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DISEASE STATE REVIEW

The Role of Estrogen Modulators in
Male Hypogonadism and Infertility

Amarnath Rambhatla, MD, Jesse N. Mills, MD, Jacob Rajfer, MD
Department of Urology, David Geffen School of Medicine at UCLA, Los Angeles, CA

Estradiol, normally considered a female hormone, appears to play a significant role

in men in a variety of physiologic functions, such as bone metabolism, cardiovascular
health, and testicular function. As such, estradiol has been targeted by male reproduc-
tive and sexual medicine specialists to help treat conditions such as infertility and hypo-
gonadism. The compounds that modulate estradiol levels in these clinical conditions are
referred to as selective estrogen receptor modulators (SERMs) and aromatase inhibi-
tors (Als). In a certain subset of infertile men, particularly those with hypogonadism,

or those who have a low serum testosterone to estradiol ratio, there is some evidence
suggesting that SERMs and Als can reverse the low serum testosterone levels or the
testosterone to estradiol imbalance and occasionally improve any associated infertile or
subfertile state. This review focuses on the role these SERMs and Als play in the afore-
mentioned reproductive conditions.

[Rev Urol. 2016;18(2):66-72 doi: 10.3909/riu0711]

© 2016 MedReviews®, LLC

Selective estrogen receptor modulator ® Aromatase inhibitor ¢ Male infertility
¢ Hypogonadism

cial role in a number of physiologic functions in

men. The most recognized and well researched
role of estradiol is its effect on bone metabolism.!
However, lesser known is the effect that estradiol
has on the regulation of testosterone biosynthesis
and spermatogenesis.?

In men, the majority of circulating estradiol is pri-
marily derived from the peripheral aromatization

I t is well recognized that estradiol also plays a cru-
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of circulating testosterone by adipocytes located
throughout the body.? Estradiol can also be syn-
thesized within certain tissues that require the hor-
mone for its normal tissue homeostasis (eg, bone,
brain, hypothalamus). Similar to what is found
in the peripheral adipocytes, the bone, brain, and
hypothalamus are known to contain an aromatase
enzyme and/or an estrogen receptor site, suggest-
ing a role for estrogen within these tissues. As
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such, it is believed that, in men, cir-
culating testosterone—the major-
ity of which is produced by the
testes—is taken up by these non-
testicular tissues via passive diffu-
sion and is then converted within
those specific tissues to estradiol,
thereby allowing the newly formed
estradiol to exert its effect on those
specific tissues. Alternatively, and
similar to what occurs with the cir-
culating testosterone, it is believed
that the circulating estradiol that is
produced by those peripheral adi-
pocytes and secreted into the circu-
lation is also passively taken up by
certain tissues and exerts its effect
on the tissue via estrogen receptor
sites located on the surface mem-
branes of these tissues. An example
of this similar effect by both testos-
terone and estradiol in men is seen
within the hypothalamus, where
either of these two hormones can
be used to modulate the negative
feedback inhibition of luteinizing
hormone (LH) and follicle-stim-
ulating hormone (FSH) from the
pituitary gland.® It is primarily the
modulation by selective estrogen
receptor modulators (SERMs) and
aromatase inhibitors (Als) of this
mechanism of action of testoster-
one and estradiol on the hypotha-
lamic-pituitary-testicular axis that
forms the clinical basis for trying
to increase testosterone production
and/or increase spermatogenesis
within the testes (Table 1).6

It is well established that high
levels of intratesticular testosterone
are necessary for normal spermato-
genesis.” A common misconception
by urologists is that exogenously
administered  testosterone  can
increase this intratesticular concen-
tration of testosterone and result in
an improvement in both the hypo-
gonadism and infertility. This is
evidenced by a recent American
Urological Association (AUA) sur-
vey in which 25% of practicing
urologists admitted administering

TABLE 1

SERMs and Als Clinically Used in Men's Health )
Mechanism Effect on Effect on

Drug of Action Testosterone Effect on LH Estradiol

Clomiphene  E2R, ) T T

Tamoxifen ~ E2R, ) T T

Anastrazole Al T T \2

Letrozole Al T T \:

