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Prevalence of Hypogonadism

Abdelouahid Tajar,et al., Characteristics of Secondary, Primary, and Compensated Hypogonadism in Aging Men: Evidence from the European Male Ageing Study, The Journal of Clinical Endocrinology & Metabolism, Volume 95, Issue 4, 1 April 2010, Pages 1810–1818.
Mulligan T, Frick MF, Zuraw QC, Stemhagen A, McWhirter C. Prevalence of hypogonadism in males aged at least 45 years: the HIM study. Int J Clin Pract. 2006 Jul;60(7):762-9.
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• 3219 men analyzed between the 
ages of 40 to 79 years 
• 11.8% of the population had 

secondary hypogonadism

• 2162 men analyzed ≥45 years of age
• 38.7% of the population had 

hypogonadism

LH: Luteinizing Hormone



Zuclomiphene
• Clomiphene contains 2 isomers 

• 62% enclomiphene
• 38% zuclomiphene 

• Zuclomiphene has a half-life (T1/2) measured in 
days compared to Enclomiphene measured in 
hours

• Zuclomiphene is an estrogen agonist; 
Enclomiphene is an estrogen antagonist

• Zuclomiphene was found to disrupt sperm 
production

• The enclomiphene isomer, of the approved 
clomiphene drug, offers superior outcomes and 
lower risks than the zuclomiphene isomer

• Enclomiphene citrate has been studied for 
several decades for its use in secondary 
hypogonadism 

• Source: FDA Briefing Document; Pharmacy Compounding Advisory Committee 
(PCAC) Meeting; June 8, 2022, page 31
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Fontenot GK, Wiehle RD, Podolski JS. Differential effects of isomers of clomiphene citrate on reproductive tissues in male mice. BJU Int. 2016 Feb;117(2):344-50.

GnRH: Gonadotropin Releasing Hormone
FSH: Follicle Stimulating Hormone
ENC: Enclomiphene
ZUC: Zuclomiphene



Preclinical Studies
Author Treatment Group Subjects Duration Results Authors Comments

Fontenot el
al.

Placebo, 40mg/kg enclomiphene,
4mg/kg enclomiphene, 40mg/kg 
zuclomiphene, and 4mg/kg 
zuclomiphene.

Mice 90 days Testicles, epididymis, seminal vesicles, and mice 
were all significantly decreased in weight in the 
zuclomiphene group compared to the 
enclomiphene group

"The decreases in weight and function of 
reproductive tissues could be due to 
the oestrogenic effects of ZUC acting on 
the hypothalamic–pituitary–testes axis."

Repros
Theraputics

1.5mg/kg/day of zuclomiphene, 
enclomiphene, or clomiphene

Baboons 12 days Clomiphene citrate significantly
raised serum testosterone from 170 ng/dl to 559 
ng/dl

Enclomiphene raised serum testosterone from 
170 ng/dl to 1144 ng/dl

Zuclomiphene did not significantly impact 
testosterone levels 

Zuclomiphene increased total cholesterol levels 
by 22% 

Enclomiphene reduced total cholesterol levels 
by 8% 
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Source: FDA Briefing Document; Pharmacy Compounding Advisory Committee (PCAC) Meeting; June 8, 2022, page 7Earl JA, Kim ED. Enclomiphene citrate: A treatment that maintains fertility in men with secondary hypogonadism. Expert Rev Endocrinol 
Metab. 2019;14(3):157-165.
Podolski J, Wiehle R. Trans-clomiphene for the treatment of benign prostate hypertrophy, prostate cancer, hypgonadism, elevated 
triglycerides and high cholesterol. 2006 Google Patents



Safety Assessment
• As with all FDA approved testosterone therapies, thromboembolic events are noted

• "A number of adverse events that are known to be associated with testosterone replacement 
therapy were reported in the enclomiphene clinical studies." 2018 European Medicines Agency (EMA) 
Assessment Report

• Pastuszak, et al analyzed data from 11 prospective, randomized, blind phase 2 and 3 trials on oral 
enclomiphene treatment
• Enclomiphene = 953, Placebo = 290, T gel = 130
• Hemoglobin and hematocrit were higher in men on T gel
• Clinically insignificant increases in PSA were observed with enclomiphene
• More significant and sustained decreases in total cholesterol, LDL, HDL

PSA: Prostate Specific Antigen 
LDL: Low-Density Lipoprotein 
HDL: High-Density Lipoprotein 
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Pastuszak, et al. COMPARISON OF THE EFFECTS OF ORAL ENCLOMIPHENE CITRATE AND TOPICAL TESTOSTERONE GELS TREATMENT ON SERUM HORMONES, ERYTHROCYTOSIS, LIPIDS, AND PROSTATE SPECIFIC ANTIGEN. Poster presenting at: SMSNA Annal 
Meeting; Nov 2015. Las Vegas, Nevada. 



