopmental disorders the
results were inconsistent and melatonin treatment did not show a reduction in sleep onset
latency.

Figure 13: Sleep Diary-Reported and Actigraphy Sleep Onset Latency (minutes): Melatonin
Versus Placebo for Autism Spectrum Disorder (ASD), ADHD and other
Neurodevelopmental Disorders (Abdelgadir et al. 2018)

Melatonin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.2.1 Participants with neurodisability
Dodge 2001 2 48 17 7 7 17 2% -3000[-71.13,1113] S———
Appleton 2012 6842 4103 24 10412 5953 25 45% -35.70[-64.23, -7.17) e p—
Wasdell 2008 4253 318 S0 6679 3726 SO 19.8% -24.26(-37.84 -10.68] —
Subtotal (95% CI) 91 92 264% -2667|-3842, -14.92) ’

Heterogeneity Tau® = 0.00; Chi* = 053, 0f =2 (P = 0.77); P = 0%
Test for overall effect: 2 = 4.45 (P < 0.00001)

2.2.2 Participants with autistic spectrum disorder

Garstang 2006 636 614 7 1146 1023 7 17% -5100][-97.11, -4.89]

Wright 2011 7843 4073 17 13014 6932 16 24% -5171[-908] -126]] ————
Gringras 2017 55.6 49.18 52 8629 4857 48 9.9% -30.69(-49.86, -1152) o
Cortesi 2012 4521 2321 34 796 318 32 20.0% -34.39(-47.90, -20.88] s
Subtotal (95% CI) 110 103 34.0% -35.36[-45.72, -25.01] @

Heterogeneity Tau® = 0.00; Chi* = 1,36, df « 3 (P = 0.71), F = 0%
Test for overall effect: Z = 6.69 (P < 0.00001)

2.2.3 Participants with ADHD

Weiss 2006 464 264 19 621 266 19 128 -15.70(-32.55, 1.15] |
Yan der Heijden 2007 317 307 S3 504 304 S2 267% -18.70(-30.39,-7.01] -
Subtotal (95% CI) n 71 396% -17.73[-27.33,-8.12) L 3

Heterogeneity. Tau® = 0.00; Ch¥ = 0.08,0f = 1P = 0.77) I = 0%
Test for overall effect: 2 = 3.62 (P = 0.0003)

Total (95% CI) 73 266 100.0% -26.09 [-32.13, -20.05] ¢

Heterogensity: Tau® = 0.00; Chi¥ = 7.98, df = 8 (P = 0.44), I = 0% b § 3 {
Testfor overal effect 2 = 8.46 (P < 0.00001) | g et ke
= Melatonin Placebo
Test for subgroup differences: Chi* = 6.00, df = 2 (P = 0.05), F = 66.7%
Sleep onset latency defined as the time in minutes from the child being placed in bed to sleep onset. Squares represent the point estimate of the
individual study result. The squares also give a representation of the size of the study. Larger squares indicate more participants in the study. SE,
standard error; CI, confidence interval; df, degrees of freedom.

Although melatonin is likely being used in children with insomnia and other neurodevelopmental
disorders with dosing between 3 to 6 mg of melatonin per night to reduce sleep onset and to
increase total sleep duration, studies results are inconclusive and not like the results observed in
children with autism spectrum disorder. The studies did not show that melatonin treatment
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reduced sleep onset delay or increased total sleep duration in pediatric populations with ADHD
and other neurodevelopmental disorders. (Error! Reference source not found.and Table 15).
Furthermore, there are no specific clinical guidelines as to how to prescribe melatonin to patients
with other neurodevelopmental disorders and there does not appear to be consensus regarding
treating sleep disorders in ADHD.

Melatonin was evaluated in two small studies that included N=21 children with Angelman
syndrome. The first was an open-label trial involving thirteen children in whom sleep duration
increased during treatment with melatonin 3 mg; the second placebo controlled study in eight
children (four on melatonin treatment) reported that melatonin 2.5-5 mg showed shorter sleep
onset latencies, earlier sleep onset times, fewer night awakenings, and longer sleep duration in
comparison with placebo. However, as shown in Table 15 and Figure 13, there is insufficient
information regarding a treatment effect in this population (Abdelgadir et al. 2018).

Rett Syndrome is a rare genetic neurological and development disorder primarily seen in girls
causing a progressive loss of motor skills and speech. N=9 patients with Rett syndrome aged
4-17 years (mean 10.1 + 1.5 years) were treated with (immediate release) fast-release melatonin
2.5 to 7.5 mg (based upon individual body weight) and placebo in a double blind, placebo
controlled, crossover trial. For the 10-week study there was a one-week baseline period, two
4-week treatment periods, and a 1-week washout between the treatments. Sleep was evaluated
with a sleep diary and by actigraphy. Baseline sleep quality was poor compared with healthy
children, i.e., low sleep efficacy (mean 68.0% + SE 3.9%), long sleep-onset latency

(42.1 £ 12.0 minutes) and a short and fragmented total sleep time (7.5 + 0.3 hours; 15 + 2
awakenings per night). Melatonin decreased mean sleep-onset latency by 19.1 + 5.3 minutes
during the first 3 weeks of treatment (with no difference from placebo at Week 4). Melatonin
increased total sleep time in the two subjects with the worst initial total sleep time (i.e., 5.5 hours
and 6.5 hours), while total sleep time worsened for four subjects and no significant change in
total sleep time for three subjects; overall, there was no difference in total sleep time outcome
(McArthur and Budden 1998).

The referenced publication in Table 13 and Table 14 above that included 119 children and
adolescents evaluating melatonin use in children with autism spectrum disorder also included
four children with SMS (Gringras et al. 2017). Patients with SMS also have comorbid autism
spectrum disorder. Table 16 below includes information from two open-label studies that
evaluated melatonin in N=57 children. The treated children showed slight reduction in sleep
onset from baseline and marginal improvements in total sleep time. Of note, melatonin has
EMA marketing authorization for use in patients with SMS as melatonin prolonged-release
(controlled release) minitablets (Slenyto).
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Table 16: Melatonin Treatment for Sleep Disorders in Children and Adolescents with Smith-Magenis Syndrome (Clinical Studies)

Referenced Study Title

Trial design

Population

Regimen/Schedule/Route

Efficacy Outcomes

Smith-Magenis syndrome (SMS)

De Leersnyder, H, JL Bresson, MC de Blois, et al., 2003, Beta 1-Adrenergic Antagonists and Melatonin Reset the Clock and Restore Sleep in a Circadian

Disorder, Smith-Magenis Syndrome, J] Med Genet, 40(1):74-78.

Open-label, 6-month study of
melatonin for insomnia in children
with SMS.

Parents completed bedtime and
daytime diaries for the duration of
the study. Actigraphy measures
were obtained.

N=10 children (six boys,
four girls, aged 4-18
years) were recruited
from the cohort of
Smith-Magenis
syndrome confirmed
children diagnosed at
Necker-Enfants Malades
Hospital, Paris.

The ten children in the study were
administered f1-adrenergic antagonist,
acebutolol (10 mg/Kg) early in the morning
to suppress endogenous daytime melatonin
release, and a fixed dose controlled-release
melatonin 6 mg in a single dose in the
evening.

Before drug administration, mean sleep
onset was 9:15 pm (range 8:30-10 pm),
mean waking time was 5:40 am (range 4 -7
am), and mean duration of sleep was 8.20
hours (range 7.15-9).

On melatonin added regimen, mean sleep
onset was delayed to 9:45 pm (range 9-11
pm), mean waking delayed to 6:40 am
(range 6-8 am), and mean duration of sleep
extended to 8.50 hours (range 8-9.30 hours).
Actigraphy data showed that children did
not wake up during the night and EEG
recordings confirmed a more regular sleep
stage organization and a rapid access to
sleep stage 3-4 (slow wave stage). Sleep
was deep and quiet for both children and
their family and day/night life was
dramatically improved.

De Leersnyder, H, N Zisapel and M Laudon, 2011, Prolonged-Release Melatonin for Children with Neurodevelopmental Disorders, Pediatr Neurol, 45(1):23-

26.

Open-label study up to 33.5 (SD
21.2) months in patients with other
neurodevelopmental disorders
including patients with Smith-
Magenis Syndrome who were in a
specialized compassionate-use
program in France.

Observations were limited to
parental reports.

N=47 children (twenty-
two females; twenty-
three males) between
10.9 (SD 4.7) years old.

Children received a dose of 2-4 mg of

controlled-release melatonin if the body
weight was <40 kg, and 6 mg if the body
weight was>40kg. (mean dose range 4-6

mg)

Within 3 months on melatonin treatment
compared with baseline, sleep latency
decreased by 44.0% (18.0+12.0 minutes vs
10.00+3.2 minutes), sleep duration increased
by 10.1% (8.5%1.2 hours vs 9.4+1.3 hours),
the number of awakenings decreased by
75% (0.5%+0.5% vs 2.0%+0.9%,).
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The Cochrane Systematic Review of melatonin for non-respiratory sleep disorders in visually
impaired children (defined as children with “poor or no vision”) stated that no studies fulfilling
the inclusion criteria were found; therefore, no outcome data were reported. The authors
concluded that there was no high-quality data to support or refute the use of melatonin for sleep
disorders in visually impaired children (Khan et al. 2011).

2. Whether the product compounded with this bulk drug substance is intended to be used
in a serious or life-threatening disease

Melatonin has been evaluated as a bulk drug substance for use in drug products compounded
under section 503 A intended to treat insomnia and sleep disorder in children and adolescents
with autism spectrum disorder. Autism spectrum disorder is a serious medical condition
associated with morbidity that has a substantial impact on day-to-day functioning.

Coexisting sleep disorders can worsen the core symptoms of autism spectrum disorders.

Poor sleep quality and insufficient nighttime sleep can exacerbate cognitive performance deficits,
contributing to negative effects on mood, and behavioral problems (Gringras et al. 2017,
Buckley et al. 2020). Core or cooccurring autism spectrum disorder symptoms such as
intellectual disability, sensory integration deficits, restrictive and repetitive behaviors,
communication deficits, and limited responsiveness to social cues can interfere with sleep
training and exacerbate or prolong sleep problems (Esposito et al. 2019). Sleep disorders
negatively affect sleep and quality of life of affected individuals and their families. It can have a
detrimental impact on the physical and emotional well-being of other family members; for
example, children’s sleep disturbance is associated with heightened levels of parental stress and
irritability (Parker et al. 2019).

3. Whether there are any alternative approved therapies that may be as effective or
more effective.

Sedative-hypnotic drug products are a class of drugs used to induce and/or maintain sleep®®.
There are no FDA approved treatments for the treatment of insomnia in the pediatric population.

FDA-approved drugs are prescribed off-label for the management of sleep disorders in children
and adolescents (e.g., antihistamines, a-adrenergic agonists like clonidine, antidepressants,
antipsychotics) for their sedative side effects without sufficient information on its efficacy,
safety, or the dosing regimen in these populations (Gringras et al. 2017).

Please also see Section I1.B.2.d. regarding the safety of alternative approved therapies.

Conclusions: Autism spectrum disorder is a serious medical condition associated with
morbidity that has substantial impact on day-to-day functioning. Co-morbid sleep disorders can
have significant effects on their health and quality of life, family functioning and clinical
management.

28 The URL for the referenced FDA webpage accessed on March 01, 2021 can be found at
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/sleep-disorder-sedative-
hypnotic-drug-information
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The studies that were discussed above showed a treatment response in favor of melatonin for the
sleep outcomes evaluated when used in the short term in children and adolescents with autism
spectrum disorder, albeit the response may be differential based on the melatonin dose, timing of
administration and the dosage form, i.e., immediate release compared to the complex
formulations that may be controlled-release (prolonged release). In the systematic reviews that
analyzed data from controlled trials, melatonin appeared to be of clinical benefit in decreasing
sleep onset latency and increasing sleep duration or total sleep time, which are meaningful
benefits in the overall health of that child and the wellbeing of that family that includes their
caregiver.

The AAN practice guideline for the treatment for insomnia and disrupted sleep behavior in
children and adolescents with autism spectrum disorder recommends that clinicians should offer
melatonin (pharmaceutical-grade melatonin if available) starting with a low dose if behavioral
strategies have not been helpful and contributing coexisting conditions and use of concomitant
medications have been addressed. The AAN recommended that clinicians counsel children,
adolescents, and parents regarding potential adverse effects of the unapproved use of melatonin
for the treatment of children and adolescents with sleep disorders and that there is insufficient
long-term safety data (Buckely et al. 2020).

In addition, the clinical report from the American Academy of Pediatrics (AAP) guidance for the
clinician for the identification, evaluation, and management of children and adolescents with
autism spectrum disorder recommends that sleep onset may be aided by treatment with
melatonin at doses from 1 to 6 mg and may be maintained with long-acting melatonin (Hyman et
al. 2020).

Unlike the treatment effects of melatonin observed in the population with autism spectrum
disorder, the results were inconclusive, and the studies did not show that melatonin treatment
reduced sleep onset delay or increased total sleep duration in pediatric populations with ADHD
and other neurodevelopmental disorders. These inconclusive results may be due to the
heterogeneity of the conditions studied and the small numbers of subjects for the various study
populations with other neurodevelopmental disorders. As the authors in the referenced
publications have discussed, the observed difference in melatonin treatment effects might reflect
differences in the etiology of the sleep disturbance in children with autism spectrum disorder
compared with children with other neurodevelopmental disorders, with relatively low levels of
melatonin reported in children with autism spectrum disorder. Because of the altered
physiological levels of endogenous melatonin in populations with neurodevelopmental disorders
it is possible that the effectiveness of exogenously administered melatonin treatment may also
depend on the dosage form and type of formulation: immediate release versus prolonged release,
in addition to the other important variables like the appropriate dose and the timing of
administration for achieving optimal treatment benefit and to minimize the residual effects
experienced. Furthermore, there are no specific clinical dosing guidelines as to how to prescribe
melatonin to patients with the other neurodevelopmental disorders and there does not appear to
be consensus regarding treating sleep disorders in ADHD.
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Although there is no clear evidence of treatment effect in the clinical studies in the SMS
population that may be in part due to the extremely small study sample, the EMA licensed a
prolonged-release dosage form of melatonin (see Section 1. Introduction). It is likely that for
managing an inversion of the circadian rhythm that prolonged-release melatonin dosage form
may be desirable for the intended regulation of circadian rhythm abnormality to maintain
nocturnal melatonin levels and sleep pattern together with other treatments administered during
the day to suppress endogenous daytime melatonin release and for managing sleep, overall.

D. Has the substance been used historically in compounding?

Databases searched for information on melatonin in regards to Section II.D. of this consultation
included PubMed, Natural Medicines, compoundingtoday.com, European Pharmacopoeia,
British Pharmacopoeia, Japanese Pharmacopoeia, and Google.

FDA requested current and historical use data for melatonin from the Johns Hopkins University
Center of Excellence in Regulatory Science and Innovation (JHU CERSI). This section also
references information from the JHU CERSI report (JHU CERSI 2020).

1. Length of time the substance has been used in pharmacy compounding

The nominators did not provide historical use data. Melatonin was discovered from the bovine
pineal gland in 1958 by Aaron Lerner and co-workers (Lerner et al. 1958). There is insufficient
literature evidence available to determine the length of time melatonin has been used in
pharmacy compounding; however, literature suggests that use of melatonin may be increasing
(Grigg-Damberger and Ianakieva 2017). The earliest literature found that mentions
compounding melatonin in the United States is from 2009 and examined the stability of
melatonin in an extemporaneously compounded sublingual solution and hard gelatin capsule
(Haywood et al. 2009).

2. The medical condition(s) it has been used to treat

Results from a Google search using the terms melatonin compounding indicate that melatonin
is/has been used as a bulk drug substance to compound drug products in capsule, extended
release capsule, oral drops, mixture, cream, syrup, tablet, dissolvable tablet, sublingual tablet and
spray dosage forms. It has also been compounded as a topical formulation to suppress the
development of UV-induced skin redness. Many compounding pharmacy websites advertise that
their compounded melatonin products support healthy sleep, regulates the body’s circadian
rhythms and induction of sleep and may have anti-oxidant properties. One compounding
pharmacy website?® claims evidence is emerging that melatonin “may be helpful in reducing the
incidence of migraine.” Another compounding pharmacy website®* claims melatonin has
numerous functions, including that it affects the release of sex hormones, aids the immune
system, helps prevent cancer (by blocking estrogen), decreases cortisol levels, helps balance the
stress response, improves mood, improves sleep quality, increases the action of benzodiazepines,
stimulates the parathyroid gland, stimulates the production of growth hormone, provides cardio

2 See https://www.keycompounding.com/melatonin-migrane-prevention/.
30 See http://www.keystonerx.com/blog/general/mighty-melatonin/.
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protection and may decrease the risk of stroke by significantly lowering cholesterol and blood
pressure.

The International Journal of Pharmaceutical Compounding (IJPC) has published compounding
formulations for melatonin 5 mg/g and progesterone 5 mg/g foam emulsion®! for hot flashes;
melatonin 0.6 mg/mL oral suspension’?, melatonin 1 mg/mL and pyridoxine hydrochloride

0.1 mg/mL oral suspension®?, and melatonin 1 mg/mL and pyridoxine hydrochloride 0.1 mg/mL
oral suspension sugar-free (SF)** for patients who cannot swallow solid dosage forms, including
children with ASD; and melatonin 0.0033% transdermal gel**, melatonin 1 mg/mL oral
suspension SF*¢ and melatonin 2 mg/mL oral suspension SF?” for use as a contraceptive agent, as
an adjunct to chemotherapy and for sedation.

3. How widespread its use has been

A Google search indicates that compounding pharmacies in Australia and South Africa
compound melatonin pursuant to a prescription.

Melatonin is the most frequently used pharmacological treatment for pediatric insomnia and
sleep disorders in children and adolescents with autism spectrum disorder or other
neurodevelopmental disorders (Buckley et al. 2020; McDonagh et al. 2019).

The JHU-CERSI report evaluated the current and historical use of six bulk drug substances
(inositol, 2,3-Dimercapto-1-propanesulfonic acid, glutathione, melatonin, oxytocin and
methylcobalamin) for use in autism spectrum disorder. The report drew on three distinct data
resources (clinical, population, and a national sample), supplemented with interviews of key
opinion leaders in research and practice. The report’s findings regarding melatonin are
summarized below.

Use of Melatonin in a Clinical Sample: In a clinical sample of children with autism spectrum
disorder under 17 years of age that receive care at Kennedy Krieger Institute (KKI) Center for
Autism and Related Disorders (CARD), <10% of parents used melatonin for their child with
autism spectrum disorder and all prescriptions were for oral administration.

Use of Melatonin in a Population Sample: In a population of 1,487 parents of children under

18 years of age from the Simons Foundation Powering Autism Research through Knowledge
(SPARK) initiative, an online registry of self-referred parents/caregivers of individuals with
autism, melatonin was the most frequently used (60%) of the six substances studied and was
most often administered orally (96%). Respondents reported that melatonin was most often used
to address sleep problems.

31 See https://compoundingtoday.com/Formulation/FormulaPDF.cfm?FormulalD=3441 (subscription required)
32 See https://compoundingtoday.com/Formulation/FormulaPDF.cfm?FormulalD=2303 (subscription required)
33 See https://compoundingtoday.com/Formulation/FormulaPDF.cfm?FormulalD=2838 (subscription required)
34 See https://compoundingtoday.com/Formulation/FormulaPDF.cfm?FormulalD=2839 (subscription required)
35 See https://compoundingtoday.com/Formulation/FormulaPDF.cfm?FormulalD=3392 (subscription required)
36 See https://compoundingtoday.com/Formulation/FormulaPDF.cfm?FormulalD=3396 (subscription required)
37 See https://compoundingtoday.com/Formulation/FormulaPDF.cfm?FormulalD=3537 (subscription required)
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Use of Melatonin in a National Sample: Evaluation of Medicaid claims data from the years
2010-2014 for children with autism spectrum disorder revealed that of the medications assessed,
use of melatonin was <1% among children with and without autism spectrum disorder.

Key Opinion Leaders (KOL): Phone interviews with three KOLs, composed of currently
practicing physicians and researchers with expertise in autism spectrum disorder and
complementary and alternative medicine (CAM), were conducted to obtain a qualitative
understanding of the patterns of use and knowledge of the compounded drug substances of
interest for autism spectrum disorder in mainstream clinical practice. All three KOLs commonly
recommend the use of melatonin to address sleep issues, specifically sleep onset, for their autism
spectrum disorder patients. Overall, melatonin was seen as a safe, common treatment used by
patients with autism spectrum disorder.

Some limitations of the JHU-CERSI study include recall bias with self-reporting, CMS data not
capturing drug utilization paid for by non-Medicaid means and limited number of KOLs
interviewed. The JHU-CERSI study is one source of information that we considered among
many.

4, Recognition of the substance in other countries or foreign pharmacopeias

A search of the Japanese Pharmacopoeia (17™ Edition), British Pharmacopoeia (BP 2020) and
the European Pharmacopoeia (10 Edition, 10.3) did not show any listings for melatonin.

As previously discussed, several melatonin containing products are approved outside of the
United States. They include Circadin 2 mg prolonged-release tablet and Slenyto 1 mg and 5 mg
prolonged-release minitablets approved by the EMA, melatonin 3 mg immediate-release film-
coated tablet and melatonin 1 mg/ml oral solution approved in the UK, and Melatobel granules,
0.2% approved in Japan.

Conclusions: Based on internet searches, it appears that compounding pharmacies have been
using melatonin as a bulk drug substance to compound drug products in capsule, extended
release capsule, oral drops, mixture, cream, syrup, tablet, dissolvable tablet, sublingual tablet,
spray, and topical formulation dosage forms. According to the JHU CERSI report that evaluated
six substances used for autism spectrum disorder, melatonin is sometimes used as a treatment for
sleep disorders in patients with autism spectrum disorder. Melatonin is approved in Europe,
Australia and Japan.
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INII.RECOMMENDATION

We have balanced the criteria described in Section II above to evaluate melatonin for the 503A
Bulks List. After considering the information currently available, a balancing of the criteria
weighs in favor of melatonin for oral administration being placed on that list based on the
following:

1.

Melatonin is a small molecule hormone. It is likely to be stable under ordinary storage
conditions as a solid. When compounded as proper liquid formulations (e.g., proper
compositions, storage under vacuum or inert atmosphere, protected from light), the
product is also likely to be stable. The nominated substance is easily characterized with
various analytical techniques and the preparation of this substance has been well
developed.

Melatonin appears to be a relatively safe substance for oral administration at the
nominators’ proposed dose 0.2 mg — 5 mg for the short-term treatment of sleep disorders
in children and adolescents with neurodevelopmental disorders. There is insufficient data
from long-term trials regarding the safety of continuous melatonin treatment over
extended periods or about the potential risks in at-risk and special populations. The most
frequently reported AEs are somnolence and daytime sleepiness that are expected
considering the known mechanism of action and use of melatonin i.e., to induce sleep,
although children and adolescents with autism spectrum disorder may experience
increased agitation. Concomitantly administered CYP1A2 inhibitors may result in
elevated serum levels of melatonin. Alternative treatments are recommended that may be
safer than melatonin for the initial management of sleep disorders. Non-pharmacological
interventions that are safer like cognitive behavioral therapy and behavioral interventions
with adequate guidance on maintaining adequate sleep hygiene should be attempted
before considering melatonin as a treatment.

The available evidence indicates/suggests that melatonin may be effective for the short-
term treatment of sleep disorders in children and adolescents with autism spectrum
disorder under the supervision and care of healthcare practitioner. Based on the clinical
studies discussed in the literature there appears to be a treatment response in favor of
melatonin for the sleep outcomes evaluated that appear to be predictive of clinical
benefit, albeit the response may be differential based on the melatonin dose, timing of
administration and the dosage form. In the systematic reviews that analyzed data from
controlled trials, melatonin appeared to be of clinical benefit in decreasing sleep onset
latency and increasing sleep duration or total sleep time, which are meaningful benefits in
the overall health of that child and the wellbeing of that family that includes their
caregiver.

The effect of exogenous melatonin on its PD effects on sleep is dependent on the dose
and the time of administration for managing sleep disorders. Melatonin metabolism also
affects the pharmacokinetics based on the exogenous melatonin dosage form
administered. Although melatonin may be effective in children and adolescents with
autism spectrum disorder, there is insufficient information to support melatonin use in
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children and adolescents with other neurodevelopmental disorders, or for the treatment of
primary sleep disorders.

4. Melatonin has been used in pharmacy compounding since at least 2009 and has been
compounded in a variety of dosage forms. According to the JHU CERSI report,
melatonin is sometimes used as a sleep aid in patients with autism spectrum disorder in
the U.S. Melatonin is approved for use in Europe, Australia, and Japan.

Based on this information we have considered, a balancing of the four evaluation criteria weighs
in favor of melatonin for oral administration being added to the S03A Bulks List.
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APPENDIX 1: Melatonin Efficacy For Treatment Of Insomnia And Primary Sleep
Disorders

FDA'’s evaluation of melatonin’s effectiveness was based on information regarding the use of
melatonin to treat sleep disorders in children and adolescents with autism spectrum disorder.
The discussions of the use of melatonin in the other pediatric populations and in certain adult
populations are included below in this section as background information. However, the other
uses were not considered for the overall assessment and recommendation.

Insomnia in Adults and Approved Treatments

Insomnia is more common in women than in men, and its prevalence is increased in persons who
work irregular shifts and in persons with disabilities (Roth et al. 2011). Difficulty maintaining
sleep is the most common symptom (affecting 61% of persons with insomnia), followed by
early-morning awakening (52%) and difficulty falling asleep (38%); nearly half of those with
insomnia have two or more of these symptoms (Walsh et al. 2011). Prolonged sleeplessness is
often associated with substantial distress, impairment in daytime functioning, or both.

Marketed prescription insomnia drugs indicated in adults are listed below, and the prescribing
information can be accessed by searching Drugs@FDA. The URL for the referenced FDA
webpage accessed on March 01, 2021 can be found at https://www.fda.gov/drugs/postmarket-
drug-safety-information-patients-and-providers/sleep-disorder-sedative-hypnotic-drug-
information.

Ambien (zolpidem)
Belsomra (suvorexant)
Butisol (butabarbital)
Doral (quazepam)
Edluar (zolpidem)
Estazolam
Flurazepam

Halcion (triazolam)
Hetlioz (tasimelteon)
Intermezzo (zolpidem)
Lunesta (eszopiclone)
Restoril (temazepam)
Rozerem (ramelteon)
Seconal (secobarbital)
Silenor (doxepin)
Sonata (zaleplon)
Zolpimist (zolpidem)

Marketed nonprescription insomnia drugs include:
Benadryl (diphenhydramine)*

Unisom (doxylamine)*

*Also in many cold and headache combination products



Ramelteon (Rozerem) is a synthetic melatonin receptor agonist and is indicated for the treatment
of insomnia. Schedule IV controlled substances® include the benzodiazepine sedatives such as
triazolam (Halcion), estazolam, temazepam (Restoril), flurazepam, and quazepam (Doral) and non-
benzodiazepine sedatives such as zolpidem (Ambien, Edluar, Intermezzo, Zolpimist), eszopiclone
(Lunesta), and zaleplon (Sonata) are drugs that can help induce sleep. However, these medicines
may be addictive with extended use. They may also be dangerous if you take them with alcohol or
other drugs that depress the central nervous system. They can cause morning sleepiness, although
side effects are generally less severe with the non-benzodiazepines. Butabarbital is a Schedule III
controlled substance. Secobarbital is a Schedule II controlled substance.

Belsomra (suvorexant) is the first approved orexin receptor antagonist. Orexins are chemicals that
are involved in regulating the sleep-wake cycle and play a role in keeping people awake. Doxepin
(Silenor) is approved for treating people who have trouble staying asleep. Silenor may help with
sleep maintenance by blocking histamine receptors. Patients should not take Silenor unless they are
able to get a full seven or eight hours of sleep.

Melatonin for the Treatment of Primary Sleep Disorders in Adults and Children

A systematic review of the literature in the PubMed database was searched for randomized,
placebo-controlled trials examining the effects of melatonin for the treatment of primary sleep
disorders in adults and children (Ferracioli-Oda et al. 2013). Primary outcomes examined were
improvement in sleep latency, sleep quality and total sleep time. Meta-regression was performed
to examine the influence of dose and duration of melatonin on reported efficacy.

Nineteen studies involving 1683 subjects were included in this meta-analysis. Trials were
included if they (1) analyzed primary sleep disorders as defined by the DSM-IV, (2) examined
the effects of melatonin, (3) were randomized placebo controlled trials, (4) had at least 10
participants for parallel designs or 5 participants for crossover designs and (5) were published in
English.*

The forest plot in Figure 14 shows that compared to placebo treated subjects, melatonin reduced
sleep latency (weighted mean difference (WMD) = 7.06 minutes [95% CI 4.37 to 9.75]), i.e., on
average with melatonin treatment subjects fell asleep 7 minutes earlier on average than subjects
receiving placebo.

38 Information on the United States Drug Enforcement Administration’s (DEA’s) drug schedules can be found at
https://www.dea.gov/drug-scheduling. As stated on DEA’s website, drugs, substances, and certain chemicals used
to make drugs are classified into 5 distinct categories or schedules depending upon the drug’s acceptable medical
use and the drug’s abuse or dependency potential. The abuse rate is a determinate factor in the scheduling of the
drug; for example, Schedule I drugs have a high potential for abuse and the potential to create severe psychological
and/or physical dependence.

39 Details of the characteristics of the individual studies including the doses and duration may be accessed at DOL:
10.1371/journal.pone.0063773.



Figure 14: Efficacy of Melatonin in Reducing Sleep Latency (Ferracioli-Oda et al. 2013)
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The forest plot in Figure 15 show that compared to placebo treated subjects, melatonin increased
total sleep time (WMD = 8.25 minutes [95% CI 1.74 to 14.75]) i.e., on average with melatonin
treatment subjects slept 8 minutes longer on average than subjects receiving placebo. Trials with
longer duration and using higher doses of melatonin demonstrated greater effects on decreasing
sleep latency and increasing total sleep time. Overall sleep quality was improved in subjects
taking melatonin compared to placebo.



Figure 15: Efficacy of Melatonin in Increasing Total sleep Time (Ferracioli-Oda et al. 2013)
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The study authors concluded that the effects of melatonin on sleep are modest. Although the
absolute benefit of melatonin compared to placebo is smaller than other pharmacological
treatments for insomnia, melatonin may have a role in the treatment of insomnia given its benign
AE profile compared to the marketed treatments for insomnia.

The 2004 evidence-based review conducted by the Agency for Healthcare Research and Quality
(AHRQ) found that melatonin supplements, which are often used for problems sleeping,
appeared to be safe when used over a period of days or weeks for most secondary sleep
disorders, at relatively high doses and in various formulations (Buscemi et al. 2004). For most
sleep disorders the authors found limited support or no benefits of melatonin supplements.

The American Academy of Sleep Medicine practice guideline for the pharmacologic treatment of
chronic insomnia in adults recommended that clinicians not use melatonin*’ as a treatment for

401t should be noted that use of eight different pharmacological agents for treatment of chronic insomnia in adults
were recommended and use of six (including melatonin) were not recommended. All 14 recommendations in this
Practice Guideline were graded as “WEAK?”. The publication stated: “Under GRADE, a STRONG recommendation
is one that clinicians should, under most circumstances, follow. A WEAK recommendation reflects a lower degree
of certainty in the outcome and appropriateness of the patient-care strategy for all patients, but should not be
construed as an indication of ineffectiveness. GRADE recommendation strengths do not refer to the magnitude of
treatment effects in a particular patient, but rather, to the strength of evidence in published data. Downgrading the
quality of evidence for these treatments is predictable in GRADE, due to the funding source for most
pharmacological clinical trials and the attendant risk of publication bias; the relatively small number of eligible trials
for each individual agent; and the observed heterogeneity in the data. The ultimate judgment regarding propriety of
any specific care must be made by the clinician in light of the individual circumstances presented by the patient,
available diagnostic tools, accessible treatment options, and resources.”



sleep onset or sleep maintenance insomnia (versus no treatment) in adults (Sateia et al. 2017).

In addition, the American College of Physicians clinical practice guideline for the pharmacologic
treatment of chronic insomnia in adults had similar interpretations based on their review of
electronic databases (2004 — 2015) and stated that there was insufficient or low strength of
evidence for melatonin use as sedative hypnotics. Evidence on global and sleep outcomes was
insufficient, although effect sizes were small. (Wilt et al. 2016).

Melatonin for the prevention or treatment of jet lag in adults

Jet lag is a common complaint of travelers who fly across a number of time zones. Symptoms of
jet lag are primarily daytime fatigue and sleep disturbance, but also include loss of mental
efficiency, weakness and irritability (Herxheimer and Petrie 2002). The Cochrane systematic
review of oral melatonin for the prevention and treatment of jet lag concluded that eight of the
ten trials found that melatonin, taken close to the target bedtime at the destination (10 pm to
midnight), decreased jet-lag from flights crossing five or more time zones. Daily doses of
melatonin between 0.5 and 5 mg were similarly effective, except that people fall asleep faster
and sleep better after 5 mg than 0.5 mg. Doses above 5 mg appear to be no more effective.

The relative ineffectiveness of 2 mg slow-release melatonin suggests that a short-lived higher
peak concentration of melatonin works better. The benefit is likely to be greater the more time
zones are crossed, and less for westward flights. The timing of the melatonin dose is important:
if it is taken at the wrong time, early in the day, it is liable to cause sleepiness and delay
adaptation to local time.

The authors concluded that the incidence of other side effects is low and occasional short-term
use by adults appears to be safe. There may be potential interaction of melatonin in patients
using vitamin K antagonists like warfarin or another oral anticoagulant and possible effects of
melatonin on seizure activity because of cases reports in addition to reports of fixed drug
eruption, an allergic manifestation (Herxheimer and Petrie 2002).

Of note, Section I. Introduction, section of this review discussed melatonin 1 mg/ml oral solution
(Colonis Pharma Ltd) that was approved in the UK in 2019 for the short-term (up to 5 days)
treatment of jetlag in adults.

Melatonin in adults with sleepiness and sleep disturbances caused by shift work

In the United States, 29% of workers do not work regular daytime shifts. Shiftwork is associated
with reduced sleep duration, impaired daytime sleep quality, and reduced alertness during night
shifts. Workers frequently use pharmacological products to ameliorate the adverse effects of
shiftwork (Liira et al. 2014).

The Cochrane systematic review of pharmacological interventions for sleepiness and sleep
disturbances caused by shift work included nine trials evaluating the effect of melatonin for these
uses. The main results were that people who take melatonin (1 to 10 mg) after the night shift
may sleep for 24 minutes longer (total sleep time) during the daytime after the night shift and
there may be no effect on other sleep outcomes, such as time needed to fall asleep (Figure 16).
There was no dose-response effect on sleep. Adverse events reported with melatonin use were
rare. The author’s conclusions were: 1) there is low quality evidence that melatonin improves
sleep length after a night shift, but not other sleep quality parameters, 2) we need more and better



quality trials on the beneficial and adverse effects and costs of all pharmacological agents that
induce sleep or promote alertness in shift workers both with and without a diagnosis of shift

work sleep disorder, and 3) we also need systematic reviews of their adverse effects (Liira et al.
2014).

Figure 16: The Association of Melatonin With Self-Reported and Objectively Measured Sleep
Duration During Days After the Night Shift (Liira et al. 2015)
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Melatonin to promote sleep in adults in the intensive care unit

The Cochrane systematic review of melatonin for promoting sleep in adults (over the age of 16)
admitted to the ICU with any diagnoses included four studies with 151 randomized participants.
Two studies included participants who were mechanically ventilated, one study included a mix
of ventilated and non-ventilated participants and in one study participants were being weaned
from mechanical ventilation.

The effects of melatonin on subjectively reported quantity and quality of sleep were measured
through reports of participants or family members or by nursing personnel assessments.

There was no difference in sleep scores measured between treated groups and no difference in
duration of sleep observed by nurses. Similar observations were reported using objective
assessments measured by polysomnography, actigraphy or electroencephalogram. The authors
concluded that there was insufficient evidence to determine whether administration of melatonin
would improve the quality and quantity of sleep in ICU patients (Lewis et al. 2018).



Tab 2

Methylcobalamin



Tab 2a

Methylcobalamin

Nominations



Alliance for Natural Health USA
6931 Arlington Road, Suite 304
Bethesda, MD 20814

%
2 email: office@anh-usa.org
& tel: 800.930.9769
< 909.803.5119
350" fax: 909.315.5837

al | ianCC fOI’ www.anh-usa.org

natural health

USA INTERNATIONAL

anhinternational.org

30°

September 30, 2014

VIA ELECTRONIC SUBMISSION

Division of Dockets Management [HFA-305]
Food and Drug Administration

5630 Fishers Lane, Room 1061

Rockville, MD 20852

Re: Bulk Drug Substances That May Be Used To Compound Drug Products in
Accordance With Section 503A of the Federal Food, Drug, and Cosmetic Act;
Revised Request for Nominations

Docket No. FDA-2013-N-1525
Dear Sir/Madam:

The Alliance for Natural Health USA (“ANH-USA”) submits this comment on the
Notice: “Bulk Drug Substances That May Be Used To Compound Drug Products in
Accordance With Section 503A of the Federal Food, Drug, and Cosmetic Act; Revised
Request for Nominations” published in the Federal Register of July 2, 2014 by the Food and
Drug Administration (“FDA” or the “Agency”).

ANH-USA appreciates this opportunity to comment on the list of bulk drug
substances that may be used to compound drug products pursuant to Section 503A of the
FD&C Act (“FDCA”), 21 U.S.C. §353a (hereinafter the “503A List”). This list of ingredients is
crucial to patients who require compounded substances, in particular those substances
that are available only across state lines. ANH-USA therefore write to request that the
Agency:

A) Extend the deadline for nominations by at least 90 days;

B) Maintain the 1999 List; and

C) Accept the ingredients set forth herein and in the attached submissions as
nominations for inclusion in the 503A List.