Al, aromatase inhibitor; E2R,, estrogen receptor antagonist; LH, luteinizing hormone; SERM, selective

estrogen receptor modulator.

testosterone to infertile men with
hypogonadism in an effort to treat
their infertility.8 Most of the time the
prescriber in this setting is unaware
of the inhibitory effect that exoge-
nously administered testosterone has
on spermatogenesis via its inhibition
of both FSH and LH secretion by the
pituitary gland. To circumvent the
inhibition of LH and FSH from the
pituitary by exogenous testosterone,
a common strategy used by male

reproductive and sexual medicine
specialists, in which the goal is to
increase testosterone levels while
maintaining spermatogenesis, is to
use SERMs and/or Als instead of
exogenous testosterone (Figure 1).

Selective Estrogen

Receptor Modulators
SERMs are compounds that exhibit
tissue-specific estrogen receptor

Figure 1. Al, aromatase inhibitor; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone;
LH, luteinizing hormone; SERM, selective estrogen receptor modulator.

: ---------- > | Hypothalamus
|
| |
|
: GnRH
|
: l SERMs
Ir —————————————— > | Pituitary
|
! AN
|
|
: FSH LH
. \
|
| SN
i Sertoli Cell | | LeydigCell | NN
AT
: l \ l \\\\\
I ) Aromatase v
: Maturation of Testosterone ——— > Estradiol
I Spermatogenic - X
| Cells [
' l
: |
e : Als
X Maedication Site of Action
= Inhibition

Vol. 18 No. 2 ® 2016 e Reviews in Urology ® 67



The Role of Estrogen Modulators in Male Hypogonadism and Infertility continued

agonist or antagonist activity.
Although many SERMs have been
developed, clomiphene citrate
(clomiphene) and tamoxifen are
the ones that are commonly used
in men’s health. Clomiphene is a
SERM that exists as two isomers,
zuclomiphene and enclomiphene. It
has been used since the 1960s, ini-
tially to treat oligomenorrhea but
then adapted to be used in anovu-
lation and ovulation induction in
women.® A decade later Paulson
and colleagues!! first reported on
the use of clomiphene in men and
demonstrated a 40% pregnancy
rate in partners of a group of sub-
fertile men. Clomiphene citrate
works as an estrogen antagonist
at the level of the pituitary gland
and thus stimulates the release of
LH and FSH, which in turn drives
both the steroidogenic and sper-
matogenic functions of the testes.
When the goal is to increase cir-
culating testosterone levels in a
patient with low testosterone levels,
there are a number of reasons that
make clomiphene therapy a more
practical choice than conventional
testosterone replacement therapy.
Most important is that oral clomi-
phene does not suppress endog-
enous gonadotropin secretion that
is universally seen with practically
all forms of exogenous testosterone
therapy; as a result, clomiphene,
unlike exogenous testosterone
therapy, should not have a negative

reported that men with hypogo-
nadism and LH values = 6 IU/mL
are the ideal candidates for treat-
ment with clomiphene.

Although clomiphene was ini-
tially and exclusively used in men
with infertility, it has recently taken
on a secondary role as a sole thera-
peutic option for men with hypo-
gonadism. Several studies have
evaluated clomiphene as a non-US
Food and Drug Administration-
approved alternative to exogenous
testosterone therapy. In elderly men
with erectile dysfunction, Guay
and colleagues'? found that the use
of clomiphene citrate for 2 months
raised LH, FSH, and testosterone
levels; however, despite the increase
in serum testosterone, sexual func-
tion in these elderly men did not
significantly improve. However, a
follow-up study with an extended
4-month duration of treatment
with clomiphene did demonstrate

therapy. Moreover, all men reported
improvements in post-treatment
quality of life scores.!” Other stud-
ies have also found that aside from
improvement in serum testoster-
one levels, clomiphene therapy also
leads to significant improvement
in bone mineral density, as well as
androgen deficiency in the aging
male (ADAM) scores without any
significant adverse events.!8:19