Endocrine Society Guidelines

Source: FDA Briefing Document; Pharmacy Compounding Advisory Committee (PCAC) Meeting; June 8, 2022, page 31

Shalender Bhasin, et al. Testosterone Therapy in Men With Hypogonadism: An Endocrine Society Clinical Practice Guideline, The Journal of Clinical Endocrinology & Metabolism, Volume 103, Issue 5, May 2018, Pages 1715–1744.
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"Hypogonadism is a clinical 
syndrome that results from 
failure of the testis to produce 
physiological concentrations of 
testosterone (T) (T deficiency) 
and/or a normal number of 
spermatozoa due to pathology 
at one or more concentrations of 
the hypothalamic–pituitary–
testicular axis" - The Journal of 
Clinical Endocrinology & 
Metabolism



Guideline Statements
DIAGNOSIS AND TREATMENT OF INFERTILITY IN 
MEN: AUA/ASRM

"Initial evaluation of the male for fertility should include a 
reproductive history. (Clinical Principle) Initial evaluation 
of the male should also include one or more semen 
analyses (SAs). (Strong Recommendation; Evidence Level: 
Grade B)“

“The results of the SA should be used to guide 
management of the patient” 

WHO LABORATORY MANUAL FOR THE EXAMINATION 
AND PROCESSING OF HUMAN SEMEN 6TH EDITION

"Semen examination is important for different reasons:

• assessment of male reproductive function and genital 
tract patency to enable appropriate treatment for male 
subfertility and to monitor treatment response;

• appraisal of fertility potential and choice of suitable 
treatment modality for an infertile couple"
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Source: FDA Briefing Document; Pharmacy Compounding Advisory Committee (PCAC) Meeting; June 8, 2022, page 21

AUA: American Urological Association 
ASRM: American Society of Reproductive Medicine
WHO: World Health Organization  



Improvement in sperm parameters decreases 
time to conception

Keihani S, Verrilli LE, Zhang C, Presson AP, Hanson HA, Pastuszak AW, Johnstone EB, Hotaling JM. Semen parameter thresholds and time-to-conception in subfertile couples: how high is high enough? Hum Reprod. 2021 Jul 19;36(8):2121-2133.
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Accessed June 1st, 2022 



Enclomiphene vs. Testosterone
Testosterone Replacement 
Therapy (TRT)

Enclomiphene

Transference risk Yes No

Supranormal T levels Yes No

Suppressed spermatogenesis Yes No

Suppressed testicular function Yes No

Testis atrophy Yes No
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Enclomiphene answers patients unmet need for therapy that does not compromise fertility



Patient Testimonial 

11

Source: https://www.regulations.gov/document/FDA-2021-N-0357-2586



Patient Testimonial 
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Source: https://www.regulations.gov/document/FDA-2021-N-0357-2586



Patient Testimonial 
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Source: https://www.regulations.gov/document/FDA-2021-N-0357-2586



Conclusions
• Enclomiphene is part of an FDA approved medication

• Adverse events notated are associated with all exogenous testosterone therapy; mitigated with 
provider education

• Exogenous testosterone therapy impairs sperm production

• Improved semen parameters are indicative of improved probability and time to conception

• Patient comments, on the FDA Docket, illustrate the improvement in signs and symptoms of 
hypogonadism with the use of Enclomiphene
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Thank you!
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Mechanism of Action
Clomiphene citrate

Stereoisomers

(cis) zuclomiphene citrate (trans) enclomiphene citrate

Estrogen receptor agonist

Estrogenic side effects

(t ½ : 10 hours)

t ½ : 30 days

FSH and LH

t ½: 10 hours 

FSH: follicle-stimulating hormone; LH: luteinizing hormone 

https:/ / www.excelmale.com/ testosterone-
the-new-how-much-do-you-bench/
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Pharmacodynamics and Pharmacokinetics

Non-dose-dependent 
steady-state= 25 

mg/day dose.

Maximum serum 
drug concentration= 
2-3h after ingestion

First order 
elimination

Hepatic 
metabolization 

(CYP2D6)

Enteric 
elimination and 
enterohepatic 
recirculation. 

FSH and LH 
persisted elevated 

after 7d 
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Clinical Efficacy
Ph

as
e 

I • Clomiphene vs 
Enclomiphene (EC) vs 
Zuclomiphene

• Clomiphene: 170 ng/dl 
to 559 ng/dl 

• Enclomiphene: 170 
ng/dl to 1,144 ng/dl 
(p=0.03)

• X FSH and LH levels
• Enclomiphene:
↓ 8% cholesterol
↓ Platelets and 

granulocytes
↑ lymphocytes and 

eosinophils 

Ph
as

e 
II • Opened-label

• 12 hypogonodal men 
• Testosterone vs 

enclomiphene
• 3m after therapy:
T: <12 mill/ml
EC: ≥75 mill/ml and ↑ 

FSH and LH. 

• Double blinded: T vs EC 
12.5mg vs EC 25mg

• 73 hypogonodal males
All increased T 
↑↑ in FSH and LH with 

EC 25 mg

Ph
as

e 
III • Randomized, 

double-blind, 
placebo-controlled 
trial

• 265 overweight 
men 18–60 years

• Testosterone 
gel(TG) vs EC vs 
placebo 
↑ in T with EC and 

TG 
EC: ↑ sperm count
TG: ↓ sperm count
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Side Effects

Long 
term???