“Promoting sustainable health and freedom of healthcare choice through good science and good law”



As discussed in detail below, in the interest compiling a comprehensive 503B List,
more time is needed to provide the required information. This will benefit both FDA, by
reducing the subsequent number of petitions for amendments, and consumers, by allowing
continued access to important substances.

Organizational Background of Commenter Alliance for Natural Health USA

ANH-USA is a membership-based organization with its membership consisting of
healthcare practitioners, food and dietary supplement companies, and over 335,000
consumer advocates. ANH-USA focuses on the protection and promotion of access to
healthy foods, dietary nutrition, and natural compounded medication that consumers need
to maintain optimal health. Among ANH-USA’s members are medical doctors who
prescribe, and patients who use, compounded medications as an integral component of
individualized treatment plans.

ANH-USA’s Request and Submissions Regarding Docket No. FDA-2013-N-1525

A) Extend the deadline for nominations by at least 90 days

This revised request for nominations follows the initial notice published in the
Federal Register of December 4, 2013. Like the initial notice, this revised request provides
only a 90 day response period. However, FDA is requiring more information than it sought
originally and yet providing the same amount of time for the submission of nominations.
The September 30, 2014 deadline for such a complex and expansive request is
unreasonably burdensome and woefully insufficient.

The task set forth by FDA to nominate bulk drug substances for the 503A List places
an undue burden on those who are responding. The Agency requires highly technical
information for each nominated ingredient, including data about the strength, quality and
purity of the ingredient, its recognition in foreign pharmacopeias and registrations in other
countries, history with the USP for consideration of monograph development, and a
bibliography of available safety and efficacy data, including any peer-reviewed medical
literature. In addition, FDA is requiring information on the rationale for the use of the bulk
drug substance and why a compounded product is necessary.

For the initial request for nomination, it was estimated that compiling the necessary
information for just one nominated ingredient would require five to ten hours. With the
revised request requiring more information, the time to put together all of the data for a
single nomination likely will be higher. Given that it is necessary to review all possible
ingredients and provide the detailed support, or risk losing important therapeutic
ingredients, this task requires more time than has been designated by the Agency. While
ANH-USA recognizes there will be additional opportunities to comment and petition for
amendments after the 503A List is published, the realities of substances not making the list
initially makes this request for more time imperative. For example, if a nomination for a
substance cannot be completed in full by the current September 30, 2014 deadline, doctors
and patients will lose access to such clinically important substances and face the



administrative challenges in obtaining an ingredient listing once the work of the advisory
committee is completed. There is no regulatory harm in providing additional time to
compile a well-researched and comprehensive initial 503A List.

B) Rescind the withdrawal of the ingredient list published on January 7, 1999

In the revised request for nomination, the Agency references in a footnote its
withdrawal of the proposed ingredient list that was published on January 7, 1999. ANH-
USA argued against this in its March 4, 2014 comment and would like to reiterate its
opposition to the withdrawal. There is no scientific or legal justification to require
discarding the work that lead to the nominations and imposing the burden on interested
parties to begin the process all over again.

C) Accept the ingredients set forth herein and in the attached submissions as
nominations for inclusion in the 503A List

ANH-USA submits the following ingredients for nomination for the 503B list:

1. The attached Excel spreadsheets for 21 nominated ingredients prepared
by IACP in support of its petition for the nomination of these ingredients;
and

2. The submissions for Copper Hydrosol and Silver Hydrosol from Natural
Immunogenics Corp.,! with their Canadian Product Licenses as proof of
safety and efficacy.

In conclusion, Alliance for Natural Health USA requests that FDA provide a more
realistic time frame, adding at least 90 days to the current deadline; rescind the withdrawal
of the ingredient list published on January 7, 1999; and accept the ingredient nominations
for approval for use.

Sincerely,

, Fa P
J///MA CliSor
Gretchen DuBeau, Esq.

Executive and Legal Director
Alliance for Natural Health USA

1 As of October 1, 2014, the address for Natural Immunogenics Corp. will be 7504
Pennsylvania Ave., Sarasota, FL 34243.



503A renomination template

Federal Register, Vol 79, No. 127 / Wed, Jul 2, 2014 / Notices

Column A—What information is requested?

Column B—Put data specific to the nominated substance

What is the name of the nominated ingredient?

Methylcobalamin, Mecobalamin

Is the ingredient an active ingredient that meets the definition of “bulk
drug substance” in § 207.3(a)(4)?

Yes.

There is ample information regarding the active properties of methylcobalamin on
Pubmed. Key word: methylcobalamin.

Please see section"safety and efficacy data" below or access this link
http://www.ncbi.nIm.nih.gov/pmc/?term=methylcobalamin

Is the ingrdient listed in any of the three sections of the Orange Book?

Not for methylcobalamin, mecobalamin

Were any monographs for the ingredient found in the USP or NF
monographs?

Not for methylcobalamin, mecobalamin

What is the chemical name of the substance?

Methylcobalamin

What is the common name of the substance?

Mecobalamin, MeB12, Methyl Vitamin B12, Methyl B12, McCbl, Methycobal, Methylcobaz

Does the substance have a UNII Code?

BR1SN1JS2wW

What is the chemical grade of the substance?

JP

What is the strength, quality, stability, and purity of the ingredient?

A valid Certificate of Analysis accompanies each lot of raw material received.

How is the ingredient supplied?

Methylcobalamin is supplies as dark red crystals or crystalline powder

Is the substance recognized in foreign pharmacopeias or registered in
other countries?

JP monograph available
EU monograph available
EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances
(EINECS No. 236-535-3).
Australia: Listed on AICS.

Has information been submitted about the substance to the USP for
consideration of monograph development?

Information not known

What dosage form(s) will be compounded using the bulk drug
substance?

Injection

What strength(s) will be compounded from the nominated substance?

1.1 mg/mL MDV (1,000 mcg/mL; 30 mg/mL)
2. 10 mg/mL MDV (10,000 mcg/mL; 100 mg/10 mL; 300 mg/30mL)
3. 20 mg/mL PFV (20,000 mcg/mL; 20 mg/mL)

What are the anticipated route(s) of administration of the compounded
drug product(s)?

Intramuscular, Intravenous,Subcutaneous

10f3




503A renomination template Federal Register, Vol 79, No. 127 / Wed, Jul 2, 2014 / Notices

Are there safety and efficacy data on compounded drugs using the
nominated substance?

glutathione redox status. Autism Res Treat. 2013;2013

2. Xu G. et al. A single-center randomized controlled trial of local methylcobalamin injection for subacute herpetic neuralgia. Pain Med. 2013
Jun;14(6):884-94

3. Chiu CK, et al. The efficacy and safety of intramuscular injections of methylcobalamin in patients with chronic nonspecific low back pain: a
randomised controlled trial. Singapore Med J. 2011 Dec;52(12):868-73.

4. Jalaludin MA. Methylcobalamin treatment of Bell's palsy. Methods Find exp clin Pharmacol 1995;17:539-544

5. W. Friedrich, Ed. (de Gruyter, Berlin, 1988). Review: "Vitamin B12" in Vitamins. pp 837-928.

6. Mitsuyama Y., Kogoh H. Serum and cerebrospinal fluid vitamin B12 levels in demented patients with CH3-B12 treatment — preliminary study. Jpn J
Psychiatry Neurol. 1988 Mar;42(1):65-71.

7. Okuda K., Yashima K., Kitazaki T., Takara |. Intestinal absorption and concurrent chemical changes of Methylcobalamin. J. Lab Clin Med
1973;81:557-567.

8. Are you getting enough of this vitamin? Harv Health Lett. 2005;30(10):1-2.[PubMed 16206385]

9. 2. Beck WS. Cobalamin as coenzyme: A twisting trail of research. Am J Hematol. 1990;34(2):83-89.[PubMed 2187340] Muscle Nerve Journal
December 1998

Effect of ultrahigh-dose methylcobalamin on compound muscle action potentials in amyotrophic lateral sclerosis: a double-blind controlled study.
Kaji R, Kodama M, Imamura A, Hashida T, Kohara N, Ishizu M, Inui K, Kimura J. Department of Neurology, Kyoto University School of Medicine,
Japan.

Abstract

Has the bulk drug substance been used previously to compound drug
product(s)?

Yes

What is the proposed use for the drug product(s) to be compounded
with the nominated substance?

1. Vitamin B12 deficiency in patients with methylation issues, Gl disorders, lack of intrinsic factor.
2. A treatment for Austism Syndrome Disorder with Methylations issues.

3. Fibromyalgia, Chronic fatigue syndrome, neuropathic pain.

Methylcobalamin is required to convert homocysteine to methionine and to synthesize and maintain
myelin sheaths on nerves. Methionine is required for the metabolism of choline and betaine. This
helps explain some of the neurological damage caused by B12 deficiency.

The main uses of all forms of B12 are for B12 deficiency, resulting in conditions such as pernicious
anemia.

What is the reason for use of a compounded drug product rather than
an FDA-approved product?

FDA-approved B12 products are: Cyanocobalamin, & Hydroxocobalamin.
Cyanocobalamin is best used IM. Not recommended to give IV due to most vitamins being
lost in urine.

Hydroxocobalamin, a more long acting B12, binds to serum proteins better than
Cyanocobalamin. Hydroxocobalamin is also used as a treatment for cyanide poisoning.
Methylcobalamin is a metabolically active form of B12 especially suited for neurological
complaints. If there is a particular patient population that would benefit from the use of
methylcobalamin because of neurological deficits, methylcobalamin would benefit this
patient population more than cyanocobalamin or hydroxyocobalamin.
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11. Cyanocobalamin (Vitamin B12). Drug Facts & Comparisons. Facts & Comparisons [database online]. St. Louis, MO: Wolters Kluwer Health Inc;
2011. Accessed August 14, 2012.

12. Andres E, Fothergill H, Mecili M. Efficacy of oral cobalamin (vitamin B12) therapy. Expert Opin Pharmacother. 2010;11(2):249-256.[PubMed
20088746]

13. Ito T, Jensen RT. Association of long-term proton pump inhibitor therapy with bone fractures and effects on absorption of calcium, vitamin B12,
iron, and magnesium. Curr Gastroenterol Rep. 2010;12(6):448-457.[PubMed 20882439]

14. Stover PJ. Vitamin B12 and older adults. Curr Opin Clin Nutr Metab Care. 2010;13(1):24-27.[PubMed 19904199]

15. McCaddon A, Hudson PR. L-methylfolate, methylcobalamin, and N-acetylcysteine in the treatment of alzheimer's disease-related cognitive decline.
CNS Spectr. 2010;15(1 Suppl 1):2-5; discussion 6.[PubMed 20397369]

16. Pepper MR, Black MM. B12 in fetal development. Semin Cell Dev Biol. 2011;22(6):619-623.[PubMed 21664980]

17. Head KA. Peripheral neuropathy: Pathogenic mechanisms and alternative therapies. Altern Med Rev. 2006;11(4):294-329.[PubMed 17176168]
18. Maladkar M, Rajadhyaksha G, Venkataswamy N, et al. Efficacy, safety, and tolerability of epalrestat compared to methylcobalamine in patients witl
diabetic neuropathy. Int J Diabetes Dev Ctries. 2009;29(1):28-34.[PubMed 20062561]

19. Sharma V, Biswas D. Cobalamin deficiency presenting as obsessive compulsive disorder: Case report. Gen Hosp Psychiatry. 2012.[PubMed
22227032]

20. Manzanares W, Hardy G. Vitamin B12: The forgotten micronutrient for critical care. Curr Opin Clin Nutr Metab Care. 2010;13(6):662-668.[PubMed
20717016]

21. Rafnsson SB, Saravanan P, Bhopal RS, Yajnik CS. Is a low blood level of vitamin B12 a cardiovascular and diabetes risk factor? A systematic
review of cohort studies. Eur J Nutr. 2011;50(2):97-106.[PubMed 20585951]

22. Pezzini A, Del Zotto E, Padovani A. Homocysteine and cerebral ischemia: pathogenic and therapeutical implications. Curr Med Chem.
2007;14(3):249-263.[PubMed 17305530]

23. Wheatley C. Cobalamin in inflammation IlI - glutathionylcobalamin and methylcobalamin/adenosylcobalamin coenzymes: The sword in the stone?
how cobalamin may directly regulate the nitric oxide synthases. J Nutr Environ Med. 2007;16(3-4):212-226.[PubMed 18923642]

24. Guttuso T Jr, McDermott MP, Ng P, Kieburtz K. Effect of L-methionine on hot flashes in postmenopausal women: a randomized controlled trial.
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September 30, 2014

Division of Dockets Management (HFA-305)
Food and Drug Administration

Department of Health and Human Services
5630 Fishers Lane, Room 1061

Rockville, MD 20852

Re: Docket FDA-2013-N-1525

“Bulk Drug Substances That May Be Used to Compound Drug Products in Accordance
With Section 503A of the Federal Food, Drug, and Cosmetic Act; Revised Request for
Nominations”

To Whom It May Concern:

The American Association of Naturopathic Physicians (AANP) appreciates the opportunity to
address the FDA’s request for nominations of bulk drug substances that may be used to
compound drug products that are neither the subject of a United States Pharmacopeia (USP) or
National Formulary (NF) monograph nor components of FDA-approved drugs.

This is a significant issue for our members and their patients. AANP strongly supports efforts to
ensure that the drug products dispensed to patients are safe and effective.

Background: AANP Submissions to Date

On January 30, 2014, we submitted comments to Docket FDA-2013-D-1444, “Draft Guidance:
Pharmacy Compounding of Human Drug Products Under Section 503A of the Federal Food,
Drug, and Cosmetic Act; Withdrawal of Guidances” relating to congressional intent in crafting
HR 3204. These comments highlighted the fact that, for compounding pharmacies subject to
Section 503A, Congress intended that States continue to have the authority to regulate the
availability of safely compounded medications obtained by physicians for their patients. As we
further noted, compounded medications that are formulated to meet unique patient needs,
and that can be administered immediately in the office, help patients receive the products their
physicians recommend and reduce the medical and financial burden on both the patient and



doctor that restrictions on office use would impose. Such medications, we emphasized, provide
a unique benefit to patients and have an excellent track record of safety when properly
produced and stored.

AANP also (on March 4, 2014) nominated 71 bulk drug substances. We identified 21 more
where we did not have the capacity to research and present all the necessary documentation
within the timeframe the Agency was requiring. We estimated, at that time, that at least 6
hours per ingredient would be needed to do so — time that our physician members simply do
not have in their day-to-day business of providing patient care. Thus, AANP sought a 90-day
extension to more completely respond to the Agency’s request.

In this renomination, we have narrowed our focus to 42 bulk drug substances that are most
important for the patients treated by naturopathic doctors. Twenty-one of these bulk drug
substances are formally nominated in the attachments as well as noted by name in this letter.
Given the limitations imposed by the fact that our physician members spend the majority of
their day providing patient care, however, AANP again found that the span of time the Agency
provided for renominations was insufficient to prepare the documentation needed for the
remaining 21 bulk drug substances.

We now request that FDA extend the deadline for which comments are due by 120 days, so
that we may provide this further documentation. We have determined that as much as 40
hours per ingredient will be needed to do so — time that our physician members simply do not
have in their day-to-day business of providing patient care. Thus, AANP respectfully seeks an
additional 120-day period for the purpose of gathering this essential information.

Naturopathic Medicine and Naturopathic Physicians

A word of background on our profession is in order. AANP is a national professional association
representing 4,500 licensed naturopathic physicians in the United States. Our members are
physicians trained as experts in natural medicine. They are trained to find the underlying cause
of a patient’s condition rather than focusing solely on symptomatic treatment. Naturopathic
doctors (NDs) perform physical examinations, take comprehensive health histories, treat
ilinesses, and order lab tests, imaging procedures, and other diagnostic tests. NDs work
collaboratively with all branches of medicine, referring patients to other practitioners for
diagnosis or treatment when appropriate.

NDs attend 4-year, graduate level programs at institutions recognized through the US
Department of Education. There are currently 7 such schools in North America. Naturopathic
medical schools provide equivalent foundational coursework as MD and DO schools. Such
coursework includes cardiology, neurology, radiology, obstetrics, gynecology, immunology,
dermatology, and pediatrics. In addition, ND programs provide extensive education unique to
the naturopathic approach, emphasizing disease prevention and whole person wellness. This
includes the prescription of clinical doses of vitamins and herbs and safe administration via oral,
topical, intramuscular (IM) and intravenous (IV) routes.



Degrees are awarded after extensive classroom study and clinical training. In order to be
licensed to practice, an ND must also pass an extensive postdoctoral exam and fulfill annual
continuing education requirements. Currently, 20 states and territories license NDs to practice.

Naturopathic physicians provide treatments that are effective and safe. Since they are
extensively trained in pharmacology, NDs are able to integrate naturopathic treatments with
prescription medications, often working with conventional medical doctors and osteopathic
doctors, as well as compounding pharmacists, to ensure safe and comprehensive care.

Characteristics of Patients Seen by Naturopathic Physicians

Individuals who seek out NDs typically do so because they suffer from one or more chronic
conditions that they have not been able to alleviate in repeated visits to conventional medical
doctors or physician specialists. Such chronic conditions include severe allergies, asthma,
chronic fatigue, chronic pain, digestive disorders (such as irritable bowel syndrome), insomnia,
migraine, rashes, and other autoimmune disorders. Approximately three-quarters of the
patients treated by NDs have more than one of these chronic conditions. Due to the fact that
their immune systems are often depleted, these individuals are highly sensitive to standard
medications. They are also more susceptible to the numerous side effects brought about by
mass-produced drugs.

Such patients have, in effect, fallen through the cracks of the medical system. This is why they
seek out naturopathic medicine. Safely compounded medications — including nutritional,
herbal, and homeopathic remedies — prove efficacious to meet their needs every day in
doctors’ offices across the country. Such medications are generally recognized as safe (GRAS),
having been used safely for decades in many cases. As patients’ immune function improves,
and as they work with their ND to improve their nutrition, get better sleep, increase their
exercise and decrease their stress, their health and their resilience improves. This is the ‘multi-
systems’ approach of naturopathic medicine — of which compounded drugs are an essential
component.

Bulk Drug Substances Nominated at this Time

Notwithstanding the concerns expressed and issues highlighted in the foregoing, AANP
nominates the following 21 bulk drug substances for FDA’s consideration as bulk drug
substances that may be used in pharmacy compounding under Section 503A. Thorough
information on these substances is presented in the spreadsheets attached with our comments.
The documentation is as complete and responsive to the Agency’s criteria as we can offer at
this time.

The bulk drug substances nominated are:

Acetyl L Carnitine



Alanyl L Glutamine
Alpha Lipoic Acid
Artemisia/Artemisinin
Boswellia

Calcium L5 Methyltetrahydrofolate
Cesium Chloride
Choline Chloride
Curcumin

DHEA

Dicholoroacetic Acid
DMPS

DMSA

Germanium Sesquioxide
Glutiathone
Glycyrrhizin
Methylcobalamin

MSM

Quercitin

Rubidium Chloride
Vanadium

As explained above, we did not have sufficient opportunity to provide all the required
information for many of the bulk drug substances identified as essential for treating the
patients of naturopathic doctors. AANP wishes to specify these 21 ingredients so that we may,
with sufficient opportunity to carry out the extensive research required, provide the necessary
documentation to support their nomination. The additional bulk drug substances include:

7 Keto Dehydroepiandrosterone
Asparagine

Calendula

Cantharidin

Choline Bitartrate
Chromium Glycinate
Chromium Picolinate
Chrysin

Co-enzyme Q10
Echinacea

Ferric Subsulfate

Iron Carbonyl

Iscador

Pantothenic Acid
Phenindamine Tartrate
Piracetam
Pterostilbene



Pyridoxal 5-Phosphate
Resveratrol

Salicinium

Thymol lodide

AANP Objects to Unreasonable Burden

AANP believes it necessary and proper to lodge an objection to FDA’s approach, i.e., the
voluminous data being required in order for bulk drug substances to be considered by the
Agency for approval. FDA is placing the entire burden of documentation of every element in
support of the clinical rationale and scientific evidence on already overtaxed health
professionals. Given that many of the persons most knowledgeable about and experienced in
the application of compounded medications are either small business owners or busy clinicians,
and given the extent and detail of information on potentially hundreds of ingredients as sought
by FDA, this burden is unreasonable. The approach has no basis in the purpose and language of
the Drug Quality and Security Act (“Act”) — particularly for drugs that have been safely used for
years, not only with the Agency’s implicit acceptance, but without any indication of an
unacceptable number of adverse patient reactions.

The volume of data being required in this rulemaking is contrary to the manner in which FDA
has approached such reviews in the past. For example, to accomplish the Drug Efficacy Study
Implementation (DESI) program, the Agency contracted with the National Academy of
Science/National Research Council (NAS/NRC) to make an initial evaluation of the effectiveness
of over 3,400 products that were approved only for safety between 1938 and 1962. Unlike the
compounding industry, most pharmaceuticals under review were manufactured by
pharmaceutical companies with the resources to seek regulatory approvals. The FDA’s analysis
of the costs of regulatory compliance did not appear to include an examination of the impacts
on the industry. The initial or continuing notice for nominations did not analyze this under the
Executive Regulatory Flexibility Act (5 U.S.C. 601-612) nor the Unfunded Mandates Reform Act
of 1995 (Pub. L. 104-4).

The burden on respondents to this current rulemaking is further aggravated by the FDA’s
complete absence of consideration of the harm that will be caused if needed drugs are
removed from the market. The “Type 2" errors caused by removing important agents from
clinical use could far exceed the “Type 1" errors of adverse reactions, particularly given the
strong track record of safely compounded medications. The infectious contamination that gave
rise to the Act has little to do with the process set out by FDA for determining which ingredients
may be compounded. Yet the Agency has offered little consideration of the respective risks and
benefits of its approach. Based on the fact that compounding pharmacies and physicians are
carrying the full burden of proof, as well as how much time it is likely to take for the process of
documentation and evaluation to conclude, the Agency itself may well find that it has caused
more harm to patients’ clinical outcomes than provided a bona fide contribution to patient
safety.



Conclusion
AANP appreciates the Agency’s consideration of the arguments and objection presented herein,
the request for an extension of time to gather the documentation that FDA is seeking, and the

nominations made and referenced at this time.

We look forward to continued dialogue on these matters. As AANP can answer any questions,
please contact me (jud.richland@naturopathic.org; 202-237-8150).

W
Jud Richland, MPH

Chief Executive Officer

Sincerely,


mailto:jud.richland@naturopathic.org
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Column A—What information is requested?

Column B—Put data specific to the nominated substance

What is the name of the nominated ingredient?

Methylcobalamin, Mecobalamin

Is the ingredient an active ingredient that meets the definition of “bulk
drug substance” in § 207.3(a)(4)?

Yes.

There is ample information regarding the active properties of methylcobalamin on
Pubmed. Key word: methylcobalamin.

Please see section"safety and efficacy data" below or access this link
http://www.ncbi.nIm.nih.gov/pmc/?term=methylcobalamin

Is the ingrdient listed in any of the three sections of the Orange Book?

Not for methylcobalamin, mecobalamin

Were any monographs for the ingredient found in the USP or NF
monographs?

Not for methylcobalamin, mecobalamin

What is the chemical name of the substance?

Methylcobalamin

What is the common name of the substance?

Mecobalamin, MeB12, Methyl Vitamin B12, Methyl B12, McCbl, Methycobal, Methylcobaz

Does the substance have a UNII Code?

BR1SN1JS2wW

What is the chemical grade of the substance?

JP

What is the strength, quality, stability, and purity of the ingredient?

A valid Certificate of Analysis accompanies each lot of raw material received.

How is the ingredient supplied?

Methylcobalamin is supplies as dark red crystals or crystalline powder

Is the substance recognized in foreign pharmacopeias or registered in
other countries?

JP monograph available
EU monograph available
EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances
(EINECS No. 236-535-3).
Australia: Listed on AICS.

Has information been submitted about the substance to the USP for
consideration of monograph development?

Information not known

What dosage form(s) will be compounded using the bulk drug
substance?

Injection

What strength(s) will be compounded from the nominated substance?

1.1 mg/mL MDV (1,000 mcg/mL; 30 mg/mL)
2. 10 mg/mL MDV (10,000 mcg/mL; 100 mg/10 mL; 300 mg/30mL)
3. 20 mg/mL PFV (20,000 mcg/mL; 20 mg/mL)

What are the anticipated route(s) of administration of the compounded
drug product(s)?

Intramuscular, Intravenous,Subcutaneous
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Are there safety and efficacy data on compounded drugs using the
nominated substance?

glutathione redox status. Autism Res Treat. 2013;2013

2. Xu G. et al. A single-center randomized controlled trial of local methylcobalamin injection for subacute herpetic neuralgia. Pain Med. 2013
Jun;14(6):884-94

3. Chiu CK, et al. The efficacy and safety of intramuscular injections of methylcobalamin in patients with chronic nonspecific low back pain: a
randomised controlled trial. Singapore Med J. 2011 Dec;52(12):868-73.

4. Jalaludin MA. Methylcobalamin treatment of Bell's palsy. Methods Find exp clin Pharmacol 1995;17:539-544

5. W. Friedrich, Ed. (de Gruyter, Berlin, 1988). Review: "Vitamin B12" in Vitamins. pp 837-928.

6. Mitsuyama Y., Kogoh H. Serum and cerebrospinal fluid vitamin B12 levels in demented patients with CH3-B12 treatment — preliminary study. Jpn J
Psychiatry Neurol. 1988 Mar;42(1):65-71.

7. Okuda K., Yashima K., Kitazaki T., Takara |. Intestinal absorption and concurrent chemical changes of Methylcobalamin. J. Lab Clin Med
1973;81:557-567.

8. Are you getting enough of this vitamin? Harv Health Lett. 2005;30(10):1-2.[PubMed 16206385]

9. 2. Beck WS. Cobalamin as coenzyme: A twisting trail of research. Am J Hematol. 1990;34(2):83-89.[PubMed 2187340] Muscle Nerve Journal
December 1998

Effect of ultrahigh-dose methylcobalamin on compound muscle action potentials in amyotrophic lateral sclerosis: a double-blind controlled study.
Kaji R, Kodama M, Imamura A, Hashida T, Kohara N, Ishizu M, Inui K, Kimura J. Department of Neurology, Kyoto University School of Medicine,
Japan.

Abstract

Has the bulk drug substance been used previously to compound drug
product(s)?

Yes

What is the proposed use for the drug product(s) to be compounded
with the nominated substance?

1. Vitamin B12 deficiency in patients with methylation issues, Gl disorders, lack of intrinsic factor.
2. A treatment for Austism Syndrome Disorder with Methylations issues.

3. Fibromyalgia, Chronic fatigue syndrome, neuropathic pain.

Methylcobalamin is required to convert homocysteine to methionine and to synthesize and maintain
myelin sheaths on nerves. Methionine is required for the metabolism of choline and betaine. This
helps explain some of the neurological damage caused by B12 deficiency.

The main uses of all forms of B12 are for B12 deficiency, resulting in conditions such as pernicious
anemia.

What is the reason for use of a compounded drug product rather than
an FDA-approved product?

FDA-approved B12 products are: Cyanocobalamin, & Hydroxocobalamin.
Cyanocobalamin is best used IM. Not recommended to give IV due to most vitamins being
lost in urine.

Hydroxocobalamin, a more long acting B12, binds to serum proteins better than
Cyanocobalamin. Hydroxocobalamin is also used as a treatment for cyanide poisoning.
Methylcobalamin is a metabolically active form of B12 especially suited for neurological
complaints. If there is a particular patient population that would benefit from the use of
methylcobalamin because of neurological deficits, methylcobalamin would benefit this
patient population more than cyanocobalamin or hydroxyocobalamin.
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Is there any other relevant information?

11. Cyanocobalamin (Vitamin B12). Drug Facts & Comparisons. Facts & Comparisons [database online]. St. Louis, MO: Wolters Kluwer Health Inc;
2011. Accessed August 14, 2012.

12. Andres E, Fothergill H, Mecili M. Efficacy of oral cobalamin (vitamin B12) therapy. Expert Opin Pharmacother. 2010;11(2):249-256.[PubMed
20088746]

13. Ito T, Jensen RT. Association of long-term proton pump inhibitor therapy with bone fractures and effects on absorption of calcium, vitamin B12,
iron, and magnesium. Curr Gastroenterol Rep. 2010;12(6):448-457.[PubMed 20882439]

14. Stover PJ. Vitamin B12 and older adults. Curr Opin Clin Nutr Metab Care. 2010;13(1):24-27.[PubMed 19904199]

15. McCaddon A, Hudson PR. L-methylfolate, methylcobalamin, and N-acetylcysteine in the treatment of alzheimer's disease-related cognitive decline.
CNS Spectr. 2010;15(1 Suppl 1):2-5; discussion 6.[PubMed 20397369]

16. Pepper MR, Black MM. B12 in fetal development. Semin Cell Dev Biol. 2011;22(6):619-623.[PubMed 21664980]

17. Head KA. Peripheral neuropathy: Pathogenic mechanisms and alternative therapies. Altern Med Rev. 2006;11(4):294-329.[PubMed 17176168]
18. Maladkar M, Rajadhyaksha G, Venkataswamy N, et al. Efficacy, safety, and tolerability of epalrestat compared to methylcobalamine in patients witl
diabetic neuropathy. Int J Diabetes Dev Ctries. 2009;29(1):28-34.[PubMed 20062561]

19. Sharma V, Biswas D. Cobalamin deficiency presenting as obsessive compulsive disorder: Case report. Gen Hosp Psychiatry. 2012.[PubMed
22227032]

20. Manzanares W, Hardy G. Vitamin B12: The forgotten micronutrient for critical care. Curr Opin Clin Nutr Metab Care. 2010;13(6):662-668.[PubMed
20717016]

21. Rafnsson SB, Saravanan P, Bhopal RS, Yajnik CS. Is a low blood level of vitamin B12 a cardiovascular and diabetes risk factor? A systematic
review of cohort studies. Eur J Nutr. 2011;50(2):97-106.[PubMed 20585951]

22. Pezzini A, Del Zotto E, Padovani A. Homocysteine and cerebral ischemia: pathogenic and therapeutical implications. Curr Med Chem.
2007;14(3):249-263.[PubMed 17305530]

23. Wheatley C. Cobalamin in inflammation IlI - glutathionylcobalamin and methylcobalamin/adenosylcobalamin coenzymes: The sword in the stone?
how cobalamin may directly regulate the nitric oxide synthases. J Nutr Environ Med. 2007;16(3-4):212-226.[PubMed 18923642]

24. Guttuso T Jr, McDermott MP, Ng P, Kieburtz K. Effect of L-methionine on hot flashes in postmenopausal women: a randomized controlled trial.
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380 Ice Center Lane, Suite A

AGAM Bozeman, Montana 59718

American College for Toll-free 800-LEAD.OUT (532.3688)
Advancement in Medicine F: 406-587-2451
wWww.acam.org

September 30, 2014

Division of Dockets Management (HFA-305)
Food And Drug Administration

Department of Health and Human Services
5630 Fishers Lane, Room 1061

Rockville, MD 20852

Re: Docket FDA-2013-N-1525

“Bulk Drug Substances That May Be Used to compound Drug Products in Accordance With Section 503B of Federal Food, Drug,
Drug, and Cosmetic Act; Revised Request for Nominations”

To Whom It May Concern:

The American College for Advancement in Medicine (ACAM) is a prominent and active medical education organization involved in
instructing physicians in the proper use of oral and intravenous nutritional therapies for over forty years. We have also been
involved in clinical research sponsored by the National Heart Lung and Blood Institute. We have a strong interest in maintaining
the availability of compounded drug products.

We appreciate the opportunity to address the FDA’s request for nominations of bulk drug substances that may be used by
compounding facilities to compound drug products. To meet what appear to be substantial requirements involved in this
submittal, the FDA has given compounding pharmacists (in general a small business operation) and physicians very limited time
to comply with onerous documentation. The Agency has requested information for which no single pharmacy or physician
organization can easily provide in such a contracted time frame. As such this time consuming process requires significant
coordination from many practicing professionals for which adequate time has not been allotted.

This issue is of great importance and has the potential to drastically limit the number of available compounded drugs and drug
products thus limiting the number of individualized treatments that compounded medicines offer to patients.

ACAM and its physician members have not had the time to collect, review and assess all documentation necessary to submit for
the intended list of compounded drugs required to assure all patient therapies are represented in our submission. We
respectfully seek an additional 120 day period to educate and coordinate our physicians on the issue at hand and to gather the
essential information necessary to provide the Agency with the most comprehensive information. In an attempt to comply with
the current timeframe established, a collaborative effort resulted in the attached nominations prepared for bulk drug substances
that may be used in pharmacy compounding under Section 503B.



380 Ice Center Lane, Suite A

A' :AM Bozeman, Montana 59718
American College for Toll-free 800-LEAD.OUT (532.3688)
Advancement in Medicine F: 406-587-2451

WWW.acam.org

It is not clear whether the current submission will be the final opportunity to comment or communicate with the Agency. Will a
deficiency letter be provided if the initial nomination information was inadequate or will a final decision to reject a nominated
substance be made without the opportunity to further comment? ACAM respectfully requests that the FDA issue a deficiency
letter should the submitted documentation for a nomination be considered inadequate.

Sincerely,

Neal Speight, MD

(Immediate Past President) for

Allen Green, MD

President and CEO

The American College for Advancement in Medicine



Column A—What information is requested?

Column B—Put data specific to the nominated substance

What is the name of the nominated ingredient?

Methylcobalamin, Mecobalamin

Is the ingredient an active ingredient that meets the definition of “bulk
drug substance” in § 207.3(a)(4)?

Yes. There
is ample information regarding the active properties of methylcobalamin on Pubmed. Key word:
methylcobalamin. Please

see section"safety and efficacy data" below or access this link
http://www.ncbi.nIm.nih.gov/pmc/?term=methylcobalamin

What is the chemical name of the substance?

Methylcobalamin

What is the common name of the substance?

Mecobalamin, MeB12, Methyl Vitamin B12, Methyl B12, McCbl, Methycobal, Methylcobaz

Does the substance have a UNIlI Code?

BR1SN1JS2W

What is the chemical grade of the substance?

JP

What is the strength, quality, stability, and purity of the ingredient?

Methylcobalamin, JP
Methylcobalamin, EU
A valid Certificate of Analysis accompanies each lot of raw material received.

How is the ingredient supplied?

Methylcobalamin is supplies as dark red crystals or crystalline powder

Is the substance recognized in foreign pharmacopeias or registered in
other countries?

JP monograph available
EU monograph available
EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances
(EINECS No. 236-535-3).
Australia: Listed on AICS.

Has information been submitted about the substance to the USP for
consideration of monograph development?

Information not known

What medical condition(s) is the drug product compounded with the
bulk drug substances intended to treat?

1. Vitamin B12 deficiency in patients with methylation issues, Gl disorders, lack of intrinsic factor

2. A treatment for Austism Syndrome Disorder with Methylations issues.

3. Fibromyalgia, Chronic fatigue syndrome, neuropathic pain, multiple sclerosis, parkinsonism, etc.
Methylcobalamin is required to convert homocysteine to methionine and to synthesize and maintain
myelin sheaths on nerves. Methionine is required for the metabolism of choline and betaine. This
helps explain some of the neurological damage caused by B12 deficiency.

The main uses of all forms of B12 are for B12 deficiency, resulting in conditions such as pernicious
anemia.




Are there other drug products approved by FDA to treat the same
medical
condition?

FDA-approved B12 products are: Cyanocobalamin, Hydroxocobalamin.
Cyanocobalamin is best used IM as much of the dose is lost as blood circulates through
the kidneys.

Hydroxocobalamin, a more long acting B12, binds to serum proteins better than
Cyanocobalamin. Hydroxocobalamin is also used as a treatment for cyanide poisoning.
Methylcobalamin is a metabolically active form of B12 especially suited for neurological
complaints. If there is a particular patient population that would benefit from the use of
methylcobalamin because of neurological deficits, methylcobalamin would benefit this
patient population more than cyanocobalamin or hydroxyocobalamin.

If there are FDA-approved drug products that address the same medical
condition, why is there a clinical need for a compounded drug

product?

Provide a justification for clinical need, including an estimate of the size of the
population that would need the compounded drug.

1. risperidone and aripiprazole are not FDA-approved to treat Austistic Syndrome Disorder
itself, only irritability associated with Autism. Risperidone and aripiprazole have a
significant boxed warning and profile of CNS side effects in long-term use.

2. duloxetine has a significant boxed warning, SEs and drug interaction profile.
Thousands of patients with methylation issues, autistism, chronic fatigue, fibromyalgia,
multiples sclerosis, parkinsonism, neuropathy, autoimmune, and heavy metal toxic
syndrome are prescribed and use methylcobalamin daily. Our mothers, sisters and
brothers are taking methylcobalamin to control their neuropathic conditions.

Are there safety and efficacy data on compounded drugs using the
nominated substance?

glutathione redox status. Autism Res Treat. 2013;2013

2. Xu G. et al. A single-center randomized controlled trial of local methylcobalamin injection for subacute herpetic neuralgia. Pain Med. 2013
Jun;14(6):884-94

3. Chiu CK, et al. The efficacy and safety of intramuscular injections of methylcobalamin in patients with chronic nonspecific low back pain: a
randomised controlled trial. Singapore Med J. 2011 Dec;52(12):868-73.

