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Abstract

Introduction—Hypogonadism is a growing concern in an aging male population. Historically 

treated using exogenous testosterone, concerns about possible adverse effects of testosterone have 

led physicians to seek alternative treatment approaches.

Areas Covered—Enclomiphene citrate is the trans isomer of clomiphene citrate, a non-steroidal 

estrogen receptor antagonist that is FDA-approved for the treatment of ovarian dysfunction in 

women. Clomiphene citrate has also been used off-label for many years to treat secondary male 

hypogonadism, particularly in the setting of male infertility. Here we review the literature 

examining the efficacy and safety of enclomiphene citrate in the setting of androgen deficiency.

Expert Opinion—Initial results support the conclusion that enclomiphene citrate increases 

serum testosterone levels by raising luteinizing hormone (LH) and follicle stimulating hormone 

(FSH) levels, without negatively impacting semen parameters. The ability to treat testosterone 

deficiency in men while maintaining fertility supports a role for enclomiphene citrate in the 

treatment of men in whom testosterone therapy is not a suitable option.
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1. Introduction

1.1 Epidemiology of Hypogonadism

Hypogonadism is defined as low serum testosterone levels associated with symptoms 

including decreased libido, erectile dysfunction, loss of lean muscle mass, loss of vitality, 

and depression. The most sensitive symptoms supporting a diagnosis of hypogonadism 

include erectile dysfunction and decreased libido.[1–3] While accurately estimating the 
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prevalence of hypogonadism is challenging, particularly given its varied definitions, in 2006 

Mulligan et al. observed that 40% of men over the age of 45 evidenced low serum 

testosterone levels.[4, 5] Incorporating both serum testosterone levels as well as three 

symptoms of hypogonadism, the European Male Aging Study (EMAS) reported a 

prevalence of hypogonadism of only 2.1% in men 40–79 years old, and the Boston Area 

Community Health Study (BACHS) estimated the prevalence of hypogonadism to be 5.6% 

among men 30–79 years old when considering both serum testosterone levels and 

symptoms.[6, 7]

1.2 Pathogenesis of Secondary Hypogonadism

Hypogonadism can be further characterized as primary or secondary due to its etiology. 

Primary hypogonadism, which results from testicular dysfunction, can be genetic or 

associated with testicular injury or other insult. Secondary hypogonadism, in contrast, stems 

from a disruption of the hypothalamic-pituitary-gonadal (HPG) axis.[8] Important causes of 

secondary hypogonadism include Kallman’s syndrome, obesity, metabolic syndrome and 

type 2 diabetes. A 2010 follow-up to the EMAS study examined the classification of various 

types of hypogonadism and whether they could be consistently assigned. The authors 

distinguished between eugonadal (normal testosterone and LH levels), primarily 

hypogonadal (2% of study participants with low testosterone and high LH), secondarily 

hypogonadal (11.8% of participants with low testosterone and normal or low FH) or 

compensatorily hypogonadal (9.5% of participants with normal testosterone and high LH) 

men. The study also observed that a body mass index (BMI) of 30 kg/m2 or higher was 

associated with secondary hypogonadism (P < 0.001).[7] The presence of low serum 

testosterone levels also increases adiposity, compounding this problem.[9] Testosterone is 

critical for normal development and function of the male reproductive tract, and plays a role 

in sexual development, reproductive health and sexual function in the adult male. In 2016, 

the International Consultation on Sexual Medicine found that hypogonadism can lead to 

decreased sexual desire in men, which can be ameliorated with treatment, and also reported 

that estrogens play a minor role in regulating male sexual desire.[10] Testosterone is also 

important for maintenance of lean muscle mass, bone density and fat distribution in men.

[11] A 2016 meta-analysis of studies examining testosterone therapy (TTh) and body 

composition concluded that exogenous testosterone improves body composition and 

glycometabolic profiles.[12] Endogenous testosterone is produced primarily in testicular 

Leydig cells in men, although the adrenal glands also produce small amounts.[13] An 

estimated 80% of circulating estradiol in men is the product of aromatized testosterone.[14] 

In a 2013 study, Finkelstein et al. found that when aromatization of testosterone to estradiol 

was blocked, the observed changes in fat deposition in men could be attributed specifically 

to decreased estradiol levels, and not the lack of serum testosterone, suggesting an important 

role for estradiol in homeostasis.[15] Beyond fat composition, estrogens also play a role in 

bone turnover.[16, 17] Both estrogen and testosterone play a role in sexual function and 

libido in the male.[15]