↑ Estrogen 
levels

Abdominal 
discomfort

Headaches
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Clinical Use In the US: for 
every 100 couples, 
12-13 have fertility 

issues

Medical therapy 
for male factor 

infertility

Human 
chorionic 

gonadotropin 
(hCG)

Clomiphene 
citrate (CC)

Enclomiphene 
citrate (EC)

Male infertility 
accounts for 

~1/ 3

• Very expensive
• Difficult 

accessibility 
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Our Clinical Experience
We started formulating enclomiphene on Nov 2021

Medical indications:
Hypogonadism

Azoospermia 
Oligospermia 

Normal 
testosterone level 
with hypogonadal 
symptoms 

~160 patients have started treatment with enclomiphene
(Nov 2021 – May 2022)
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Our Clinical Experience – Hormones 

Hormones N Pre-treatment
(mean)

Post-treatment
(mean)

P-value

Testosterone 
(ng/ dL)

16 558.14 740.94 0.031

FSH
(ng/ dL)

9 6.34 8.2 0.26

LH
(ng/ dL)

9 4.11 11.2 0.004

E
(pg/ Ml)

11 34.36 41.46 0.24

17-OH
(ng/ dL)

8 58.1 107 0.076

Table 1. Paired t-test of hormone levels after ~3 months under enclomiphene treatment.  
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Our Clinical Experience – Semen analysis 

Semen analysis 
parameter

N Pre-treatment
(mean)

Post-treatment
(mean)

P-value

Volume (mL) 13 2.36 2.46 0.40

Concentration 
(mill/ mL)

13 4.95 12.65 <0.001

Motility (%) 13 23.45 41.25 0.009

Total motile 
sperm count 

13 3.36 13.71 0.05

Table 2. Paired t-test of semen analysis parameters after ~3 months under enclomiphene 
treatment.  
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Our Clinical Experience – Symptomatology

30 patients have had follow-up 

66% 
improvement 

of all 
symptoms

10% 
improvement 

or 2 or less 
symptoms

20% no 
improvement 
in symptoms 
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Our Clinical Experience – Side Effects

-
• Weight gain: 3 (9.6%) patients

-
• Gynecomastia: 1 (3.2%) patient

-
• Dry mouth: 1 (3.2%) patient

Retrospective chart 
review of 69 of our 

patients currently on 
enclomiphene showed 
that 22 (31.9%) were 

previously on clomiphene 
and stopped it due to side 

effects
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Thank You
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FDA evaluation, pg 4
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FDA evaluation, pg 5
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SAFETY EVALUATION
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FDA Safety/Non-clinical Assessment, pg 15
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FDA conclusion on Safety, pg 24

• Hepatotoxicity is only cited in FDA’s evaluation in a letter to the editor case 
study which does not show causality for glutathione

• Anaphylaxis is not cited in any clinical trials reviewed for any proposed use
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Hepatotoxicity: Naito 2010
• Letter To The Editor
• “…he was anxious concerning disease progression and consulted another 

private clinic that he found on an internet service, from which he received 
intravenous GSH (1,200 mg daily) injection per week…”

• No information provided to the quality, stability, and source of the glutathione

7

GSH: reduced glutathione



Anaphylaxis 1, FAERS
• FAERS and CAERS cannot show causality

• FAERS shows 15 cases over 22 years associated with glutathione
• Cases often do not report doses or source of glutathione (online-sourced injections vs. 

prescription compounded formulations)
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FAERS: FDA Adverse Event Reporting System
CAERS: Center for Food Safety and Nutrition Adverse Event Reporting System



Anaphylaxis 2, FAERS

Source: https://www.clinicalkey.com/pharmacology/
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https://www.clinicalkey.com/pharmacology/


Clinical Pharmacology: Capecitabine

Source: https://www.clinicalkey.com/pharmacology/
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https://www.clinicalkey.com/pharmacology/


FDA conclusion on Safety, pg 24
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Marrades 1997
• 8 patients, randomized, double-blind, cross-over, placebo-control
• 600mg glutathione nebulized at same time of day, 1 week apart

• No information on quality of starting material (provided by MD in NY,NY while study 
conducted in Barcelona, Spain; no potency or identity testing of the formulation)

• pH of GSH solution = 3.0
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Marrades 1997 (continued)
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Marrades 1997 (continued)
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FDA stability evaluation, pg 4
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Marrades 1997 (continued)
• Other researchers do not share FDA’s evaluation
• Prousky 2008 (review article)
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MCSD: multiple chemical sensitivity disorder



Borok 1991
• 10 patients, 19 controls
• 600mg glutathione aerosol inhalation q12h for 3 days
• “Detailed safety evaluations were done throughout the study.”
• “The therapy was lung-specific, since plasma glutathione did not change.”
• “This feasibility study demonstrates that aerosol therapy of IPF with 

glutathione is safe, and has “biologic efficacy”…”

*Identified as “short report” – specific safety measures not published

Source: https://www.thelancet.com/journals/lancet/article/PII0140-6736(91)90350-X/fulltext
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IPF: idiopathic pulmonary fibrosis

https://www.thelancet.com/journals/lancet/article/PII0140-6736(91)90350-X/fulltext


Holroyd 1993
• Glutathione 600mg BID x 3 days
• 14 patients
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BID: twice daily
NIH: National Institutes of Health



Wang 2021
• 7 studies, meta-analysis
• 450 patients total
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EFFICACY EVALUATION
CYSTIC FIBROSIS (CF)
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Bishop 2005
• 19 subjects aged 6-19 years old
• Randomized, double-blind, placebo-controlled, parallel design
• 10 patients: Glutathione 66 mg/kg/d, divided into four inhalations, for 8 weeks

• 8 completed study
• 9 patients: placebo (quinine added to mimic odor of GSH)

• 6 completed study

22



Bishop 2005 - Discussion
• “Small airway function improved in the GSH group, as seen in the significant 

improvement in peak flows and the tendency toward significance of FEF25–75 in the 
ancillary compliance analysis.
• Because two subjects in the GSH group did not record peak flow data, the peak flow comparison 

is comparable to the compliance analysis.
• “While the effect size in peak flow is relatively small (40.2 L/m), improvement in small 

airway function is noteworthy because research41 in CF pathophysiology suggests 
that changes in peripheral air flow precede changes in FEV1 and FVC in this 
disease.”