Since the studies of Paulson
and associates!! were published in
the 1970s, clomiphene citrate has
been used as an off-label manage-
ment of infertility in men. Due to
its antiestrogen effect on the pitu-
itary, which causes an increase in
the serum levels of FSH and LH,
clomiphene appears to be an ideal
product to treat the patient who has
both a low testosterone level and a
subnormal sperm count in the set-
ting of low or normal gonadotropin
levels. However, despite the lack of

an improvement in sexual func-
tion in 75% of men with secondary
hypogonadism and erectile dys-
function, confirming that improve-
ment in hypogonadal symptoms
may require at least 3 months of
eugonadal levels before symptoms

effect on spermatogenesis and con-
sequently it does not impact the size
of the testes. Due to its mechanism
of action of increasing gonadotro-
pin levels, clomiphene is less effec-
tive in raising testosterone levels in
men who already have elevated LH
levels prior to the initiation of treat-
ment. Mazzola and colleagues!?

improve.!41¢ In a large prospective
trial, 125 men with testosterone
levels < 400 ng/dL and low sex-
ual desire were selected to receive
25 mg of clomiphene citrate daily.
There was a statistically signifi-
cant improvement in testosterone
levels, from 309 ng/dL to 642 ng/
dL 3 months after initiation of
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solid evidence to support its use in
this setting, the drug is being used
by many urologists for simple idio-
pathic infertility, in which patients
have both a normal testosterone
level and a normal sperm count.
This is evidenced by a recent sur-
vey from the AUA that demon-
strated that 60% of respondents
use it for idiopathic infertility.8 The
evidence that some clinicians use to
support prescribing clomiphene for
unexplained or idiopathic infertil-
ity emanates from case reports or
studies lacking a control group.20-2!
In contrast, a study by the World
Health Organization of 190 men
with normal testosterone levels and
sperm counts who were random-
ized to placebo versus clomiphene
found no significant improvement
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in semen analysis parameters or
pregnancy rates in the treatment
group compared with the placebo
group.2? Therefore, it is safe to state
that because the side-effect profile
of clomiphene is minimal, the drug
appears to be a safe and effective
option for improving sperm counts
and, hence, fertility in those men
with low sperm counts who are
hypogonadal. Its use in idiopathic
infertility, however, is controver-
sial, and further evidence-based
studies are needed before it can be
recommended for this indication.
Tamoxifen citrate is another oral
SERM that was approved in the
1970s for the treatment of breast
cancer. It has tissue specific action
and acts as an estrogen receptor
blocker in breast tissue and exhibits
agonistic properties in the bone and
uterus.® Although its use is primar-
ily in women, in men’s health it is
used off-label and acts as an estro-
gen antagonist in the hypothala-
mus and pituitary gland.?* Because
of its mechanism of action, tamoxi-
fen results in the inhibition of the

with oligospermia. They found that
after 3 months of treatment with
each of these SERMs, there was a
statistically significant increase in
serum gonadotropins, testosterone,
and semen parameters. However,
as is the case with clomiphene, it
is controversial whether tamoxi-
fen should be used in the setting of
idiopathic infertility because much
of the data are from case reports
or uncontrolled studies. In the few
randomized  placebo-controlled
studies for idiopathic infertility
that have been reported with use
of this SERM, the results are mixed
and contradictory.24-26

Aromatase Inhibitors

Als are drugs that lower estrogen
levels by blocking the aromatase
enzyme, the enzyme that converts
testosterone to estradiol.?” Als were
initially used for the treatment of
metastatic breast cancer, but over
the years their scope of use has
broadened to include conditions in
which the desire is to either lower

negative feedback of estrogen at the
hypothalamus and pituitary gland,
and results in the release of LH and
FSH, which in turn increases tes-
tosterone biosynthesis and “stimu-
lates” spermatogenesis. Although
the studies on tamoxifen use in
men have largely focused on those
with infertility, its mechanism of
action suggests it can also be used
to raise testosterone levels in men
with low testosterone who pos-
sibly may have relatively elevated
serum estradiol levels. Tsourdi and
colleagues?® looked at the effects
of three SERMs—tamoxifen, tore-
mifine, and raloxifene—on the
hypothalamic-pituitary axis in men

serum estradiol and/or increase
serum testosterone levels.28 In men,
this use has been adapted in certain
subsets of patients with infertil-
ity and possibly in those in whom
there is an imbalance between
serum estradiol and testosterone.
Als are thought to inhibit the con-
version of testosterone to estradiol