1.3 Classical Clinical Management of Hypogonadism

Both primary and secondary hypogonadism are often managed with exogenous testosterone 

administration. Testosterone is currently the only option for men with primary 
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hypogonadism as well as for men with Kallman’s syndrome. While secondary 

hypogonadism has historically been managed with TTh, other treatment options are 

available for appropriately selected patients. The use of TTh in men with both primary and 

secondary hypogonadism has significantly increased during the past decade, with a large 

increase in testosterone prescriptions and direct-to-consumer marketing.[18, 19] While 

testosterone declines in an age-related manner, consistent with an increasing incidence of 

hypogonadism as a function of age, the Food and Drug Administration (FDA) recently 

removed idiopathic hypogonadism, which includes age-related hypogonadism, from the list 

of indications for TTh, recommending that only men with an identifiable cause of 

hypogonadism (excluding aging) should be prescribed testosterone.[20] Conversely, in 2014, 

the European Medicines Agency (EMA) concluded that no adverse cardiovascular risk was 

present in men on TTh and recommended that testosterone should be continued in 

hypogonadal men with no specific guidelines.[21] Treatment with exogenous testosterone is 

associated with several adverse sequelae, the most common of which are erythrocytosis, 

elevated serum estrogen levels, alterations in serum lipids, and infertility.[2] An increased 

cardiovascular risk in men using exogenous testosterone has also been proposed, although 

high quality evidence examining this relationship remains lacking.

1.4 Off-Label Strategies for Clinical Management of Hypogonadism

In addition to TTh, off-label pharmacologic strategies to stimulate endogenous testosterone 

production are available. These include selective estrogen receptor modulators (SERMs), 

selective androgen receptor modulators (SARMs) and aromatase inhibitors (AIs).[22, 23] 

AIs can be steroidal or non-steroidal and have progressed through three generations of 

drugs. In clinical practice, third-generation AIs such as letrozole and anastrozole are used 

due to their greater specificity for aromatase when compared with first generation drugs, 

translating to fewer side effects.[24] Suppression of estradiol production increases 

circulating LH, FSH, and testosterone levels.[25] Clomiphene citrate, the most common 

SERM used to treat secondary hypogonadism, blocks estrogen binding to receptors in the 

hypothalamus and increases gonadotropin release, resulting in increased testicular 

stimulation and testosterone production.[26] SERMs and aromatase inhibitors may be 

especially useful in treating obesity-related hypogonadism because of the high levels of 

aromatase in adipose tissue and the influence these drugs have on both the HPG axis and 

conversion of testosterone to estrogen.[27] Clomiphene may be a useful adjunct to weight 

loss in obese men, given the 2013 finding that long term weight loss is correlated with an 

increase in serum testosterone levels.[28] Tamoxifen, a partial estrogen agonist, has also 

been used to increase gonadotropin levels.[29] While there are numerous studies to support 

the use of SERMs in the adjunct management of hypogonadism, these are primarily small, 

retrospective, and uncontrolled. In 2008, the “Recommendations on investigation, treatment 

and monitoring of late-onset hypogonadism in males” published jointly by several 

professional societies including European Association of Urology (EAU), concluded that 

although aromatase inhibitors and SERMs raise testosterone levels, insufficient evidence 

supporting their use in the setting of hypogonadism exists. [30]
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2. Overview of Clomiphene and Enclomiphene

Clomiphene citrate (commercially available as Clomid®) is a SERM that has been used 

since the 1960s to facilitate ovulation induction. Clomiphene has also been used off-label to 

raise LH, FSH and testosterone levels in men with secondary or idiopathic hypogonadism, 

and to raise sperm counts in men with a history of infertility or steroid use.[31] Clomiphene 

citrate is a mix of two stereoisomers, (cis) zuclomiphene citrate and (trans) enclomiphene 

citrate.[32] Studies comparing enclomiphene, zuclomiphene and clomiphene found 

clinically important pharmacologic differences between the three. Zuclomiphene, an 

estrogen receptor agonist, caused estrogenic side effects often reported with clomiphene use.