• “In addition to small airway function, two self-reported secondary indicators 
significantly improved in the GSH treatment group: subjective sense of improvement 
(p = 0.004), and subjective assessment of cough frequency in the ancillary 
compliance analysis (p = 0.03). A measure of subjective general wellness tended 
toward significant improvement as well (p = 0.09). 

• “Finally, none of the outcomes significantly favored the control group over the GSH 
group.”
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FEF25-75: forced mid-expiratory flow
FEV1: forced expiratory volume in one second
FVC: forced vital capacity



Day 2005
• Bryan J. Day, PhD, Associate Professor of Medicine & Pharmaceutical 

Sciences, National Jewish Medical & Research Center, Denver, CO
• Evaluates studies by Roum (1999), Griese (2004), and Bishop (2005)
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FDA evaluation: Bishop 2013, Griese 2013
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FDA evaluation: Guidelines
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FDA evaluation: Calabrese 2015
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Calabrese 2015
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BMI: body mass index
6MWT: 6 minute walking test
AIFA: Agenzia Italiana del Farmaco



FDA evaluation, Visca 2015
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Visca 2015
• 47 patients

• 24 = glutathione 65mg/kg 
divided as 3 doses/day

• 23 = placebo
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FDA evaluation
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Albuterol and levalbuterol
• https://cysticfibrosisnewstoday.com/bronchodilators-for-cf-albuterol-ventolin-

proventil/#:~:text=Albuterol%20is%20a%20bronchodilator%20approved,with%20cystic%20fibrosis%20(
CF).
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https://cysticfibrosisnewstoday.com/bronchodilators-for-cf-albuterol-ventolin-proventil/:%7E:text=Albuterol%20is%20a%20bronchodilator%20approved,with%20cystic%20fibrosis%20(CF)


Drugs Indicated to Treat Cystic Fibrosis
Trikafta - $311,503/patient/year Kalydeco - $300,000/patient/year and Orkambi

- $259,000/patient/year

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7008693/
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Source: https://www.advisory.com/daily-briefing/2019/10/28/cf-
drug#:~:text=Trikafta%20will%20cost%20%24311%2C503%20annually,million%20in%202020%2C%20Reuters%20reports.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7008693/
https://www.advisory.com/daily-briefing/2019/10/28/cf-drug#:%7E:text=Trikafta%20will%20cost%20%24311%2C503%20annually,million%20in%202020%2C%20Reuters%20reports


Safety Profile of CF Therapies
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Source: https://pi.vrtx.com/files/uspi_elexacaftor_tezacaftor_ivacaftor.pdf

Source: https://pi.vrtx.com/files/uspi_lumacaftor_ivacaftor.pdf

https://pi.vrtx.com/files/uspi_elexacaftor_tezacaftor_ivacaftor.pdf
https://pi.vrtx.com/files/uspi_lumacaftor_ivacaftor.pdf


FDA evaluation
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Trial design, benefits, cost
• Day 2005 • Advisory.com article
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Cystic Fibrosis Conclusion
• Overwhelming majority of data suggests inhaled, IV, and oral glutathione is 

safe at doses up to 600mg/day or 65mg/kg/day

• 7 clinical trials for cystic fibrosis, involving 280 patients

• Efficacy data supports GSH utilization
• Suggests positive subjective outcomes
• Majority of studies show positive objective outcomes
• No studies showed inferiority to placebo

• No studies report serious adverse events in treatment groups
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Cystic Fibrosis Clinical Trials
Author Year n Study Design Clinical Outcome Adverse Events
Bishop 2005 10 DBPCRT Significant improvement for GSH arm None
Roum 1999 7 Prospective Improvement with GSH treatment None
Griese 2004 17 Prospective FEV1 improved after 14 days None
Bishop 2013 44 DBPCRT Oral GSH improves pediatric CF patients None
Griese 2013 73 DBPCRT No difference between GSH and placebo AE’s and 

dropouts were 
more numerous 
in placebo arm

Calabrese 2015 105 DBPCRT Improvements when measured correctly None
Visca 2015 24 DBPCRT Oral GSH improves outcomes on several 

important measures
None

7 clinical trials 280

38

DBPCRT = double-blind placebo-controlled randomized trial



References
• Bishop C, Hudson VM, Hilton SC, Wilde C. A pilot study of the effect of inhaled buffered reduced 

glutathione on the clinical status of patients with cystic fibrosis. Chest. 2005; 127(1):308- 317.
• Day, B. Glutathione: a radical treatment for cystic fibrosis lung disease?. Chest. 2005; 127(1):12-13.
• Roum, JH, et al. Glutathione aerosol suppresses lung epithelial surface inflammatory cell-derived 

oxidants in cystic fibrosis. 1999. Jul;87(1):438-43.
• Griese, M, et al. Improvement of alveolar glutathione and lung function but not oxidative state in cystic fibrosis. 

American Journal of Respiratory and Critical Care. 2004 Apr 1;169(7):822-8.
• Bishop, C, A Visca, A Hudson, et al., Poster abstract: Oral reduced L-glutathione improves nutritional status 

and pulmonary function in pediatric cystic fibrosis patients. 2013.
• Calabrese, C, A Tosco, P Abete, et al. Randomized, Single Blind, Controlled Trial of Inhaled Glutathione 

Vs Placebo in Patients with Cystic Fibrosis. J Cyst Fibros. 2015; 14(2):203-210.
• Visca, A, CT Bishop, S Hilton, et al. Oral Reduced L-Glutathione Improves Growth in Pediatric Cystic 

Fibrosis Patients, J Pediatr Gastroenterol Nutr. 2015; 60(6):802-810.
• Hollis, A. Orphan Drug Pricing and Costs: A Case Study of Kalydeco and Orkamb. Healthcare 

Policy. 2019. Vol.15 No.1: 70-80.
• Griese, M, M Kappler, C Eismann, et al., 2013, Inhalation Treatment with Glutathione in Patients with 

Cystic Fibrosis. A Randomized Clinical Trial, Am J Respir Crit Care Med, 188(1):83-89.