4. Jalaludin MA. Methylcobalamin treatment of Bell’s palsy. Methods Find exp clin Pharmacol 1995;17:539-544

5. W. Friedrich, Ed. (de Gruyter, Berlin, 1988). Review: "Vitamin B12" in Vitamins. pp 837-928.

6. Mitsuyama Y., Kogoh H. Serum and cerebrospinal fluid vitamin B12 levels in demented patients with CH3-B12 treatment — preliminary study. Jpn J
Psychiatry Neurol. 1988 Mar;42(1):65-71.

7. Okuda K., Yashima K., Kitazaki T., Takara |. Intestinal absorption and concurrent chemical changes of Methylcobalamin. J. Lab Clin Med
1973;81:557-567.

8. Are you getting enough of this vitamin? Harv Health Lett. 2005;30(10):1-2.[PubMed 16206385]

9. 2. Beck WS. Cobalamin as coenzyme: A twisting trail of research. Am J Hematol. 1990;34(2):83-89.[PubMed 2187340] 0.
Olson RE. Karl August Folkers (1906-1997). J Nutr. 2001;131(9):2227-2230.[PubMed 11533258]

11. Cyanocobalamin (Vitamin B12). Drug Facts & Comparisons. Facts & Comparisons [database online]. St. Louis, MO: Wolters Kluwer Health Inc;
2011. Accessed August 14, 2012.

12. Andres E, Fothergill H, Mecili M. Efficacy of oral cobalamin (vitamin B12) therapy. Expert Opin Pharmacother. 2010;11(2):249-256.[PubMed
20088746]

If there is an FDA-approved drug product that includes the bulk drug
substance nominated, is it necessary to compound a drug product
from the bulk drug substance rather than from the FDA-approved
drug product?

There is no FDA-approved drug product including methylcobalamin

What dosage form(s) will be compounded using the bulk drug
substance?

Injection




What strength(s) will be compounded from the nominated substance?

1.1 mg/mL MDV (1,000 mcg/mL; 30 mg/mL)
2. 10 mg/mL MDV (10,000 mcg/mL; 100 mg/10 mL; 300 mg/30mL)
3. 20 mg/mL PFV (20,000 mcg/mL; 20 mg/mL)

What are the anticipated route(s) of administration of the compounded

drug product(s)? I.M. or S.Q.
Has the bulk drug substance been used previously to compound drug
product(s)? Yes

Is there any other relevant information?

There is a manufactured product in Japan called Methylco injection 500 mcg/mL.

10. Olson RE. Karl August Folkers (1906-1997). J Nutr. 2001;131(9):2227-2230.[PubMed 11533258]

11. Cyanocobalamin (Vitamin B12). Drug Facts & Comparisons. Facts & Comparisons [database online]. St. Louis, MO: Wolters Kluwer Health Inc;
2011. Accessed August 14, 2012.

12. Andres E, Fothergill H, Mecili M. Efficacy of oral cobalamin (vitamin B12) therapy. Expert Opin Pharmacother. 2010;11(2):249-256.[PubMed
20088746]

13. Ito T, Jensen RT. Association of long-term proton pump inhibitor therapy with bone fractures and effects on absorption of calcium, vitamin B12,
iron, and magnesium. Curr Gastroenterol Rep. 2010;12(6):448-457.[PubMed 20882439]

14. Stover PJ. Vitamin B12 and older adults. Curr Opin Clin Nutr Metab Care. 2010;13(1):24-27.[PubMed 19904199]

15. McCaddon A, Hudson PR. L-methylfolate, methylcobalamin, and N-acetylcysteine in the treatment of alzheimer's disease-related cognitive decline.
CNS Spectr. 2010;15(1 Suppl 1):2-5; discussion 6.[PubMed 20397369]

16. Pepper MR, Black MM. B12 in fetal development. Semin Cell Dev Biol. 2011;22(6):619-623.[PubMed 21664980]

17. Head KA. Peripheral neuropathy: Pathogenic mechanisms and alternative therapies. Altern Med Rev. 2006;11(4):294-329.[PubMed 17176168]
18. Maladkar M, Rajadhyaksha G, Venkataswamy N, et al. Efficacy, safety, and tolerability of epalrestat compared to methylcobalamine in patients witl
diabetic neuropathy. Int J Diabetes Dev Ctries. 2009;29(1):28-34.[PubMed 20062561]

19. Sharma V, Biswas D. Cobalamin deficiency presenting as obsessive compulsive disorder: Case report. Gen Hosp Psychiatry. 2012.[PubMed
22227032]

20. Manzanares W, Hardy G. Vitamin B12: The forgotten micronutrient for critical care. Curr Opin Clin Nutr Metab Care. 2010;13(6):662-668.[PubMed
20717016]

21. Rafnsson SB, Saravanan P, Bhopal RS, Yajnik CS. Is a low blood level of vitamin B12 a cardiovascular and diabetes risk factor? A systematic
review of cohort studies. Eur J Nutr. 2011;50(2):97-106.[PubMed 20585951]

22. Pezzini A, Del Zotto E, Padovani A. Homocysteine and cerebral ischemia: pathogenic and therapeutical implications. Curr Med Chem.
2007;14(3):249-263.[PubMed 17305530]

23. Wheatley C. Cobalamin in inflammation IlI - glutathionylcobalamin and methylcobalamin/adenosylcobalamin coenzymes: The sword in the stone?
how cobalamin may directly regulate the nitric oxide synthases. J Nutr Environ Med. 2007;16(3-4):212-226.[PubMed 18923642]

24. Guttuso T Jr, McDermott MP, Ng P, Kieburtz K. Effect of L-methionine on hot flashes in postmenopausal women: a randomized controlled trial.
Menopause. 2009;16(5):1004-1008.[PubMed 19407666]

25. Zoccolella S, Bendotti C, Beghi E, Logroscino G. Homocysteine levels and amyotrophic lateral sclerosis: A possible link. Amyotroph Lateral Scler.
2010;11(1-2):140-147.[PubMed 19551535]

26. Tanaka N, Yamazaki Y, Yamada H et al. Fate of cobalamins in humans following oral and intramuscular administration of cyanocobalamin,
hydroxycobalamin, adenosylcobalamin and methylcobalamin. Vitamins. 1981;55:155-161.

27. Methylcobalamin. In: Briggs GG, Freeman RK, Yaffe SJ. Drugs in Pregnancy and Lactation: A Reference Guide to Fetal and Neonatal Risk. 9th ed
Philadelphia, PA: Wolters Kluwer Health Inc/Lippincott Williams & Wilkins; 2011.

28. Vitamin B12 Substances. In: Sweetman SC, ed. Martindale: The Complete Drug Reference. 37th ed. London, England: Pharmaceutical Press;
2011.

29. Bistrian B. Should | stop taking these vitamins? Harv Health Lett. 2010;35(7):2.[PubMed 20583349]

30. European Commission. Opinion of the scientific committee on food on the tolerable upper intake level of vitamin B12.
2000;SCF/CS/NUT/UPPLEV/42 Final. http://ec.europa.eu.ezproxy.auckland.ac.nz/food/fs/sc/scf/out80d_en.pdf. Accessed May 2012.
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Division of Dockets Management (HFA-305)
Food and Drug Administration

Department of Health and Human Services
5630 Fishers Lane

Rm. 1061

Rockville, MD 20852

Re: Docket FDA-2013-N-1525

“List of Bulk Drug Substances That May Be Used in Pharmacy Compounding; Bulk Drug Substances
That May Be Used To Compound Drug Products in Accordance With Section 503A of the Federal Food,
Drug, and Cosmetic Act”

Dear Sir or Madam,

Fagron appreciates the opportunity to address the FDA’s request for nominations of bulk drug substances that
may be used to compound drug products that are neither the subject of a United States Pharmacopeia (USP) or
National Formulary (NF) monograph nor components of FDA-approved drugs.

We hereby nominate the bulk drug substances in the attached spreadsheets for FDA’s consideration as bulk
drug substances that may be used in pharmacy compounding under Section 503A.

None of these items appear on an FDA-published list of drugs that present demonstrable difficulties for
compounding. In addition, none are a component of a drug product that has been withdrawn or removed from
the market because the drug or components of the drug have been found to be unsafe or not effective.

We include references in support of this nomination for your consideration.

Thank you for your consideration. If Fagron can answer any questions, please contact me (j.letwat@fagron.com;
847-207-6100).

Respectfully submitted,

Julie Letwat, JD, MPH
Vice-President, Regulatory and Government Affairs

fagron.us Fagron - 2400 Pilot Knob Road - St. Paul, MN 55120 - Tel. (800) 423 6967 - Fax (800) 339 1596
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Re: Docket FDA-2013-N-1525
Substances submitted (see corresponding .xIxs file)

7-Keto Dehydroepiandrosterone
Acetyl-D-Glucosamine

Aloe Vera 200:1 Freeze Dried
Astragalus Extract 10:1

Beta Glucan (1,3/1,4 -D)

Boswellia Serrata Extract
Bromelain

Cantharidin

Cetyl Myristoleate Oil

Cetyl Myristoleate 20% Powder
Chrysin

Citrulline
Dehydroepiandrosterone
Deoxy-D-Glucose (2)
Diindolylmethane

Domperidone

EGCg

Ferric Subsulfate

Glycolic Acid
Glycosaminoglycans
Hydroxocobalamin Hydrochloride
Kojic Acid

Methylcobalamin

Nicotinamide Adenine Dinucleotide
Nicotinamide Adenine Dinucleotide Disodium Reduced (NADH)
Ornithine Hydrochloride
Phosphatidyl Serine
Pregnenolone

Pyridoxal 5-Phosphate Monohydrate
Pyruvic Acid

Quercetin

Quinacrine Hydrochloride

Ribose (D)

Silver Protein Mild

Squaric Acid Di-N-Butyl Ester
Thymol lodide

Tranilast

Trichloroacetic Acid

Ubiquinol 30% Powder

fagron.us Fagron - 2400 Pilot Knob Road - St. Paul, MN 55120 - Tel. (800) 423 6967 - Fax (800) 339 1596



Fagron

2400 Pilot Knob Road

St. Paul, Minnesota 55120 - USA
(800) 423 6967

www.fagron.us

What is the name of the nominated ingredient?
Is the ingredient an active ingredient that meets the
definition of “bulk drug substance” in § 207.3(a)(4)?

Is the ingredient listed in any of the three sections of the
Orange Book?

Were any monographs for the ingredient found in the USP
or NF monographs?
What is the chemical name of the substance?

What is the common name of the substance?

Does the substance have a UNII Code?
What is the chemical grade of the substance?

S

FAGRON

Methylcobalamin

Yes, Methylcobalamin is an active ingredient as defined in 207.3(a)(4) because when added to a
pharmacologic dosage form it produces a pharmacological effect. References for Methylcobalamin
pharmacological actions are provided Prabhoo R, Panghate A, Dewda RP, More B, Prabhoo T, Rana R.
Efficacy and tolerability of a fixed dose combination of methylcobalamin and pregabalin in the
management of painful neuropathy. N Am J Med Sci. 2012 Nov;4(11):605-7.
http://www.ncbi.nIm.nih.gov/pubmed/23181238

Xu G, LvZW, Feng Y, Tang WZ, Xu GX. A single-center randomized controlled trial of local
methylcobalamin injection for subacute herpetic neuralgia. Pain Med. 2013 Jun;14(6):884-94.
http://www.ncbi.nIm.nih.gov/pubmed/23566267

Chiu CK, Low TH, Tey YS, Singh VA, Shong HK. The efficacy and safety of intramuscular injections of
methylcobalamin in patients with chronic nonspecific low back pain: a randomised controlled trial.
Singapore Med J. 2011. http://www.ncbi.nlm.nih.gov/pubmed/22159928

Koyama K, Usami T, Takeuchi O, Morozumi K, Kimura G. Efficacy of methylcobalamin on lowering total

The nominated substance was searched for in all three sections of the Orange Book located at
http://www.accessdata.fda.gov/ scripts/cder/ob/docs/queryai.cfm. The nominated substance does not
appear in any section searches of the Orange Book.

The nominated substance was searched for at http://www.uspnf.com. The nominated substance is not
the subject of a USP or NF monograph.
Coa-[a-(5,6-dimethyl-1H-benzoimidazol-1-yl)]-Copmethylcobamide

Methylcobalamin; Mecobalamin; Mecobalamina; Mecobalaminum; Coa-[a-(5,6-dimethylbenz-1H-
imidazolyl)]-CoBmethylcobamide; MeB12

BR1SN1JS2W

no grade



What is the strength, quality, stability, and purity of the Description: Dark red crystals or crystalline powder
ingredient? Identification UV: Compare the spectrum with reference spectrum, both spectra exhibit similar intensities
of absorption at the same wavelengths
Chemical: Meets JP requirements
Clarity of Solution: Solution is clear and red color
Total Content: <2.0%
Max Related Substances: < 0.5%
Assay (Dried): 2 98.0%
Water: < 12.0%
Lead: <1 ppm
Mercury: <1 ppm
Arsenic: <5 ppm
Cadmium: <1 ppm
Residual Solvents: Acetone: < 1000 ppm
- Ethanol: < 1000 ppm
Total Plate Count: < 1000 cfu/g
Yeast and Mold: < 100 cfu/g
E. Coli: Negative
Salmonella: Neaative
How is the ingredient supplied? Powder

Is the substance recognized in foreign pharmacopeias or JP (Japanese Pharmacopoeia XVI, 2011, page 1066)
registered in other countries?

Has information been submitted about the substance to  No USP Monograph submission found.
the USP for consideration of monograph development?

What dosage form(s) will be compounded using the bulk Troche

drug substance?

What strength(s) will be compounded from the nominated 5-20mg

substance?

What are the anticipated route(s) of administration of the Sublingual

compounded drug product(s)?



Are there safety and efficacy data on compounded drugs Frye RE, Melnyk S, Fuchs G, Reid T, Jernigan S, Pavliv O, Hubanks A, Gaylor DW, Walters L, James

using the nominated substance?

Has the bulk drug substance been used previously to
compound drug product(s)?

What is the proposed use for the drug product(s) to be
compounded with the nominated substance?

SJ. Effectiveness of methylcobalamin and folinic Acid treatment on adaptive behavior in children with
autistic disorder is related to glutathione redox status. Autism Res Treat. 2013;2013:609705.
http://www.ncbi.nIm.nih.gov/pubmed/24224089

Prabhoo R, Panghate A, Dewda RP, More B, Prabhoo T, Rana R. Efficacy and tolerability of a fixed dose
combination of methylcobalamin and pregabalin in the management of painful neuropathy. N Am J Med
Sci. 2012 Nov;4(11):605-7. http://www.ncbi.nIm.nih.gov/pubmed/23181238

Xu G, LvZW, Feng Y, Tang WZ, Xu GX. A single-center randomized controlled trial of local
methylcobalamin injection for subacute herpetic neuralgia. Pain Med. 2013 Jun;14(6):884-94.
http://www.ncbi.nIm.nih.gov/pubmed/23566267

Chiu CK, Low TH, Tey YS, Singh VA, Shong HK. The efficacy and safety of intramuscular injections of
methylcobalamin in patients with chronic nonspecific low back pain: a randomised controlled trial.
Singapore Med J. 2011. http://www.ncbi.nlm.nih.gov/pubmed/22159928

Koyama K, Usami T, Takeuchi O, Morozumi K, Kimura G. Efficacy of methylcobalamin on lowering total
homocysteine plasma concentrations in haemodialysis patients receiving high-dose folic acid
supplementation. Nephrol Dial Transplant. 2002 May;17(5):916-22.
http://www.ncbi.nIm.nih.gov/pubmed/11981084

Kim HI, Hyung WJ, Song KJ, Choi SH, Kim CB, Noh SH. Oral vitamin B12 replacement: an effective
treatment for vitamin B12 deficiency after total gastrectomy in gastric cancer patients. Ann Surg Oncol.
2011 Dec;18(13):3711-7. http://www.ncbi.nim.nih.gov/pubmed/21556950

lkeda T, Yamamoto K, Takahashi K, Kaku Y, Uchiyama M, Sugiyama K, Yamada M. Treatment of
Alzheimer-type dementia with intravenous mecobalamin. Clin Ther. 1992 May-Jun;14(3):426-37.
http://www.ncbi.nIm.nih.gov/pubmed/1638584

Dongre YU, Swami OC. Sustained-release pregabalin with methylcobalamin in neuropathic pain: an
Indian real-life experience. Int J Gen Med. 2013 May 29;6:413-7.

Yés,ll'\/lethylcdt-)abalarﬁin haé béen compounded for the treatment of neuropathic disorders, paresthesia,
Autism, pernicious animia, hyperhomocysteinimia and chronic fatigue.

Autism, diabetic neuropathy, vitamin B12 nutritional supplementation, hyperhomocysteinemia Yaqub BA,
Siddique A, Sulimani R. Effects of methylcobalamin on diabetic neuropathy. Clin Neurol Neurosurg.
1992;94(2):105-11. http://www.ncbi.nlm.nih.gov/pubmed/1324807



What is the reason for use of a compounded drug product No FDA approved Methylcobalamin preparation. Dialysis patients have been shown to benefit from

rather than an FDA-approved product?

Is there any other relevant information?

Methylcobalamin supplementation. Injectable forms of metylcobalamin used intravenously normalized
hyperhomocysteinemia and decreased Asymmetric dimethylargininelevels and arterial stiffness. (K.
Koyama, A.lto,J. Yamamoto,T. Nishio,J. Kajikuri, Y. Dohi, N. Ohte, A. Sano, H. Nakamura, H. Kumagai
and T. ltoh(2010) Randomized Controlled Trial of the Effect of Short Term Coadministration of Methyl
Cobalamin and Folate on serum ADMA Concentration in Patients Recieving Long Term Hemodialysis
Am.J. Kidney Dis Jun;55(6):1069-78) Other FDA options of folate alone are not comparable in efficacy.
This same folate combination shows promise in treting redox metabolism abnormalities in Autistic
individuals. (R.E. Frye and D.A. Rossignol(2014) Treatments for Biomedical Abnormalities Associated
with Autism Spectrum Disorder Front Pediatr Jun27;2:66) It can help with nerve pain transmission with
Diabetic neuropathy. (M. Zhang,W, Han,S HU, and H XU (2013) Mathylcobalamin:A Potential Vitamin of
Pain killer Neural Plast ) Current FDA aproved medications for Diabetic Neurpathy include Gabapentin
and Lyrica. They can cause dizziness,drowisness, and interefr with norml cognitive function.
Methvicohalamin has less side effacts and hetter safatv nrofile

All relevant information was expressed in the above questions
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September 30, 2014

Division of Dockets Management (HFA-305)
Food and Drug Administration

Department of Health and Human Services
5630 Fishers Lane, Room 1061

Rockville, MD 20852

Re: Docket FDA-2013-N-1525

Bulk Drug Substances That May Be Used To Compound Drug Products in Accordance With
Section 503A of the Federal Food, Drug and Cosmetic Act, Concerning Outsourcing
Facilities; Request for Nominations.

To Whom It May Concern:

The Integrative Medicine Consortium (IMC) appreciates the opportunity to address the Food and
Drug Administration’s request for the submission of ingredients to be listed as allowed for
compounding by compounding pharmacies pursuant to Section 503A of the Food Drug and
Cosmetic Act. IMC represents the interests of over 6,000 medical and naturopathic physicians and
their patients. As we noted in our submission of March 4, 2014, we know from extensive experience
that the appropriate availability of compounded drugs offers significant clinical benefits for patients
and raise certain objections to the manner in which the FDA is proceeding on these determinations.

First, we note that we are in support of and incorporate by reference the comments and proposed
ingredients submitted by our member organization, the American Association of Naturopathic
Physicians (AANP), as well as the International Association of Compounding Pharmacists (IACP),
and the Alliance for Natural Health-USA (ANH-USA). We also write on behalf of the Academy of
Integrative Health and Medicine (AIHM), a merger of the American Holistic Medical Association
and the American Board of Integrative and Holistic Medicine.

We also write to raise objections to:
A) The ingredient submission process the FDA is following on this docket, which places the burden
entirely on small industry and practicing physicians to review and support ingredient nominations

rather than devoting Agency resources to the task.

B) The withdrawal of approval for bulk ingredients that had been previously allowed until the
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process is completed, leaving a void whose harm far outweighs the risks presented by these
ingredients.

C) The lack of findings of the economic impact of this regulation with regard to the Executive
Regulatory Flexibility Act (5 U.S.C. 601-612) or the Unfunded Mandates Reform Act of 1995 (Pub.
L. 104-4).

Further, we write to ask that FDA:

D) Keep the record open for an additional 120 days for the submission of additional materials.
E) Address the outstanding issues we raised in our submission of March 4, 2014.

F) Accept the attached nominations.

G) Accept allergenic extracts as a class without requiring individual nominations and approval.

Commenter Organizational Background: The Integrative Medicine Consortium

The Integrative Medicine Consortium (IMC) began in 2006 when a group of Integrative Medicine
leaders joined together to give a common voice, physician education and support on legal and
policy issues. Our comment is based on the collective experience of over 6,000 doctors from the
following seven organizations:

American Academy of Environmental Medicine (AAEM) www.aaemonline.org
American Association of Naturopathic Physicians (AANP) www.naturopathic.org
American College for Advancement in Medicine (ACAM) www.acam.org
International College of Integrative Medicine (ICIM) www.icimed.com

International Hyperbaric Medical Association (IHMA)
www.hyperbaricmedicalassociation.org

International Organization of Integrative Cancer Physicians (IOIP) www.ioipcenter.org

The IMC has been involved in the assessment of risk as applied to the integrative field generally,
including participation in the design of malpractice policies suited to the practice of integrative care
along with quality assurance efforts for the field such as initiating the move toward developing a
professional board certification process. IMC and its member organizations have collectively held
over a hundred conferences, attended by tens of thousands of physicians, in which clinical methods
that involve the proper use of compounded drugs are a not infrequent topic and subject to Category
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| CME credit. Our collective experience on these matters is thus profound, well-credentialed and
well-documented.

IMC Objections and Requests Regarding Docket FDA-2013-N-1525

A) The ingredient submission process the FDA is following on this docket, inappropriately places
the burden entirely on small industry and practicing physicians to review and support ingredient
nominations rather than devoting Agency resources to the task.

We wish to lodge our objection to FDA’s approach to its data collection about drugs that will be
placed on the list of permitted ingredients. The FDA is placing the entire burden of documentation
of every element in support of the clinical rationale and scientific evidence on already overtaxed
health professionals. Given that many of those knowledgeable and experienced in compounded
pharmaceuticals are either small businesses or busy physicians, and given the significant quality and
quantity of information on potentially hundreds of ingredients requested by FDA, this burden is
unreasonable. This approach has no basis in the purpose and language of the Drug Quality and
Security Act (“Act”), particularly for drugs that have been in use for years, not only with FDA’s at
least implicit acceptance, but without any indication of an unacceptable level of adverse reactions.

This is contrary to the manner in which FDA has approached such reviews in the past. For example,
to accomplish the Drug Efficacy Study Implementation (DESI) program, FDA contracted with the
National Academy of Science/National Research Council (NAS/NRC) to make an initial evaluation
of the effectiveness of over 3,400 products that were approved only for safety between 1938 and
1962. Unlike the compounding industry, most pharmaceuticals under review were manufactured by
pharmaceutical companies with the resources to seek regulatory approvals.

B) The withdrawal of approval for bulk ingredients that had been previously allowed until the
process is completed, leaving a void whose harm far outweighs the risks presented by these
ingredients.

Given that the Act arose from Good Manufacturing Practice violations and not concern for any
specific drug ingredient, the requirement that ingredients not the subject of a USP monograph or a
component of approved drugs be withdrawn pending these proceedings has no legislative basis or
rationale. The hiatus in availability and inappropriate shift of burden to the compounding industry is
further aggravated by the complete absence of consideration by the FDA of the harm caused by the
removal of needed drugs from practice. The “Type 2" errors caused by removing important agents
from clinical use could far exceed the “Type 1" errors of adverse reactions, particularly given the
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track record in this industry. This is particularly true given that the infectious contamination that
gave rise to the Act has little to do with the approval process for which ingredients may be
compounded. Yet FDA has offered little consideration of the respective risks and benefits of its
approach, and with pharmacies and physicians carrying the full burden of proof and the time
expected for the advisory process to conclude, the FDA will likely itself cause more patient harm
than provide a contribution to safety.

C) The lack of findings of the economic impact of this regulation with regard to the Executive
Regulatory Flexibility Act (5 U.S.C. 601-612) or the Unfunded Mandates Reform Act of 1995 (Pub.
L. 104-4).

The FDA’s analysis of the costs of regulatory compliance did not appear to include an examination
of the impacts on the industry. The initial or continuing notice for nominations did not analyze this
under the Executive Regulatory Flexibility Act (5 U.S.C. 601-612) nor the Unfunded Mandates
Reform Act of 1995 (Pub. L. 104-4). While the FDA made this assessment for “Additions and
Modifications to the List of Drug Products That Have Been Withdrawn or Removed From the
Market for Reasons of Safety or Effectiveness,” 79 FR 37687, in which 25 drugs were added to the
list of barred drugs, it has not done so for the much broader issue of upending the compounding
pharmaceutical industry, which bears costs both in preparation of detailed submissions on
potentially hundreds of ingredients, loss of sales of ingredients no longer approved, the economic
consequence to physicians of not being to prescribe these drugs, and the economic impacts of health
difficulties and added expense that will result from the withdrawal of drugs from clinical use. The
Agency needs to address these concerns.

D) Extend the deadline for which comments are due by 120 days.

IMC’s March 4, 2014 submission, along with AANP and ANH-USA nominated 71 bulk drug
substances. IMC identified 21 more where we did not have the capacity to research and present all
the necessary documentation within the timeframe the Agency was requiring.* We had determined
that at least 6 hours per ingredient would be needed to do so, time that our physician members
simply do not have in their day-to-day business of providing patient care. Thus, IMC sought a 90

! For example, other nominations would include 7 Keto Dehydroepiandrosterone; Asparagine;
Calendula; Cantharidin; Choline Bitartrate; Chromium Glycinate; Chromium Picolinate; Chrysin;
Co-enzyme Q10; Echinacea; Ferric Subsulfate; Iron Carbonyl; Iscador; Pantothenic Acid;
Phenindamine Tartrate; Piracetam; Pterostilbene; Pyridoxal 5-Phosphate; Resveratrol; Thymol
lodide.
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day extension to more completely respond to the Agency's request.

In the renomination, we have narrowed our focus to the attached 21 bulk drug substances given
restraints on available resources. These bulk drug substances are documented in the attachment.
Given the limitations imposed by the fact that our physician members spent the majority of their
day providing patient care, however, we have found that the span of time the Agency provided for
renominations was insufficient.

We now request that FDA extend the deadline for which comments are due by at least 120 days, so
that we may provide additional documentation. The FDA can certainly begin work on those
nominations it has received, but nominations should remain open. We have determined that as much
as 40 hours per ingredient will be needed to do, particularly given the lack of resources being
offered by the Agency, time that our physician members simply do not have in their day-to-day
business of providing patient care. Thus, IMC respectfully seeks an additional 120 day period - if
not greater - for the purpose of gathering this essential information. If such an extension is not
granted, we will explore the prospect of submitting a Citizen's Petition along with AANP and other
interested parties.

E) Address the outstanding issues we raised in our submission of March 4, 2014.

In our submission of March 4, 2014, we raised a number of additional considerations, in particular
citing a number of monographs, compendia and other authoritative sources that should be
considered proper sources for authorized compounding in addition to the U.S. Pharmacopeia. We
urge FDA to reach this issue as a means of allowing substances in long use on the market without
undue delay or ambiguity.

F) Accept the attached nominations.

Notwithstanding the concerns expressed and issues highlighted in the foregoing, IMC nominates the
bulk drug substances in the attachment for FDA's consideration as bulk drug substances that may be
used in pharmacy compounding under Section 503A.

G) Accept allergenic extracts as a class without requiring individual nominations and acceptance.

In addition, we ask the FDA clarify its view of, and accept as appropriate for use, the category of
materials that have been long used in the compounding of allergenic extracts for immunotherapy.
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This should particularly be the case where such substances are compounded in manner consistent,
where appropriate under its terms, with USP Monograph 797. Given both long-standing safe use,
the nature of the materials and methods of clinical use,” and the safety assurances contained in this
monograph, we believe that individual nominations and approval should not be imposed upon this
form of treatment.

As explained above, we did not have sufficient opportunity to provide all the required information
for many of the bulk drug substances identified as essential for treating patients. IMC wishes to
identify these additional ingredients so that we may, with sufficient opportunity to carry out the
extensive research required, provide the necessary documentation to support their nomination.

Sincerely,

W/Z; 7%
/

Michael J. Cronin, N.D.
Chair, Integrative Medical Consortium

Enclosures:
Nominations

2 Such as environmental and body molds, dust mites, grasses, grass terpenes, weeds, trees,

foods, as well as hormone, neurotransmitter, and chemical antigens that are used in various forms of
immunotherapy and desensitization.
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Column A—What information is requested?

Column B—Put data specific to the nominated substance

What is the name of the nominated ingredient?

Methylcobalamin, Mecobalamin

Is the ingredient an active ingredient that meets the definition of “bulk
drug substance” in § 207.3(a)(4)?

Yes.

There is ample information regarding the active properties of methylcobalamin on
Pubmed. Key word: methylcobalamin.

Please see section"safety and efficacy data" below or access this link
http://www.ncbi.nIm.nih.gov/pmc/?term=methylcobalamin

Is the ingrdient listed in any of the three sections of the Orange Book?

Not for methylcobalamin, mecobalamin

Were any monographs for the ingredient found in the USP or NF
monographs?

Not for methylcobalamin, mecobalamin

What is the chemical name of the substance?

Methylcobalamin

What is the common name of the substance?

Mecobalamin, MeB12, Methyl Vitamin B12, Methyl B12, McCbl, Methycobal, Methylcobaz

Does the substance have a UNII Code?

BR1SN1JS2wW

What is the chemical grade of the substance?

JP

What is the strength, quality, stability, and purity of the ingredient?

A valid Certificate of Analysis accompanies each lot of raw material received.

How is the ingredient supplied?

Methylcobalamin is supplies as dark red crystals or crystalline powder

Is the substance recognized in foreign pharmacopeias or registered in
other countries?

JP monograph available
EU monograph available
EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances
(EINECS No. 236-535-3).
Australia: Listed on AICS.

Has information been submitted about the substance to the USP for
consideration of monograph development?

Information not known

What dosage form(s) will be compounded using the bulk drug
substance?

Injection

What strength(s) will be compounded from the nominated substance?

1.1 mg/mL MDV (1,000 mcg/mL; 30 mg/mL)
2. 10 mg/mL MDV (10,000 mcg/mL; 100 mg/10 mL; 300 mg/30mL)
3. 20 mg/mL PFV (20,000 mcg/mL; 20 mg/mL)

What are the anticipated route(s) of administration of the compounded
drug product(s)?

Intramuscular, Intravenous,Subcutaneous
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Are there safety and efficacy data on compounded drugs using the
nominated substance?

glutathione redox status. Autism Res Treat. 2013;2013

2. Xu G. et al. A single-center randomized controlled trial of local methylcobalamin injection for subacute herpetic neuralgia. Pain Med. 2013
Jun;14(6):884-94

3. Chiu CK, et al. The efficacy and safety of intramuscular injections of methylcobalamin in patients with chronic nonspecific low back pain: a
randomised controlled trial. Singapore Med J. 2011 Dec;52(12):868-73.

4. Jalaludin MA. Methylcobalamin treatment of Bell's palsy. Methods Find exp clin Pharmacol 1995;17:539-544

5. W. Friedrich, Ed. (de Gruyter, Berlin, 1988). Review: "Vitamin B12" in Vitamins. pp 837-928.

6. Mitsuyama Y., Kogoh H. Serum and cerebrospinal fluid vitamin B12 levels in demented patients with CH3-B12 treatment — preliminary study. Jpn J
Psychiatry Neurol. 1988 Mar;42(1):65-71.

7. Okuda K., Yashima K., Kitazaki T., Takara |. Intestinal absorption and concurrent chemical changes of Methylcobalamin. J. Lab Clin Med
1973;81:557-567.

8. Are you getting enough of this vitamin? Harv Health Lett. 2005;30(10):1-2.[PubMed 16206385]

9. 2. Beck WS. Cobalamin as coenzyme: A twisting trail of research. Am J Hematol. 1990;34(2):83-89.[PubMed 2187340] Muscle Nerve Journal
December 1998

Effect of ultrahigh-dose methylcobalamin on compound muscle action potentials in amyotrophic lateral sclerosis: a double-blind controlled study.
Kaji R, Kodama M, Imamura A, Hashida T, Kohara N, Ishizu M, Inui K, Kimura J. Department of Neurology, Kyoto University School of Medicine,
Japan.

Abstract

Has the bulk drug substance been used previously to compound drug
product(s)?

Yes

What is the proposed use for the drug product(s) to be compounded
with the nominated substance?

1. Vitamin B12 deficiency in patients with methylation issues, Gl disorders, lack of intrinsic factor.
2. A treatment for Austism Syndrome Disorder with Methylations issues.

3. Fibromyalgia, Chronic fatigue syndrome, neuropathic pain.

Methylcobalamin is required to convert homocysteine to methionine and to synthesize and maintain
myelin sheaths on nerves. Methionine is required for the metabolism of choline and betaine. This
helps explain some of the neurological damage caused by B12 deficiency.

The main uses of all forms of B12 are for B12 deficiency, resulting in conditions such as pernicious
anemia.

What is the reason for use of a compounded drug product rather than
an FDA-approved product?

FDA-approved B12 products are: Cyanocobalamin, & Hydroxocobalamin.
Cyanocobalamin is best used IM. Not recommended to give IV due to most vitamins being
lost in urine.

Hydroxocobalamin, a more long acting B12, binds to serum proteins better than
Cyanocobalamin. Hydroxocobalamin is also used as a treatment for cyanide poisoning.
Methylcobalamin is a metabolically active form of B12 especially suited for neurological
complaints. If there is a particular patient population that would benefit from the use of
methylcobalamin because of neurological deficits, methylcobalamin would benefit this
patient population more than cyanocobalamin or hydroxyocobalamin.
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Is there any other relevant information?

11. Cyanocobalamin (Vitamin B12). Drug Facts & Comparisons. Facts & Comparisons [database online]. St. Louis, MO: Wolters Kluwer Health Inc;
2011. Accessed August 14, 2012.

12. Andres E, Fothergill H, Mecili M. Efficacy of oral cobalamin (vitamin B12) therapy. Expert Opin Pharmacother. 2010;11(2):249-256.[PubMed
20088746]

13. Ito T, Jensen RT. Association of long-term proton pump inhibitor therapy with bone fractures and effects on absorption of calcium, vitamin B12,
iron, and magnesium. Curr Gastroenterol Rep. 2010;12(6):448-457.[PubMed 20882439]

14. Stover PJ. Vitamin B12 and older adults. Curr Opin Clin Nutr Metab Care. 2010;13(1):24-27.[PubMed 19904199]

15. McCaddon A, Hudson PR. L-methylfolate, methylcobalamin, and N-acetylcysteine in the treatment of alzheimer's disease-related cognitive decline.
CNS Spectr. 2010;15(1 Suppl 1):2-5; discussion 6.[PubMed 20397369]

16. Pepper MR, Black MM. B12 in fetal development. Semin Cell Dev Biol. 2011;22(6):619-623.[PubMed 21664980]

17. Head KA. Peripheral neuropathy: Pathogenic mechanisms and alternative therapies. Altern Med Rev. 2006;11(4):294-329.[PubMed 17176168]
18. Maladkar M, Rajadhyaksha G, Venkataswamy N, et al. Efficacy, safety, and tolerability of epalrestat compared to methylcobalamine in patients witl
diabetic neuropathy. Int J Diabetes Dev Ctries. 2009;29(1):28-34.[PubMed 20062561]

19. Sharma V, Biswas D. Cobalamin deficiency presenting as obsessive compulsive disorder: Case report. Gen Hosp Psychiatry. 2012.[PubMed
22227032]

20. Manzanares W, Hardy G. Vitamin B12: The forgotten micronutrient for critical care. Curr Opin Clin Nutr Metab Care. 2010;13(6):662-668.[PubMed
20717016]

21. Rafnsson SB, Saravanan P, Bhopal RS, Yajnik CS. Is a low blood level of vitamin B12 a cardiovascular and diabetes risk factor? A systematic
review of cohort studies. Eur J Nutr. 2011;50(2):97-106.[PubMed 20585951]

22. Pezzini A, Del Zotto E, Padovani A. Homocysteine and cerebral ischemia: pathogenic and therapeutical implications. Curr Med Chem.
2007;14(3):249-263.[PubMed 17305530]

23. Wheatley C. Cobalamin in inflammation IlI - glutathionylcobalamin and methylcobalamin/adenosylcobalamin coenzymes: The sword in the stone?
how cobalamin may directly regulate the nitric oxide synthases. J Nutr Environ Med. 2007;16(3-4):212-226.[PubMed 18923642]

24. Guttuso T Jr, McDermott MP, Ng P, Kieburtz K. Effect of L-methionine on hot flashes in postmenopausal women: a randomized controlled trial.
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INTERNATIONAL ACADEMY OF
COMPOUNDING PHARMACISTS

September 30, 2014

Division of Dockets Management (HFA-305)
Food and Drug Administration

Department of Health and Human Services
5630 Fishers Lane, Room 1061

Rockville, Maryland 20852

[Docket No. FDA-2013-N-1525]

Re: FDA-2013-N-1525; List of Bulk Drug Substances That May Be Used in Pharmacy
Compounding in Accordance with Section 503A

Dear Sir or Madam:

Thank you for the opportunity to submit our comments on FDA’s request for a list of bulk drug
substances that may be used in pharmacy compounding as defined within Section 503A of the
Federal Food, Drug and Cosmetic Act. As FDA receives these lists from the public, the medical
and pharmacy practice communities, the International Academy of Compounding Pharmacists
(IACP) appreciates the opportunity to identify and share drug substances which are commonly
used in the preparation of medications but which have neither an official USP (United States
Pharmacopeia) monograph nor appear to be a component of an FDA approved drug product.