tissue level of estradiol at the site
of the hypothalamic-pituitary axis,
which results physiologically in
the increased release of both LH
and FSH.? Multiple Als have been
developed, but the ones most com-
monly studied in men’s health are
all oral: testolactone, anastrazole,
and letrozole. Testolactone is a ste-
roidal AI that is no longer commer-
cially available in the United States
but has been studied in multiple
trials for use in male infertility.2
Anastrazole is a selective nonste-
roidal AI that is approved for the
treatment of breast cancer and has
been used off-label to treat a cer-
tain subset of infertile patients. In
addition, it is also used off-label to
treat men with relatively high levels
of serum estradiol compared with
their serum testosterone levels.28
Letrozole is a more potent selective
Al and, similar to anastrozole, has
been used to treat those subsets of
infertile men with abnormal testos-
terone to estradiol (T/E) ratios.28
Like clomiphene, Als have also
been used in hypogonadal men as
an off-label alternative to testoster-
one replacement therapy. Zumoff
and colleagues?® performed a pro-
spective trial looking at obese men
with hypogonadotropic hypogo-
nadism. Administering 1 g of tes-
tolactone daily for 6 weeks resulted
in an increase of testosterone and
LH and a decrease in estradiol. Two
prospective studies investigated
whether letrozole could success-
fully treat obesity-related hypo-
gonadotropic hypogonadism.2730
Both studies demonstrated nor-
malization of testosterone levels

:

peripherally inside adipocytes and
also within the testes. In addition,
they lower or remove the inhibi-
tory effect of both the circulating
estradiol level and the endogenous

after treatment with letrozole. The
majority of studies evaluating Als
as an alternative to testosterone
replacement therapy involved tri-
als with anastrazole. A randomized
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placebo-controlled  study by
Burnett-Bowie and colleagues!
looked at 88 hypogonadal men.
They were treated with anastrazole
or placebo. There was a significant
increase in testosterone levels with
a decrease in estradiol levels after
3 months of treatment. However,
patients did not achieve signifi-
cant symptomatic improvement in
their hypogonadal symptoms, as
evidenced by their ADAM ques-
tionnaire, or improvement in body
habitus and strength. A follow-up
study from the authors demon-
strated a decrease in bone mineral
density in those patients treated
with anastrozole.32 Nonetheless,
other studies have demonstrated
that a short-term decrease in estra-
diol has no adverse effects on bone
metabolism or adverse effects on
lipid profiles or insulin resistance
over a 3-month period.?*3* This
discrepancy may be due to the
fact that the first study was over a
l-year time period. Perhaps with
prolonged exposure to lower estro-
gen levels bone mineral density
may decrease over time or there
may be estrogen receptor poly-
morphisms that make some men
susceptible to lower bone mineral
density.?> Despite their success,

associated with impaired steroido-
genesis and spermatogenesis.3® Als
can alter the T/E ratio and their use

There is evidence that SERMs
and Als can be used in combi-
nation with human chorionic

has been validated in men with low
ratios. Pavlovich and colleagues®’
studied 63 infertile men and fer-
tile control subjects and found
that those men with infertility had
a T/E ratio of < 10:1. After these
men were treated with testolactone,
semen parameters and T/E ratios
improved.

Other studies have evaluated
anastrazole for preserving fertil-
ity in men. Raman and Schlegel3®
looked at 140 men who were infer-
tile and had abnormal T/E ratios.
They were treated with anas-
trazole or testolactone and were
noted to have significant improve-
ments in semen volume, motility,
concentration, and an increase
in the T/E ratio. Letrozole has
also been evaluated in the set-
ting of male infertility. Saylam
and associates3® treated 27 infer-
tile patients with a T/E ratio of
< 10 with letrozole. There was

there are no long-term data evalu-
ating the efficacy of Als and, there-
fore, their use for hypogonadism
cannot be routinely recommended
at this time.