39



EFFICACY EVALUATION
REDUCTION OF THE SIDE EFFECTS OF CHEMOTHERAPY
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ASCO 2014  Statement
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QOL: quality of life
CIPN: chemotherapy-induced peripheraly neuropathy



Cozzaglio 1990
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Di Re 1993
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WHO: World Health Organization



Bohm 1999
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Leal 2014
• Glutathione did not interfere with any chemotherapeutic regimen
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CA-125: cancer antigen 125



Leal 2014 (continued)
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FDA evaluation, pg 38
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FDA evaluation, pg 38
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FDA evaluation, pg 39
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FDA evaluation, pg 39
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FDA evaluation, pg 39 Milla 2009 - abstract
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PK: pharmacokinetic
Pt: platinum



Milla 2009
• Discussion
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WBC: white blood cells



FDA evaluation, pg 40
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Palifermin is not indicated for neuropathies
• https://www.accessdata.fda.gov/drugsatfda_docs/label/2004/125103lbl.pdf
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Dexrazoxane, mesna, amifostine: not indicated for 
neuropathy
• Dexrazoxane is for anthracycline-induced cardiomyopathy prophylaxis
• MESNEX (mesna) is indicated as a prophylactic agent in reducing the 

incidence of ifosfamide-induced hemorrhagic cystitis. 
• Amifostine: For nephrotoxicity prophylaxis in patients receiving cisplatin for 

advanced ovarian cancer
• NOTE: Amifostine may interfere with the antitumor activity of chemotherapy regimens. DO 

NOT use in patients receiving chemotherapy for other malignancies in which chemotherapy 
can produce a significant benefit or cure, except in the context of a clinical study.[49124]
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Leal 2014
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TAD Packge Leaflet (continued)
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TAD Package Insert
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CIPN Conclusion
• 932 patients evaluated in published trials from 1990 forward
• 1 study failed to show GSH benefits using different chemo regimen from other 

studies
• Author notes no safety issues, no interference with chemo regimen, and provides plausible 

hypothesis for unexpected results
• 15 studies show no clinically meaningful interaction with chemotherapy
• 15 studies show no clinically meaningful patient safety concerns caused by 

GSH
• Approved product in Italy, indicated for CIPN
• No FDA-approved products for this serious condition
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CIPN Clinical Trials
Author Year n Study Design Clinical Outcome Interactions with chemotherapy

Bogliun 1992 33 RCT “Safe & effective”, “extremely low peripheral neurotoxicity” GSH did not impair CDDP 
effectiveness

Bogliun 1996 54 RCT “[GSH]-treated groups at the end of treatment constantly evidenced a 
trend toward less severe neurotoxicity…”

GSH did not impair CDDP 
effectiveness

Colombo 1995 33 RCT, phase II “neuroprotection was detected in the GSH treated group, and no 
major difference was observed in terms of other toxicities between the 
groups.”

None noted; 56% of GSH-treated 
patients were able to tolerate 100% 
CDDP dose vs. 27% in control arm

Cascinu 1995 50 DBPCRT Significant protection in GSH arm (0 vs. 16 experiencing neuropathy 
at 9 weeks; 4 of 24 vs. 16/18 at 15 weeks)

GSH group had 76% patient 
response rate, 20% CR to CDDP; 
placebo had 52% (12% CR)

Cascinu 1997 105 Phase II multicenter Only three patients complained of neurotoxicity: One WHO grade I; 
two WHO grade II

None

Cascinu 2002 52 DBPCRT 11 patients in placebo arm experienced neuropathy vs. only 2 in GSH 
arm.  Placebo arm had significant reduction in sensory nerve 
conduction

Response rate was similar, showing 
no reduction in oxaliplatin 
effectiveness
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DBPCRT: double-blind placebo-controlled randomized trial
PCRT: placebo-controlled randomized trial
RCT: randomized controlled trial
CR: complete response
CDDP: cisplatin



CIPN Clinical Trials
Author Year n Study Design Clinical Outcome Interactions with chemotherapy

Smyth 1997 151 DBPCRT 58% of GSH patients received full 6-courses of CDDP at 
any dose vs. 39% placebo (p=0.04). “The results 
demonstrate that adding GSH to CDDP allows more 
cycles of CDDP treatment to be administered because 
less toxicity is observed and the patient's quality of life is 
improved.”

“It appears GSH:CDDP ratio of 30:1 allows good 
protection without interfering with therapeutic 
activity.”

Cozzaglio 1990 11 Prospective “The lack of incidence of severe toxicity of this regimen 
supports the role of reduced glutathione as a potential 
protective against cisplatin nephrotoxicity.”

None interference from GSH was identified; focus 
was benefits of adding CDDP + 5-fluorouracil

Leal 2014 185 DBPCRT, 
phase III

No difference between placebo and GSH + carboplatin.  
GSH may not be effective with carboplatin-induced
neurotoxicity

No significant differences with regard to time to 
disease progression

Bohm 1991 35 Prospective “The treatment was well tolerated; no nephrotoxic or 
neurotoxic manifestations were observed.”