IACP is an association representing more than 3,600 pharmacists, technicians, academicians
students, and members of the compounding community who focus on the specialty practice of
pharmacy compounding. Compounding pharmacists work directly with prescribers including
physicians, nurse practitioners and veterinarians to create customized medication solutions for
patients and animals whose health care needs cannot be met by manufactured medications.

Working in tandem with the IACP Foundation, a 501(c)(3) non-profit organization dedicated to
enhancing the knowledge and understanding of pharmacy compounding research and education,
our Academy is submitting the accompanying compilation of 1,215 bulk drug substances which
are currently used by compounding pharmacies but which either do not have a specific USP
monograph or are not a component of an FDA approved prescription drug product.

These drug substances were identified through polling of our membership as well as a review of
the currently available scientific and medical literature related to compounding.

INTERNATIONAL ACADEMY OF COMPOUNDING PHARMACISTS

Corporate Offices: 4638 Riverstone Blvd. | Missouri City, Texas 77459 | 281.933.8400
Washington DC Offices: 1321 Duke Street, Suite 200 | Alexandria VA 22314 | 703.299.0796



IACP Comments to FDA-2013-N-1525
Bulk Drug Nominations — 503A
September 30, 2014 — Page 2

Although the information requested in FDA-2013-N-1525 for each submitted drug substance is
quite extensive, there are many instances where the data or supporting research documentation
does not currently exist. IACP has provided as much detail as possible given the number of
medications we identified, the depth of the information requested by the agency, and the very
short timeline to compile and submit this data.

ISSUE: The Issuance of This Proposed Rule is Premature

IACP is concerned that the FDA has disregarded previously submitted bulk drug substances,
including those submitted by our Academy on February 25, 2014, and created an series of clear
obstructions for the consideration of those products without complying with the requirements set
down by Congress. Specifically, the agency has requested information on the dosage forms,
strengths, and uses of compounded preparations which are pure speculation because of the
unique nature of compounded preparations for individual patient prescriptions. Additionally, the
agency has developed its criteria list without consultation or input from Pharmacy Compounding
Advisory Committee. Congress created this Advisory Committee in the original and reaffirmed
language of section 503A to assure that experts in the pharmacy and medical community would
have practitioner input into the implementation of the agency’s activities surrounding
compounding.

As outlined in FDCA 503A, Congress instructed the agency to convene an Advisory Committee
prior_to the implementation and issuance of regulations including the creation of the bulk
ingredient list.

(2) Advisory committee on compounding.--Before issuing regulations to implement
subsection (a)(6), the Secretary shall convene and consult an advisory committee on
compounding. The advisory committee shall include representatives from the National
Association of Boards of Pharmacy, the United States Pharmacopeia, pharmacists with
current experience and expertise in compounding, physicians with background and
knowledge in compounding, and patient and public health advocacy organizations.

Despite a call for nominations to a Pharmacy Compounding Advisory Committee (PCAC) which
were due to the agency in March 2014, no appointments have been made nor has the PCAC been
formed to do the work dictated by Congress. Additionally, the agency provides no justification in
the publication of criteria within FDA-2013-N-1525 which justifies whether this requested
information meets the needs of the PCAC.
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In summary, IACP believes that the absence of the PCAC in guiding the agency in determining
what information is necessary for an adequate review of a bulk ingredient should in no way
preclude the Committee’s review of any submitted drug, regardless of FDA’s statement in the
published revised call for nominations that:

General or boilerplate statements regarding the need for compounded drug products or
the benefits of compounding generally will not be considered sufficient to address this

issue.

IACP requests that the Pharmacy Compounding Advisory Committee review each of the 1,215
drug substances we have submitted for use by 503A traditional compounders and we stand ready
to assist the agency and the Committee with additional information should such be requested.

Thank you for the opportunity to submit our comments and IACP looks forward to working with
the FDA in the future on this very important issue.

David G. er, R.Ph.
Executive Vice President & CEO



_FDR's Pharmacy Compounding Advisory Committee

@\\é Bulk Drug Substances for Consideration hy the
JIACP

wineneiest - Submitted by the International Academy of Compounding Pharmacists

General Background on Bulk Drug Substance
Ingredient Name Methylcobalamin

Chemical/Common Name Coalpha-[alpha-(5,6-Dimethylbenzimidazolyl)]-CoBeta-
methylcobamide; Mecobalamin

Identifying Codes 13422-55-4
Chemical Grade Provided by FDA Registered Supplier/COA
Description of Strength, Provided by FDA Registered Supplier/COA

Quiality, Stability, and Purity
How Supplied Varies based upon compounding requirement

Recognition in Formularies  JP, Not Listed in USP/NF
(including foreign recognition)

Dosage Form Varies based upon compounding requirement/prescription
Strength Varies based upon compounding requirement/prescription
Route of Administration Varies based upon compounding requirement/prescription
Bibliography

(where available)

Past and Proposed Use The very nature of a compounded preparation for an individual patient
prescription as provided for within FDCA 503A means that the purpose
for which it is prescribed is determined by the health professional
authorized to issue that prescription. FDA’s request for this information
is an insurmountable hurdle that has not been requested by the PCAC.

30 September 2014 Page 1
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Division of Dockets M t (HFA-305)

ivision of Dockets Managemen - -

Food and Drug Administration :,4 ( MCGUFF
Department of Health and Human Services COMPOUNDING
5630 Fishers Lane, Room 1061 PHARMACY

Rockville, MD 20852 SERVICES, INC.

Re: Docket FDA-2013-N-1525

“Bulk Drug Substances That May Be Used to Compound Drug Products in
Accordance With Section 503A of the Federal Food, Drug, and Cosmetic Act;
Revised Request for Nominations”

To Whom It May Concern:

McGuff Compounding Pharmacy Services, Inc. (McGuff CPS) appreciates the
opportunity to address the FDA’s request for nominations of bulk drug substances
that may be used by compounding facilities to compound drug products.

Request for Extension

The Agency has indicated the majority of compounding pharmacies are small
businesses. McGuff CPS is a small business and has found that the requirements
to assemble the requested documentation have been particularly onerous. The
Agency has requested information for which no one particular pharmacy, MCGUFE
physician or physician organization can easily assemble and must be sought
through coordination with the various stakeholders. To collect the information

COMPOUNDING

required is a time consuming process for which many practicing professionals PHARMACY

have indicated that the time allotted for comment to the Docket has been too SERVICES

limited.

This is an issue of great importance which will limit the number of available 2921 W. MacArthur Bivd.
compounded drugs products available to physicians and, therefore, will limit the it A

number of individualized treatments to patients. McGuff CPS and physician
stakeholders have not had the time to collect, review, and collate all
documentation necessary to submit the intended list of compounded drugs
required to assure all patient therapies are represented in our submission. McGuff TOLL FREE: 877.444.1133
CPS respectfully seeks an additional 120 day period for the purpose of R —
coordinating the various stakeholders and gathering the essential information
necessary to provide the Agency with the most comprehensive information.

Santa Ana, CA 92704-6929

TOLL FREE FAX:
877.444.1155
FAX: 714.438.0520

1 EMAIL: answers@mcguff.com

WEBSITE: www.mcguff.com



The Agency has not announced the process of follow on communication or failure e.g. what
happens if a nominated substance needs more detailed information of a particular nature? Will
the whole effort be rejected or will a “deficiency letter” be issued to the person or organization
that submitted the nomination? The Agency issues “deficiency letters” for NDA and ANDA
submissions and this appears to be appropriate for compounded drug nominations. McGuff CPS
respectfully requests the FDA issue “deficiency letters” to the person or organization that
submitted the nomination so that further documentation may be provided.

Nominations

To comply with the current time limits established by the Docket, attached are the nominations
prepared to date for bulk drug substances that may be used in pharmacy compounding under
Section 503A.

Sincerely,

W/;/W /f/%//

/1
Ronald M. McGuff

President/CEO

McGuff Compounding Pharmacy Services, Inc.
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Column A—What information is requested?

Column B—Put data specific to the nominated substance

What is the name of the nominated ingredient?

Methylcobalamin, Mecobalamin

Is the ingredient an active ingredient that meets the definition of “bulk
drug substance” in § 207.3(a)(4)?

Yes.

There is ample information regarding the active properties of methylcobalamin on
Pubmed. Key word: methylcobalamin.

Please see section"safety and efficacy data" below or access this link
http://www.ncbi.nIm.nih.gov/pmc/?term=methylcobalamin

Is the ingrdient listed in any of the three sections of the Orange Book?

Not for methylcobalamin, mecobalamin

Were any monographs for the ingredient found in the USP or NF
monographs?

Not for methylcobalamin, mecobalamin

What is the chemical name of the substance?

Methylcobalamin

What is the common name of the substance?

Mecobalamin, MeB12, Methyl Vitamin B12, Methyl B12, McCbl, Methycobal, Methylcobaz

Does the substance have a UNII Code?

BR1SN1JS2wW

What is the chemical grade of the substance?

JP

What is the strength, quality, stability, and purity of the ingredient?

A valid Certificate of Analysis accompanies each lot of raw material received.

How is the ingredient supplied?

Methylcobalamin is supplies as dark red crystals or crystalline powder

Is the substance recognized in foreign pharmacopeias or registered in
other countries?

JP monograph available
EU monograph available
EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances
(EINECS No. 236-535-3).
Australia: Listed on AICS.

Has information been submitted about the substance to the USP for
consideration of monograph development?

Information not known

What dosage form(s) will be compounded using the bulk drug
substance?

Injection

What strength(s) will be compounded from the nominated substance?

1.1 mg/mL MDV (1,000 mcg/mL; 30 mg/mL)
2. 10 mg/mL MDV (10,000 mcg/mL; 100 mg/10 mL; 300 mg/30mL)
3. 20 mg/mL PFV (20,000 mcg/mL; 20 mg/mL)

What are the anticipated route(s) of administration of the compounded
drug product(s)?

Intramuscular, Subcutaneous
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Are there safety and efficacy data on compounded drugs using the
nominated substance?

glutathione redox status. Autism Res Treat. 2013;2013

2. Xu G. et al. A single-center randomized controlled trial of local methylcobalamin injection for subacute herpetic neuralgia. Pain Med. 2013
Jun;14(6):884-94

3. Chiu CK, et al. The efficacy and safety of intramuscular injections of methylcobalamin in patients with chronic nonspecific low back pain: a
randomised controlled trial. Singapore Med J. 2011 Dec;52(12):868-73.

4. Jalaludin MA. Methylcobalamin treatment of Bell's palsy. Methods Find exp clin Pharmacol 1995;17:539-544

5. W. Friedrich, Ed. (de Gruyter, Berlin, 1988). Review: "Vitamin B12" in Vitamins. pp 837-928.

6. Mitsuyama Y., Kogoh H. Serum and cerebrospinal fluid vitamin B12 levels in demented patients with CH3-B12 treatment — preliminary study. Jpn J
Psychiatry Neurol. 1988 Mar;42(1):65-71.

7. Okuda K., Yashima K., Kitazaki T., Takara |. Intestinal absorption and concurrent chemical changes of Methylcobalamin. J. Lab Clin Med
1973;81:557-567.

8. Are you getting enough of this vitamin? Harv Health Lett. 2005;30(10):1-2.[PubMed 16206385]

9. 2. Beck WS. Cobalamin as coenzyme: A twisting trail of research. Am J Hematol. 1990;34(2):83-89.[PubMed 2187340] Muscle Nerve Journal
December 1998

Effect of ultrahigh-dose methylcobalamin on compound muscle action potentials in amyotrophic lateral sclerosis: a double-blind controlled study.
Kaji R, Kodama M, Imamura A, Hashida T, Kohara N, Ishizu M, Inui K, Kimura J. Department of Neurology, Kyoto University School of Medicine,
Japan.

Abstract

Has the bulk drug substance been used previously to compound drug
product(s)?

Yes

What is the proposed use for the drug product(s) to be compounded
with the nominated substance?

1. Vitamin B12 deficiency in patients with methylation issues, Gl disorders, lack of intrinsic factor.
2. A treatment for Austism Syndrome Disorder with Methylations issues.

3. Fibromyalgia, Chronic fatigue syndrome, neuropathic pain.

Methylcobalamin is required to convert homocysteine to methionine and to synthesize and maintain
myelin sheaths on nerves. Methionine is required for the metabolism of choline and betaine. This
helps explain some of the neurological damage caused by B12 deficiency.

The main uses of all forms of B12 are for B12 deficiency, resulting in conditions such as pernicious
anemia.

What is the reason for use of a compounded drug product rather than
an FDA-approved product?

FDA-approved B12 products are: Cyanocobalamin, & Hydroxocobalamin.
Cyanocobalamin is best used IM. Not recommended to give IV due to most vitamins being
lost in urine.

Hydroxocobalamin, a more long acting B12, binds to serum proteins better than
Cyanocobalamin. Hydroxocobalamin is also used as a treatment for cyanide poisoning.
Methylcobalamin is a metabolically active form of B12 especially suited for neurological
complaints. If there is a particular patient population that would benefit from the use of
methylcobalamin because of neurological deficits, methylcobalamin would benefit this
patient population more than cyanocobalamin or hydroxyocobalamin.
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Is there any other relevant information?

11. Cyanocobalamin (Vitamin B12). Drug Facts & Comparisons. Facts & Comparisons [database online]. St. Louis, MO: Wolters Kluwer Health Inc;
2011. Accessed August 14, 2012.

12. Andres E, Fothergill H, Mecili M. Efficacy of oral cobalamin (vitamin B12) therapy. Expert Opin Pharmacother. 2010;11(2):249-256.[PubMed
20088746]

13. Ito T, Jensen RT. Association of long-term proton pump inhibitor therapy with bone fractures and effects on absorption of calcium, vitamin B12,
iron, and magnesium. Curr Gastroenterol Rep. 2010;12(6):448-457.[PubMed 20882439]

14. Stover PJ. Vitamin B12 and older adults. Curr Opin Clin Nutr Metab Care. 2010;13(1):24-27.[PubMed 19904199]

15. McCaddon A, Hudson PR. L-methylfolate, methylcobalamin, and N-acetylcysteine in the treatment of alzheimer's disease-related cognitive decline.
CNS Spectr. 2010;15(1 Suppl 1):2-5; discussion 6.[PubMed 20397369]

16. Pepper MR, Black MM. B12 in fetal development. Semin Cell Dev Biol. 2011;22(6):619-623.[PubMed 21664980]

17. Head KA. Peripheral neuropathy: Pathogenic mechanisms and alternative therapies. Altern Med Rev. 2006;11(4):294-329.[PubMed 17176168]
18. Maladkar M, Rajadhyaksha G, Venkataswamy N, et al. Efficacy, safety, and tolerability of epalrestat compared to methylcobalamine in patients witl
diabetic neuropathy. Int J Diabetes Dev Ctries. 2009;29(1):28-34.[PubMed 20062561]

19. Sharma V, Biswas D. Cobalamin deficiency presenting as obsessive compulsive disorder: Case report. Gen Hosp Psychiatry. 2012.[PubMed
22227032]

20. Manzanares W, Hardy G. Vitamin B12: The forgotten micronutrient for critical care. Curr Opin Clin Nutr Metab Care. 2010;13(6):662-668.[PubMed
20717016]

21. Rafnsson SB, Saravanan P, Bhopal RS, Yajnik CS. Is a low blood level of vitamin B12 a cardiovascular and diabetes risk factor? A systematic
review of cohort studies. Eur J Nutr. 2011;50(2):97-106.[PubMed 20585951]

22. Pezzini A, Del Zotto E, Padovani A. Homocysteine and cerebral ischemia: pathogenic and therapeutical implications. Curr Med Chem.
2007;14(3):249-263.[PubMed 17305530]

23. Wheatley C. Cobalamin in inflammation IlI - glutathionylcobalamin and methylcobalamin/adenosylcobalamin coenzymes: The sword in the stone?
how cobalamin may directly regulate the nitric oxide synthases. J Nutr Environ Med. 2007;16(3-4):212-226.[PubMed 18923642]

24. Guttuso T Jr, McDermott MP, Ng P, Kieburtz K. Effect of L-methionine on hot flashes in postmenopausal women: a randomized controlled trial.

30of3




NCPAE

NATIONAL COMMUNITY ;. S -
PHARMACISTS ASSOCIATION

Submitted electronically via www.regulations.gov

September 30, 2014

Division of Dockets Management (HFA-305)
Food and Drug Administration

5630 Fishers Lane, rm. 1061

Rockville, MD 20852

Re: Docket No.: FDA-2013-N-1525: Bulk Drug Substances That May Be Used To Compound Drug
Products in Accordance With Section 503A of the Federal Food, Drug and Cosmetic Act; Revised
Request for Nominations

Dear Sir or Madam:

The National Community Pharmacists Association (NCPA) is writing today to nominate specific bulk
drug substances that may be used to compound drug products, although they are neither the subject of a
United States Pharmacopeia (USP) or National Formulary (NF) monograph nor components of FDA-
approved drugs. As the FDA considers which drugs nominated will be considered for inclusion on the
next published bulk drugs list, NCPA is committed to working with the FDA and other interested
stakeholders on these critical issues.

NCPA represents the interests of pharmacist owners, managers and employees of more than 23,000
independent community pharmacies across the United States. Independent community pharmacies
dispense approximately 40% of the nation’s retail prescription drugs, and, according to a NCPA member
survey, almost 89% of independent community pharmacies engage in some degree of compounding.

Regarding specific nominations, NCPA would like to reference the attached spreadsheet as our formal
submission of bulk drug substances (active ingredients) that are currently used by compounding
pharmacies and are not, to the best of our knowledge, the subject of a USP or NF monograph nor are
components of approved products.

All nominated substances on the attached spreadsheet are active ingredients that meet the definition of
“bulk drug substance” to the best of our knowledge, and we have searched for the active ingredient in all
three sections of the Orange Book, and the substances did not appear in any of those searches,
confirming that the substance is not a component of any FDA-approved product. In addition, we have
searched USP and NF monographs, and the substances are not the subject of such monographs to our
best knowledge.

100 Daingerfield Road
Alexandria, VA 22314-2888
(703) 683-8200 PHONE
(703) 683-3619 FAX

THE VOICE OF THE COMMUNITY PHARMACIST



Regarding the request for chemical grade information pertaining to the submitted ingredients, NCPA
would like to stress that chemical grades of bulk active products vary according to manufacturing
processes, and products are often unassigned. When compounding products for patient use, pharmacists
use the highest grade ingredients available, typically USP/NF, USP/GenAR, ACS, or FCC, among
others, depending on the chemical. The same standard applies for all of the bulk active ingredients
submitted on the attached list.

Related to rationale for use, including why a compounded drug product is necessary, NCPA would like
to stress that many of the attached listed products are unavailable commercially in traditional dosage
forms and must therefore be compounded using bulk ingredients. For other listed products, the use of
bulk ingredients allows compounders to create an alternate dosage form and/or strength for patients who
are unable to take a dosage form that is commercially available.

NCPA would like to strongly recommend that FDA institute a formal process by which the list is
updated and communicated to the compounding community. We would recommend an annual process
that can be anticipated and acted upon in order to ensure maximum understanding and adherence to the
list. The FDA should issue such request via The Federal Register and review and consider all updates to
the list with the Pharmacy Compounding Advisory Committee (PCAC). No changes to the list should
occur without the input and review of the PCAC.

NCPA is very disappointed that despite a call for nominations to the PCAC which we submitted in
March 2014, no appointments have been made nor has the Committee been formed to do the work that
Congress requires of the Agency. Without formation of this Committee, FDA is unable to consult the
Committee regarding the submitted lists. NCPA strongly recommends that FDA consult with the PCAC
related to every single submission the Agency receives in relation to FDA-2013-N-1525. It is only
through complete consultation with the PCAC that each substance can be appropriately evaluated.

NCPA is committed to working with the FDA and other stakeholders regarding these important matters.
We appreciate your consideration of our comments.

Sincerely,

& %
~—
Steve Pfister

Senior Vice President, Government Affairs

Attachment



Ingredient Name

Methylcobalamin
(Mecobalamin)

Chemical Name

co-alpha-[alpha-(5,6-
dimethylbenzimidazolyl
)]-co-beta-
methylcobamide

Carbainde

UNII Code

BRISN1JS2W

From PCCA
Database
MSDS:
Product is
100% by
weight and
stable. Should
be protected
from strong
oxidizing
agents.

Ingredient
Format(s)

powder

Recognition in
Pharmacopeias

JP, Not USP; sold
OTCinUSasa
dietary
supplement.

Bibliographies on Safety and
Efficacy Data

Capsule, Cream,
Solution

Capsules: 1-
10mg, Cream:
0.1- 2.5%,
Solution: 0.1 -
2.5%

Oral, topical,
injectable, nasal
spray

James SJ, et al. Efficacy of
methylcobalamin and folinic
acid treatment on glutathione
redox status in children with
autism. Am J Clin Nutr. 2009
Jan;89(1):425-30.
[http://www.ncbi.nlm.nih.gov/
pubmed/19056591]

Frye RE, et al. Effectiveness of
methylcobalamin and folinic
Acid treatment on adaptive
behavior in children with
autistic disorder is related to
glutathione redox status.
Autism Res Treat.
2013;2013:609705.
[http://www.ncbi.nlm.nih.gov/
pubmed/24224089]

Final Compounded Formulation
Clinical Rationale and History of
Past Use

Autism Spectrum Disorders,
Neurological Disorders, Pain
Provides an alternate dosage
form and/or strength for patients
unable or unwilling to take a
dosage form that is commercially
available.
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September 30, 2014
Submitted electronically via www.regulations.gov

Division of Dockets Management (HFA-305)
Food and Drug Administration

Department of Health and Human Services
5630 Fishers Lane, Rm. 1061

Rockville, MD 20852

[Docket No. FDA-2013-N-1525]

Re: FDA-2013-N-1525; List of Bulk Drug Substances That May Be Used in Pharmacy Compounding in
Accordance with Section 503A

Dear Sir or Madam:

PCCA respectfully submits the following list of nineteen chemicals to be considered for the List of Bulk
Drug Substances that may be used in Pharmacy Compounding in accordance with Section 503A.

PCCA provides its more than 3,600 independent community compounding pharmacy members across
the United States with drug compounding ingredients, equipment, extensive education, and consulting
expertise and assistance.

Regarding the specific nominations, we would like to reference the attached spreadsheet and point out
a couple of facts regarding our research. To the best of our knowledge, all items submitted:

- Do not appear in any of the three sections of the Orange Book.
- Do not currently have a USP or NF monograph.
- Meet the criteria of a “bulk drug substance” as defined in § 207.3(a)(4).

In regards to the request for chemical grade information, we would like to point out that many of the
items submitted do not currently have a chemical grade. PCCA believes that pharmacists should use the
highest grade chemical available on the market for all aspects of pharmaceutical compounding and we
continue to actively source graded chemicals from FDA-registered manufacturers. However, in the
current marketplace, some graded chemicals cannot be obtained for various reasons. PCCA actively
tests all products received to ensure they meet our required standards to ensure our members receive
the highest quality chemicals possible.

We would like to echo the concerns, voiced by NCPA and others in our industry, the strong
recommendation to formalize the process by which the list is updated and communicated to the
pharmacy industry. We also recommend an annual process to ensure understanding and adherence to
the list. All submissions and updates to the list should be reviewed by the Pharmacy Compounding
Advisory Committee (PCAC) and no changes to the list should occur with input and review by the PCAC.

PCCA USA: 9901 S. Wilcrest Drive Houston, Texas 77099 | 800.331.2498 (f) 800.874.5760 | www.pccarx.com
PCCA Canada: 744 Third Street London, ON Canada N5V 5J2 | 800.668.9453 (f) 800.799.4537 | www.pccarx.ca
PCCA Australia: Unit 1, 73 Beauchamp Road Matraville NSW 2036 Australia | 02.9316.1500 (f) 02.9316.7422 | www.pccarx.com.au



®PCCA

We are also dismayed in the fact that no appointments have been made to the PCAC despite the call for
nominations closing in March 2014. Without these appointments, FDA is unable to consult the
Committee regarding this list, as outlined in the Act. PCCA, along with industry partners, strongly
recommends that the FDA consult with the PCAC related to every single submission the Agency received
in relation to FDA-2013-N-1525.

We appreciate this opportunity to submit this list for consideration and we look forward to continuing to
work with the FDA in the future on this and other important issues as they relate to the practice of

pharmacy compounding.

Sincerely,

7

4

Aaron Lopez John Voliva, R.Ph.
Senior Director of Public Affairs Director of Legislative Relations
PCCA PCCA

PCCA USA: 9901 S. Wilcrest Drive Houston, Texas 77099 | 800.331.2498 (f) 800.874.5760 | www.pccarx.com
PCCA Canada: 744 Third Street London, ON Canada N5V 5J2 | 800.668.9453 (f) 800.799.4537 | www.pccarx.ca
PCCA Australia: Unit 1, 73 Beauchamp Road Matraville NSW 2036 Australia | 02.9316.1500 (f) 02.9316.7422 | www.pccarx.com.au



PCCA Submission for Docket No. FDA-2013-N-1525: Bulk Drug Substances That May Be Used To Compound Drug Products in Accordance With Section 503A of
the Federal Food, Drug and Cosmetic Act; Revised Request for Nominations

Ingredient Name

Is it a "bulk drug substance"

Is it listed in the Orange Book

Does it have a USP or NF Monograph

Chemical Name
Common Name(s)

UNII Code
Chemical Grade

Strength, Quality, Stability, and Purity

How supplied
Recognition in foreign pharmcopeias or registered in other countries

Submitted to USP for monograph consideration
Compounded Dosage Forms

Compounded Strengths

Anticipated Routes of Administration

Saftey & Efficacy Data

Used Previously to compound drug products

Proposed use

Methylcobalamin
Yes
No
No

Co a-[a-(5,6-Dimethylbenzimidazolyl)]-Co B-methylcobamide

Methylcobalamin, Mecobalamin

BRISN1JS2W
N/A

Assay, Description, Solubility; Example of PCCA Certificate of Analysis for this
chemical is attached.

Powder

JP monograph; OTC in US as a dietary supplement; Available in many countries

No
Capsules, Cream, Solution

Capsules: 1- 10 mg; Cream: 0.1 — 2.5%; Solution: 0.1 — 2.5%

Oral, Topical, Injectable, Nasal Spray

James SJ, et al. Efficacy of methylcobalamin and folinic acid treatment on
glutathione redox status in children with autism. Am J Clin Nutr. 2009 Jan;89(1):425-
30. [http://www.ncbi.nlm.nih.gov/pubmed/19056591]

Frye RE, et al. Effectiveness of methylcobalamin and folinic Acid treatment on
adaptive behavior in children with autistic disorder is related to glutathione redox
status. Autism Res Treat. 2013;2013:609705.
[http://www.ncbi.nlm.nih.gov/pubmed/24224089]

Talaei A, et al. Vitamin B12 may be more effective than nortriptyline in improving
painful diabetic neuropathy. Int J Food Sci Nutr. 2009;60 Suppl 5:71-6.
[http://www.ncbi.nlm.nih.gov/pubmed/19212856]

Yaqub BA, et al. Effects of methylcobalamin on diabetic neuropathy. Clin Neurol
Neurosurg. 1992;94(2):105-11. [http://www.ncbi.nIm.nih.gov/pubmed/1324807]

Zhang M, et al. Methylcobalamin: A Potential Vitamin of Pain Killer. Neural Plast.
2013;2013:424651. [http://www.ncbi.nIm.nih.gov/pubmed/24455309]

Autism Spectrum Disorders, Neurological Disorders, Pain

Autism Spectrum Disorders, Neurological Disorders, Pain



Reason for use over and FDA-approved product

Other relevant information - Stability information

Treatment failures and/or patient unable to take FDA approved product

Unless other studies performed / found: Capsule: USP <795> recommendation of
BUD for nonaqueous formulations — “no later than the time remaining until the
earliest expiration date of any APl or 6 months, whichever is earlier. Topical: USP
<795> recommendation of BUD for water containing topical formulations — “no
later than 30 days." Injection: USP <797> recommendations for high risk level
compounded sterile products.



PCCA USA PCCA Canada PCCA Australia

i 2001 Sowth Wilcrest Drive T44 Third Street Unit 1, 73 Beauchamp Road
] Houston, TX 77020 London, ON N5V 5J2 Matraville, NSW 2038
' / Tel:ZB1.9233.6048 Tel: 800.668.0452 Tel: 02.8316.1500

Fax: 281.033.6627 Fax 510.455.0000 Fax: 02.0318.7422

CERTIFICATE OF ANALYSIS

PRODUCT: METHYLCOBALAMIN

ITEM NUMBER:  30-2963

LOT NUMBER: C15T376

CAS: 13422-5564
MW 1344.3800000000
FORMULA: CG63HH1CoN13014P

MFG. DATE: 02/28/2013

EXPIRATIOMN: 0212712016

TEST SPECIFICATIONS RESULTS

Acetone <=5000 ppm 15 ppm

Assay (dried basis) ==88.0 % 98.8 %

Description pass pass
BRIGHT RED MICROCRYSTALLINE POWDER, PRACTICALLY ODORLESS; HYGROSCOPIC;
PROTECT FROM LIGHT.

Ethanol ==5000 ppm S0 ppm

Identification pass pass

Loss on Drying ==12.0 % 59%

Max Related Substances <=0.5% 024 %

Solubility pass pass

Total Content

Soluble in water at 12.5 mgimi- soluble in propylene glycol (50 mg'mi); soiuble in alcohol producing
a red ofear solufion.

=20% 0.7 %

QC APPROVED
PRINT DATE: /2/2014
PAGE: 10f1

The above test results have been obtained by our supplier or in our quality control laboratory.
This analysis is not to be construed as a warmranty. expressed or implied.
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Alliance for Natural Health USA
35925 Piedmont Road NE

Building 6, Suite 310

Atlanta, GA 30305

email: office@anh-usa.org
tel: 800.230.2762

) \ e 902.803.5119
alliance for a0© fax: 902.315.5837

natu ra | hea |th www.anh-usa.org

ANH-USA is a regional office of ANH-Intl

CPS’Ood \o

January 26, 2018

Toni Hallman, MS, BSN, RN

LT USPHS

Project Manager, PCAC
CDER/0OC/OPRO

10903 New Hampshire Avenue
Building 51, Room 3249

Silver Spring, MD 20903

RE: Docket FDA-2015-N-3534
Dear Ms. Hallman:

The Alliance for Natural Health USA (ANH-USA) is responding to FDA’s questions regarding the
nomination of Methyl B12 for inclusion on the 503A bulk drug substances list.

ANH-USA is an independent, nonprofit watchdog organization of more than 550,000 members nationally
that protects consumer access to natural health services, practitioners, and resources. Safely compounded
medications, as provided by integrative physicians, fulfill an important clinical need for many of our
members. These are patients who have not found relief for their health conditions through
conventional means. Such patients often have an adverse reaction to mass-manufactured drugs,
and require a more individualized treatment regimen.

Before providing our responses, we wish to object to what has apparently evolved into a new
request for a disease indication rather than simply a use for the ingredient. The implication is that

FDA approval will be based upon a disease indication when functional and nutraceutical uses have
substantial clinical value and are plainly lawful under the Food, Drug, and Cosmetic Act.

Responses:

Q1. Does Alliance for Natural Health USA still want to pursue review by the FDA and consideration
by the PCAC of methylcobalamin for inclusion on the 503A bulks list?

A. Yes

Q2. Please confirm in writing the proposed uses identified in your nomination For those uses of the
nominated substance that you want FDA to review, provide scientific articles supporting each use,

“Promoting sustainable health and freedom of healthcare choice through good science and good law”



and identify the dosage form and strength/concentration for each use. If you do not provide any
scientific articles supporting each use for the nominated substance, FDA does not intend to review
that use. Please note that the use “neuropathic disorder” is insufficiently precise to guide FDA'’s
review.

A. ANH-USA cites the response of McGuff Compounding Pharmacy Services and the
American Association of Naturopathic Physicians, both of which possess the necessary
expertise on this matter.

ANH-USA appreciates the FDA’s and its Pharmacy Compounding Advisory Committee’s (PCAC)
consideration of this further information in support of the nomination of methylcobalamin for
inclusion on the 503A bulk drug substances list. We would like to reiterate that the Agency’s
original request asked only for ingredients’ proposed use, not the disease condition or indication.

If you have further questions, please contact me.

Sincerely,

Michael Jawer
Deputy Director

Email: mike@anh-usa.org
Phone: 240-396-2171
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VIA EMAIL
toni.hallman@fda.hhs.gov

Toni Hallman, MS, BSN, RN

LT USPHS

Project Manager, PCAC

CDER/OC/OPRO

Food and Drug Administration

10903 New Hampshire Ave., Bldg 51, Rm 3249
Silver Spring, MD 20903

Re:  Response to Requests for More Information on Nominations for Alpha Lipoic
Acid, Methyl B12 and Choline Chloride
Docket FDA-2015-N-3534

Dear LT. Hallman:

| write on behalf of the American Association of Naturopathic Physicians (“AANP”) and its
partner in these submissions, the Integrative Medicine Consortium (“IMC”), in response to your
requests for more information about the nominations of the three above-named ingredients. It is
correct that IMC and AANP maintain these nominations as ingredients that should be placed on
the 503A positive list. In addition to providing what material we can in the short time provided, |
write to object to the unreasonably short time allowed and request and extension to file a more
complete response. Of more import, we also object to what has evolved into a new request for a
disease indication rather than simply a use for an ingredient, and its implication that approval
must be based upon a disease indication when functional uses have great clinical utility and are
plainly lawful under the language of the Food, Drug and Cosmetic Act (“FDCA™).

Enclosed please find three submissions addressing the questions raised for response by today,
though we intend to supplement these filings. We also are in support of submissions made by co-
nominators the Pharmacy Compounding Centers of America and McGuff Compounding
Pharmacy.

Objection As to Insufficient Notice

IMC and AANP appreciate that FDA is seeking additional information as it weighs our
nominations, but the due date of January 26, 2018 for much of the information was only
submitted to our organizations on January 16™. A ten-day window, particularly for physicians
and pharmacists engaged in full-time practices, is not reasonable. We appreciate that staff would

The American Association of Naturopathic Physicians
818 18h St, NW — Washington, DC 20006
Toll Free: 866-538-2267 — Fax: 202-237-8152
www.naturopathic.org



American Association of Naturopathic Physicians and Integrative Medicine Consortium
Response to Requests for More Information on Nominations for Alpha Lipoic Acid, Methyl B12
and Choline Chloride / Docket FDA-2015-N-3534

January 26, 2018

Page 2

like time to review clinical materials prior to the as yet unannounced PCAC meeting, but the
requests are quite extensive. We are therefore providing what we can in the limited time allowed
but request until February 23, 2018 to supplement our responses along with the other questions
requested by that date.

The request regarding alpha lipoic acid, for example, asks for at least one study for the 23
proposed indications that were submitted for that ingredient. Submissions by AANP, IMC and
co-nominators McGuff Compounding Pharmacy and the Professional Compounding Centers of
American have previously provided citations to over 280 articles, the indication for most which
can plainly be seen in the titles as referring to diabetic neuropathy or other conditions. The
statement that indications will not be reviewed unless we submit additional materials, and in a
ten-day window, given the extent of the materials already provided, is concerning. Given, as
well, the FDA’s evident policy on ingredients under review that a single study is insufficient to
gain approval, the actual burden for all three ingredients made in these requests is much higher.

Further, the request to break down the dosage and form by each proposed use is not contained in
the Federal Register Notice (2015-27271) but constitutes a new request, as is the request to
provide supportive statements from the materials of professional medical societies and to
prioritize all uses. Further, while we appreciate that the FDA is following up on our previous
submissions, the original request only asks for the “proposed use” and does not ask for the
disease indication or condition. These are all significant requests that cannot be reasonably
accomplished in ten days.

Objection as to Requirements of a Disease Indication

IMC and AANP object to the requirement that an ingredient demonstrate that it has an indication
for a disease or condition to sustain a nomination. Such a requirement is neither clinically
required nor lawful as certain ingredients are used solely for their functional effects or
nutraceutical value and may not be intended to treat, cure or even prevent specific disease states.
While our nominations state and we believe evidence and experience show that these ingredients
indeed have a role to play in preventing, mitigating or treating disease, the presumption that an
item may be refused placement on the positive list even if there may be proper and legitimate
functional or nutritional uses as their sole basis is not clinically or legally grounded.

While we understand that FDA is focused on the disease model and this language might at first
reading have unintentionally excluded functional uses of ingredients, FDA’s briefing documents
have thus far excluded consideration of functional uses. Further, the request for information for
choline chloride specifically asks, for example, for the “disease state(s) or health condition(s)”
we are proposing, and states that “neuropathic disorder” is insufficiently precise, suggesting not
only that a disease state is required but that it must even be presented with ICD-10 or similar
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specificity. A claim of treating “neuropathic disorders” would certainly qualify as an improper
drug claim on an unapproved product, and basing approval upon whether a physician chooses to
use choline chloride for peripheral, autonomic, diabetic or other form of neuropathy within the
scope of their training seeks to apply an improperly high threshold to matters that fall within the
purview of state overseen medical and compounding practice. While we appreciate the effort to
focus the review of the clinical evidence, to the extent that a disease indication were the basis for
use, as long as choline chloride, in this example, is shown to have a valid role in any form of
neuropathy that should be sufficient to allow a physician to the ability access for their patients as
guided by his or her knowledge and experience. While I won’t burden this letter with the
extensive citations available on the topic, the FDA’s regulatory authority and jurisdiction is
limited by the right of physicians to practice medicine. Compounding pharmacies are not
permitted to market their ingredients with therapeutic claims in any event. Finally, the request for
specificity seems plainly contrary to the lack of FDA authority to limit the use of a compounded
ingredient placed on the positive list to certain indications.