[33] Additionally, zuclomiphene was found to have a longer half-life (30 days) when 

compared to clomiphene citrate (10 hours), resulting in persistent side effects lasting beyond 

the therapeutic effects of the drug.[31, 34] In contrast, enclomiphene was identified as the 

isomer that raises LH and FSH levels, with a shorter half-life. This led to the hypothesis that 

treatment with enclomiphene should have more favorable outcomes in treating androgen 

deficient men with the goal of maintaining fertility, potentially without the side effects 

associated with clomiphene citrate use and with a more favorable impact on hypogonadal 

symptoms. While this hypothesis has yet to be proven in hypogonadal men, Gupta et al. 

found that enclomiphene resulted in more mature ovarian follicles than clomiphene in 

infertile women.[35]

3. Introduction of the Compound

Enclomiphine citrate (commercial name Androxal®), (E)-2-(p-(2-Chloro-1,2-

Diphenylvinyl)phenoxy)triethylamine is an oral, non-steroidal estrogen receptor antagonist 

that promotes testicular testosterone production by occupying estrogen receptors in the 

hypothalamus, thereby preventing negative feedback.[31, 36] Enclomiphene citrate is similar 

to FDA-approved clomiphene citrate, but differs in the absence of the cis isomer, 

zuclomiphene, found in clomiphene citrate.[37] Enclomiphene is thought to compete with 

estrogen for estrogen receptor binding sites, limiting suppression of gonadotropin release. In 

women, this leads to ovulation, and in men it raises testosterone levels by increasing LH and 

FSH levels. Presently, there are other SERMs on the market including tamoxifen, which is 

indicated for the treatment breast cancer; raloxifene, which is used to prevent osteoporosis, 

and clomiphene citrate.[38]

4. Chemistry

Enclomiphene can be synthesized as a single isomer using several approaches. The Horner-

Wadsworth-Emmons reaction uses the phosphonates 4-hydroxybenzophenone reacted with 

N-(2-chloroethyl)-diethylamine to make a phenyl ether which is then refluxed with dimethyl 

chloro(phenyl methylphosphonate) in tetrahydrofuran to yield enclomiphene with adequate 

yield and stereo-selectivity. Alternate reactions have also been successfully attempted.[39]
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5. Pharmacodynamics, Pharmacokinetics and Metabolism

Enclomiphene is rapidly absorbed and has a half-life of approximately 10 hours. A non-

dose-dependent steady-state level was maximized at the 25 mg/day dose.[40] In 2013 

Wiehle et al. published a randomized, single-blinded, phase II study enrolling 48 men with 

testosterone levels <350 ng/dL and low-to-normal LH levels (<12 IU/L) with the goal of 

developing pharmacodynamic and pharmacokinetic profiles for enclomiphene.[31] In 

pharmacokinetic studies, it was found that maximum serum drug concentration after a single 

dose of enclomiphene was achieved 2–3 hours after drug ingestion, followed by first order 

elimination. There was also evidence of drug accumulation in the tissues, as serum levels did 

not return to baseline within 24 hours of dosing. This was attributed to either an anti-

hormone or undetermined effect on the HPG axis. Additionally, spikes in serum 

enclomiphene levels did not temporally match LH secretion, which was uniformly elevated, 

but fluctuated. Overall, the study found that enclomiphene increased testosterone levels 

while raising FSH and LH levels. These increases persisted for at least 7 days after 

discontinuing the drug, indicating a longer duration of efficacy than previously anticipated 

given the drug’s pharmacokinetic profile.[31, 34]

6. Clinical Efficacy

6.1 Phase I and Initial Studies

Initial animal testing of enclomiphene was conducted by Repros Theraputics on baboons. 

The animals were administered 1.5 mg/kg/day of zuclomiphene, enclomiphene or 

clomiphene for 12 days with serum hormone measurements at 0, 12 and 19 days.[32, 41, 

42]. The study found that zuclomiphene did not significantly raise serum testosterone, but 

that both enclomiphene and clomiphene did. Surprisingly, baboons treated with 

zuclomiphene also experienced 22% increases in serum cholesterol levels. While 

clomiphene increased testosterone levels from a baseline of 170 ng/dl to 559 ng/dl (p=0.03), 

enclomiphene-treated baboons had an even greater increase in testosterone (170 ng/dl to 

1,144 ng/dl, p=0.03) with an 8% reduction in serum cholesterol levels. While the hypothesis 

that both enclomiphene and clomiphene would raise serum testosterone was supported, no 

statistically significant increases in LH or FSH levels were observed.

6.2 Phase II Studies

In 2013 Kaminetsky et al. studied enclomiphene in comparison with testosterone in the 

treatment of hypogonadism in a randomized, open-label, phase IIb study enrolling 12 

hypogonadal men. A significant and sustained increase in testosterone levels among the men 

in both groups was observed at three months of treatment. Among the men receiving 

testosterone, none had sperm concentrations above 12 million/mL after three months of 

treatment, in contrast with men receiving enclomiphene citrate, where no participant had a 

sperm count below 75 million/mL. The mean sperm count among men receiving 

enclomiphene citrate was 176 million/mL (p=0.004). Additionally, only men on 

enclomiphene experienced an increase in LH and FSH levels. This study suggested that 

enclomiphene may represent a better treatment option in hypogonadal men wishing to 

preserve fertility, but was limited by a small sample size.[43]
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A randomized, phase IIb study, double blind for oral dosage, and placebo-controlled by 