“Taken together with previous observations, 
these results support the view that the use of 
GSH is a successful approach in the attempt to 
optimize cisplatin treatment, providing a new 
modality of drug administration for out-patient 
treatment.”

Gebbia 1992 22 Prospective “Reduced glutathione seems to be able to reduce, at least 
partially, CDDP-related nephrotoxicity permitting the 
delivery of higher CDDP doses.“

“In conclusion, the schedule seems effective and 
may be safely given to patients with advanced 
head and neck cancer on outpatient basis.”
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CIPN Clinical Trials
Author Year n Study Design Clinical Outcome Interactions with chemotherapy

Bohm 1999 50 Prospective “All eligible patients were assessed for response 
and toxicity. The toxicity was moderate with lack 
of significant nephrotoxicity. Neurotoxicity and 
ototoxicity were acceptable and in no patient was 
treatment discontinued for those toxic effects.”

“overall survival…appeared to be better than 
expected with the current therapy in this group 
with advanced/bulky disease.”

Schmidinger 2000 20 PCRT Intensity of hematologic toxicity was significantly 
less pronounced in patients treated with 
glutathione than in the control group.

GSH arm: 55% remission (CR 9%; 46 partial) 
vs. placebo: 50% partial remission only.  
Antitumor efficacy of CDDP is not impaired by 
GSH

Di Re 1993 79 Prospective The severity of peripheral neurotoxicity and 
ototoxicity were apparently less than has been 
reported with other high-dose cisplatin regimens

“The present study clearly documents the 
safety of a high-dose cisplatin regimen 
including GSH. The feasibility
of this protocol is supported by a lack of 
significant nephrotoxicity and by the acceptable 
neurotoxicity. This unexpected finding may 
have important clinical implications, since 
neurotoxicity has emerged as the
dose-limiting toxicity in high-dose regimens [4].”

Milla 2009 52 PCRT “Statistically significant reduction of neurotoxicity 
in the GSH arm, together with statistically 
significant reduction of sural sensory nerve 
conduction in the placebo arm but not in the 
GSH arm.”

Focused on PK – identified no interaction with 
oxaliplatin

15 clinical trials 932
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Market Data
• FDA 503B product reporting – end 2021

• 5 Outsourcing Facilities report making 7 presentations of glutathione

• To the best of our ability, we estimate ~30,000 prescriptions for glutathione are 
written per year in the USA for cystic fibrosis and chemotherapy induced 
neuropathy.
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Market Data
• McGuff Compounding Pharmacy Post Market Data

• One of 881 Sterile Compounding Pharmacies Licensed by California Board of Pharmacy

• Glutathione Data Capture:  8/2008 to 4/31/2022 (13 Years 8 Months)

• 372,067 Number of vials dispensed:
• 86,671 Number of prescriptions received
• 3,614 Number of unique doctors who prescribed Glutathione
• 0 Serious Adverse Events Reported (as defined by MedWatch)
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FDA’s Criteria for Evaluation
FDA published notice of a final rule establishing the criteria for evaluation of bulk drug 
substances for inclusion on the 503A Bulks List (84 FR 4696):
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 to balance them, on a substance-by-substance basis, to 
decide whether a particular substance is appropriate for inclusion on the list
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Final Summary
• No evidence from peer reviewed literature of significant toxicity or patient harm 

from inhaled, injected, or oral compounded glutathione
• 7 published trials for CF, with 280 patients
• 15 published trials for use in chemotherapy, with 932 patients
• No FDA approved product for CIPN
• FDA approved CF products are not curative, do not replace the need for 

glutathione
• Glutathione (L) Reduced EP (Pharma Grade) available to compounders in 

USA
• Formulations of glutathione are expected to be stable with proper formulation 

technique and controls, including pH
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Copper and Cancer
Articles published in 2020

Increasing interest from 
several research groups in 

modulating copper 
bioavailability as a 

therapeutic strategy

2



Copper as a Therapeutic Target

Involved in these processes:
• Angiogenesis 1,2,3 

• Mitochondrial Respiration8,9

• Stromal and Collagen Remodeling 4,5

• Oxidative stress 10

• Invasion 4,5,7

• Migration 4,5,7

• Regulates expression of 
Programmed Cell Death-Ligand 1(PDL) 

in neuroblastoma8

31 McAuslan et al. Exp Cell Res 1980, 130:147-57.2 Brewer et al  Exp Biol Med (Maywood) 2001, 26:665-73; 3 Pan et al. Cancer Res 2002, 62:4854-59; 4 Finney et al. Proc Natl Acad Sci. 
2007;104:2247-52; 5 Mcdonald et al. Science Signaling 2014; 6 Brady et al. Nature 2014, 7 Blockhuys et al Biochem Biophysical Research Communications 483 (2017) 301e304. 8Cui et al Nat 
Biotech 2020 images: 9 Ishida et al  PNAS 2013, 10 Erler Cancer Cell 2009,  Voli et al . Cancer Res 2020. Shanbhag et al, BBA Mol Cell Res 1868( 2021) 118893



Copper Depletion with Tetrathiomolybdate(TM)

– Inactivates copper chaperones and decreases 
incorporation into copper-containing enzymes1

– Phase 3 trial in Wilson’s disease underway
(NCT03403205)

– Mouse models of cancer show tumor regression2,3,4

– Phase I/ II trials in overt disease with stable disease 
as best response 5,6,7

– Phase 2 study in high risk for recurrent breast 
cancer 8,9,10

Tetrathiomolybdate (TM)