The Legal Requirement for Ingredient “Use”

Imposing a disease model on compounding practice is expressly contrary to the FDCA, which
defines a drug as including products that affect the function of the body. 21 U.S.C. § 321(g)(C).
Nothing in that definition limits either the definition or proper use of a drug to the disease claim
listed separately at 21 U.S.C. § 321(g)(B).' If one markets an ingredient with the sole claim that it
affects physiologic function without first obtaining NDA approval, the FDA can and routinely
does issue warning letters or take enforcement actions to remove such products from the market.
The converse is also true; where a product provides functional support it is properly a drug that
should be considered on the merits of that claim without imposing a requirement that there be a
disease indication. Whether an oversight or intentional effort to remove an entire basis for use,
the FDA cannot have it both ways in its interpretation of its enabling legislation.

Where a pharmacist compounds on lawful scripts for the prescriber’s purpose of affecting
physiologic function, such as to provide a high level of antioxidant or anti-inflammatory activity,
and no claim made about disease treatment, the FDA’s criteria imposes a burden of proof for a
claim that was not undertaken by the pharmacist or physician and improperly restricts an entire
basis for clinically proper and lawful use. Further, assessing claims has always been based upon
manufacturer’s intent, which is not applicable to physician prescribing.

! “The term “drug” means . . (B) articles intended for use in the diagnosis, cure,

mitigation, treatment, or prevention of disease in man or other animals; and (C) articles (other
than food) intended to affect the structure or any function of the body of man or other animals...”
21 U..C. § 321(g).
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Nothing in the language of the Drug Quality and Security Act (“DQSA”) (P.L. 113-54) or the
Food and Drug Administration Modernization and Accountability Act of 1997 (P.L. 105-115)
(“FDAMA”) limits this definition of a “drug” nor provides any basis for restricting compounded
drugs to disease indications.

Functional Uses

Support for optimal function or therapeutic support are legitimate purposes undertaken by
medical and naturopathic care that are completely missing from FDA consideration. Clinical
modeling and evidence of the role of antioxidants, for example, in optimal functioning are less
susceptible to controlled study but the evidence for many of these ingredients for such use is
nonetheless ample. Alpha lipoic acid is a potent anti-oxidant, which is a valuable support for
healthy functioning. The health effects of antioxidants are well-recognized, and as an ingredient
in a compounded formulation could have obvious value. Ingredients that have recognized anti-
inflammatory effects® have been recommended for denial by FDA because of its position that
physicians should not be able to offer such support to their patients unless the evidence reaches
the additional threshold of evidence that it can treat a disease. The FDA did not make that part of
its request of nominators in its original request, nor has not subjected the wisdom of this health
policy to notice and comment, as it is but one of many major health policy decisions that are
completely absent® from its December 16, 2015 Anticipated Notice of Proposed Rulemaking
“List of Bulk Drug Substances That Can Be Used To Compound Drug Products in Accordance
With Section 503A of the Federal Food, Drug, and Cosmetic Act,” failing both in its legal duties
and obligations to understand the arena it is regulating.

2 The FDA recommended the denial of resveratrol, for example, which it

considered for both for the treatment of pain and impaired glucose tolerance. In its briefing paper
the FDA noted that “Resveratrol appears to have anti-inflammatory, antioxidant, anticancer, and
other effects in many in vitro, ex vivo and in vivo models.” November 20, 2017 PCAC meeting,
Briefing Paper on Resveratrol at 29. While the FDA was concerned about bioavailability and
bimodal dosing responses, this was within the context of managing disease and not an
assessment of the role it can play as an antioxidant in prevention and functional support for
wellness. Other examples of the complete disregard for functional purposes thus far include
N-acetyl-D-glucosamine, 5-HTP (oxitriptan), alanyl-L-glutamine, acetyl-L-carnitine, and
N-acetyl-D-glucosamine (recommended for disapproval for oral use).

} See nominators comments on “Proposed Rule: List of Bulk Drug Substances That

Can Be Used to Compound Drug Products in Accordance with Section 503A of the Federal
Food, Drug, and Cosmetic Act,” Docket No. FDA-2016-N-3464 dated March 16, 2018.
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This omission of functional care considerations has been pervasive in the ingredient review
process as many of the ingredients reviewed have been ingredients marketed as dietary
supplements for functional purposes. Physician prescribed combinations of nutrients may be used
by physicians practicing functional medicine pursuant to schools of medical or naturopathic
thought, taught in properly recognized universities or credentialed educational programs that
receive ACCME Category I CME certification. This field of practice has been unrecognized and
entirely overlooked in FDA’s regulatory scheme; it has taken no evidence, consulted no experts
in the field of nutritional, functional or naturopathic medicine, and made no findings. Our
submissions of these three products provide examples of such uses and FDA should not impose a
disease claim requirement where actual practice is not based on such claims. The rejection
without comment of a field of recognized care is arbitrary and capricious as a legal matter and
poor practice as a matter or public health policy.

Nutritional Uses

Some compounded products may also provide convenient, tailored nutrient support specific to
the health needs of a patient. This promotes convenient use, avoids allergens and contaminants,
and in some cases may include prescription items as part of an overall treatment and support
approach. Patients may require compounded ingredients due to difficulties consuming whole
foods or specific kinds of foods or benefit from dietary supplementation which provides nutrients
otherwise not readily available due to special or limited diets. Creating mixtures of formulated
nutraceuticals can increase patient compliance, maximize synergistic effects and assist in treating
difficulties with absorption or other digestive issues. Sublingual routes of administration may
also be of help with ingredients which present absorption issues in certain patients.

This is a form of compounding practice about which the FDA has taken no cognizance and thus
has not addressed its value.

The Role of the United States Pharmacopeia Dietary Ingredient Monographs

The rejection of the United States Pharmacopeia (“USP”) dietary ingredient monographs
generally, and of specific nutraceuticals as the process moves forward, threatens to eliminate
these entire methods of practice. Whether or not this is by design, the FDA has shown no signs
that it is aware of this practice or the impact it’s regulatory course is having upon it. There has
been no discussion in the Compliance Policy Guidance documents, federal register, PCAC
briefing documents or in the PCAC meetings about this practice. No voting member of the
PCAC Committee has any training or experience in this form of practice. Compounding
pharmacists have always been free to compound items listed in the USP and for the purposes
described in this letter are an important practice that should continue.
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However these issues are ultimately addressed, the FDA’s requirement for a disease indication
and restrictive reviews of ingredients based on a concern that physicians may use a dietary
supplement for functional or therapeutic purposes ignores areas of medical and naturopathic
practice outside of FDA’s expertise. Physicians with training and experience in such use, whether
because of anticipated therapeutic effects or unique assimilation issues should be legally
allowable without each nutrient having to go through disease indication levels of scrutiny.

We would appreciate it if you would share this letter with the members of the PCAC so that our
concerns may be considered directly by the Committee.

Sincerely,

Ottt Dot

Alan Dumoff

Enclosures

AANP / IMC submission for alpha-lipoic acid
AANP / IMC submission for choline chloride
AANP / IMC submission for methylcobalamin



American Association of Naturopathic Physicians and the Integrative Medicine Consortium
Additional Information supporting Ingredient Nomination of
Alpha Lipoic Acid
Submitted January 26, 2018

The American Association of Naturopathic Physicians (“AANP”) and the Integrative Medicine
Consortium (“IMC”) submit this response to the FDA's questions regarding the nomination of
Choline inclusion on the 503A bulk drug substances requested due by Jan. 26, 2018.

Q. Do our organization still want to pursue review by the FDA and consideration by the
PCAC of alpha lipoic acid for inclusion on the 503 A bulk list?

A. Yes.

Q. Please explain whether the nominated molecule is enantiomerically pure or a racemic
mixture.

A. Racemic mixture.

Q. Alpha lipoic acid is minimally soluble in water and unstable unless protected from air and

light. Please provide any information available about how these issues are addressed for
compounded products, especially intravenous formulations.

A. Co-nominator McGuff Compounding Pharmacy has performed a stability study on for its
alpha lipoic acid compounded preparations to demonstrate formulation stability through

the assigned Beyond-Use Date.

The following parameters were examined and/or tested as part of the stability program:

1. Appearance, seal

il. Appearance, vial

1il. Appearance, preparation

v. Foreign matter, visible particulate
V. pH

Vi. Potency assay, HDLC

Vii. Sterility

viil.  Antitoxin

1X. Method suitability, sterility test

X. Container closure integrity

Xi. Preservative effectiveness (for multi-dose vial)
xil.  Preservative concentration (for multi-dose vial)

Q. Please confirm in writing the proposed uses identified in your nomination. For those uses
of the nominated substance that you want FDA to review, provide at least one scientific



article supporting each use, and identify the dosage form and strength/concentration for
each use. If this information is not submitted for a proposed use, FDA does not intend to
review the nominated substance for that use.

The routes of administration and compounded dosage form is a oral capsules ranging
from 100 to 500 mg, topical use and parenteral injection of 25 mg/mL or 40 mg/mL
concentration. The listing below includes some of the known uses for alpha lipoic acid:

Diabetic neuropathic pain [For e.g., ICD-10 E13.40; Ideopathyic Neuropathy ICD-
10G60.9]. ALA is an approved treatment for diabetic neuropathy in Germany.

a.

“Treatment of diabetic polyneuropathy with the antioxidant thioctic acid
(alpha-lipoic acid): a two year multicenter randomized double-blind
placebo-controlled trial (ALADIN II). Alpha Lipoic Acid in Diabetic
Neuropathy.” Reljanovic M, Reichel G, Rett K, Lobisch M, Schuette K, Moller
W, Tritschler HJ, Mehnert H. Free Radic Res 1999 Sep; 31(3): 171-9.

“Treatment of symptomatic diabetic polyneuropathy with the antioxidant
alpha-lipoic acid: a 7-month multicenter randomized controlled trial (ALADIN III
Study). ALADIN III Study Group. Alpha-Lipoic Acid in Diabetic Neuropathy.”
Ziegler D, Hanefeld M, Ruhnau KJ, Hasche H, Lobisch M, Schiitte K, Kerum G,
Malessa R. Diabetes Care. 1999 Aug;22(8):1296-301.

“Alpha lipoic acid: a new treatment for neuropathic pain in patients with
diabetes?” A Review by Mijnhout, A. Alkhalaf, N. Kleefstra, HIG. Neth ] Med
2010 Apr; 68(4):158-62.

“Preventing complications and treating symptoms of diabetic peripheral
neuropathy.” Comparative Effectiveness Review Number 187. Johns Hopkins
University Evidence-based Practice Center.

“Predictors of improvement and progression of diabetic polyneuropathy following
treatment with a-lipoic acid for 4 years in the NATHAN 1 trial.” Ziegler D, Low
PA, Freeman R, Tritschler H, Vinik Al. J Diabetes Complications. 2016
Mar;30(2):350-6.

Pancreatic cancer [For e.g., ICD-10 D01.7]

a.

“The long-term survival of a patient with stage iv renal cell carcinoma following
an integrative treatment approach including the intravenous alpha-lipoic
acid/low-dose naltrexone protocol.” Berkson, BM and Calvo, RF. Integr Cancer
Ther 2017 Dec 1 epub.

“Revisiting the ALA/N (a-lipoic acid/low-dose naltrexone) protocol for people



with metastatic and nonmetastatic pancreatic cancer: a report of 3 new cases.”
Berkson BM, Rubin DM, Berkson AJ. Integr Cancer Ther 2009 8: 416.

Hepatitis C [For e.g., ICD-10 B17.10]

a. “A conservative triple antioxidant approach to the treatment of hepatitis ¢
combination of alpha lipoic acid (thioctic acid), silymarin, and selenium: three
case histories.” Berkson BM. MEd Klin (Munich) 1999: Oct 15;94 Suppl 3:84-9.

Liver Disease, Cirrhosis and Toxic Disease [For e.g., I[CD-10 K71.8]

a. “Alpha lipoic acid and liver disease.” Berkson, BM. Townsend Letter, Dec 2007.

b. “Lipoic acid in liver metabolism and disease” Bustamente, J. Lodge, JK, Marcocci
L, Tritschler HJ, Packer L, Rihn BH. Free Radic Biol Med. 1998 Apr; 24(6):1023-
39.

Mushroom Poisoning [For e.g., I[CD-10 T62.0X1A]

a. “Thioctic acid in the treatment of poisoning with alpha-amanita.” Barter and
Berkson.

Fibromyalgia and Muscle Pain [For e.g., M78.7]

a. “Innovations in the management of musculoskeletal pain with alpha-lipoic acid
(impala trial): study protocol for a double-blind, randomized, placebo-controlled
crossover trial of alpha-lipoic acid for the treatment of fibromyalgia pain.” Gilron
L, Tu D, Holden R, Towheed T, Ziegler D, Wang L, Milev R, Gray C. AMIR Res
Protoc 2017 Mar 28;6(3).

Q. Prioritize the uses of alpha lipoic acid in order of strongest to weakest scientific support.

A. The following conditions are prioritized for the uses of alpha lipoic acid from strongest to
weakest scientific support: diabetic neuropathy, hepatitis, fibromyalgia and pancreatic
cancer.



American Association of Naturopathic Physicians and the Integrative Medicine Consortium
Additional Information supporting Ingredient Nomination of
Methylcobalamin
Submitted January 26, 2018

The American Association of Naturopathic Physicians (“AANP”) and the Integrative Medicine
Consortium (“IMC”) submit this response to the FDA’s questions regarding the nomination of
Methylcobalamin inclusion on the 503A bulk drug substances requested due by Jan. 26, 2018.

Q. Do our organizations still wish to pursue review by the FDA and consideration by the
PCAC of Methylcobalamin for inclusion on the 503 A bulk list?

A. Yes.

Q. Please confirm in writing the proposed uses identified in your nomination. For those uses
of the nominated substance that you want FDA to review, provide scientific articles
supporting each use, and identify the dosage form and strength/concentration for each
use. If this information is not submitted for a proposed use, FDA does not intend to
review the nominated substance for that use.

A. The routes of administration include oral, ranging from 500 to 5000 mcg; sublingual,
ranging from 500 mcg to 5000 mcg troche or liquid; nasal, ranging from 250-500
mcg/spray 0.1 ml; and parenteral subcutaneous injection or infusions ranging from 0.5
mg/mL to 12.5 mg/mL for all listed uses for methylcobalamin below:

Autistic Spectrum Disorder [For e.g., ICD-10 F84.0]

a. “Treatments for biomedical abnormalities associated with autism spectrum
disorder.” Frye RE, Front Pediatr 2014 June 27;2:66.

b. “Randomized, placebo-controlled trial of methyl b12 for children with autism.”
Hendren RL.” James SJ, Widjaja F, Lawton B, Rosenblatt A, Bent S. J Child
Adolesc Psychopharmacol. 2016 Nov, 26(9):774-783.

c. “Efficacy of methylcobalamin and folinic acid treatment on glutathione redox
status in children with autism.” James SJ, Melnyk S, Fuchs G, et al. Am J Clin
Nutr. 2009;89(1):425-30.

d. “Metabolic biomarkers of increased oxidative stress and impaired methylation
capacity in children with autism.” James SJ, Cutler P, Melnyk S, et al. Am J Clin
Nutr. 2004 Dec;80(6):1611-7.

e. “Effectiveness of methylcobalamin and folinic acid treatment on adaptive
behavior in children with autistic disorder is related to glutathione redox status.”
Frye, RE, Melnyk S, Fuchs G, Reid T, Jernigan S, Pavliv O, Hubanks A, Gaylor
DW, Walters, L, James SJ. Autism Res Treat. 2013 Oct 12:epub.



Diabetic and Idiopathic Neuropathy [ For e.g., ICD-10 E13.40; Idiopathic Neuropathy
G60.9; Neualgia and neuritis M79.2]

a “Effectiveness of vitamin B12 on diabetic neuropathy: systematic review of
clinical controlled trials.” Sun Y. Acta Neurol Taiwan. 2005; June 14(2): 48-54.

b. “Intravenous methylcobalamin treatment for uremic diabetic neuropathy in
chronic hemodialysis patients.” S. Kuwabara. Intern Med. 1999. Jun; 38(6):472-5.

Pain Management [For e.g. ICD-10 G89.4]

a. “Intravenous and intrathecal methylcobalamin: a potential vitamin of pain killer.”
Zhang. Neuro Plast 2013 Epub 2013 Dec 26.

Amyotrophic Lateral Sclerosis [For e.g., ICD-10 G12.21]

a. “Effect of ultrahigh-dose methylcobalamin on compound muscle action potentials
in amyotrophic lateral sclerosis: a double-blind controlled study.” Kaji R, Kodama
M, Imamura A, et al. Muscle Nerve. 1998;21(12):1775-8.

b. “Neuroprotective effect of ultra-high dose methylcobalamin in wobbler mouse
model of amyotrophic lateral sclerosis.” Ikeda K, Iwasaki Y, Kaji R. J Neuro Sci.
2015 Jul 15;354(1-2:70-4.

Genetic Metabolic Disorders, such as MTHFR [For e.g., ICD-10 Z15.89]

a. “Anxiety and Methylenetetrahydrofolate Reductase Mutation Treated With
S-Adenosyl Methionine and Methylated B Vitamins.” Anderson S, Panka J,
Rakobitsch R, Tyre K, Pulliam K. Integrative Medicine: A Clinician's Journal.
2016;15(2):48-52.

Provide additional information you believe would be useful for us to consider.

There is an FDA registered medical food, METANX, with Methyl B-12 as a primary
ingredient. The claim is for usefulness in multiple disorders and lists numerous
references. See http://www.metanx.com/pdf/METANXCapsulesPIStatement.pdf

It has safety data and has been in use over 5 years. It has common allergens [MILK AND
SOY] which provides an additional reason that it should be available to compound PO.

STATED INDICATIONS: METANX® is indicated for the distinct nutritional
requirements of individuals with endothelial dysfunction who present with loss of
protective sensation and neuropathic pain associated with diabetic peripheral neuropathy.
METANX® is also indicated for the distinct nutritional requirements of patients with
endothelial dysfunction and/or hyperhomocysteinemia who present with lower extremity
ulceration(s).



American Association of Naturopathic Physicians and the Integrative Medicine Consortium
Additional Information supporting Ingredient Nomination of
Choline Chloride
Submitted January 26, 2018

The American Association of Naturopathic Physicians (“AANP”) and the Integrative Medicine
Consortium (“IMC”) submit this response to the FDA’s questions regarding the nomination of
Choline inclusion on the 503A bulk drug substances requested due by Jan. 26, 2018.

Q. Do our organizations still wish to pursue review by the FDA and consideration by the
PCAC of choline for inclusion on the 503A bulk list?

A. Yes.

Q. Please submit in writing the disease state(s) or health condition(s) that you are proposing
for the FDA's review, the dosage form and strength/concentration proposed for each use,
and scientific articles in support of each use.

A, Without waiving the objections contained in the accompanying letter, at the compounded
dosage and delivery of a parenteral injection of 50 mg/mL concentration as a chloride
salt, the listing below includes some of the known uses for choline:

Liver Diseases; Hepatic Steatosis [For e.g., ICD-10 K70.0, K76.0]

a. “Studies on the Effects of Intravenously Administered Choline Chloride in
Patients with and without Liver Disease.” Stegmann. J. 1953.

b. “Choline supplementation protects against liver damage by normalizing
cholesterol metabolism in Pemt/Ldlr knockout mice fed a high-fat diet.” Rajabi A,
Castro GS, da Silva RP, Nelson RC, Thiesen A, Vannucchi H, Vine DF, Proctor
SD, Field CJ, Curtis JM, Jacobs RL. J Nutr. 2014 Mar;144(3):252-7.

c. “The Addition of Choline to Parenteral Nutrition.” Buchman A. Gastroenterology
2009 Nov;137 (5 Suppl):S119-128 (Steatosis).

d. “Revisiting the ALA/N (a-Lipoic Acid/Low-Dose Naltrexone) Protocol for
People With Metastatic and Nonmetastatic Pancreatic Cancer: A Report of 3 New
Cases.” Berkson BM, Rubin DM and Berkson AJ. Integr Cancer Ther 2009 8:
416.

Fetal Alcohol Spectrum Disorder

a. “Randomized, double-blind, placebo-controlled clinical trial of choline
supplementation in school-aged children with fetal alcohol spectrum disorders.”
Nguyen TT Risbud RD, Mattson SN, Chambers CD, Thomas JD. Am J Clin Nutr.
2016 Dec;104(6):1683-1692. Epub 2016 Nov 2.



Atherosclerosis

a. Lipotropic factors and atherosclerosis; action of methionine, choline and inositol
on experimental cholesterol atherosclerosis. Capretti G, Paglia G. G Clin Med.
1950 Sep;31(9):1120-37.

b. [“Action of lipotropic factors in atherosclerosis”]. Concours Med. 1954 Nov
13;76(46):4207-9. [Article in French] Millot J (French)

Functional Support [For e.g., ICD-10 G31.84]
a. “Citicoline improves memory performance in elderly subjects.” Alvarez XA,

Laredo M, Corzo D, Fernandez-Novoa L, Mouzo R, Perea JE, Daniele D,
Cacabelos R Methods Find Exp Clin Pharmacol. 1997 Apr;19(3):201-10.



February 23, 2018

VIA EMAIL
toni.hallman@fda.hhs.gov

Toni Hallman, MS, BSN, RN

LT USPHS

Project Manager, PCAC

CDER/OC/OPRO

Food and Drug Administration

10903 New Hampshire Ave., Bldg 51, Rm 3249
Silver Spring, MD 20903

Re:  Response to Requests for More Information on Nominations for Methylcobalamin
and Alpha-Lipoic Acid
Docket FDA-2015-N-3534-0001

Dear LT. Hallman:

I write on behalf of and the American Association of Naturopathic Physicians (“AANP”) and its
partner in these submissions, the Integrative Medicine Consortium (“IMC”), in response to your
requests for more information about the nominations of the above-named ingredients.

AANP and IMC rely upon and incorporate by reference any data on the number of prescriptions
or of historical use submitted by McGuff Pharmacy, the Professional Compounding Centers of
America, Medisca, International Academy of Compounding Pharmacists and the Alliance for
Natural Health-USA. In the enclosed materials we provide additional information about
historical and current uses.

Sincerely,

Ot Dond™

Alan Dumoff

Enclosures
Additional AANP / IMC submission for methylcobalamin and alpha-lipoic acid
Full journal articles as noted in the attached bibliographies

The American Association of Naturopathic Physicians
818 18h St, NW — Washington, DC 20006
Toll Free: 866-538-2267 — Fax: 202-237-8152
www.naturopathic.org



American Association of Naturopathic Physicians and the Integrative Medicine Consortium
Additional Information supporting Ingredient Nomination of
Methylcobalamin
Submitted February 23, 2018

Additional References

Tamura J, Kubota K, Murakami H et al. Imnmunomodulation by vitamin B12: augmentation of
CDS8pT lymphocytes and natural killer (NK) cell activity in vitamin B12-deficient patients by
methyl-B12 treatment. Clin Exp Immu- nol (1999) 116,28 - 32.

Shibuya K1, Misawa S, Nasu S et al. Safety and efficacy of intravenous ultra-high dose
methylcobalamin treatment for peripheral neuropathy: a phase I/Il open label clinical trial. Intern
Med. 2014;53(17):1927-31. Epub 2014 Sep 1.

Prousky, JE. Understanding the Serum Vitamin B12 Level and its Implications for Treating
Neuropsychiatric Conditions: An Orthomolecular Perspective. JOM 25:2 (2010).* (PDF
attached).

Xu Q, Pan J, Yu J et al. Meta-analysis of methylcobalamin alone and in combination with lipoic
acid in patients with diabetic peripheral neuropathy. Diabetes Res Clin Pract. 2013
Aug;101(2):99-105. doi: 10.1016/j.diabres. 2013.03.033. Epub 2013 May 9.*

Historical Use Data

AANP and IMC rely upon and incorporate by reference any data on the number of prescriptions
or of historical use submitted by McGuff Pharmacy, the Professional Compounding Centers of
America, Medisca, International Academy of Compounding Pharmacists and the Alliance for
Natural Health-USA. In addition we provide the following:

Physician comments submitted to AANP about the current clinical and historical reasons for
using methylcobalamin:

Note in the following physician statements the need for compounded, injectable dosages
including the absorption difficulties or tolerance for oral dosing faced by many patients; the need
for this form of B12 including genetic defects and specific processing problems for
cyanocobalamin; specific case reports of various ailments and for proper immune function; and
financial reasons why compounded versions should be available. These represent a small sample
of the clinical and historical bases for use:

“I have used many of these compounded substances in my practice for a variety of patient
specific needs. In fact I have never used as B12 other than methylcobalamin for IM or IV
applications as the majority of the American population has an MTHFR SNP I would give the



activated form to all patients without adverse events.

I have used L-glutathione (L-GSH) IV to support detoxification as this is our bodies most
powerful antioxidant, specifically in people who are detoxifying from drug/etoh use and heavy
metal/chemical/mold exposures. 1000-2000 mg qwk GSH IV in Parkinson’s disease has
improved symptoms regardless if they are using carbidopa-levodopa or other pharmaceuticals to
improve symptoms. In addition to IV GSH I typically add in oral GSH. PMID: 8938817,
19230029. Ihave used IV ALA, choline, and quercetin less frequently, though, with
symptomatic improvements and no adverse events.

These compounded substances have been beneficial to numerous patients in my practice. It is
important to maintain access for patients to these high quality compounded substances. I'm
grateful to McGuff Compounding for providing outstanding service and products for our patients
and continuing to stand for compounded substances.

Audrey Schenewerk, ND, MS”

“I have been a practicing ND now for 18 years. I have yet to see a medicine that provides the
expedient relief that intramuscular injections of methylcobalamin does for fibromyalgia patients.
Many of these patients have suffered many years with the debilitating fatigue, insomnia and pain
issues characteristic of this disorder. In many cases, these patients have positive tests for the
inability to process synthetic forms of B12 (cyanocobalamin). Methylcobalamin bypasses this
problematic biochemistry and provides the activated nutrient essential to recovery for these
patients. In addition, the injectable form bypasses the GI system, which is also often problematic
with this disorder. We just do not get the results with oral dosing of methylcobalamin that we see
with the injectable.

I urge the FDA to consider the many thousands of patients of this sort who would be denied
access to a safe and effective medicine. Please retain methylcobalamin availablility through our
local compounding pharmacies.

Joanne M. Hillary PhD, ND
Hillary’s Health

9103 N. Division St.
Spokane, WA 99218”

“I am writing a patient account in support of the compounding of methylcobalamin.

I have a patient who has pernicious anemia and genetic mutations affecting her methylation. She
has seen improvements since doing injectable cyanocobalamin. However, we changed her
injections to methylcobalamin 2 months ago and her energy has been steadily and dramatically
improving in a way we have not seen with any other form of injectable cobalamin. She has been



able to exercise and is also sleeping better since this change. This has had a profound impact on
her daily life, her work, her relationships, and what she feels is possible for her future. Without
the methylcobalamin, I have every reason to believe she will lose these improvements since that
was the only thing in her treatment that changed to correlate with these improvements.

Kimberly Hindman, N.D., L.Ac.”

“Clinical case: Parkinson’s disease.

60yr female, Height: 57°0” weight 1101bs.

Patient presented with neuropathy and common PD tremors in hands and legs as well as with
muscles pain and stiffness, worse in her legs. Clinical investigation with cyanocobalamin IM
injections to relieve symptoms revealed that 1,000mcg/mL, ImL total volume, gave significant
improvement in symptoms within a few hours of injection. Additionally, the patient found that
she had more energy to complete activities of daily living, including cooking and cleaning, than
she had had in years. She was functioning near normally to her and her family’s astonishment.
She felt her PD symptoms were about 80% better.

In an attempt to optimize her B12 status and symptom relief, 2,000 mcg were injected. While the
patient did get benefit from her neuropathy, muscle stiffness and tremors, she experienced a
slight sensation of being “amped up” which meant she felt her heart rate was slightly elevated
and had a feeling of being jittery. This subsided within a few hours.

Ultimately, the patient’s symptoms were found to be best treated with a 12,000 - 15,000mcg
dose. This is only available through compounding.

This patient deserves for her symptoms to be better than 80%, which is what a single
commercially available dose provides. If compounding of cyanocobalamin is unavailable to her,
she will be forced to pay double for her injectable medication (already not covered by her
insurance) and discard 50% of a vial. Why should she have to waste her B12 injectable material
and pay more?

Dr. Nicole Anderson”

“I have been using methylcobalamin in my practice for over a year. This compounded vitamin
has changed literally hundreds of my patients lives. I have seen the following:

- reduced anxiety

- improved stress response

- weight loss

- improved sleep

- general mood improvement

- reduced aggression

- improved immune health



All of these benefits have been reported by my patients. Many of these patients had sought out
pharmaceuticals to address all of the above conditions without any reprieve. Many patients had
sought out cyanocobalamin or hydroxycobalamin injections previously without any benefit. We
are seeing an increase in patients with methylation difficulties, and removing methylcobalamin
would be incredibly detrimental to their health.

Dosing:
IM: 2.5 mg biweekly
IV: 5 mg monthly

Dr. Elisse Evans, ND
Origins Integrative Medicine
originsintegrative.com

928 Garden St. Ste. 1

Santa Barbara, CA
805-203-6877”

“This is an essential ingredient in neuro-regenerative protocols and fatigue care for many patients
(fibromyalgia, epstein barr virus, etc).

As a concerned and very hard working physician I would like to tell you about a few patients I
have who need the Methylcobalamin (B12) in particular. First they have genetic defects that
affect their body processing B12 orally, second they have nausea and even vomiting if they take
Methylcobalamin or any other B-Vitamins orally. These folks need the injectable types of B12
and B-vitamins or they will remain ill. I have a number of clients who also receive Glutathione
for various health concerns and getting this again as an oral supplement is unworkable as it is
very un-absorbable through the GI system.

- Methycobalamin

- Quercitin

- Reduced L-Glutathione

- Alpha Lipoic Acid

- Choline Chloride

Dr. DeeAnn G. Saber, NMD is part of Wellness First!, a collaborative, holistic community of
practitioners in Tucson, AZ, dedicated to personal integrity, professionalism, and service.
Transformational Medicine, PLLC

3861 North First Avenue

Tucson, AZ 85719

Office# 520-209-1755

Cell# 520-668-0039

DrDeeAnnND@aol.com

www.3861WellnessFirst.com”



“Methylcobalamin is the form of vitamin B12 that can be used immediately without modification
or conversion in the body. This is especially important for people with genetic mutations that
make it difficult to activate compounds in the body by methylation. Methylcobalamin is
especially important for immune health. Deficiency of Methylcobalamin in humans has been
shown in research to decrease lymphocytes and suppress natural killer (NK) cell activity. NK
cells are a type of white blood cell that attack cells infected by viruses. Supplementation of
Methylcobalamin provides patients with the defenders necessary to stay healthy.
Methylcobalamin has been especially helpful in reducing homocysteine levels in many patients.
It is imperative for us to allow IV and IM compounded Methylcobalamin for patients who are
unable to take it orally, and for patients who have digestive issues such as Celiac disease and IBD
that prevent them from absorbing oral vitamins.

Dr. Samantha Larkin, ND”’

“My first patient, 20 years ago, was a 40-something artist with severe neurological impairments.
She had over $50,000 in tests performed, a lot of money for tests in those days. Finally her
neurologist told her to put her affairs in order as she did not have much time left to live. She
gave away and sold everything for her last hurrah, a trip to Mexico. On the recommendation of a
friend of hers she came to me just before taking her trip. I gave her a homeopathic remedy and
started her on 5 mg IM methylcobalamin daily. Within a week she was fine. She came back from
her Mexico trip and was not sure what to do as she had to find a job, a place to live, and restock
with all the things she needed to live.

About 10 years ago, a woman brought her ten-year old autistic son to me. She had already begun
numerous treatments which were showing promise. One of them was 5 mg methylcobalamin
every other day, slowly tapering down. Another was hyperbaric oxygen therapy. With continued
treatment he went on to become completely normal. As a matter of fact,

the school principal, who fancied himself an expert on learning disabilities, told the mother that
her son was not autistic and could not have been. He became one of the most popular boys in his
class, a magnet for girls as his mother described him.

About five years ago I had a cancer patient who was suffering severe after-effects of conventional

treatments. The main thing I offered was 10 mg doses of methylcobalamin. The patient recovered
very quickly from the toxic effects of the conventional treatments.”

“From: Michael Traub ND, FABNO
[Excerpt]
Dear Committee members:

I understand you are asking for additional information to defend why these following ingredients



should be reviewed and included in the 503A bulk drug substances list:

- Methylcobalamin

- Quercetin

- Reduced L-Glutathione
- Alpha Lipoic Acid

- Choline Chloride

I have been using these agents safely and successfully for many years and I would like to urge
you to include these substances in the 503 A bulk drug substances list. They are extremely
valuable and I would like to share one anecdote that exemplifies this:

On April 25, 2016 I was consulted by a 69 year old woman complaining of pain in her hands and
feet of several months duration, with erythema and dry skin, as a result of chemotherapy-induced
peripheral neuropathy from Taxotere that she had received for localized inflammatory breast
cancer. Two days later she returned to my clinic and received an intravenous infusion of alpha
lipoid acid 250 mg and followed by an intramuscular injection of methylcobalamin 5 mg. The
following day she reported that her pain, the erythema and dry skin had all completely resolved
within the prior 24 hours.

To this day (February 20, 2018), there has been no recurrence of any symptoms of the peripheral
neuropathy, and the patient is asymptomatic with minimal residual disease.

This case is just one of many of my patients that have benefitted from the valuable agents in
questions. Please use your authority to preserved their availability.

Thank you.
Sincerely,

Michael Traub ND, DHANP, FABNO
Primary Care Medicine

Board Certified in Naturopathic Oncology
Founder and Medical Director

Lokahi Health Center

75-169 Hualalai Rd, Suite 301

Kailua Kona, HI 96740

Phone 808.329.2114

Fax 808.326.2871
mtraubnd@me.com
michaeltraubnd.com”



“To Whom It May Concern:

As a naturopathic doctor, I often use methylcobalamin as a treatment because many of my
patients are truly deficient in vitamin B12. The nutrient deficiency is first confirmed via lab
testing and dosing is dependent on the degree of deficiency and how well the patient tolerates the
medicine. Methylcobalamin is the bioactive form of vitamin B12, therefore, is easier to absorb
and I find the diverse forms (i.e. oral, IV, sublingual, etc) afford better compliance for the patient.
Methylcolabamin has been key in helping me to treat fatigue, inflammation, eczema, toxic
overburden, and more. Given it is also water soluble, this naturally limits the risk of overdosing
as well. . .

Dr. Ray, ND MS: The People’s Doctor
(Revée Barbour, CA Lic#: 868)

1215 K Street, 17th Floor

Sacramento, CA 95814

Ph#: (916) 503-3189

Fax#: (916) 415-1979

Email: Ray@DrRayND.com

Website: www.DrRayND.com”

Patient Comments submitted to AANP about their experience with methylcobalamin
(Names withheld for privacy):

“I have used both methylcobalamine and cyanocobalamine and strongly prefer methyl. I have had
weekly B12 shots for many years due to a medical condition and ask that it remain available.”

“I have a genetic fault/mutation found through MTHFR DNA Analysis. The two mutations
(C677T and A1298C) combine to greatly inhibit my absorption of B12 through my diet. The
mutations were discovered by ’ ND about 4 years ago when I consulted her for
symptoms of pernicious anemia including peripheral neuropathy, burning tongue, burning and
tingling in my thighs and feet and hands. After this discovery Dr. @ suspected that [ was
B12 deficient and ordered weekly injections of 2.0 cc of methylcobalamin combined with 0.5 cc
of Vitamin B complex. My symptoms greatly diminished over the next 2 to 4 weeks after starting
the injections. On two different occasions over the past 4 years I stopped the B12/
methycobalamin injections and my symptoms returned.”

“I urge the FDA and the PCAC not to restrict the availability of methylcobalamin. It is absolutely
critical to my health and well being. It turns out that my body cannot convert the other available
forms of cobalamin e.g. cyanocobalamin, into the methyl form which I require.”



American Association of Naturopathic Physicians and the Integrative Medicine Consortium
Additional Information supporting Ingredient Nomination of
Alpha-Lipoic Acid
Submitted February 23, 2018

Additional Indications: Improves insulin-resistance and glucose disposal in type 2 diabetes,
chronic fatigue
(Natural Medicines Database)

Additional Dosing Information: Administered intravenously in dosages no greater than 600 mg.
Impaired glucose tolerance: 250mL of saline solution containing 600mg ALA.

Ischemia-reperfusion injury protection: A dose of 600mg of alpha-lipoic acid in 50mL of sodium
chloride. Type 2 diabetes: Alpha-lipoic acid 500-600mg in saline. (Natural Medicines Database)

Attached, see the application to amend schedule of substances under the General Regulation of
the College of Naturopaths of Ontario and the clinical study data listed there.
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Historical Use Data

AANP and IMC rely upon and incorporate by reference any data on the number of prescriptions
or of historical use submitted by McGuff Pharmacy, the Professional Compounding Centers of
America, Medisca, International Academy of Compounding Pharmacists and the Alliance for
Natural Health-USA. In addition we provide the following:

Physician comments submitted to AANP about the current clinical and historical reasons for
using alpa lipoic acid:

To Whom It May Concern:

Alpha lipoic acid (ALA) is one of my miracle nutrients for treating resistant cases of diabetes
type 2, drug-induced polyneuropathy, and neuro-inflammation. Recently, one of my patients
reduced her HgbAlc from 7.2 to 6.2 after only 3 months of taking ALA at 600mg, BID. A couple
other patients have almost complete resolution of peripheral neuropathy in their fingers and toes
as a side effect of their chemotherapy.