Als have also gained popularity
as off-label options in the treatment
of male infertility. As agents that
can alter the hypothalamic-pitu-
itary-gonadal axis, they are some-
times used in men when hormonal
manipulation is needed. Animal
models suggest that high intrates-
ticular estrogen levels have been

an increase in testosterone for all
patients; 20% of the oligosper-
mic patients conceived naturally
and 24% of azoospermic men had
return of semen to their ejacu-
late. Another study by Gregoriou
and associates?® treated 29 men
with infertility and low T/E ratios
(< 10) and normal gonadotro-
pin levels with either anastrozole
or letrozole daily. They found an
improvement in both hormonal
and semen parameters after treat-
ment with Als.
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gonadotropin (hCG) for spermato-
genesis recovery in azoospermia or
severe oligospermia that is due to
exogenous testosterone therapy.4!
Wenker and coworkers! used a
combination of 3000 IU hCG every
other day with either SERMs, Als,
or recombinant FSH and found
that there was a return of sper-
matogenesis in azoospermic men
or improved counts in men with
severe oligospermia in 95.9% of the
participants.

It is hypothesized that gyne-
comastia occurs from an altera-
tion in the estrogen to androgen
ratio at the level of the breast.*
Tamoxifen, given its estrogen
antagonist properties in the
breast, as well as Als, has also
been used in the treatment of
gynecomastia. Much of the data
stem from boys with pubertal
gynecomastia and in men with
prostate cancer on antiandrogen
therapy; there is evidence that
these medications are effective
in the treatment of gynecomas-
tia.43-4> Their use in the treat-
ment of gynecomastia induced by
exogenous testosterone therapy is
largely anecdotal and not evidence
based.*6 However, the manipula-
tion of estrogen levels in men may
not be without consequences. We
know that estrogen receptors are
present throughout the body and
play a role in bone health, body
composition, cardiovascular well
being, libido and sexual function,
and testicular steroidogenesis and
spermatogenesis.#°  Although
a high estradiol level may have a
negative impact on fertility, a level
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that is excessively low may not be
desirable either.

Estrogen receptor polymor-
phisms and gene mutations have
been implicated in male infertil-
ity.5%5! These polymorphisms may
be the key in truly identifying a
population of men that may benefit
from estrogen modulation. Until
then, Als have a role in the treat-
ment of male infertility in those
men with low T/E ratios. Further
research on the use of Als in these
conditions is required in order to
fully establish their benefit in these
aforementioned conditions.

Conclusions

There have been significant
advancements in understanding
the interaction between testoster-
one and estrogen and how these
two hormones impact multiple
physiologic functions in men.
SERMs and Als have been used
off-label in men to increase testos-
terone levels while maintaining
spermatogenesis. Though their use
in idiopathic infertility is ques-
tionable, there are data to support

their use in men with both hypo-
gonadism and low sperm counts,
and also in men who are symp-
tomatic from low testosterone lev-
els. Als can also be used in these
same subsets of men who have an
imbalance between testosterone
and estradiol. However, because
estrogen is also an important
player in many physiologic func-
tions in men including bone
metabolism and cardiovascular
health, caution must always be
exercised and follow-up is manda-
tory in those men who receive
long-term treatment with SERMs
or Als. [ |
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e Estradiol has been targeted by male reproductive and sexual medicine specialists to help treat conditions such
as infertility and hypogonadism. In some infertile men, particularly those with hypogonadism, or those who
have a low serum testosterone to estradiol ratio, there is some evidence suggesting that selective estrogen
receptor modulators (SERMs) and aromatase inhibitors (Als) can reverse the low serum testosterone levels or
the testosterone to estradiol imbalance and occasionally improve any associated infertile or subfertile state.

* SERMs exhibit tissue-specific estrogen receptor agonist or antagonist activity. Clomiphene citrate (clomiphene)
and tamoxifen are two SERMs that are commonly used in men's health. They work as estrogen antagonists at
the level of the pituitary gland and thus stimulate the release of luteinizing hormone and follicle-stimulating
hormone, which in turn drive both the steroidogenic and spermatogenic functions of the testes.

e Although the studies on tamoxifen use in men have largely focused on those men who have infertility, its
mechanism of action suggests it can also be used to raise testosterone levels in men with low testosterone who
possibly may have relatively elevated serum estradiol levels.

e Als lower estrogen levels by blocking the aromatase enzyme, which converts testosterone to estradiol. Their
use has broadened to include conditions in which the desire is to either lower serum estradiol and/or increase
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