1Alvarez et al. Science. 2010; 15;327:331-4;2Donate et al. Br J Cancer. 2008;98:776-83; 3Pan et al. Mol Cancer Res. 2003;1:701-6;4 Hassouneh et al. Mol Cancer 
Ther. 2007;6(3):1039-45; 5Brewer et al. Clin Cancer Res. 2000;6:1-10; 6Redman et al. Clin Cancer Res. 2003;9(5):1666-72.;7 Pass et al. Ann Thorac Surg. 
2008;86(2):383-9 ; 8 Chan et al. Clinical Cancer Res 2017 Feb 1;23(3):666-676, 9 Liu  Y, et al. NPJ Breast 7, 108  2021 : 10 Jain S Ann Oncol, 2013 Jun;24(6):1491-8. 4



Safety Data TM in Advanced and High-Risk Cancer
Author Disease Setting Number 

patients
Neutrope
nia (G3/4)

Febrile 
Neutropenia

Anemia
(G3/4)

GI  (N, 
V or D)
G3/4)

Other
(G3/4)

Redman1 Stage 4 Renal TM alone 15 11/15 None None None 

Henry2 Stage 4 
Prostate

TM alone 19 3/19 1/28 Hematuria(1);
lymphopenia (4); 
myalgias (1); 
unstable angina

Pass3 Resected 
mesothelioma

TM alone 30 16/30 None 4/30 1/30

Schneide
r4

Resected 
esophageal

TM alone 48 1/48 None 3/48

Gartner5 Stage 4 
Colorectal

With IFL 
chemo

28 9/28

5

Reversible neutropenia most prominent side effect noted in these trials

1Redman B Clin Cancer ResVol. 9, 1666–1672, May 2003; 2Henry NL et al. Oncology 2006;71:168–175; 3Pass H et al. Ann Thorac Surg 
2008;86:383–90; 4Schneider B et al. Invest New Drugs. 2013 April ; 31(2): 435–442 ; 5 Gartner E et al. Invest New Drugs. 2009 April ; 
27(2): 159–165
Please note that AE are reported  in this toxicity table and incidence per patient instead of incidence per cycle. 

Gastro-intestinal (GI); nausea (N), vomiting(V), diarrhea(D); Grade ¾; IFL chemo = 
irinotecan/5FU/Leucovorin



TM Prevents Breast Cancer 
Metastases(Mets) in a Pre-Clinical Model

Experiment:

• MMTV-Her2neu randomized 
to TM x 180 days vs water 
control

• Control mice developed lung 
metastases at day 205 and TM 
treated mice did not

• When TM therapy withdrawn, 
the mice developed lung mets
at a median of 2 weeks later

• Conclusion: TM therapy 
prevented the development of  
overt metastases in this model

TM prevents lung mets but effect 
only seen when on TM therapy.

Pan Q et al. Cancer Res. 2002 Sep 1;62(17):4854-9; Pan Q et al. Clin Cancer Res 2009;15:7441-7446
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Concept
• Targeting the tumor microenvironment through a copper depletion 

strategy can prevent metastases

• Copper depletion with oral tetrathiomolybdate ( TM) is safe and well 
tolerated

Strategy

• Conduct a Phase 2 study of TM  in high risk for recurrent breast 
cancer

• Embed significant amounts of science with the study to understand 
the mechanism of action
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Breast cancer at 
high risk of relapse 
and No Evidence Of 

Disease(NED)
N= 75

Daily oral TM For 2 
years to achieve

Ceruloplasmin(Cp) 
Target 

≤ 17 mg/dL 

Primary endpoint:
- Vascular endothelial growth 
factor receptor 2 (VEGFR2)+ 
endothelial progenitor 
cells(EPC)
Secondary 
endpoints:
- Progression-Free Survival
- Overall Survival 
- Vascular endothelial growth 
factor receptor 1 (VEGFR1)+ 
Hematopoietic cells (HPC)
- Adverse events
- Circulating markers     in 
the tumor microenvironment

Pilot Trial: Phase 2 Trial of Tetrathiomolybdate in 
High Risk for Recurrence Breast Cancer

High Risk
 Stage III and IV NED breast cancer
 Stage II Triple Negative Breast 

Cancer (TNBC)

No Evidence of disease (NED)
 Physical exam
 Labs: complete blood count (CBC), 

comprehensive metabolic 
panel(CMP), tumor markers

 Imaging: CT scan with bone 
scan or PET/CT Scan

Local and systemic therapy:
 Completion of standard therapy

Chan et al. Clinical Cancer Res 2017 Feb 1;23(3):666-676.accrual completed in 2014
8



Breast cancer at 
high risk of relapse 

and NED

Daily oral TM For 2 years 
to achieve

Cp target ≤ 17 mg/dL 

Primary endpoint:
- VEGFR2+ EPCs
Secondary 
endpoints:
- Progression-Free 

Survival
- Overall Survival 
- VEGFR1+ HPCs
- Adverse events
- Circulating markers in 
the tumor 
microenvironment

Phase 2 Trial of Tetrathiomolybdate In High 
Risk for Recurrence Breast Cancer

Once every 4 weeks (1 cycle)
 Physical exam
 CBC, CMP, tumor markers
 Ceruloplasmin (Cp) level
 Flow cytometry for Bone-Marrow 

Derived (BMD) progenitors and 
other research blood (banked)
Once every six months
 CT with Bone Scan (BS) or 

PET/CT

Chan et al. Clinical Cancer Res 2017 Feb 1;23(3):666-676.
9



Phase 2 Trial of Tetrathiomolybdate in High Risk 
for Recurrence Breast Cancer

Patients enrolled
(n= 75)

Not treated with TM (n= 1)

Treated with TM
(n= 74)

Completed 2 years of TM 
Therapy
(n= 51)

Discontinued TM before 2 years: 
• 24 patients
Reasons for discontinuation:
• Recurrent disease: 12
• Toxicity: 3
• Other: 9

Continued TM Therapy on extension study:
(n= 39)

Adjuvants: 25 patients
Stage 4 NEDs: 14 patients

As of March  2020:
16 patients continue on TM:
Stage 4 NED: 14 pts
?stage 3 or Stage 4 NED: 2 pts

Chan et al. Clinical Cancer Res 2017 Feb 1;23(3):666-676.