Dr. Ray, ND MS: The People’s Doctor
(Revée Barbour, CA Lic#: 868)
Naturopathic Doctor & Life Coach
1215 K Street, 17th Floor

Sacramento, CA 95814

Ph#: (916) 503-3189

Fax#: (916) 415-1979

Email: Ray@DrRayND.com

Website: www.DrRayND.com
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Abstract

Several studies showed that impairment of endothelium-dependent arterial dilation (EDAD) exists in subjects with impaired fasting
glucose (IFG). The crucial mechanism of this endothelial dysfunction remains unclear. We hypothesized that oxidative stress may be partially
responsible for the impairment in EDAD in subjects with IFG. Thus, the present study was designed to assess whether the antioxidant o-
lipoic acid can improve endothelial dysfunction in subjects with IFG. Sixty subjects with newly diagnosed IFG and 32 healthy individuals
with normal glucose tolerance were enrolled. Subjects were randomized into 2 groups: untreated experimental group (n = 30) and a-lipoic
acid treatment group (n = 30, a-lipoic acid 600 mg via intravenous infusion once a day for 3 weeks). We measured EDAD at baseline and
after 3 weeks of intervention. At baseline, EDADs in a-lipoic acid and untreated experimental groups were 4.03% and 4.14%, respectively,
which were significantly lower than that in controls (5.72%) (P < .001). After 3 weeks of intervention, there was a remarkable increase in
EDAD (reaching 5.10%; AEDAD, 26.5%) (P < .01) and a significant decrease in plasma thiobarbituric acid reactive substances (TBARS)
(29.1%) (P < .05) in IFG subjects treated with a-lipoic acid. Endothelium-dependent arterial dilation and TBARS remained unchanged
before and after intervention in the untreated experimental group. The absolute changes in EDAD showed a significant negative correlation
with the changes in TBARS (r = —0.444, P = .014). Our data showed that IFG subjects have impaired endothelial function and that

antioxidant o-lipoic acid can improve endothelial function through a decrease of oxygen-derived free radicals.
Crown Copyright © 2011 Published by Elsevier Inc. All rights reserved.

In 1999, the American Diabetes Association introduced
the concept of impaired fasting glucose (IFG), a prediabetic
state initially defined by fasting plasma glucose of 110 to 125
mg/dL (6.1-6.9 mmol/L), in which those afflicted were
significantly more likely to develop diabetes [1-3]. However,
for nonfatal and fatal cardiovascular disease among
participants with IFG, the evidence is less consistent [4,5].

Endothelial dysfunction represents a very early step in the
development of atherosclerosis [6]. The reduced nitric oxide
(NO)—mediated endothelium-dependent arterial vasodilation
(EDAD) occurring in endothelial dysfunction is a predictor
of cardiovascular risk in high-risk subjects [7], and its
improvement seems to predict treatment-induced risk
reduction. Several studies have shown that endothelial
dysfunction exists in subjects with IFG [8,9] and that regular

* Corresponding author. Fax: +86 02768878410.
E-mail address: guangda64@hotmail.com (G. Xiang).

aerobic exercise training can improve endothelial dysfunc-
tion [9]. However, the crucial mechanism of endothelial
dysfunction in subjects with IFG remains unclear.

Recently, it was well documented that the endothelium
can generate oxidative stress in the presence of cardiovas-
cular risk factors [10] and that oxidative stress can damage
endothelial function [11]. Subjects with IFG are character-
ized by chronic inflammation [12], dyslipidemia [9], and
endothelial dysfunction [9], as well as the increased
prevalence of atherosclerotic lesions and cardiovascular
events [4]. Recently, one study showed that the plasma
concentration of coenzyme Q;(, a potent lipophilic antiox-
idant, is significantly decreased in subjects with IFG
compared with healthy subjects [13]. Therefore, we
hypothesized that oxidative stress may be partially respon-
sible for the impairment in EDAD in subjects with IFG.
Thus, the present study was designed to assess whether the
antioxidant o-lipoic acid can improve endothelial dysfunc-
tion in subjects with IFG.

0026-0495/$ — see front matter. Crown Copyright © 2011 Published by Elsevier Inc. All rights reserved.
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1. Subjects and methods
1.1. Subjects

From January 2004 to January 2008, a total of 60 subjects
with IFG referred to our hospital for healthy examination
(age range, 42-65 years of age; mean, 58 + § years) were
studied. All subjects with IFG were newly diagnosed with
75-g oral glucose tolerance test performed twice within 2
weeks, and the diagnosis of IFG fulfilled the diagnostic
criteria proposed by the American Diabetes Association [1].
During the same period, 32 healthy individuals with normal
glucose tolerance (age range, 40-67 years; mean, 59 + 9
years) were selected as controls. All individuals were not
related. Obese (body mass index >30 kg/m”) subjects,
smokers, and those with hypertension, clinically detectable
coronary artery disease, and other diseases were excluded
from the study. In addition, no subject was taking any drugs,
such as estrogen supplements, thyroxine, diuretics, or
antihypertensive or hypolipidemic drugs. All subjects gave
informed consent. The study protocol was in agreement with
the guidelines of the ethics committee at our hospital.

1.2. Study design

All eligible individuals, including 60 subjects with I[FG
and 32 healthy individuals with normal glucose tolerance
underwent brachial arterial study described below, after
which subjects were divided into either the o-lipoic acid
group (o-lipon 300 Stada manufactured by STADApharm,
Bad vilbd, Germany) or the untreated experimental group,
with 30 cases in each group. The a-lipoic acid group (250
mL 0.9% sodium chloride + 600 mg o lipon 300) was treated
via intravenous infusion at a rate of 4 mL/min once a day for
3 weeks. The untreated experimental group only received
250 mL 0.9% sodium chloride via intravenous infusion at a
rate of 4 mL/min once a day for 3 weeks.

1.3. Laboratory methods

Venous blood was collected after a 12-hour fast at
baseline for all subjects and at 3 weeks for IFG subjects.
Serum lipids, lipoproteins and other parameters, serum total
cholesterol (TC) (reference range, 3.10-5.69 mmol/L), low-
density lipoprotein cholesterol (LDL-C) (reference range,
2.10-3.10 mmol/L), triglycerides (reference range, 0.41-
1.88 mmol/L), and high density lipoprotein cholesterol
(HDL-C) (reference range, 1.16-1.82 mmol/L) were
measured enzymatically. Apolipoprotein (Apo) A-1 (refer-
ence range, 1.01-1.50 g/L) and Apo B (reference range,
0.74-1.20 g/L) were measured by immunoturbidimetry.
Serum lipoprotein (a) (Lp[a]) concentration (reference
range, 0-300 mg/L) was measured by an enzyme-linked
immunosorbent assay method. Blood glucose levels
(including fasting blood glucose [FBG] and postprandial
2-hour blood glucose [2-h BG]) were measured by a
glucose oxidase procedure. C-reactive protein (CRP)
concentration was measured by using the CRP (latex)

ultrasensitive assay (reference range, 0-3.0 mg/L). Nitrite/
nitrate, stable metabolites of NO, was measured using the
method reported by Kawano et al [14]. The plasma lipid
peroxide content was determined using thiobarbituric acid
reactive substances (TBARS) as markers [15,16]. Briefly,
2.0 mL of trichloroacetic acid—thiobarbituric acid—HCI
reagent was added to 1.0 mL of sample and vortexed. To
minimize peroxidation during the assay procedure, butyl-
ated hydroxytoluene was added to the thiobarbituric acid
reagent mixture. Results were expressed as malondialde-
hyde equivalent content (nanomoles MDA per milliliter
plasma). The intraassay coefficients of variation for these
assays were 1% to 2% (TC, HDL-C, blood glucose, CRP),
2% to 3% (LDL-C, nitrite/nitrate), 2% to 4% (Apo A-1,
Apo B, and TBARS), and 4% to 7% (Lpl[a]).

1.4. Brachial arterial study

The vascular studies of the brachial artery were performed
noninvasively, as described by us previously [9,17,18].
High-resolution ultrasound was used to measure changes in
arterial diameter in response to reactive hyperemia (with
increased flow producing an endothelium-dependent stimu-
lus to vasodilation) and to glyceryltrinitrate (GTN, an
endothelium-independent vasodilator) (128XP/10 with a
7.0-MHz linear array transducer; Acuson, Mountain View,
CA). The intra- and interobserver variability in our
laboratory for repeated measurements of artery diameter
was 0.09 £ 0.10 and 0.08 + 0.13 mm, respectively.

The subjects rested in the supine position for 10 minutes
before the first scan and remained supine throughout the
study. The target artery (the brachial 2-15 cm above the
elbow) was scanned in longitudinal section, and the center of
the vessel was identified when the clearest images of anterior
and posterior walls of the artery were obtained. The transmit
zone was set to the level of the anterior vessel wall. Depth
and gain settings were optimized to identify the lumen to
vessel wall interface. Images were magnified with the
resolution box function leading to a television line width of
approximately 0.05 mm. Machine settings were kept
constant during each study.

Flow increase was induced by inflation of a blood
pressure tourniquet placed around the forearm distal to the
target artery to 300 mm Hg. The cuff was released after
5 minutes; and after cuff deflation, the artery was scanned
continuously for 90 seconds. Fifteen minutes was allowed
for vessel recovery; sublingual GTN (400-ug spray) was
then administered; and 5 minutes later, the last scan was
done. The electrocardiogram was monitored continuously.

Vessel diameter was measured by 2 observers unaware of
clinical details and the stage of the experiment. The arterial
diameter was measured at a fixed distance from an
anatomical maker, such as a bifurcation, with ultrasonic
calipers. Measurements were taken from the anterior to the
posterior “m” line at end diastole, incident with the R wave
on the electrocardiogram. The mean diameter was calculated
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Table 1

Clinical and biochemical characteristics in IFG subjects before and after intervention as well as in control groups

Control group

a-Lipoic acid group

Untreated experimental group

Before therapy After therapy At baseline After intervention
No. of subjects 32 30 30 30 30
Age (y) 5949 58 + 10 58+ 10 5849 58+9
Sex (M/F) 18/14 16/14 16/14 15/15 15/15
SBP (mm Hg) 111.8+79 113.5+ 9.6 116.1 + 10.2 116.6 + 8.0 1123 +99
DBP (mm Hg) 725+ 64 741+ 7.1 753 +£82 749 +79 727466
BMI (kg/m?) 23.8+2.1 233+ 1.8 233+ 1.6 23.6+1.5 239+ 1.8
FBG (mmol/L) 4.65 + 0.67 6.62 £ 0.52" 6.50 + 0.48" 6.58 +0.53" 6.52 +0.54"
2-h BG (mmol/L) 6.83 + 0.85 6.97 + 0.81 6.88 + 0.90 6.86 + 0.83 6.84 +0.79
TC (mmol/L) 427 +0.49 5.15+0.56" 5.21+0.52" 522 +0.50" 525+0.61"
LDL-C (mmol/L) 2.06 + 0.44 3.47 +0.57" 3.41 +0.53" 3.52+ 0517 3.48 + 0.53"
HDL-C (mmol/L) 1.22+0.30 1.19 +0.35 1.20 + 0.38 1.21 +0.41 1.18 £ 0.33
Triglyceride (mmol/L) 1.28 +£0.68 2.04 +0.93" 1.95 +0.85" 2.12 +0.83" 2.09 +0.92°
Apo A-1 (g/L) 1.23 +0.27 1.20 + 0.24 1.22+0.26 1.19 + 0.28 1.22+0.27
Apo B (g/L) 1.07 +£0.22 1.12 +0.30 1.12+0.26 1.15+0.24 1.13+0.25
Lp(a) (mg/L) 172 (30, 292) 159 (41, 291) 163 (38, 290) 155 (48, 310) 162 (45, 306)
CRP (mg/L) 1.28 +0.32 1.99 + 0.30* 1.58 + 0.25% 1.86 + 0.41% 1.79 + 0.35*
TBARS (nmol/mL) 1.58 +0.52 2.47 £ 0.54% 1.75 = 0.57* 241 +0.59* 2.25 £ 0.66*
Nitrite/nitrate (umol/L) 60.94 + 8.45 61.24 +7.83 60.11 + 8.23 61.73 + 8.03 60.48 + 8.51

BMI indicates body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.

* P <.05.
T P < .001, compared with control.
* P < .05, compared with subjects before treatment.

from 4 cardiac cycles. For the hyperemia scan, vessel
diameter was measured 45 to 60 seconds after cuff release.
Diameter changes were derived as percentage change
relative to the first baseline scan (100%). Baseline blood
flow (measured during the first baseline scan) was estimated
by multiplying angle-corrected, pulsed Doppler recordings
of the flow-velocity integral by JI and the square of the
radius of the artery.

1.5. Statistical methods

Data were reported as the mean + SD. Data among different
groups were compared with analysis of variance. The difference
in each parameter between before and after treatment was
compared using the Student ¢ test (2-tailed) for paired data, and
that between patients and controls was compared by the Student
unpaired ¢ test. Correlations were determined by Spearman
analysis. The Lp(a) concentrations were log-transformed before

Table 2

analysis. All analyses were carried out by using the statistical
package SPSS 11.5 (SPSS, Chicago, IL).

2. Results

The clinical characteristics and biochemical results of the
control subjects and a-lipoic acid as well as untreated
experimental groups are given in Table 1. At baseline, FBG,
TC, triglyceride, LDL-C, CRP, and TBARS concentrations
were significantly higher in subjects with IFG (including o-
lipoic acid and untreated experimental groups) than those in
control (P < .001). Other parameters, that is, systolic blood
pressure, diastolic blood pressure, and 2-h BG, did not differ
among control and o-lipoic acid as well as untreated
experimental groups (P > .05). The vascular characteristics
of the groups are listed in Table 2. Endothelium-dependent
arterial dilations in a-lipoic acid and untreated experimental

The results of brachial artery studies in IFG subjects before and after intervention as well as in control groups

Control group

a-Lipoic acid group

Untreated experimental group

Before therapy

After therapy At baseline After intervention

No. of subjects 32 30 30 30 30

Baseline vessel (mm) 3.85+0.73 3.83 +0.76 391 +0.66 3.88 +0.62 3.87 £0.72

Baseline flow (mL/min) 79.75 + 33.44 80.12 + 30.65 79.44 + 35.54 80.38 + 32.52 81.14 +35.26

EDAD (%) 5.72 +0.61 4.03 +0.52" 5.10 £ 0.54* ¥ 4.14 +0.56" 423 +0.63"

GTN-induced dilation (%) 20.05 +2.23 20.48 +2.42 21.36 +2.51 20333 +2.28 2124238
* P <.05.

T P < .01, compared with control.
¥ P < .05, compared with subjects before treatment.
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Fig. 1. Changes of EDAD before and after treatment in o-lipoic acid group.

groups were 4.03% and 4.14%, respectively, which were
significantly lower than that in control (5.72%) (P < .001).
The baseline vessel size (diameter), GTN-induced arterial
dilation, and baseline flow were not significantly different
among the 3 groups (P > .05).

After 3 weeks of intervention, there was a remarkable
increase in EDAD (reaching 5.10%; AEDAD, 26.5%) in
IFG subjects treated with a-lipoic acid (P < .01). As shown
in Fig. 1, all subjects showed a marked increase in EDAD
during the course of treatment intervention. Other vascular
parameters such as baseline vessel and baseline flow did
not change markedly in both a-lipoic acid and untreated
experimental groups (Table 2). Furthermore, a significant
decrease in TBARS (29.1%) was observed over the o-
lipoic acid treatment period (P < .05). Other clinical
parameters such as serum lipids and glucose (including
FBG and 2-h BG) did not significantly change during the
intervention period in both a-lipoic acid and untreated
experimental groups (Table 1).

To reveal the possible causes of EDAD changes before
and after a-lipoic acid therapy in IFG subjects, Spearman
correlation coefficient was calculated between changes in
EDAD and those in TBARS. The absolute changes in EDAD
showed significant negative correlation with the changes in
TBARS (r = —0.444, P = .014) (Fig. 2).

3. Discussion
The current study demonstrates that impaired EDAD

exists in subjects with IFG and improves significantly after 3
weeks of a-lipoic acid treatment. However, it was still lower
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Fig. 2. Spearman correlation analyses to evaluate correlation of change in
EDAD with change in TBARS before and after treatment in a-lipoic
acid group.

than that in control. The results suggest that endothelial
dysfunction in subjects with IFG may be related in part to
oxidative stress. As far as we know, this is the first report on
the relation between endothelial dysfunction and oxidative
stress in subjects with IFG.

Previous studies have suggested an association between
IFG and atherosclerosis [19-21]. In a population-based
cohort of middle-aged men and women, IFG emerged as an
independent risk factor for atherosclerosis [20]. Recently,
several studies showed that impairment of EDAD exists in
subjects with IFG [8,9]. In the present study, the results are in
good agreement with those reported in the previous studies
[8,9]. The possible explanations for the impairment of
endothelial function in IFG subjects are as follows: (1)
Multiple studies have found that elevated plasma TC, LDL-
C, and TG levels were related to the attenuation of EDAD
[9,17,18]. Therefore, endothelial dysfunction in IFG is
partially dependent on the altered lipid profiles observed in
this study. (2) C-reactive protein has been recently
considered as a potential contributor to inflammatory
diseases including atherosclerosis as well as a marker of
cardiovascular risk [22]. More recently, several studies
suggested that elevated plasma CRP level is associated with
endothelial dysfunction in IFG and diabetes [9,17,18]. In the
present study, our results showed that plasma CRP levels in
IFG subjects were significantly higher than those in controls.
Therefore, inflammation may partially contribute to the
impaired endothelial function in IFG subjects. (3) It has been
reported previously that FBG is associated with endothelial
function in subjects with IFG [9]. In the present study, we
also find similar results. This may be partially responsible for
the impaired endothelial function at baseline.
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Endothelium-dependent arterial dilation has been shown
to be mediated by the endothelium-derived relaxing factor,
which is now identified as NO [23]. Previous studies have
established that oxygen-derived free radicals interfere with
or destroy endothelial function by inactivating NO in normal
vessels [24,25]. Plasma TBARS, a marker of oxygen-derived
free radicals, are associated with EDAD in subjects with
impaired glucose tolerance [26]. Reversing oxidative stress
and the subsequent inhibition of lipid peroxidation should
improve endothelial function. Paolisso et al [27] used 600
mg vitamin E per day in a double-blind trial and showed that
8 weeks of treatment improved EDAD of the brachial artery
in type 2 diabetes mellitus. Vitamin C also can prevent the
endothelial dysfunction that has been observed during
transient hyperglycemia after oral glucose loading in healthy
subjects [28]. Coenzyme Qi is a lipid-soluble molecule
derived mainly from endogenous synthesis. It plays an
essential role as an electron carrier in mitochondrial
oxidative phosphorylation [29] and may have an important
role as an antioxidant [30]. Watts et al [31] demonstrated that
coenzyme Q;( supplementation improves endothelial func-
tion of conduit arteries of the peripheral circulation in
patients with type 2 diabetes mellitus.

a-Lipoic acid functions as a cofactor in multienzyme
complexes, including pyruvate dehydrogenase, a-ketoguta-
rate dehydrogenase, and branched-chain a-keto acid dehy-
drogenase [32]. a-Lipoic acid and its reduced form,
dihydrolipoate, are potent antioxidants. They are amphiphil-
ic and widely distributed in both cell membrane and cytosol.
a-Lipoic acid has been used in Germany for patients with
neuropathy for more than 30 years and is considered to be
safe and efficacious for treatment of diabetic symptomatic
polyneuropathy [33]. In 2010, one study showed that
oxidative stress contributes to endothelial dysfunction and
that o-lipoic acid improves NO-mediated vasodilation in
diabetic patients [34]. Recently, another study suggested that
a-lipoic acid improves endothelial dysfunction induced by
acute hyperglycemia during oral glucose tolerance test in
impaired glucose tolerance [26]. However, the effects of o-
lipoic acid on endothelial function in subjects with IFG have
not been demonstrated. In the present study, plasma TBARS
levels decreased markedly after 3 weeks of a-lipoic acid
treatment. Moreover, the absolute changes of TBARS were
negatively correlated with those of EDAD during o-lipoic
acid treatment. Other clinical and biochemical characteristics
including lipid profiles and CRP did not change significantly
before and after treatment. It is suggested that reversing
oxidative stress is partially responsible for the improvement
of endothelial function by o-lipoic acid. In contrast, the
serum levels of nitrite/nitrate, the metabolites and the marker
for production of NO, did not differ in any of the groups
before and after treatment. Because the nitrite/nitrate
concentration includes the oxidative products of NO [35],
endothelial dysfunction exists in [FG subjects, probably
through an increase of oxygen-derived free radicals and not
through a decrease in production/release of NO, and results

in a quenching of NO. a-Lipoic acid improves endothelial
dysfunction by a decrease of oxygen-derived free radicals.

After 3 weeks of a-lipoic acid treatment. plasma TBARS
levels were close to the controls; however, EDAD was still
markedly lower than that in controls. This may be due to the
higher levels of TC, TG, LDL-C, and CRP.

Some limitations of the present study should be
mentioned. Firstly, 2 studies from one group suggested
that o-lipoic acid improves insulin sensitivity in patients
with type 2 diabetes mellitus [36,37]. However, we did not
measure plasma insulin levels. Therefore, the changes of
insulin sensitivity and its association to endothelial function
during the intervention period could not be evaluated. It is
worth noting that we did not find significant changes of FBG
and 2-h BG during the o-lipoic acid intervention; we
speculate that the short period of intervention may be
responsible for this. Secondly, the number of study subjects
is relatively small. It is difficult to exclude bias in the results,
which should be confirmed in large studies. Thirdly, we did
not evaluate the effect of oral a-lipoic acid on endothelial
function in this study. Therefore, whether oral dosing of
a-lipoic acid would have the same effect remains to
be determined.

In conclusion, our data showed that IFG subjects have
impaired endothelial function and that antioxidant o-lipoic
acid can improve endothelial function through a decrease of
oxygen-derived free radicals.

Appendix A. Supplementary data

Supplementary data associated with this article can
be found, in the online version, at doi:10.1016/j.
metabol.2010.04.011.
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ABSTRACT

Aims: To compare the efficacy and safety of daily lipoic acid (300-600 mg i.v.) plus methyl-
cobalamin (500-1000 mg i.v. or im.) (LA-MC) with that of methylcobalamin alone (MC) on
diabetic peripheral neuropathy (DPN).
Methods: Electronic database were searched for studies published up to November 1, 2012
and study quality was assessed in duplicate. A random or a fixed effect model was used to
analyse outcomes which were expressed as risk ratios (RRs) or mean difference (MD). I?
statistic was used to assess heterogeneity.
Results: Seventeen studies were included. Combined data from all studies showed that the
LA-MC combination therapy was significantly superior to MC monotherapy (RR = 1.47; 95%
CL: 1.37-1.58). Superiority of the LA-MC combination was shown in nerve conduction
velocity (NCV) with WMDs of 6.89 (95% CI: 4.24-9.73) for median motor nerve conduction
velocity (MNCV), 5.24 (4.14-6.34) for median sensory nerve conduction velocity (SNCV), 4.34
(3.03-5.64) for peroneal MNCV, and 4.53 (3.2-5.85) for peroneal SNCV. There were no serious
adverse events associated with treatment.
Conclusions: The results of the meta-analysis show that treatment with LA-MC for 2-4 weeks
is associated with better outcomes in NCV and neuropathic symptoms relative to MC
treatment. However larger well-designed studies are required to confirm this conclusion.
© 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Complications of diabetes mellitus (DM) include a variety of
neuropathies. DPN is common and has been reported to be
present in 12.3% of individuals at diagnosis increasing to up to
50% after 12 year of DM [1-3]. Characterized by chronic
paraesthesia, and electrophysiological abnormalities, DPN
has a dramatic negative effect on the patient’s daily quality
of life and function [1,4,5]. The pathogenetic mechanisms of
DPN are diverse and not fully understood resulting in
limitations to its treatment.

Lipoic acid (LA) was first used therapeutically in Germany
to treat diabetic neuropathy and meta-analyses which have
evaluated its efficacy and safety provide evidence that LA is
a safe antioxidant which could be effective in treating
diabetic neuropathy [6,7]. Methylcobalamin (MC) has also
been widely used in the treatment of DPN [8,9] and a
beneficial effect on nerve conduction has been reported.
Recently, in Mainland China, several studies have assessed
the efficacy and safety of LA-MC combination therapy
compared with MC monotherapy in patients with DPN and
have found that the former achieved significantly better
results [1,2]. Because of the increasing interest in combina-
tion therapy, we conducted a meta-analysis of relevant
RCTs which compared combination therapy and MC
monotherapy.

2. Methods
2.1.  Search strategy

We searched the electronic databases of PubMed, Embase,
Cochrane Library and CBM-disc (China Biological Medicine
Data-base) without date or language restrictions. The key
terms used in this search were (methylcobalamin or
mecobalamin) and (lipoic acid or thioctic acid or alpha-lipoic
acid) and (diabetic peripheral neuropathy or diabetic neurop-
athies).

2.2. Inclusion and exclusion criteria

We reviewed each article and retrieved articles based on the
following inclusion criteria: (1) RCTs which compared efficacy
and safety of LA-MC combination therapy vs. MC mono-
therapy in patients with DPN. (2) Treatment periods of

2-4 weeks for both groups. (3) Clinical therapeutic efficacy
defined by changes in symptoms, tendon reflexes and NCV
reported at the end of treatment. We excluded non-random-
ized trials and studies which administered oral supplements.

2.3. Data extraction

Reviewers screened the full texts from each article indepen-
dently according to the search strategy. All potentially
relevant data which met the inclusion/exclusion criteria were
extracted independently by two of the reviewers (XU Q and
PAN JH). Extracted data were compared to eliminate errors.
Disagreement was solved by discussion and a consensus was
finally reached.

2.4.  Quality assessment

The methodological quality of included trials was assessed
using an established Jadad scale (Table 1). The scores for each
article ranged from 0 (lowest quality) to 7 (highest quality).
Trials scoring 4-7 points represented good to excellent (high)
quality and 0-3 points poor or low quality [10,11].

2.5.  Data synthesis

Our meta-analysis was based on outcomes including clinical
therapeutic efficacy and NCVs (median MNCV, median SNCV,
peroneal MNCV, and peroneal SNCV) which were used in most
of the studies as the primary outcomes. Clinical therapeutic
efficacy was divided into three categories — markedly effective
(disappearance of subjective symptoms, recovered tendon
reflex, and NCV increased by at least 5m/s), effective
(alleviated subjective symptoms, improved tendon reflex,
and NCV increased by at least 3m/s) and ineffective (no
improvement in symptoms, tendon reflex and NCV). Second-
ary outcomes, when available, were adverse events.

2.6.  Statistical analysis

Dichotomous data are expressed as the risk ratio (RR) and
continuous outcomes between groups as weighted mean
difference (WMD), both with 95% confidence intervals (95% CI),
using a fixed effect (FE) or randomized effect (RE) model for the
studies. Z test was used to compare the overall WMD of
combination group and the monotherapy group, and differ-
ences were considered to be statistically significant when
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Table 1 - Methodology quality accessment — modified jadad score (7-point)

Items

Score standard

0

2 3

Randomization (A) Not randomized or inappropriate
method of randomization

Not describe the method of
allocation concealment

No blind or inappropriate method
of blinding

Not describe the follow-up

Concealment of
allocation (B)
Double blinding (C)

Withdrawals and
dropouts (D)

The study was

described randomized

The study was s described

as using allocation concealment
The study was described

as double blind

A description of withdrawal
and dropout

The method of randomization was
described and it was appropriate

The method of allocation concealment
was described appropriately

The method of double blinding was
described and it was appropriate

two-sided p-value was <0.05 or the 95% CI for RR exceeded 1.0
and WMD exceeded 0.1. Substantial heterogeneity [chi-
squared test with degrees of freedom (d.f.)] was represented
by I? of 50% or more. Significant difference for heterogeneity
test was considered when p < 0.01. The meta-analysis was
performed by RevMan5.0.25 software (Cochrane Collabora-
tion, Oxford, UK) for the above statistical calculations.
Publication bias was examined by funnel plots.

3. Results
3.1.  Study description

We screened 198 citations and identified 17 studies for further
analysis [12-28]. The quality assessment of the included
studies is summarized in Table 1. The characteristics of
included studies are summarized in Table 2. Most trials were
not multicentered and the treatment courses ranged from 2 to
4 weeks. IV administration was commonly used. Many trials

reported the number of patients with type 2 diabetes but some
did not differentiate the number with type 1 or type 2 diabetes.

3.2 Efficacy

The results of fifteen trials with a total of 1106 patients were
entered in our meta-analysis and demonstrated a significant
difference in efficacy between LA-MC combination and MC
monotherapy. We used the FE model for LA-MC vs. MC group
because heterogeneity among the studies measured by the 12
statistic chi® test was insignificant (p=0.92, I?=0%). The
combination was superior to monotherapy for efficacy
(p < 0.00001, RR =4.03, 95% CI = 1.37-1.58) (Fig. 1). The funnel
shape was not absolutely symmetrical (Fig. 2), indicating a
potential publication bias.

3.3. Nerve conduction velocities

At entry into the studies, the pooled analysis of NCVs taken as
a continuous measurement showed no differences between

Table 2 - Study characteristics

Source Number Age Sex Treatment Study Type of Diabetes Total
M+A)/M A+M/M  (men/ drugs sig/day duration/ diabetes duration score
women) days (year)
A +M/M
A+M M
A M
Zhaoyy2008 [12] 75 (39/36) 54.5/55.3 38/37 600 ivgtt 500im 500 im 21 2 9.2/9.2 4
Lihj2008 [15] 78 (39/39) 58.6/57.1 41/37 600 ivgtt 500 ivgtt 500 ivgtt 21 2 9.12/9.21 3
Zhangx12009 [13] 60 (30/30) 58.8/59.0 34/26 500 ivgtt 500 ivgtt 500 ivgtt 21 2 NR 3
Suoln2009 [14] 64 (32/32) 65.0/65.0 38/36 600 ivgtt 500 ivgtt 500 iv 14 2 8.91/8.97 3
Zhangch2009 [16] 60 (32/28) 57.8/54.4 31/29 600 ivgtt 500im 500 iv 21 NR 9.2/9.0 3
Xinyy2009 [17] 60 (30/30) 52.3/52.3 30/30 600 ivgtt 500 iv 500 iv 14 2 8.7/8.7 3
Jiazhm2010 [18] 80 (56/24) 48.0/48.0 46/34 600 ivgtt 500 im 500 iv 15 2 9.54/9.54 4
Zhaoyh2011 [19] 80 (40/40) 65.4/66.2 47/33  300ivgtt 500im 500 im 21 NR 8.3/8.3 3
Wangzhh2011 [20] 60 (32/28) 56/55.5 31/29 600 ivgtt 500 ivgtt 500 ivgtt 21 NR 9.8/9.7 3
Zhuyp2011 [21] 84 (42/42) 56.0/56.0 37/45 450 ivgtt 500 iv 500 iv 14 NR 9.8/10.0 3
Luosj2011 [22] 72 (38/34) 57.5/56.7 38/34 600 ivgtt 500im 500 im 14 2 7.9/8.3 3
Songxc2011 [23] 84 (42/42) 57.0/62.0 39/45 600 ivgtt 500 ivgtt 500 ivgtt 14 2 NR 3
Gaoar2011 [24] 138 (46/46/46) 62.0/61.0 48/44 600 iv 500 iv 500 iv 14 NR 8.6/8.6 3
Linyl2012 [25] 102 (52/50) 50.6/51.8 39/63 600 ivgtt 500 iv 500 iv 14 NR 7.9/7.5 3
Yangy2012 [26] 86 (43/43) 55.7/55.7 52/34 600 iv 500 iv 500 iv 14 2 2.4/2.4 3
Cuify2012 [27] 65 (35/30) 41.2/416 38/27 450 ivgtt 500 iv 500 iv 28 2 NR 3
Zhangrq2012 [28] 60 (30/30) 65.8/65.9 36/24 600 ivgtt 1000iv 1000 iv 21 2 8.5/8.5 3

Notes: A, lipoic acid; M, methylcobalamin; iv, intravenous; ivgtt, intravenous infusion; im, intramuscular; NR, not reported.
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WA M Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% Cl Year MH, Fixed, 95% ClI
Zhaoyy2008 34 39 19 36 5.9% 1.65[1.19, 2.30] 2008 o
Lihj2008 36 38 26 33 7.8% 1.38[1.09, 1.76) 2008 =
Zhangch2009 27 32 18 28 5.8% 1.31[0.96, 1.80] 2003 T
Zhangx|2009 28 30 20 30 6.0% 1.40[1.07, 1.83] 2009 s
Kinyy2009 25 30 16 30  48% 1.56 [1.08, 2.26) 2009 _—
Jiazhm2010 51 56 10 24 42% 2191[1.35,3.53 2010 -
Wangzhh2011 27 32 18 28 58% 1.31[0.96, 1.80] 2011 T
Zhuyp2011 40 42 30 42 9.0% 1.33[1.09, 1.63] 2011 -
Zhaoyh2011 34 40 23 40 6.9% 1.48[1.10,1.99] 2011 —_—
Luosj2011 3 38 20 34 6.3% 1.39[1.01,1.91] 2011 —
Linyl2012 47 52 34 50 10.4% 1.33[1.08, 1.64] 2012 -
Zhangrq2012 28 30 20 30 6.0% 1.40(1.07,1.83 2012 -
Songxc2012 39 42 25 42  7.5% 1.56[1.20, 2.03) 2012 =
Yangy2012 41 43 26 43 7.8% 1.58[1.23,2.03) 2012 -
Cuify2012 33 35 18 30 58% 1.57[1.16, 213 2012 -
Total (95% CI) 580 526 100.0% 1.47 [1.37, 1.58] +
Total events 521 323
Heterogeneity: Chi*= 7.31, df = 14 P = 0.92); = 0% 0=2 o’s ; 2 5
Test for overall effect: Z=10.22 (P < 0.00001) : : MHA M

Fig. 1 - Comparison of efficacy of LA-MC group and MC alone group for DPN. Notes: A, lipoic acid; M, methylcobalamin.

the groups for any of the studies. After 2-4 weeks, the changes
in NCVs differed significantly between the LA-MC combina-
tion and MC monotherapy groups (Fig. 3). Thirteen RCTs
involving 1038 subjects reported median MNCV as an
outcome. Significant between-studies heterogeneity was
observed (p < 0.00001; I = 97%). The estimated WMD for LA-
MC and MC monotherapy was 6.89 (95% CI: 4.24-9.73). For
median SNCV, significant heterogeneity between studies was
observed (p < 0.00001; I? = 77%). There were 13 trials evaluat-
ing 978 patients showing a statistically significant effect in
favour of LA-MC combination v MC monotherapy
(p < 0.00001; MD =5.24, 95% CI=4.14-6.34). Fourteen trials
with a total of 1058 patients reported peroneal MNCV as an
outcome. Heterogeneity between trials was significant
(p < 0.00001, I*> = 88%). Peroneal MNCV was statistically im-
proved in the combination v monotherapy group (p < 0.00001,
MD =4.34, 95% CI =3.03-5.64). For peroneal SNCV (12 trials
n =918), the result of heterogeneity between studies for the
two groups was significant (p < 0.00001, I? = 91%). The combi-
nation group was statistically superior to the MC group
(p < 0.0001, OR = 4.53, 95% CI = 3.20-5.85).

0 SE(log[RR))

0.1

8 po®
O 0m

0.21

0.3

0.4

RR

05 , : . , '
: 0.2 0.5 1 2 5

Fig. 2 - Funnel plot for LA-MC group vs. MC alone group for
DPN.

3.4.  Adverse events

Administration of LA at doses of 300-600 mg/day and MC at
doses of 500-1000 pg/day intravenously for 2-4 weeks was
well tolerated and no serious treatment-related adverse
events were observed in the combination group. Only a few
mild adverse effects such as mild swelling and pain at the
injection site (5 cases) [17,28], headache (1 case) [23], nausea (1
case) [23] were reported in the combination group, and nausea
(1 case) [23] in MC group. Because studies did not report these
events in detail, we were unable to precisely compare rates of
adverse events.

4, Discussion

Diabetes poses a growing burden in the world [29]. In the first
decade of this century, the prevalence of DM among men and
women in China has increased from 2.6% to 9.7% giving an
estimated total of 92.4 million people with DM [30]. The
Rochester Diabetic Neuropathy Study suggested that up to 65%
of individuals with type 1 or type 2 diabetes have peripheral
neuropathy [31]. The pathophysiology of diabetic neuropathy
includes increased formation of advanced glycated end
products, alterations in protein kinase C pathways [32],
increased polyol pathway activity, decreased nitric oxide/
impaired endothelial function [33], reduced (Na*/K*)-ATPase
activity [34], and homocysteinemia [35].