Wiehle et al. in 2014 found similar results. Researchers enrolled 124 male subjects, with 73 

completing the study. Inclusion criteria included men diagnosed with secondary 

hypogonadism using two morning serum testosterone measurements of <250 ng/dL. Men 

saw significant increases in serum testosterone levels when on testosterone (increase from 

baseline of 210 ng/dL to 462.6 ng/dL after 3 months, p<0.05), 12.5 mg of enclomiphene 

citrate (increase from baseline of 217.2 ng/dL to 471.9 ng/dL after 3 months, p<0.05) and 25 

mg of enclomiphene citrate (increase from baseline of 209.8 ng/dL to 405.8 ng/dL after 3 

months, p<0.05). Men on testosterone were found to have decreases in both LH (3.9 

mIU/mL to 1.4 mIU/mL, p<0.05) and FSH (6.0 mIU/mL to 2.4 mIU/mL, p<0.05) over three 

months of treatment. In contrast, LH and FSH levels increased in men on enclomiphene, 

with men on 25 mg of enclomiphene seeing the greatest rise in LH (5.3 to 11.9 mIU/mL 

p<0.05) and FSH (9.4 to 14.9 mIU/mL p<0.05). Similar to the Kaminetsky study, this study 

also showed preservation of sperm density in men on enclomiphene.[34]

6.3 Phase III Studies

In 2015 Kim et al. examined the effects of enclomiphene on serum hormone levels and 

sperm counts in two randomized, double-blind, placebo-controlled phase III studies 

enrolling 265 overweight men 18–60 years old with secondary hypogonadism, comparing 

men treated with testosterone gel, enclomiphene citrate or placebo. Men in the testosterone 

gel and enclomiphene citrate groups achieved testosterone levels in the normal range during 

therapy. In this pooled study, enclomiphene treatment was again found to maintain sperm 

counts, with an 11.7% change in sperm density in one study group treated with 

enclomiphene citrate (n=41) and a 15.2% change in the second study group also receiving 

enclomiphene citrate. In contrast, men in the testosterone groups of both studies showed a 

marked decrease in sperm counts (−56.6% in one testosterone treated group (n=43) and 

−32.8% in the other (n=42)). [44]

6.4 Clinical Efficacy

Treatment of hypogonadism is often directed at raising both serum testosterone levels as 

well as ameliorating hypogonadal symptoms. The efficacy of testosterone in this respect is 

well established. With regards to impact on the HPG axis, the effects of clomiphene and 

enclomiphene are well established. In contrast, a paucity of data examining the symptomatic 

benefits of SERMs in hypogonadal men exists. A 2013 study by Lim et al. followed 5 men 

with chronic renal failure and androgen insufficiency treated with 100 mg of clomiphene 

citrate for 5–12 months. All 5 study participants experienced increased libido, sexual 

potency, and a general sense of well-being. [45] A 2014 study by Ramasamy et al. found no 

difference in patient satisfaction rates between men on testosterone injections, gels, those on 

clomiphene citrate, and those receiving no treatment, even though patients on clomiphene 

and testosterone gels saw a smaller increase in serum testosterone levels compared to those 

on injectable testosterone.[46] Unfortunately, none of the studies examining the effects of 

enclomiphene evaluated symptomatic improvement or quality of life using validated metrics. 

However, it is reasonable to assume that men on enclomiphene would stand to benefit 

comparably to those taking clomiphene citrate.
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7. Safety and Tolerability

While adverse effects of enclomiphene have not been directly studied, enclomiphene appears 

to be well tolerated with few adverse effects. Of the phase II/III trials of enclomiphene 

citrate, the reported side effects have included elevated estradiol levels, headache and 

abdominal discomfort.[31, 32, 37, 43, 44, 47] Clomiphene citrate, more completely studied 

and FDA-approved, is well tolerated in women. Common side effects include vasomotor 

flushing, pelvic distension and bloating, nausea and vomiting, breast tenderness, visual 

disturbances and headaches. Ovarian enlargement and uterine bleeding have also been 

reported. Anecdotal evidence suggests that long term use of clomiphene in women correlates 

with increased serum cholesterol, though a direct correlation cannot be made at with current 

evidence. Less than 1% of women experience acute abdominal pain, increased appetite, 

constipation, dermatitis, diarrhea, depression, fatigue, hair loss, urinary frequency, insomnia 

and weight fluctuation when using clomiphene.[38, 47, 48] However, the long-term effects 

of enclomiphene remain unknown.