Selected demographic variables No. of patients (75)

Median Age, (range) 51 years (29-66)

AJCC Stage at Study entry, n (%)

Stage 2 4 (5)

Stage 3 41 (55)

Stage 4 NED 30 (40)

Median tumor size in Stage 2/3 adjuvant pts, cm 
(range)

2.3 (1.2-7)

Median no. of positive lymph nodes in Stage 2/3 
adjuvant pts, n (range)

6 (1-42)

Sites of Stage 4 disease, n
• Chest wall/liver
• Brain/bone only
• Peritoneum/lung

13/4
2/3
1/3

Luminal A or B/Her2neu/TNBC (%) 40/12/48

Study closed due to loss of 
drug supply. Patients 
transitioned to non-Good 
Manufacturing Practices 
(GMP) TM 10

American Joint Committee on Cancer (AJCC)



Phase 2 TM Trial Adverse Events
Number of cycles complicated by adverse events (total cycles = 3478)

Adverse Event N (%) N (%)
All Grades Grade 3/4

Hematologic
Anemia 324 (9.0) 1 (0.03)
Neutropenia 41 (12.1) 59 (1.7)
Febrile Neutropenia 1 (0.03) 1 (0.03)
Leukopenia 427 (12.3) 29 (0.8)
Thrombocytopenia 31 (0.9) 0 (0)

Gastrointestinal
Sulfur Burps 929 (26.7) 0 (0)
Nausea 76 (2.2) 0 (0)
Vomiting 8 (0.2) 0 (0)
Diarrhea 46 (1.4) 0 (0)
Constipation 7 (0.2) 0 (0)
Abdominal Pain 1 (0.03) 0 (0)

General
Fatigue 798 (22.9) 6 (0.2)

Neurologic
Dizziness 26 (0.7) 0 (0)
Neuropathy 574 (16.5) 5 (0.1)

Grade 3 or 4 AEs < 3%
11

Data cutoff 1/1/2020



Phase 2 Trial of Tetrathiomolybdate in High Risk 
for Recurrence Breast Cancer: Outcome

Median Follow Up(FU) 9.4 years
Event Free Survival (EFS)

Overall Survival (OS)

12



Phase 2 Trial of Tetrathiomolybdate in High Risk 
for Recurrence Breast Cancer(BC): Outcome

No difference in 
outcome based on 
molecular subtype

13

Median Follow Up(FU) 9.4 years
1 Cycle= 4 Weeks

Event Free Survival (EFS)
Overall Survival (OS)

Her2=human epidermal growth factor receptor 2



Phase 2 Trial of Tetrathiomolybdate in High Risk 
for Recurrence Breast Cancer: Outcome

Median Follow Up(FU) 9.4 years
1 Cycle= 4 Weeks

Event Free Survival (EFS)
Overall Survival (OS)
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Phase 2 Trial of Tetrathiomolybdate In High Risk 
for Recurrence Breast Cancer: Outcome in TNBC

Median FU 9.4 years
1 cycle = 4 weeks

TNBC=Triple Negative Breast Cancer
Expected outcome in 
stage 4 TNBC: median OS 
11 months.
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Scientific Correlatives

• In copper depleted patients 1,2,3

– Reduction in VEGFR2+ EPCs
– Reduction in Lysyl Oxidase Like 2 (LOXL-2)
– Normalization of the collagen microenvironment
– Improved EFS in adjuvant pts with Antioxidant 1 Copper Chaperone (ATOX 1) 

expressing primary tumors
• In preclinical models:

– No effect in primary tumors but decrease in lung mets
• Lung mets with marked reduction in LOX and collagen remodeling

– Reprogramming of the metabolic microenvironment ( increase in 
Adenosine Monophosphate-Activated Protein Kinase (AMP kinase) and shift 
towards glycolysis4

– Reduction in Myeloid-Derived Suppressor Cells(MDSC) in primary tumors of 
TM treated mice2

16

1Chan et al. Clinical Cancer Res 2017;2Liu et al. NPJ Breast 7, 108. 2021; 3Blockhuys et al. Biomedicines 2021;4Ramchandani et al, 
Nat Comm 2021



Next Steps
• Randomized phase 2 study in high risk for recurrence TNBC planning 

underway 
– Support by

• National Cancer Institute Research Project Grant(NCI RO1)
• NCI NExT Program
• Gateway Foundation 
• Breast Cancer Research Foundation (BCRF)
• Translational Breast Cancer Research Consortium ( TBCRC)
• Philanthropic Donors

• Investigation underway in high-risk Non-Small Cell Lung Cancer (NSCLC) ( pre-
clinical with clinical trial development) and BRAFv600 melanoma

• Expanding correlative science in completed phase 2 study in Breast Cancer
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