The mechanisms of action of LA for the treatment of DPN
may be related to improvements in nerve blood flow by means
of anti-oxidation [36-38] and endothelial dysfunction by
reducing levels of interleukin 6 and plasminogen activator 1
in plasma [39]. LA has also been reported to increase glucose
uptake by nerve cells [40], (Na*/K*)-ATPase activity [41], and
improve nitric oxide-mediated endothelium-dependent vaso-
dilation [42]. Neuropathic symptoms, but not motor or sensory
NCV, were improved by LA alone [6]. Han et al. reported that
treatment with LA can improve NCVs, however, patients also
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a)

b) Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% Cl Year

c)

d)

r I Mean
Lihj2008 53.2
Zhaoyy2008 483
Zhangch2009 49.3
Suoln2009 46.5
Xinyy2009 516
Jiazhm2010 456
Zhuyp2011 54.46
Wangzhh2011 50
Zhaoyh2011 487
Cuify2012 56
Zhangrq2012 57.7
Songxc2012 50.03
Yangy2012 54.9
Linyl2012 51.6

Total (95% Cl)

| Mean

M+A

D T
39 39
2 39
35 32
56 32
27 30
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Mean Difference

Heterogeneity: Tau? = 26.47; Chi? = 411.97, df = 13 (P < 0.00001); I* = 97%
Test for overall effect: Z = 4.98 (P < 0.00001)

M+A M

Lihj2008 493 38 39 426 22
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Suoln2009 454 61 32 433 6.1
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Fig. 3 - Comparison of NCVs, including (a) median MNCV; (b) median SNCV; (c) peroneal MNCV; and (d) peroneal SNCV,
improvement of LA-MGC group with MC alone group for DPN. Notes: A, lipoic acid; M, methylcobalamin.
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received treatment with other drugs including MC or
prostaglandin [7]. In short, studies suggest that using LA
alone may not be sufficient to improve NCVs.

Studies with MC have reported beneficial effects and safety
on recovery of peripheral nerve structure and function [8,43-
45]. MC can directly accelerate transmethylation in nerve
tissues, promote conversion of homocysteine to methionine,
increase myelination, neuronal differentiation and replica-
tion, and increase biologic synthesis of phospholipids and
nucleic acids. Mizukami et al. suggested that correction of
impaired neural signal of protein kinase C and oxidative
stress-induced damage may play a major role in the beneficial
effects of MC on DPN [46].

There are several limitations of our meta-analysis that
should be taken into account when interpreting the results.
First, most of the studies included in this review had poor
methodological quality. They were of small sample size and
did not describe withdrawals or dropouts. Even if the study
referred to the withdrawal or dropout, it did not explain
whether they performed an intention-to-treat analysis.
Second, no studies have yet assessed long-term effectiveness
in terms of efficacy, harms and health outcomes.

In conclusion, although some limitations exist in this
meta-analysis, treatment with LA (300-600 mg i.v.) plus MC
(500-1000 mg i.v. or im.) once a day for 2-4 weeks resulted in
better improvement in neuropathic symptoms and NCVs
compared with administration of MC alone. Moreover,
compared with MC alone, LA-MC combination therapy was
not associated with more severe adverse events in patients
with DPN. However due to poor methodological quality of the
studies included in this meta-analysis, well-designed multi-
center RCTs are required to confirm these findings.
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The College of Naturopaths of Ontario

APPLICATION TO AMEND THE SCHEDULE OF SUBSTANCES ESTABLISHED UNDER
GENERAL REGULATION

Thank you for your interest in submitting an application to amend the schedule of substances
established under General regulation of the College of Naturopaths. The College will review all
completed applications.

Please complete all sections below and ensure that the information you provide on this form is
current.

I. APPLICANT INFORMATION

Name Dr. Jonathan E. Prousky, ND, MSc, MA (on behalf of the CTC)
Company Canadian College of Naturopathic Medicine

Address 1255 Sheppard Ave. East, North York, ON M2K 1E2

Phone Number(s) 416-498-1255 ext. 235

Email address jprousky@ccnm.edu

II. DRUG/SUBSTANCE INFORMATION

Drug/Substance Name Alpha Lipoic Acid/ Thioctic Acid (injection)
(generic and trade where

applicable)

Is the drug/substance Yes |:| NoO

approved for use in Canada?

Is the drug/substance
approved for use by NDs in
British Columbia?

X

Yes |:| No

Was the drug/substance
previously publicly available in X

Ontario and now restricted due es D No
to legislation?

Is it a controlled drug, as
defined in Controlled Drugs [] Yes No

and Substances Act?
If Yes, which schedule?
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If applicable, please indicate
which NAPRA schedule
applies to this drug/substance

[ ] NAPRA Schedule |
[ ] NAPRA Schedule I
[ ] NAPRA Schedule Il
Unscheduled

Is the substance included on
the Health Canada
Prescription Drug List?

Is the drug/substance
restricted or requires a

prescription due to dosage (i.e.

requires prescription over a
certain dose)?

[l

No

[

If Yes, please specify:

Yes

Is the substance a Natural
Health Product as defined in
the Natural Health Products
Regulations?

No

[ll. INDICATIONS AND CONTRAINDICATIONS

List disorders, disease, 1. improves insulin-resistance and glucose disposal in type 2 diabetes
dysfunctlon treated: 2 diabetic neuropathy,
" Peripheral neuropathy

3. Amanita mushroom poisoning

4 Orally-- for dementia, chronic fatigue

5. (Natural Medicines Database)
Is the disease, disorder,
dysfunction treated within the Yes [l No
scope for Ontario NDs?
Is the drug/substance used for |[] Yes No

emergency situations?

If Yes, what are the indications:
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Route of Administration

Oral
Topical

Non-IV Injection. Route of Injection :

IV Injection

Inhalation

OO XOOd

Other (please specify)

Indicate the dosage supported
by the evidence, the duration
of treatment and a dosing
schedule

Adminstered intravenously in dosages no greater than 600 mg. Impaired
glucose tolerance: 250mL of saline solution containing 600mg ALA.
Ischemia-reperfusion injury protection: A dose of 600mg of alpha-lipoic
acid in 50mL of sodium chloride. Type 2 diabetes: Alpha-lipoic acid
500-600mg in saline. (Natural Medicines Database)

Is the drug/substance required
above allowable daily dosage?

Include evidence supporting
that the drug/substance is safe
in the dosage used

[]

Mijnhout GS et al. Alpha lipoic Acid for symptomatic peripheral
neuropathy in patients with diabetes: a meta-analysis of randomized
controlled trials. Int J Endocrinol. 2012;2012:456279.

Yes No

Provide any known potential
contraindications or
precautions for the
drug/substance.

Hypersensitivity to alpha lipoic acid. No safety data on pregnancy and
breastfeeding.

Does the profession have
necessary tools to monitor the
results?

If No, list tools necessary for
monitoring. (Where a
laboratory or POCT is
necessary, please attach the
application)

No
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List all known or suspected
adverse reactions for the
drug/substance

Adverse events, including nausea, vomiting, and vertigo, have been
reported in clinical trials but occur more frequently with alpha-lipoic acid
doses of 600mg or more (mainly 1,200 and 1,800mg) Minimal side
effects, including local pain during infusion and redness, have been
reported with intravenous alpha-lipoic acid. (Natural Medicines
Database)

List all known or suspected
interactions with
drugs/substances or natural
health products

Moderate interaction with chemotherapy (level of evidence: D; might
decrease effectiveness); thyroid hormone (level of evidence: D; reduces
the conversion into active T3). Theoretically, alpha-lipoic acid might have
additive effects with herbs that decrease blood glucose levels. Herbs with
hypoglycemic potential include devil's claw, fenugreek, garlic, guar gum,
horse chestnut, Panax ginseng, psyllium, and Siberian ginseng. (Natural
Medicines Database)

Does the profession have

necessary tools to manage Yes [] No
adverse events?
If No, list the tools necessary.
List all evidence, including 1. 1). Xu Q et al. Meta-analysis of methylcobalamin alone and in
source, date and level (See 5 combination with lipoic acid in patients with diabetic peripheral
handbook.) * neuropathy.Diabetes Res Clin Pract. 2013 Aug;101(2):99-105.Level:A

. 3. 2). Grbovic V et al. Comparative analysis of the effects combined
Please at_tach the evidence to physical procedures and alpha-lipoic acid on the electroneurographic
your application. 4. parameters of patients with distal sensorimotor diabetic

5. polyneuropathy.J Phys Ther Sci. 2016 Jan;28(2):432-7. Level: A 3).

Xiang G et al. a -Lipoic acid can improve endothelial dysfunction in

. subjects with impaired fasting glucose. Metabolism. 2011 Apr;60

(4):480-5 Level: A. 4). Klugman A et al. Alpha lipoic acid for dementia
(review). Cochrane Database of Systematic Reviews 2004, Issue 1.
Art. No.: CD004244. Level: B. 5). Mijnhout GS et al. Alpha lipoic Acid
for symptomatic peripheral neuropathy in patients with diabetes: a
meta-analysis of randomized controlled trials. Int J Endocrinol.
2012;2012:456279.Level: A.
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Please provide an explanation of how the drug/substance may be used in naturopathic practice,
whether it is different from allopathic use, what is the impact of the drug/substance on the patient
care and whether the profession possesses the knowledge, skills and judgement to administer the
drug/substance.

According to Xu et al (2013), alpha lipoic acid was first used therapeutically in Germany to treat diabetic
neuropathy. There are a number of studies showing its efficacy in treating peripheral neuropathy. A
meta-analysis by Mijnhout (2012) found that ALA 600 mg IV once a day for 3 weeks had significant and
clinically relevant reduction in neuropathic pain. Xu (2013) found that 300-600 mg IV of ALA plus
methylcobalamin (500-1000 mg IV or IM) once a day for 2-4 weeks resulted in neuropathy improvement
compared to methylcobalamin alone. In a study by Grbovic (2016) patients with diabetic neuropathy were
treated with ALA 600 mg in 500 ml of 0.9% NacCl once a day for 12 days, then ALA 600 mg/d per orem. They
showed statistically significant improvements in nerve conduction studies. A study by Xiang et al (2011)
found that ALA 600 mg IV infusion once a day for 3 weeks improved endothelial function by decreasing
oxygen free radicals in patients with impaired fasting glucose.

The use of ALA IV in naturopathic practice would be similar to its allopathic use. It will positively impact
patient care by improving patient symptoms subjectively and objectively (through nerve conduction studies).
The profession possesses the knowledge, skills, and judgment to administer this medication in practice.

Level of evidence: A
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Objective. We performed a systematic review of the literature to evaluate the effects of alpha lipoic acid for symptomatic
peripheral neuropathy in patients with diabetes mellitus. Research design and methods. The databases MEDLINE and EMBASE were
searched using the key words “lipoic acid”, “thioctic acid”, “diabet*”, and the MeSH-terms “thioctic acid” and “diabetes mellitus”.
Randomised controlled trials using the TSS score as the outcome measure were selected and assessed for their methodological
quality. Study selection and quality assessment were performed independently by three observers. Results. Overall, the pooled
standardized mean difference estimated from all trials revealed a reduction in TSS scores of —2.26 (CI: —3.12 to —1.41; P =
0.00001) in favour of alpha lipoic acid administration. Subgroup analyses of oral administration (—1.78 CI: —2.45 to —1.10;
P = 0.00001) and intravenous administration (—2.81 CI: —4.16 to —1.46; P = 0.0001) confirmed the robustness of the overall
result. Conclusions. When given intravenously at a dosage of 600 mg/day over a period of 3 weeks, alpha lipoic acid leads to a
significant and clinically relevant reduction in neuropathic pain (grade of recommendation A). It is unclear if the significant
improvements seen after 3—5 weeks of oral administration at a dosage of >600 mg/day are clinically relevant.

1. Introduction

Neuropathy is a microvascular complication of diabetes mel-
litus which leads to considerable morbidity and a decreased
quality of life [1]. Peripheral neuropathy can present as
tingling, burning, pain, cramps, paresthesia, or numbness.
There is overwhelming evidence that the development of
microvascular complications is related to the level of glucose
dysregulation over a long period of time [2]. Hyperglycaemia
induces an increased production of free oxygen radicals
in the mitochondria (oxidative stress), which leads to the
activation of the four known pathways that are responsible

for hyperglycaemic damage: the polyol, hexosamine, protein
kinase C, and AGE pathways [3]. This results in damage of
endothelial and neuronal cells.

Neuropathic pain is difficult to treat, and standard anal-
gesics are usually not effective enough [4]. The medications
which are currently used to treat neuropathic pain in patients
with diabetes include mainly antidepressants, antiepileptics,
and opioids. These medications are limited in their effective-
ness, they have considerable side effects, and they have no
effect on the processes by which hyperglycaemia leads to cell
damage [5]. Antioxidants, such as alpha lipoic acid, could
theoretically be effective in treating diabetic neuropathy. In
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TaBLE 1: Methodological quality assessment of the included intervention studies.
Ziegler 1995 [15] Ruhnau 1999 [16] Ametov 2003 [17] Ziegler 2006 [18]
ALADIN ORPIL SYDNEY SYDNEY 2
(1) Randomisation? yes yes yes yes
(2) Concealment of allocation? yes yes yes yes
(3) Patients blinded? yes yes yes yes
(4) Doctors blinded? yes yes yes yes
(5) Investigators blinded? NO NO NO NO
Groups comparable at
©) baseline? yes yes yes yes
Follow-up complete of
@) >80% of patients? yes yes yes yes
(8) Intention-to-treat analysis? yes yes yes yes
Level of evidence 1b 1b 1b 1b

1951, alpha lipoic acid was identified as a coenzyme in
the tricarboxylic acid cycle (Krebs Cycle) [6]. Alpha lipoic
acid is also a potent antioxidant, reported to reduce and
prevent diabetic micro- and macrovascular complications in
animal models [7, 8]. A recent study in humans with type
1 diabetes mellitus showed a normalisation of the increased
AGE formation and a reduction of the hexosamine pathway
[9]. By preventing the damage caused by hyperglycaemia,
alpha lipoic acid may not only be an analgesic treatment
but may also improve nerve function. In addition, recent
evidence shows that alpha lipoic acid decreases neuronal
sensitivity to pain by selectively inhibiting neuronal T-
type calcium channels [10]. Moreover, compared to the
medications currently in use, alpha lipoic acid has few side
effects [11]. In Germany, alpha lipoic acid is approved for the
treatment of diabetic neuropathic pain and covered by health
insurance companies, but use has not been widely adopted
elsewhere.

An earlier meta-analysis of four randomized controlled
trials (RCTs) on alpha lipoic acid (600 mg/day) in patients
with diabetes and neuropathic pain concluded that three
weeks of treatment with intravenous alpha lipoic acid (600
mg/day) led to a significant decrease in reported neuropathic
pain [12]. However, studies investigating the effect of oral
administration were not included. In addition, the meta-
analysis did not fulfil the Cochrane methodological criteria
for systematic reviews. A protocol for a proposed systematic
review can be found in the Cochrane Library [13]. Recently,
we performed a qualitative systematic review of the literature
[14]. In addition, it was our purpose to extend the literature
search and to perform a quantitative meta-analysis. The
aim of this meta-analysis was to evaluate the effects of
intravenous as well as oral administration of alpha lipoic
acid versus placebo in patients with symptomatic peripheral
diabetic neuropathy.

2. Research Design and Methods

2.1. Literature Search. In November 2010, three of the au-
thors (GSM, AA, and NK) conducted a search for relevant

publications in the electronic database MEDLINE, using the
search engine PubMed, and EMBASE. The search strategy
used in MEDLINE used the terms “lipoic acid”, “thioctic
acid”, and “diabet*” and the MeSH terms “thioctic acid”
and “diabetes mellitus”: (((lipoic acid OR thioctic acid OR
thioctic acid [MeSH]) AND (diabete* OR diabeti* OR
diabeto™ OR diabetes mellitus [MeSH])) AND ((clinical
[Title/Abstract] AND trial [Title/Abstract]) OR clinical
trials [MeSH Terms] OR clinical trial [Publication Type]
OR random* [Title/Abstract] OR random allocation [MeSH
Terms] OR therapeutic use [MeSH Subheading])). A similar
search strategy was used in EMBASE: ((lipoic acid OR
thioctic acid) AND (diabetes mellitus OR diabetic*) AND
([cochrane review]/lim OR [controlled clinical trial]/lim OR
[meta analysis]/lim OR [randomized controlled trial]/lim
OR [systematic review]/lim)). All authors obtained the same
results.

2.2. Study Selection. For study selection, the following inclu-
sion criteria were used: (1) RCTs on alpha lipoic acid, (2) a
study population consisting of patients with diabetes mellitus
and peripheral neuropathic pain, and (3) use of the total
symptom score (TSS) as the outcome measure. Language was
not a restriction. GSM, AA, and NK independently identified
studies to be included in the review by checking the titles
and abstracts downloaded from the databases. A consensus
meeting was then held to resolve any disagreements. The final
decision to include or exclude any study was based on the
article’s full text. The reference lists of the identified studies
were reviewed to discover additional potentially eligible
studies. Unpublished data and conference proceedings were
excluded from this review.

2.3. Methodologic Quality Assessment. The aforementioned
authors proceeded to independently evaluate the quality of
each study using the standardised evaluation form for RCTs
and systematic reviews developed by the Dutch Cochrane
Centre (http://www.cochrane.nl/) (Table 1). Levels of evi-
dence and recommendation grades were applied according
to the Oxford Centre of Evidence-based Medicine, version
2001 (http://www.cebm.net/index.aspx?0=1025/).


http://www.cochrane.nl/
http://www.cebm.net/index.aspx?o=1025/

International Journal of Endocrinology

TaBLE 2: Total Symptom Score (TSS): scoring system for neu-
ropathic symptoms (pain, burning, paresthesia, and numbness).
The score can range from 0 (no symptoms) to maximally 14.64
(all symptoms present, severe, continuous).

Symptom frequency Symptom intensity

Absent  Slight =~ Moderate  Severe
Occasional 0 1.00 2.00 3.00
Frequent 0 1.33 2.33 3.33
(Almost) continuous 0 1.66 2.66 3.66

2.4. Outcome Measure. The primary outcome measure in
this meta-analysis was the total symptom score (TSS). The
TSS is a questionnaire in which the patient is asked to
assess the intensity (absent, mild, moderate, severe) and
the frequency (now and then, often, continuous) of four
symptoms (pain, burning, paresthesia, numbness) resulting
in a scaled score in which 0 means no symptoms and 14.64
means that all four symptoms are severe and more or less
continuously present (Table 2). A 30% change on this scale is
considered to be clinically relevant (or =2 points in patients
with a starting score <4 points) [15].

2.5. Statistical Analysis. For the purpose of this meta-anal-
ysis, overall results based on TSS scores were combined for
oral and intravenous administration of alpha lipoic acid
and placebo. Meta-analysis was undertaken using RevMan5
software (The Nordic Cochrane Centre, The Cochrane
Collaboration). The I? statistic was used to assess statistical
heterogeneity [19]. An I? > 30% was considered to denote
heterogeneity. A random-effect model was used in case of
heterogeneity, a fixed-effect model in the absence of hetero-
geneity. The inverse-variance method was used to weigh the
scores of individual studies. When possible, study authors
were contacted to clarify data. Studies were excluded from
the meta-analysis if insufficient information was provided
to enable standard error calculation. The Mantel-Haenszel
method was subsequently applied to estimate pooled effect
sizes. In order to explore the robustness of our results
we conducted the following, a priori specified, subgroup
analyses: intravenous and oral administration of alpha lipoic
acid versus placebo.

We adhered to the QUOROM guidelines for the report-
ing of meta-analyses of randomised trials [20].

3. Results

3.1. Identification and Selection of Studies. The search yielded
242 publications in Medline and 112 in Embase (Figure 1).
The 112 publications found in Embase were also identified
in Medline. After reviewing the titles and the abstracts of the
242 publications, 10 randomised placebo-controlled trials on
alpha lipoic acid in patients with diabetic neuropathic pain
were selected [15-18, 21-26]. After reading the complete
articles, two studies were excluded [21, 22], because they
dealt with the effects of alpha lipoic acid on autonomic
instead of diabetic neuropathy. Two studies [23, 24] were
excluded because the TSS was not used as an outcome

measure. There was no disagreement among the reviewers
regarding the studies selected for inclusion.

3.2. Methodological Quality Assessment. A survey of the me-
thodological quality assessment is shown in Table 1. Four
of the RCTs [15-18] were of good methodological quality
(level 1b). Two RCTs [25, 26] had substantial methodological
limitations (level 2b). The study of Liu et al. [26] was
excluded from our meta-analysis because of unacceptable
methodological limitations, including absence of allocation
concealment and blinding. The study of Ziegler et al.
[25] was considered for inclusion despite exclusion bias
due to selective loss to follow-up, but the article provided
insufficient information to enable standard error calculation.
The study authors were contacted to clarify data, but they did
not respond to repeated requests. Therefore, also this study
was excluded from the meta-analysis.

3.3. Descriptive Analyses of Selected Randomized Controlled
Trials. Finally, four RCTs were included in our systematic
review and meta-analysis. The study populations in the four
selected RCTs were all made up of patients with peripheral
diabetic neuropathy [15-18]. The age range was from 18
to 74 years, and most of the patients included had type 2
diabetes mellitus. The effects of orally administered alpha
lipoic acid were investigated in two studies and intravenous
administration in another two studies (Table 3). Two studies
incorporated multiple dose comparisons. The dosage of
alpha lipoic acid ranged from 100 to 1800 mg per day.
Intravenous alpha lipoic acid was given for three weeks, and
oral administration varied between three weeks and six
months.

A significant improvement in the TSS scores was reported
in all studies. In these studies an average 50% reduction was
seen in the TSS with the oral or intravenous administration
of at least 600 mg per day. However, when compared to the
subjects in the control groups, the reduction in TSS was
actually less than the clinically relevant threshold of 30%
[15], as the TSS in the control group also decreased. This
was particularly evident in the studies where alpha lipoic acid
was administered orally. In one study, in which the alpha
lipoic acid was administered intravenously, the intervention
group did show a more than 30% reduction in TSS when
compared to the control group [16]. Dosages higher than
600 mg per day did not result in a further improvement in
the TSS and resulted in a greater incidence of side effects
such as nausea, vomiting, and dizziness. The side effects
seen with dosages <600 mg per day were not different than
seen with placebo. A safety analysis of treatment with alpha
lipoic acid over 4 years in diabetic polyneuropathy [27]
showed that treatment tolerability and discontinuations due
to lack of tolerability did not differ between placebo and
treatment groups. However, the rates of serious adverse
events were higher on alpha lipoic acid (38.1%) than those
on placebo (28.0%) [27]. Of all reported adverse events, only
heart rate and rhythm disorders were observed significantly
more frequently in patients treated with alpha lipoic acid
compared to patient treated with placebo (6.9% versus 2.7%,
P 0.047) [27].
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242 potentially relevant studies were
identified and screened for retrieval

232 studies were excluded on screening

abstracts and titles for inclusion criteria

10 studies were retrieved for more
detailed application of inclusion criteria
[15-18,21-26]

4 studies were excluded due to failure
to meet the inclusion criteria [21-24]

6 RCTs were included [15, 16-18, 25, 26]

2 studies were excluded because of
methodological limitations [25, 26]

and 2 on oral administration [16, 18]

4 studies were included for meta-analysis;

2 studies on intravenous administration [15, 17]

FIGURE 1: Flow diagram.

3.4. Meta-Analysis. Overall, the pooled standardized mean
difference estimated from all trials revealed a reduction in
TSS scores of —2.26 (CI: —3.12 to —1.41; P 0.00001)
in favour of alpha lipoic acid administration (Table 4). The
outcome of the subgroup analyses of oral administration
(=1.78 CI: —2.45 to —1.10; P = 0.00001) and intravenous
administration (—2.81 CI: —4.16 to —1.46; P 0.0001)
confirmed the robustness of the overall result (Tables 5 and
6).

4. Discussion

Based on the four level 1b randomized, placebo-controlled
studies included here, there is evidence to support that
alpha lipoic acid causes a significant and clinically relevant
decrease in neuropathic pain when administered for a period
of three weeks at a dosage of 600 mg per day (grade of
recommendation A). However, the significant improvements
seen after the oral administration of alpha lipoic acid over
a period of 3-5 weeks at a dosage of =600 mg per day are
probably not clinically relevant, because the reduction in TSS
was actually less than the threshold of 30% considered to be

clinically relevant. There are, at present, no publications in
which the effects of long-term treatment with intravenous or
oral lipoic acid are presented.

The RCTs are primarily performed by a single German
research group. A number of these studies were multicenter
studies which included German as well as Russian, Israeli,
and Croatian patients. Presumably, there is no overlap
between these patient populations. All studies were spon-
sored by a pharmaceutical company which manufactured
alpha lipoic acid. A number of the authors received salaries
from this company, besides which, the pharmaceutical com-
pany also had representatives sitting on the advisory body for
several of these studies.

It is striking that clinically relevant effects on neuropathic
pain are seen after only 3—5 weeks of alpha lipoic acid admin-
istration. This is unexpectedly rapid for an antioxidising
diet supplement. This may be explained by the selective
modulation of neuronal T-type calcium channels by alpha
lipoic acid [10]. In studies on diabetic autonomic neuropa-
thy, effects of alpha lipoic acid were seen after 8—16 weeks
[21, 22], depending on the study design.
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TaBLE 4: Standardized mean differences for the administration of orally and intravenously administered alpha-lipoic acid versus placebo in
the treatment of neuropathic pain. Diamond denotes pooled estimate of overall effect. Weighing of individual studies is based on the inverse

variance method. For subgroups, see Table 3.

Study or subgroup Alpha-lipoic acid Placebo

Mean difference Mean difference

Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI

Ametov etal. 2003 -572 1.53 60 —1.83 1.97 60
Ruhnauetal. 1999 -3.75 1.88 12 -194 15 12
Ziegleretal.1995b -5 4.1 63 -26 32 66
Ziegleretal. 1995c —-4.5 3.7 66 -2.6 32 66
Ziegler et al. 2006a —4.85 3.03 45 —2.92 3.18 43
Ziegler etal. 2006b —4.5 3.28 47  —-2.923.18 43
Ziegler et al. 2006c —4.7 3.54 46 —2.923.18 43

Total (95% CI) 339 333

18.1% —3.89 (—4.52, —3.26) —s—

133% —1.81 (-3.17,-0.45) —s——
13.9% —2.40 (-3.67,-1.13) ——=—

14.5% —1.90 (=3.08, —0.72) —_—
13.7% —1.93 (-3.23,-0.63) ———
13.5% —1.58 (—2.92, —0.24) —_—
13.1% —1.78 (-3.18,-0.38) ————

100% —2.26 (—3.12, —1.41) <o

Heterogeneity: 72 = 0.95; > = 22.98, df = 6 (P = 0.0008); I? = 74% ' ' ' '

Test for over all effect: Z = 5.19 (P < 0.00001)

Favours alpha-lipoid acid Favours placebo

TaBLE 5: Standardized mean differences for the administration of intravenously administered alpha-lipoic acid versus placebo in the
treatment of neuropathic pain. Diamond denotes pooled estimate of overall effect. Weighing of individual studies is based on the inverse

variance method. For subgroups, see Table 3.

Study or subgroup Alpha-lipoic acid Placebo

Mean difference Mean difference

Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI

Ametov et al. 2003 —5.72 1.53 60 —1.831.97 60
Ziegler etal. 1995b -5 4.1 63 -2.6 32 66
Ziegler etal. 1995c —4.5 3.7 66 -2.6 32 66

Total (95% CI) 189 192

Heterogeneity: 72 = 1.14; > = 10.68, df = 2 (P = 0.005); I

Test for over all effect: Z = 4.07 (P < 0.0001)

38.1% —3.89 (—4.52,-3.26) @
30.4% —2.40 (-3.67,-1.13) —a—
31.6% —1.90 (—3.08, —0.72) —a—

100% —2.81 (—4.16, —1.46) ’

= 81% T T T T

—4 - 2
Favours alpha-lipoid acid ~ Favours placebo

TaBLE 6: Standardized mean differences for the administration of orally administered alpha-lipoic acid versus placebo in the treatment of
neuropathic pain. Diamond denotes pooled estimate of overall effect. Weighing of individual studies is based on the inverse variance method.

For subgroups, see Table 3.

Study or subgroup Alpha-lipoic acid Placebo

Mean difference Mean difference

Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI

Ruhnauetal. 1999 -3.75 188 12 -1.94 15 12 245% —1.81(-3.17,-0.45) — &
Ziegler etal. 2006a  —4.85 3.03 45 -2.92 3.18 43 269% —-1.93 (-
Ziegler etal. 2006b  —4.5 328 47 -2.92 3.18 43 254% -1.58(-2.92,-0.24) T
Ziegler et al. 2006¢ —-4.7 354 46 -2.92 3.18 43 232% -1.78(—

Total (95% CI) 150 141 100.0% —1.78 (-2.45,~-1.10) ‘

Heterogeneity: 2 = 0.14, df = 3 (P = 0.99); I> = 0%
Test for overall effect: Z=5.17 (P < 0.00001)

3.23,-0.63) "

3.18,-038) — % ——

1
-4 =2 0 2 4
Favours alpha-lipoid acid ~ Favours placebo

The included RCTs were not designed for neuropathic
pain. Individual scores on each of the four symptoms of
the TSS (pain, burning, paresthesia, numbness) were not
available from the included studies.

Unfortunately, there are not yet any results published for
its administration over a longer time period. The continued,
long-term effectiveness of any treatment is of the utmost
importance for chronic conditions such as diabetic neuropa-
thy.

In The Netherlands, the cost of using alpha lipoic acid
at a dosage of 600 mg per day varies between 17.15 and
75.00 euros per month, depending on the manufacturer [14].
In comparison, the costs of amitriptyline, carbamazepine,
duloxetine, gabapentin, and pregabalin are, respectively,
3.41, 9.38, 35.80, 53.75, and 71.71 euros per month (based
on the Z-index tax, 2010) [28].

Finally, a meta-analysis is likely to suffer from publication
bias, methodological deficiencies, and heterogeneity. We kept
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the likelihood of bias to a minimum by developing a detailed
protocol before starting this study, undertaking a meticulous
search for published studies, and using explicit methods for
study selection, data extraction, and data analysis. Also, we
studied the totality of the randomized evidence by including
all relevant properly randomized trials.

We conclude that intravenous administration of alpha
lipoic acid leads to significant and clinically relevant im-
provements of symptomatic peripheral diabetic neuropathy
in the short term. The results we present are encouraging
enough to consider intravenous alpha lipoic acid for the
treatment of diabetic neuropathy in patients, who do not
respond to common therapy. It is unclear if the significant
improvements seen with the oral administration of alpha
lipoic acid are clinically relevant. Additional research of
longer duration using an informative neuropathic pain scale
will be necessary to investigate the effects of both routes.
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Comparative analysis of the effects combined
physical procedures and alpha-lipoic acid on the
electroneurographic parameters of patients with
distal sensorimotor diabetic polyneuropathy
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Abstract. [Purpose] Painful diabetic polyneuropathy occurs as a complication in 16% of all patients with diabetes
mellitus. [Subjects and Methods] A clinical, prospective open-label randomized intervention study was conducted
of 60 adult patients, with distal sensorimotor diabetic neuropathy two groups of 30 patients, with diabetes mellitus
type 2 with distal sensorimotor diabetic neuropathy. Patients in group A were treated with combined physical pro-
cedures, and patients in group B were treated with alpha lipoic acid. [Results] There where a statistically significant
improvements in terminal latency and the amplitude of the action potential in group A patients, while group B
patients showed a statistically significant improvements in conduction velocity and terminal latency of n. peroneus.
Group A patients showed a statistically significant improvements in conduction velocity and terminal latency, while
group B patients also showed a statistically significant improvements in conduction velocity and terminal latency.
This was reflected in a significant improvements in electrophysiological parameters (conduction velocity, amplitude
and latency) of the motor and sensory nerves (n. peroneus, n. suralis). [Conclusion] These results present further
evidence justifying of the use of physical agents in the treatment of diabetic sensorimotor polyneuropathy.

Key words: Diabetic polyneuropathy, Physical procedures
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INTRODUCTION

Painful diabetic polyneuropathy occurs as a complication in 16% of all patients with diabetes mellitus!. The prevalence
in patients suffering from diabetic polyneuropathy varies from 23 to 29%?). The presence of neurological symptoms and/or
signs in electroneurographic (ENG) findings is necessary for confirming the diagnosis of distal sensorimotor diabetic poly-
neuropathy (DSMP)> 4. Slow sensitivity and motor velocity of conduction exists in clinically evident neuropathy, especially
in the feet, where the peripheral nerves are the longest. The degree of deceleration of velocity conduction is proportional to
the severity of the underlying disease®.

While drug therapy has been widely researched into and is quite well defined in the treatment of diabetic neuropathy, this is
not the case with physical procedures. Physical therapy for the treatment of patients with distal sensorimotor polyneuropathy
has increasingly been gaining in importance, especially as an analgesic therapy. Furthermore, in previous studies have neither
researched the effects of combined physical therapy on electro-diagnostic parameters, nor made comparisons the effects
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of the alpha lipoic acid. Therapies directed at the pathogenesis process of diabetic neuropathies comprise aldose reductase
inhibitors, alpha-lipoic acid, benfotiamine, protein kinase C inhibitors, gene therapy, gamma-linoleic acid, immunotherapy,
and others®.

Alpha-lipoic acid is an antioxidant that is endogenously produced in the body and has become studies the drug of choice
for the treatment of diabetic neuropathy’ ). It is particularly important to emphasize the necessity of prompt therapy, before
the occurrence of severe and irreversible changes in the nerves. Alpha-lipoic acid has a clear metabolic effect, improves
microcirculation, and has an anti-inflammatory effect. All these facts act synergistically and complexly in a chain of patho-
physiological processes in the development of the diabetic neuropathies® ).

The most commonly applied physical agents are transcutaneous electrical nerve stimulation (TENS), impulse magnetic
field, stable galvanization and exercise. TENS is a method of treating the symptoms of pain by stimulating the sensitive nerve
endings in the skin. It the modulations the pain at the dorsal horn of the spinal cord, and is based on the theory of control of
pain inputs (the gate control theory of pain)!%-!2). Galvanic current causes hyperemia of the skin and deeper tissues through
which it passes and reduces pain. Hyperemia improves trophic tissue, reduces swelling and inflammation and helps to allevi-
ate the factors that induce pain'?. Physical activity is beneficial for the metabolic processes in the body of diabetic patients
and is implemented as a permanent therapeutic measure (it increases the biological effectiveness of insulin, sensitivity of
insulin receptors, collateral circulation and the transport of oxygen, it lowers levels of triglycerides, cholesterol and blood
pressure)!?).

Clinical studies have so far investigated the effects of certain modalities of physical therapy and alpha-lipoic acid in
patients with various causes and types of neuropathies'> '4). However, the available literature has no data on comparative,
randomized studies of the effects of physical therapy and alpha lipoic acid in patients with sensory neuropathy, especially
in the subgroup of patients with diabetes mellitus. Bearing in mind the significant differences between the two therapeutic
strategies in terms of clinical-management and economic aspects, there is an interest in comparative studies in this field.
Thus, the main objective of our research was to investigate the effect of the application of combined physical procedures
to electromyoneurographic (EMNG) parameters of peripheral sensory and motor nerves (n. peroneus and n. suralis) and
compare it with the effect of treatment with alpha-lipoic acid in patients with distal sensorimotor polyneuropathy.

SUBJECTS AND METHODS

A clinical, prospective open-label randomized intervention study was conducted of 60 adult (18 years or older) who were
patients at the Clinical Center, Kragujevac, Center for Physical Medicine and Rehabilitation during 2012-2013. The study
was approved by the Ethics Committee of the Clinical Center, Kragujevac.

The inclusion criteria of the study were: patients with DSMP for longer than two months diagnosed with the presence
of signs and symptoms (pain, paresthesia, hyperesthesia to anesthesia, muscular weakness) and EMNG findings; treatment
with antidiabetic therapy which had not been changed for at least 6 months; and a signed, voluntary consent to participation
in the study.

The exclusion criteria were: vitamin B12 deficiency, alcoholism, chronic renal insufficiency, thyroid dysfunction, im-
munodeficiency, systemic connective tissue disease, severe liver damage, cerebrovascular ischemia, cardiac decompensation,
acute coronary syndrome in the previous 6 months, unregulated elevated blood pressure (>160/80 mmHg), treatment with
chemotherapy in the last 10 years, state after severe polytrauma, as well as use of drugs that can damage the peripheral nerves
(vincristine, paclitaxel, cisplatin, streptomycin, isoniazid, ethionamide, dapsone, nitrofurantoin, metronidazole, emetine,
chloroquine, amiodarone, carbamazepine, phenytoin, hydralazine, indomethacin); the existence of a contraindication to the
implementation any of the planned physical agents (pregnancy, fever, malignancy, acute infectious disease, decompensation
of vital organs, the presence of metal in tissue, diseases or damage to the integrity of the skin at the electrode to application);
or hypersensitivity to alpha-lipoic acid of 60 adult (18 years or older), galactose intolerance, glucose-galactose malabsorption
or Lapp lactose deficiency.

The study was conducted during three diagnostic and therapeutic cycles, each of which lasted 16 days and the period of
time between cycles was 6+1 week with a total study duration of six months.

The subjects were divided into two groups of 30 patients with diabetes mellitus type 2 and DSMP, based on clinical
symptoms and signs, as well as the parameters of EMNG findings. Using a computer random number generator, each patient
was randomly allocated to one of the two experimental groups (therapeutic arms): Group A or B.

Group A patients were treated with combined physical procedures. The method of combined physical procedures included
stable galvanization (SG), pulsed electromagnetic field (PEMP), TENS, and exercise. SG (Galvan plus, Electronic Design
Medical, Serbia) was applied once a day for 20 minutes, using the standard rectangular electrodes placed longitudinally
along both legs. The intensity was 0.1-0.5 mA/cm?, depending on the subjective feelings of patients. PEMP (Magomil-2,
Electronic Design Medical, Serbia) was applied once a day for 30 minutes along both lower legs and feet, over the antenna
at a frequency of 10 Hz and intensity of 40 mT. TENS (TENS-2, Electronic Design Medical, Serbia) was applied once a day
for 30 minutes along both feet longitudinally, at a frequency of 85 Hz and with short-term pulses (4 ms) (appliance). Exercise
performed once a day for 30 minutes, according to individually tailored protocol. Active and active-assisted exercises were
used to the point of pain for strengthening the muscles of the lower extremities and to increase the range of motion of all
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joints in the lower extremities.