8. Regulatory Affairs

Clomiphene was approved by the FDA in 1976 to treat female infertility and is used off-

label to treat men with hypogonadism and/or infertility. Clomiphene has not been FDA 

approved for use in men, and is therefore used off label to treat hypogonadism. 

Enclomiphene citrate has been under review by the FDA since 2007, when it was not 

approved for the treatment of secondary hypogonadism because the FDA did not consider 

increases in testosterone levels alone to be sufficient evidence for a non-testosterone therapy 

for hypogonadism. The FDA also rejected normalization of LH and quality of life 

improvements as indications for enclomiphene use. The FDA was willing to reconsider the 

drug on the basis of fertility (as measured by sperm counts) and for the treatment of 

metabolic syndrome and obesity-associated hypogonadism, given the positive impact of 

testosterone therapy on metabolic parameters and visceral obesity. More recently, in 

November of 2015, a meeting scheduled to review the new drug application (NDA) was 

canceled because of concerns over the bioanalytical method of validation that arose during 

the late phases of NDA review.[49] At this point, the future of enclomiphene is uncertain.

9. Conclusion

Enclomiphene citrate is effective in increasing serum testosterone levels in hypogonadal 

men, as well as maintaining sperm counts.[34, 43] While multiple studies have shown 

enclomiphene to be superior to testosterone in preservation of semen parameters, to date 

enclomiphene has not been compared directly with clomiphene, which remains a less 

expensive generic option. Furthermore, the impact of enclomiphene on hypogonadal 

symptoms remains unknown, limiting the ability to recommend the drug as therapy for 

hypogonadism. However, if the effects of enclomiphene on hypogonadal symptoms are 

comparable to those of clomiphene, then enclomiphene may not have the truly unique 

impact on hypogonadism that would make it superior.
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10. Expert Opinion

Secondary hypogonadism is underdiagnosed, even though treatment has many proven 

benefits.[30] Hypogonadism is classically managed using exogenous testosterone, although 

with the recent concerns from the FDA regarding the use of TTh and its putative 

cardiovascular risk, other options for the treatment of hypogonadism must be explored.[50] 

SERMs and AIs are effective in raising testosterone levels and maintaining fertility, and may 

alleviate hypogonadal symptoms as well, although additional studies on symptomatic 

efficacy are needed given the absence of high-level evidence across primarily retrospective 

studies. We see the field moving towards alternative treatment strategies for hypogonadism, 

especially in younger men wishing to maintain fertility and older men who are poor 

candidates for TTh as a result of other risk factors. Additional studies on the long term 

safety of testosterone will further determine whether SERMs and AIs are more broadly 

accepted as treatments for hypogonadism, particularly given that the oral routes of 

administration of SERMs and AIs are preferable to most other formulations.

Enclomiphene citrate, while incompletely studied, is effective in ameliorating testosterone 

deficiency and maintaining semen quality, with few apparent adverse effects. The most 

significant weaknesses among current studies include sample size and a lack of head-to-head 

comparisons with other SERMs or AIs. While additional work examining the impact of 

enclomiphene on hypogonadal symptoms is needed, enclomiphene may represent a viable 

treatment option for hypogonadal young men who desire fertility preservation. In older men, 

enclomiphene could be used as monotherapy, particularly if the risks of TTh are deemed too 

high for specific patients.

Future work will need to more definitively determine the symptomatic benefits of 

enclomiphene. Of particular interest would be randomized control trials comparing the use 

of enclomiphene, clomiphene and testosterone. A significant barrier to such a study could be 

the known efficacy of clomiphene and whether the potential reductions in side effects from 

the single isomer formulation of enclomiphene would justify a more expensive treatment. 

The FDA’s concerns about enclomiphene could also limit its use, though the limited 

literature suggests that enclomiphene could be as effective as clomiphene in the treatment of 

hypogonadism.[20] At this time, clomiphene represents a less expensive, yet effective, 

alternative in off-label management of hypogonadism in men, whereas the future of 

enclomiphene in the treatment of male hypogonadism remains unclear.
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Box 1

Drug Summary

Drug name Enclomiphene Citrate

Phase I, II and III

Indication (specific to discussion) Secondary male hypogonadism

Pharmacology Selective estrogen receptor modulator

Route of administration Oral

Chemical structure (E)-2-(p-(2-Chloro-1,2-Diphenylvinyl) phenoxy)
triethylamine

Pivotal trials(s) Secondary male hypogonadism [31, 34, 40–43]
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Figure 1. 
Chemical structure of Enclomiphene Citrate
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