The second group (Group B) patients were treated with alpha lipoic acid in accordance with the conditions specified in the
license for marketing of the medicine in Serbia (indications, dosage regimen, precautions, etc.) and standard clinical practice.
In the period from 2 to 15 days of hospitalization, patients were treated with intravenous administration of alpha lipoic acid
(600 mg in 500 ml of 0.9% NaCl, once a day). Upon completion of hospitalization, and during the entire period of the study,
subjects have continued to regularly take oral alpha lipoic acid at a dose of 600 mg (one tablet a day, in the morning before
breakfast).

On patient admission and upon the completion of the last (third) diagnostic and therapeutic cycle (after 6 months) an
analysis of EMNG of the sensory and motor nerves of the lower extremities was conducted (n. peroneus and n. suralis).
EMNG testing was performed using the latest-generation Medtronic Keypoint (Denmark, Skovlunde, www.medtronic.com).
The duration of the procedure was about 45 minutes, including reading of the results. The method examines individual nerve
conduction velocity by registering evoked potentials directly from the sensitive fibers, while the motor fibers are tested
through evoked potentials with or from muscles innervated by these neurons. The procedure does not require any preparation,
and it is performed by placing surface (skin) and/or deep electrodes, usually both types of electrodes, as decided by the doctor
who is performing the examination of n. peroneus and n. suralis.

The median value, standard deviation (SD), median, minimum and maximum values, as well as the normality of the
distribution of all continuous variables were determined, using the Shapiro-Wilk test. In order to compare the mean values of
continuous variables within the tested groups, the paired z-test was used for data sets with normal distribution, or alternatively
Wilcoxon’s test of matched pairs. Differences between the compared groups were investigated using the independent t-test
or the Mann-Whitney test data sets without a normal distribution. The ¥ test was used to compare the frequency (incidence)
of categorical (dichotomous) variables. Statistical significance was accepted for all the results where the probability of the
null hypothesis was less than 5% (p<0.05). The research results are presented in tabular form. All statistical calculations were
carried out using the commercial software package SPSS version 20.0.

RESULTS

The basic characteristics of the patients in group A, the physical therapy group and group B, the alpha lipoic acid group are
given in Table 1. Both groups were homogeneous by gender (p=0.598), diabetes mellitus genetic heritage (p=1.000), active
cigarette smoking (p=0.347), profession (p=0.837), age (p=0.09), body mass index (p=0.773), duration of DM (p=0.09) and
laboratory test results: HbAlc (p=0.403), urea (p=0.679), and creatinine (p=0.524).

Table 2 shows the results of the electroneurographic test of n. peroneus. At the end of the intervention there were statisti-
cally significant improvements in terminal latency (p<0.001) and the amplitude of the action potency (p=0.032) in group A
patients, while in group B patients showed statistically significant improvements in conduction velocity (p<0.001) and termi-
nal latency (p=0.001) of n. peroneus. At the beginning of the study group A and group B showed no significant differences in
the monitored electroneurographic parameters; they were homogeneous in speed of enforcement, p=0.385, terminal latency

Table 1 . Characteristics of the patients with DSMP

Characteristic Group A (n=30) Group B (n=30) Significance
number (%)

male 11 (36.7%) 13 (43.3%)

Gender female 19 (63.3%) 17 (56.7%) no
. Yes 13 (43.3% 13 (43.3%
Hereditary DM No 17 E56.7%; 17 556.7%; no
. . Yes 8(26.7% 5(16.7%
Active smoking No 22((73.30/2) 25((83.3%2) ne
Profession (p/e/ue) 76.7/20/3.3 73.3/20/6.7 no
mean = SD
Age (years) 63.2+7.7 62.8+£8.3 no
Body Mass Index (kg/m?) 27.2+4.6 27.2+3.9 no
Duration of diabetes (yr) 12.24£7.6 11.7£5.7 no
HbAlc (%) 7.841.9 7.34£1.2 no
Urea (mmol/l) 6.5£2.9 6+2.1 no
Creatinine (pmol/l) 81.1+£22.2 76.3+17.7 no
Motor conduction velocity of n. peroneus 40.6£3.8 39.5+5.1 no
Sensory conduction velocity of n. suralis 31.8+21 31.6+24.1 no

p: retired; e: employed; ue: unemployed

434 J. Phys. Ther. Sci. Vol. 28, No. 2, 2016



p=0.849 and amplitude of action potential p=0.525. At the end of the intervention there were again no significant differences
in the speed of implementation (p=0.845), terminal latency (p=0.563), or the amplitude of the action potency (p= 0.881).

Table 3 shows the results of the electroneurographic examination of n. suralis. At the end of the intervention in group
A patients showed statistically significant improvements in conduction velocity (p<0.001) and terminal latency (p=0.014),
while group B patients also showed statistically significant improvement in conduction velocity (p=0.007) and terminal la-
tency (p = 0.008), too. At the beginning of the study group A and group B showed no significant differences in the monitored
ENG parameters; they were homogeneous in enforcement speed, p=0.658, terminal latency p=0.576 and amplitude of action
potential p=0.489. At the end of the intervention, there were again no significant differences in speed of implementation
(p=0.794), terminal latency (p=0.737), or the amplitude of the action potency (p=0.372).

DISCUSSION

The results of our study show that both treatment modalities, alpha-lipoic acid and the program of physical therapy,
improved the electromyoneurography parameters of the patients with diabetic neuropathy, with approximately comparable
extent. A larger number of studies have examined the effects of the physical therapy and alpha lipoic acid in patients with
neuropathy. However, the variety of physical methods, treatment protocols, patient characteristics and etiological factors of
neuropathy results in a distinct methodological heterogeneity, which is why the results can only be indirectly compared to
each other, and to the results of our study, as well.

A clinical study'> showed the effect of pulsed electromagnetic fields on the regeneration of nerves in patients with
DSMP, but without a statistically significant reduction of pain (VAS). In the study by Bosy et al.!®), an increase in the speed
of conduction was found through n. peroneus after application of magnetic therapy to n. suralis. Our results are consistent
with that study, except that in our study, in addition to a magnetic therapy, electrotherapy (TENS and SG) was applied, too.

In the study by Graack et al.'?), after application of electromagnetotherapy, a statistically significant reduction the distal
latency of n. peroneus and a significant increase in the speed of conduction through n.peroneus were shown, but there was no
significant change in the amplitude of the action potential of n. peroneus. Our results also indicated there was a statistically
significant increase in the speed of conduction through n.peroneus in group B patients, and a reduction in the distal latency of
n.peroneus in both groups of A and B; however, no statistically significant difference was found between the two therapeutic

Table 2 . Nerve conduction study results for n.peroneus

Parameter Group A (n=30) Group B (n=30) Significance

Motor conduction velocity of n.peroneus  before 40.6£3.8 39.5+5.1 no

(m/s) after 41.6 +4.4 41.1£5 no
Significance no ol

Distal latency of n.peroneus before 4+1 42+15 no

(ms) after 35+1 38+14 no
Significance Howk Hoxx

Action potential amplitude of n.peroneus  before 3.8+2.2 33+22 no

(mV) after 44+2.6 3.6+2.1 no
Significance * no

Group A: physical therapy; Group B: alpha lipoic acid; * < 0.05 ** <0.01 *** <0.001

Table 3 . Nerve conduction study results for n.suralis

Parameter Group A (n=30) Group B (n =30) Significance

Sensory conduction velocity of n.suralis ~ before 31.8+21 31.6=24 no

(m/s) after 40.1 £25.6 32.2+277 no
Significance HEE *x

Distal latency of n.suralis before 26+28 2117 no

(ms) after 1.9+ 14 1.8+ 15 no
Significance * *k

Action potential amplitude of n.suralis before 29+23 27+27 no

(mV) after 3427 27+28 no
Significance no no

Group A: physical therapy; Group B: alpha lipoic acid; * < 0.05 ** <0.01 *** < 0.001

435



modalities. Unlike the study by Graack et al., the therapy applied in our study increased the amplitude of the action potential
of n. peroneus in group A patients.

A four-year study'® reported that the performance of exercise resulted in a statistically significant increase in the speed of
conduction through n. peroneus, while the conduction velocity through n. suralis did not significantly change. Several other
studies have confirmed these results!®??). In our present study, the performance of exercise combined with magnetotherapy
and electrotherapy also achieved a significant increase in the speed of conduction through n.peroneus in group B patients, but
the application of these physical agents also significantly increased the speed of conduction through n. suralis.

A study by Fisher et al.>®) demonstrated statistically significant improvements in EMNG parameters (speed of conduction,
amplitude and latency through the motor and sensory nerves) after a 24-week exercise program for patients with DSMP. Our
results are in agreement with the results of that study, but out method differed in that it combined training with electrotherapy
and magnetotherapy. There was also a difference in the duration of treatment: physical therapy was shorter in our study than
in the study by Fischer et al.

A study?® showed that the use of alpha lipoic acid in the treatment of DSMP led to a significant increase in the speed of
conduction through n. peroneus and n. suralis which partially matches the results of our present study. These results suggest
beneficial effect of combining these two methods of treatment for patients with DSMP, which should be studied in future
research.

The application of physical agents and alpha lipoic acid mentioned above favorably influenced the course and outcome
of patients with symmetrical distal sensorimotor diabetic polyneuropathy. This was reflected in a significant improvement in
electrophysiological parameters (conduction velocity, amplitude and latency) of the motor and sensory nerves (n. peroneus, n.
suralis). These results present further evidence in favour of the use of physical agents in the treatment of diabetic sensorimo-
tor polyneuropathy. They also contribute to the theoretical basis for the planning of further investigations of other important
aspects of different therapeutic strategies, such as the efficacy and safety of combined treatments and economic studies.
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Abstract: Vitamin B, (cobalamin) ranks among the most useful, safe and effective orthomolecules
when treating a diverse array of neuropsychiatric conditions. However, most clinicians do not con-
sider vitamin By, important unless the serum level is below laboratory reference ranges. Ten research
reports, summarized here, indicate metabolic consequences from low-normal (but not deﬁcient) se-
rum By, levels, and/or clinical improvements following therapy that markedly increased serum B,
levels. My clinical experience, along with the summarized reports, suggests that (1) serum levels of
vitamin By, not “classically” deficient by current laboratory standards are associated with neuropsy-
chiatric signs and symptoms, and (2) clinical improvement results when serum vitamin By, levels
are optimized or markedly increased following vitamin By, treatment. Vitamin B,,s mechanisms of
action are believed to include increased S- adenosylmethionine production, improved methylation,
decreased plasma and brain homocysteine, compensation for inborn errors of metabolism, normal-
ized gene expression, correction of long-latency vitamin B, debt, and anti-inflammatory activity.
Clinicians may wish to re-evaluate the importance of lower-than-optimal serum vitamin B, levels,
pursue additional testing such as urinary methylmalonic acid, and consider the potential benefits of
vitamin By, treatment.

Introduction

For approximately twelve years I have
been using pharmacological doses of nutri-
ents to mitigate a variety of neuropsychi-
atric signs and symptoms, such as anxiety,
aphasias (i.e., both expressive and receptive
types), ataxia, cognitive impairment, depres-
sions, delusions, developmental delays, fa-
tigue, hallucinations, insomnia, irritability,
memory problems, mood swings, muscle
weakness, neuralgias, neuropathy, obses-
sions, paranoid ideations, paresthesias, psy-

choses, and/or seizures. When treating such
a diverse array of neuropsychiatric presenta-
tions, vitamin B;, (cobalamin) ranks among
the most useful, versatile, safe, and effective
orthomolecules at my disposal. Despite my
success in observing improvements among
my patients prescribed vitamin Bj,, recog-
nition of vitamin B;, insufficiency remains
neglected. Most clinicians do not consider
vitamin B;, important unless the serum level
is deficient when indicated by laboratory
reference ranges. Vitamin B,, therapy con-
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tinues to be viewed by many mainstream-
minded clinicians as unexpected or unwar-
ranted. The purpose of this paper is therefore
to show the rationality of using vitamin B,
therapeutically, even in the absence of “clas-
sical” deficiency.

What Serum Vitamin B,, Level Defines
“Classical” Deficiency?

A number of publications discuss the
serum levels of vitamin By, that reflect “clas-
sical” deficiency. According to one author, a
patient is considered to be deficient in vita-
min By, when the serum vitamin By, level is
< 100 pg/mL (74 pmol/L).! In another arti-
cle, deficiency was defined as having a serum
vitamin By, level < 203 pg/mL (150 pmol/L)
on two separate occasions, or when the se-
rum vitamin By, level is < 203 pg/mL (150
pmol/L) and total serum homocysteine level
is > 13 pmol/L or serum methylmalonic acid
> 0.4 pmol/L.” In the province where I re-
side, most laboratories consider a patient to
be deficient in vitamin B;, if the serum level
is less than 149 pg/mL (110 pmol/L). When
vitamin By, reaches a level that would reflect
“classical” deficiency, it is important to de-
termine and rule-out underlying causes (e.g.,
alcoholism, pernicious anemia, and vegetar-
ian diet) and prescribe appropriate vitamin
B, replacement therapy.

Review of Ten Neuropsychiatric
Research Reports about Vitamin B,,

While vitamin B;, deficiency has been
associated with problems in cognition, mood
and psychosis, and less commonly, anxiety,
three patients with serum vitamin By, levels
outside of the “classical” deficient range also
suffer from various neuropsychiatric signs
and symptoms reflective of vitamin By, “in-
sufficiency.” When these patients are given
therapeutic doses of vitamin B, their se-
rum levels further increase and their clinical
picture usually improves. I summarized 10
research reports that suggest metabolic con-
sequences from lower-normal (but not defi-
cient) serum vitamin By, levels, and/or noted
clinical improvements following marked in-
creases in serum vitamin B;, levels.

Report #1: 29 Subjects with Fatigue

Twenty-nine subjects (7 male and 22 fe-
male; mean age 41.5 years) complaining of id-
iopathic fatigue or tiredness completed a dou-
ble-blind cross-over trial.* The subjects were
provided with intramuscular (IM) injections
of hydroxocobalamin (5 mg twice weekly for
two weeks) or identical-looking placebo injec-
tions, followed by a rest period of two weeks,
and then a similar course of hydroxocoba-
lamin or identical-looking placebo injections
depending on treatments given during the
initial two week trial period. Symptoms were
evaluated by a daily self-rating card that as-
sessed appetite, general feeling of well-being,
fatigue, mood (i.e., level of happiness), injec-
tion response (i.e., how the injection made the
subject feel), and sleep. Those subjects who re-
ceived the placebo in the first two week period
showed a favourable response to hydroxoco-
balamin in the second period on all measure-
ments made. The results showed statistical
significance with respect to general well-being
(p=0.006) and happiness (p=0.032). The initial
mean serum vitamin By, level was 358.4 pg/
mL (264.4 pmol/L). By the end of treatment
serum concentrations had risen to more than
2000 pg/mL (1476 pmol/L) in all but three
of the total 29 subjects. The three subjects that
did not have serum vitamin B;, values above
2000 pg/mL, had concentrations at or above
450 pg/mL (332 pmol/L).

'The authors of this study concluded that
vitamin B;, has a “tonic” effect. They reasoned
that the response to vitamin By, was related
to pharmacological factors such as the ability
of the vitamin to penetrate into the brain or
neurons, or to an influence of vitamin By, on
neural metabolism. While none of the patients
had serum levels of vitamin B, that would be
considered deficient, they did respond favour-
ably to vitamin B;, administration after their
serum levels were dramatically increased by
intramuscular injections.

Report #2: 61 Patients - Serum vs. Brain
Status of Vitamin B,

'This study sought to determine to what
extent vitamin B, in the serum is a real re-
flection of vitamin Bj, status of brain tis-
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sue.’ It was comprised of three groups of
patients and one control group. Group 1
involved 23 patients aged 60-85 with de-
mentia, group 2 involved 16 patients aged
30-60 with organic affective syndrome,
group 3 involved 10 female patients aged
25-40 with postnatal depression (and com-
plaints of neurasthenia), and the control
group of 12 patients aged 25-50. All pa-
tients were normal haematologically, had
normal liver function and kidney function
tests, but did have evidence of “soft” neu-
rologic symptoms (i.e., some combination
of encephalopathy and/or polyneuropathy
or neuropathy). When the serum levels
of vitamin B;, were tested, normal values
(200-800 pg/mL; 148-590 pmol/L) were
found in 45 of the 49 patients from groups
1-3. All 12 patients in the control group
had serum By, levels in the normal range.
Deficient cerebrospinal fluid levels (CSF)
of vitamin By, (<5 pg/mL; <3.7 pmol/L)
were found in 30 of the total 49 patients
(or in 26 of the 45 patients with normal
serum levels). All 12 patients in the con-
trol group had CSF levels in the normal
range (>10 pg/mL; >7.4 pmol/L). Because
there was a marked difference between
both compartments when measured, these
results indicate that a potentially treatable
vitamin B,, deficiency will be overlooked
in a significant portion of patients if CSF
B, levels are not included in the assess-
ment. Ten patients were given six weeks of
twice weekly IM treatment of hydroxoco-
balamin (1,000 mcg) plus daily treatment

with an oral supplement containing 50 mg
zinc-DL-aspartate and 250 mg of taurine.
Two patients were given 6 weeks of a daily
supplement containing cyanocobalamin
(0.1 mg) plus 50 mg zinc-DL-aspartate
and 250 mg of taurine. Table 1 (below)
highlights the changes in both serum and
CSF that resulted from vitamin B, treat-
ment. Treatment with IM hydroxocoba-
lamin produced more significant increases
than oral cyanocobalamin in the patients’
CSF levels of vitamin By,.

In group 1 (patients with dementia),
the authors speculate that zinc deficiency
and its corresponding high levels of copper
block the transport of B;, in the choroid
plexus (and therefore, the CSF), similar
to the effects of free radical chain reac-
tion inducers like mercury, cadmium and
other neurotoxins. Group 2 (patients with
organic affective syndrome), all had ex-
posures to toxic chemicals (i.e., alcohol,
industrial solvents or halogenated hydro-
carbons), which were considered causative
in their neurasthenic-depressive clinical
presentation. The authors speculate that
these neurotoxins may block the entry
of vitamin B,, into the brain, leading to
CSF deficiency of the vitamin. In group
3 (patients with postnatal depression),
the authors suggest that estrogens or es-
trogen-receptor binding chemicals (e.g.,
halogenated hydrocarbons) have an effect
on By, transport through the blood-brain
barrier and choroid plexus, thus causing

deficiency of the vitamin with the CSF.

Table 1. Changes in serum and CSF vitamin B,, concentrations following treatment

Group Pre-treatment Pre-treatment CSF Post-treatment Post-treatment CSF
serum B;; (pg/ml) B, (pg/ml) serum serum By, (pg/ml) By, (pg/ml)

IM injection 310 (229 pmol/L) <5 (<3.7 pmol/L) >2400 (>1771 pmol/L) 70 (52 pmol/L)

(n=10) (average) (average) (average) (average)

Oral (Patient #1) 430 (317 pmol/L) 14 (10 pmol/L) 2400 (1771 pmol/L) 21 (15.5 pmol/L)

Oral (Patient #2) 450 (332 pmol/L) <5 (<3.7 pmol/L) >2400 (>1771 pmol/L) 9.6 (7.1 pmol/L)
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Report #3: 16 Patients with Dementia
and 13 Patients with Neurasthenia

In another publication by the authors
of report #2, 16 geriatric patients aged 60-
85 years with dementia or organic affective
syndrome with co-existing dementia were
assessed.® All patients had normal liver
function and no gross haematological ab-
normalities. These patients did have signs
and symptoms of polyneuropathy. Three
patients had low levels of serum B,, and
low levels of CSF B,,. The remaining 13
patients had normal serum By, levels (220-
540 pg/mL; 162-398 pmol/L), with nine of
them also having deficient CSF B, levels.
Five patients that had normal serum levels
and deficient CSF levels were given three
months of treatment with parenteral hy-
droxocobalamin (unstated dose). After three
months, they experienced clinical improve-
ment and had a marked rise in their CSF
By, levels (50-90 pg/mL; 37-66 pmol/L).

In a second group of 13 patients (29-
50 years of age) with neurasthenic symp-
toms, the vitamin By, levels were assessed in
both the serum and CSF. All patients had
normal liver function and no gross haema-
tological abnormalities. These patients did
have ‘soft’ neurological signs of encephal-
opathy and neuropathy. All 13 patients had
normal serum levels of vitamin By, (range,
280-750 pg/mL; 207-553 pmol/L), but 11
of them had deficient CSF levels (<5 pg/
mL; <3.7 pmol/L). By not performing rou-
tine CSF analysis, the majority of these pa-
tients would not have been found to have a
vitamin B, deficiency.

The authors concluded that all patients
displaying organic mental symptoms should
have their CSF levels of vitamin B, assessed.
I am of the opinion that routine CSF mea-
surements of vitamin By, are impractical, ex-
pensive, and invasive. Perhaps another way of
interpreting these results is to know that se-
rum vitamin By, levels within normal ranges
might not reflect what is happening within
the brain. To encourage normal or even op-
timal CSF levels of vitamin B;,, marked in-
creases in serum levels of the vitamin might
be achieved through IM administration.

Report #4: 14 Patients with Dementia,
Degenerative Types

Vitamin B;, levels in the serum and
the CSE were assessed in 14 patients with
dementia.” Eleven of these patients had de-
generative types of dementia, such as Al-
zheimer’s disease, senile dementia, and Pick’s
disease. The serum vitamin B;, levels in all
patients were normal (500-1,300 pg/mL;
369-959 pmol/L). CSF levels of vitamin B,
did not correlate with severity of the demen-
tia. After oral methylcobalamin (2,000 mcg
per day), neither serum or CSF levels of vi-
tamin B,, were significantly elevated. On the
other hand, when the patients were given the
same oral dose plus daily IM injections of
methylcobalamin (500 mcg), marked eleva-
tions occurred in both the serum and CSF
compartments. This study is compelling
on two fronts. First, the serum vitamin By,
ranges used in this study are much higher
than those reported in other publications.’”
Perhaps in Japan they are aware that a higher
serum vitamin B, level correlates with bet-
ter health; thus, the need for a reference
range that “captures” more deficient patients.
Second, IM methylcobalamin was the only
way to markedly increase both serum and
CSF levels of vitamin B, among the pa-
tients with dementia. Oral methylcobalamin
did not appreciably increase serum and CSF
levels of vitamin Bys,.

Report #5: 8 Patients with Personality
Symptoms

Eight patients were administered IM
hydroxocobalamin to treat their person-
ality symptoms, as assessed by the Min-
nesota Multiphasic Personality Inventory
(MMPI).? The patients in this trial had the
following diagnoses: paranoid schizophrenia
(one patient), angioneurotic edema (one pa-
tient), cancer prevention (one patient), de-
pression (two patients), recurrent duodenal
ulcer (one patient), insomnia (one patient),
and cocaine addiction (one patient). All of
the patients were 16 years of age and older
and not on any medication. They were taking
a variety of supplements such as vitamins,
minerals, and unsaturated fats. Their serum
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vitamin B;, levels were within the laborato-
ry’s normal range (115-800 pg/mL; 85-590
pmol/L). All patients, through trial and error,
were given injections of hydroxocobalamin
to establish ideal doses of the vitamin (doses
ranged from 3,000 mcg four times each week
to 9,000 mcg per day). Serum vitamin By, lev-
els were drawn when patients felt the greatest
sense of well-being and were also drawn after
the injections were discontinued for 5-7 days.
Patients also completed the MMPI numer-
ous times during the trial period. The high-
est serum vitamin B, levels (average: 465,173
pg/mL; 343,205 pmol/L) were associated
with MMPI patterns at or closer to normal
(profile elevation average: 56.1). With lower
serum vitamin By, levels (average: 110,611
pg/mL; 81,609 pmol/L), the MMPI patterns
showed much more emotional distress (pro-
file elevation average: 67.5).

The author concluded that vitamin By,
dependency disorders are common and ne-
glected by the medical profession because:
(1) the body level of vitamin B;, needed for
full biological efficiency is unknown; (2) pa-
tients might have a deficiency in transport-
ing vitamin B, into their tissues (low levels
of transcobalamin IT); and (3) a large increase
in a vitamin level might be needed to “force”
one or more abnormal chemical reactions to
proceed normally.

Report #6: Two patients with Sleep-
wake Disorders

Two adolescent patients with persistent
sleep-wake schedule disorders responded
to treatment with oral methylcobalamin.’
A 17-year-old male had hypernychthem-
eral syndrome (non-24-hour circadian
rhythm disorder) and was unable to attend
school despite trying various medications.
A 15-year-old girl had delayed sleep phase
syndrome (DSPS) and was similarly unable
to attend school despite numerous medica-
tion trials. Both patients did not have any
laboratory or clinical evidence of vitamin By,
deficiency or hypothyroidism. Improvement
of their sleep-wake schedule disorders ap-
peared immediately after the administration

of high doses (3,000 micrograms per day) of

oral methylcobalamin. Serum concentrations
of vitamin By, during the treatment period
were in the high range of normal or above
normal. The female patient’s serum level of
By, was 1,078 pg/mL (795 pmol/L) after
two weeks of treatment. Her baseline serum
By, level was not provided in the report. The
male patient’s baseline serum vitamin B,
level was 589.5 pg/mL (434.9 pmol/L) and
was measured three more times during treat-
ment. His last serum vitamin B;, measurement
during treatment was 1,161.6 pg/mL (857.03
pmol/L). For the male patient, treatment re-
duced the sleep-wake cycle from 24.6 hours
to 24.0 hours, which was significant since his
sleep-wake rhythm became entrained to the
environmental 24-hour rhythm. For the fe-
male patient with DSPS, treatment decreased
sleep from 10 hours to seven hours, and the
time of sleep onset normalized from 2 a.m. to
midnight.

It appears that these patients respond-
ed when their serum levels increased to the
high range of normal, or to levels exceeding
normal. It was concluded that vitamin By,
benefited these patients either by enhanc-
ing the phase-setting eftects of light through
some action on the eye or retinohypothalamic
tract, or by a direct phase-setting effect.

Report #7: Patient with Hypersomnia

"This communication describes the success-
tul use of oral methylcobalamin in a 32 year-
old-male patient with recurrent hypersomnia
of 12 years duration.”® He would have episodes
lasting a few times each year, but when the epi-
sodes increased to once every month, he was re-
ferred to a psychiatrist for further evaluation and
treatment. He was prescribed 1500 mcg of oral
methylcobalamin from May 1993 until October
1993. Episodes of hypersomnia stopped during
this treatment period and did not recur during
the 17 months of follow-up. The baseline serum
By, level was 420 pg/mL (310 pmol/L), and in-
creased to 980 pg/mL (723 pmol/L) one month
after B, administration.

'This patient’s response to vitamin B, thera-
py suggests that it was effective at preventing his
recurrent hypersomnia, although a spontaneous
remission was possible. Vitamin By, was pre-
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sumed to increase sensitivity to environmental
conditions including light stimulation, thereby
increasing the patient’s level of consciousness
and preventing episodes of hypersomnia.

Report #8: Patients with Depression

'This study determined if there was an asso-
ciation between vitamin B, and folate levels and
the six-month treatment outcome in patients
with major depressive disorder.!! Haematologi-
cal indices, erythrocyte folate and serum vitamin
By, levels were determined in 115 outpatients
with major depressive disorder at baseline and
again six months later. The 17-item Hamilton
Depression Rating Scale (HDRS) was also as-
sessed at baseline and again six months later.
None of the patients in this study had deficient
vitamin By, levels. In the non-response group
(n=40), the average baseline vitamin B;, mea-
surement was 470.5 pg/mL (347.2 pmol/L). In
the partial response group (n=34), the average
baseline vitamin B;, measurement was 536.6
pg/mL (396.0 pmol/L). The full response group
(n=41) had an average baseline vitamin B,
measurement of 594.9 pg/mL (439.1 pmol/L).
Higher baseline vitamin B, levels were associ-
ated with a better outcome. There was no rela-
tionship between the haematological indices
and the six month outcome. A positive cor-
relation was found between both the vitamin
By, level at baseline (r = 0.39, p <0.001) and on
follow-up (r = 0.26, p = 0.006), and the decline
(i.e., improvement) in the HDRS score during
six months of treatment.

The authors concluded that the serum
level of vitamin B;, may correlate with recov-
ery from major depression. They speculated
that patients might need more vitamin B, be-
cause of lower intakes of vitamins from food
or impaired assimilation from the gastroin-
testinal tract, higher metabolic rates, issues in
monoamine synthesis, and/or the elevations of
homocysteine leading to excitotoxic reactions
within the brain.

Report #9: Survey of 1,000 patients for
B,, levels

This study involved a total of 1,000 in-
dividuals, aged 75 years or older living in
their homes and registered with three gen-

eral practitioners in Banbury, Oxfordshire,
England.” Deficient serum vitamin B, con-
centrations were identified in approximately
13% (125) of study subjects and were associ-
ated with memory impairment and depres-
sion. These subjects had serum vitamin B,
levels <180 pg/mL (133 pmol/L). After ad-
justing for various parameters (age, sex and
smoking), subjects with serum vitamin B, or
holotranscobalamin (holoT'C) in the bottom
compared with top quartiles had a 2-fold
risk (OR = 2.17; 95% CI 1.11-4.27) and a
3-fold risk (OR = 3.02; 95% CI 1.31-6.98)
of cognitive impairment, respectively. The
mean vitamin B, levels in the bottom two
quartiles were 169.4 pg/mL (125 pmol/L)
and 251 pg/mL (185 pmol/L) respectively.
Absence of ankle tendon jerks was also as-
sociated with low vitamin B;, status.
Treatment with vitamin B;, (1,000 mcg
hydroxocobalamin IM) once each month
for 3 consecutive months corrected the bio-
chemical abnormalities, but had no effect on
any of the clinical measurements. In older
individuals without anaemia, low vitamin B,
concentrations were associated with cognitive
impairment and missing ankle tendon jerks.

Report #10: 107 Patients without
Cognitive Impairment

This study involved 107 community-
dwelling subjects aged 61-87 years with-
out cognitive impairment at enrollment.”
It was a prospective study that assessed the
relationship between markers of vitamin B,
status and brain volume loss over a 5-year
period. All subjects were assessed annually
by clinical examination, magnetic resonance
imaging scans, and cognitive tests. Blood was
drawn at baseline for measurement of serum
vitamin By,, transcobalamin (T'C), holotrans-
cobalamin (holoTC), methylmalonic acid
(MMA), total homocysteine (tHcy), and
serum folate. Brain volume loss was greater
among those with lower serum vitamin B,
and holoTC levels and higher plasma tHcy
and MMA levels at baseline. Linear regres-
sion analysis showed that associations with
vitamin B, and holoTC remained signifi-
cant after adjustment for various parameters
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(ie., age, sex, creatinine, education, initial
brain volume, cognitive test scores, systolic
blood pressure, ApoE epsilon4 status, tHcy,
and folate). Increased rate of brain volume
loss (odds ratio 6.17, 95% CI 1.25-30.47)
was associated with vitamin B, in the bot-
tom tertile (< 417.3 pg/mL; <308 pmol/L).
The authors concluded that low vitamin
B, status should be investigated as a treatable
cause of brain atrophy and of apparent subse-
quent cognitive impairment in the elderly.

Purported Mechanisms of Action for
Vitamin B,,

My clinical experience and the above-
noted reports suggest the following: first,
serum levels of vitamin B;, that are not
“classically” deficient by current laboratory
standards are associated with neuropsychi-
atric signs and symptoms not limited to de-
clines in cognitive functioning (i.e., neuro-
logical deficits), tiredness, affective disorders,
psychosis, insomnia/sleep-wake disturbanc-
es, and even brain volume loss; and second, a
variety of neuropsychiatric signs and symp-
toms improve when serum vitamin B, levels
are optimized or markedly increased follow-
ing vitamin By, treatment.

Vitamin By, participates in the produc-
tion of S-adenosylmethionine (SAM), a
donator of methyl groups, and therefore it
plays a decisive role in the functioning of the
neuropsychiatric system. An adequate pro-
duction of SAM facilitates the formation of
phospholipids that comprise neuronal my-
elin sheaths and cell receptors,'* and the syn-
thesis of monoamine neurotransmitters.''
Insufficient vitamin B;, would decrease the
production of SAM, which would impair
methylation and, consequently, impair the
metabolism of neurotransmitters, phospho-
lipids, myelin and receptors.

Therapeutic vitamin B, supplementa—
tion might also lower plasma and brain lev-
els of homocysteine, which might mitigate,
reverse, and potentially normalize damaged
brain neurons. Elevations of homocysteine
can cause neuronal injury by augmenting
neuronal calcium influx, contributing to oxi-
dative stress,'® activating N-methyl-D-as-

partic acid channels that stimulate glutamate
excitotoxicity,"” lowering cerebral concen-
trations of N-acetyl-aspartate,'® and induc-
ing cerebral mitochondrial dysfunction."

Four interrelated mechanisms for vi-
tamin By,’s therapeutic benefits were high-
lighted by Kaplan et al*® when delineating
the potential reasons by which vitamins and
minerals influence mood. Supplemental vi-
tamin B, might correct for inborn errors
of metabolism. Pauling,» Newbold,® and
Ames? reasoned that micronutrients, which
would include vitamin Bi,, are required
to increase coenzyme concentrations and
therefore correct defective enzymatic activ-
ity by enabling abnormal chemical reactions
to proceed normally. Another mechanism in-
volves the correction of deficient methylation.
Methylation deficiency has been described in
the literature to be responsive to IM injec-
tions of vitamin B,, (as cyanocobalamin) in
a patient with schizophrenia,” and has been
identified as being part of the pathogenesis
of schizophrenia.®* A further mechanism
involves the correction of altered gene ex-
pression. It is well established that nutrients
influence genetic expression. Genotypin
identified transcobalamin II (TCNII) gene
variants among community-dwelling older
women.” These gene variants lead to de-
creased vitamin B;, availability (i.e., tissue
vitamin B;, deficiency), leading to reduced
energy metabolism, and contribute to frailty
pathology. It is possible that TCNII gene
variants exist among individuals present-
ing with various neuropsychiatric signs and
symptoms. Vitamin B;, supplementation
might modify the TCNII genes (and possi-
bly other vitamin By, dependent genes) that
depend on sufficient vitamin B, levels and
therefore modify the phenotypic expression
of the implicated genes.

An additional mechanism reasons that
micronutrients might resolve long-latency de-
ficiency diseases. It has been argued that many
chronic diseases (e.g., cancer, cardiovascular
disease, and central nervous system degenera-
tion) are long-latency effects.” Kaplan et al*
cite the development of depression and bone
density loss as an example of a long-latency
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disease since it occurs many years following
inadequate calcium absorption. With respect
to vitamin By,, perhaps some patients who
present with neuropsychiatric signs and symp-
toms do so after years of vitamin B, debt. This
might explain why a disproportionate amount
of patients with clinical features of vitamin B,
debt tend to be older as opposed to younger.
However, I have seen young patients with clin-
ical features of vitamin B, debt as well. This
mechanism is questionable since early child-
hood neuropsychiatric symptoms can result
from suboptimal vitamin B, status (e.g., due
to dietary factors, gastrointestinal factors, and/
or some other reasons), and would therefore be
a short- and not long-latency effect.

One more mechanism that might account
for some of vitamin B;,s benefits has to do
with its purported anti-inflammatory eftects.
It is known that vitamin B;, debt might lead
to neurologic damage since deficiency in rats
has been associated with increased tumour
necrosis-alpha (TNF-alpha) and decreased
epidermal growth factor (EGF), an important
neurotrophic agent.”” Supplemental vitamin
By, (in the form of methylcobalamin) has been
shown in vitro to blunt inflammatory cytokine
production in patients with rheumatoid ar-
thritis.”® While preliminary, vitamin B;, might
reduce inflammation by modifying the levels
of TNF-alpha and EGF within the body and
perhaps within the brain as well.

Table 2 (p.85) highlights the biochemi-
cal reasons (underlying mechanisms) for vi-
tamin By,’s therapeutic effectiveness.

Evaluating Patients with Neuropsy-
chiatric Signs and Symptoms

In addition to hypothesis-driven physical
examination, all patients presenting with neu-
ropsychiatric signs and symptoms should have
their fasting serum vitamin B,, levels tested.
I created/adapted an evaluation scheme by
drawing from my clinical experience and com-
bining a published guideline' with vitamin B,
laboratory reference ranges from several medi-
cal laboratories in Ontario. Table 3, (p.85)
presents a diagnostic process to consider when
reviewing serum vitamin B, levels.

With respect to Table 3, urinary methyl-

malonic acid (uMMA) testing can identify
tissue vitamin B, deficiency when serum
levels are considered normal by conventional
laboratory standards.”=! While I have not
found a large percentage of patients to have
elevated uMMA levels (reflecting tissue vita-
min B, deficiency), I routinely requisitioned
this test to investigate this possibility.

Treatment Options

Prior research does support a clinical tri-
al of vitamin By, in patients with neuropsy-
chiatric signs and symptoms.** Hydroxoco-
balamin and methylcobalamin are the forms
of vitamin Bj, that I administer for thera-
peutic purposes. I tend to rely exclusively on
methylcobalamin when a patient presents
with neurologic abnormalities, and use a
combination of methyl and hydroxo forms
when neurologic and psychiatric abnormali-
ties are present. There is evidence supporting
the use of methylcobalamin for a variety of
neurological diseases, such as Alzheimer’s
disease,*** Bell’s palsy,*® and multiple scle-
rosis.** While there is proof that an oral dose
of cyanocobalamin (1,000 mcg daily for 3
years) can effectively treat patients with per-
nicious anemia,’” my clinical experience has
shown it to be inferior to the other forms
of vitamin By,. A report did demonstrate a
greater rise in the baseline serum vitamin
B, level following parenteral hydroxocoba-
lamin 