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Outcomes of anastrozole in
oligozoospermic hypoandrogenic
subfertile men
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Objective: To determine whether the change in sperm parameters in subfertile hypoandrogenic men treated with anastrozole is corre-
lated to the magnitude of increase in testosterone (T) to estrogen ratio in men responding to treatment.

Design: Retrospective study.

Setting: Male fertility clinic.

Patient(s): The study group consisted of 86 subfertile hypoandrogenic men with low T/estradiol (E,) ratio (n = 78) or a prior aversive
reaction to clomiphene citrate (n = 8).

Intervention(s): All patients were treated with 1 mg anastrozole daily, administered orally.

Main Outcome Measure(s): Hormone analysis and semen analysis before and after treatment were performed. Hormone analysis
included measurements of total T, E,, sex-hormone binding globulin, albumin, FSH, and LH, and bioavailable T was calculated.
Total motile sperm count was calculated from the semen analysis.

Result(s): In all, 95.3% of patients had an increased serum T and decreased serum E, after treatment with anastrozole. Sperm concen-
tration and total motile counts improved in 18 of 21 subfertile hypoandrogenic oligozoospermic men treated with anastrozole. In these
men the magnitude of total motile count increase was significantly correlated with the change in the T/E, ratio. No improvement was
seen in semen parameters of men with azoospermia, cryptozoospermia, or normozoospermia at presentation.

Conclusion(s): Approximately 95% of men with hypoandrogenism responded with improved endocrine parameters, and a subset of
oligozoospermic men (approximately 25% of all patients) displayed significantly improved sperm parameters. In that subset, increase
in sperm parameters was correlated with the change in the T/E, ratio, which argues for a physiologic effect of treatment. (Fertil Steril®
2017;107:589-94. ©2016 by American Society for Reproductive Medicine.)
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trying to conceive, and a male fac-

tor is involved in approximately
50% of these couples (1). Overall, 20%
of all men undergoing an infertility
evaluation will be diagnosed with an
endocrine abnormality (1). The preva-
lence of hypoandrogenism in men
with oligozoospermia, as defined by
the World Health Organization (version
4), has been observed to be approxi-

I nfertility affects 15% of all couples

mately 43% (2). This is similar to the
prevalence of 45% in men with azoo-
spermia due to spermatogenic dysfunc-
tion. In men with obstructive
azoospermia, however, hypoandrogen-
ism has a much lower incidence of
approximately 16.7%, similar to that
in the general population (2). Sper-
matogenesis is highly dependent on in-
tratesticular testosterone (T) synthesis,
and hypoandrogenism may result in a
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defective spermatogenesis (3). None-
theless, hypoandrogenism is imper-
fectly  correlated  with  semen
parameters (4), and delineation of the
subgroup of patients that would benefit
from correction of hormonal abnor-
malities is needed.

Estrogen (E) has a role in male
fertility, although it is incompletely un-
derstood. It is known to be important for
normal spermatogenesis (5, 6), but high
concentrations of E, perhaps combined
with low concentrations of T, may be
detrimental to spermatogenesis (7).
Estrogen is produced by the enzyme
aromatase, which converts T into
estradiol (E,) and androstenedione into
estrone. Aromatase is a cytochrome
P450 enzyme that is present in both
the testicular germ cells and somatic
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cells, as well as in other tissues and organs, such as adipose
tissue, liver, and brain (8, 9).

Selective E receptor modulators and aromatase inhibitors
are frequently used as treatment in hypoandrogenic men
desiring fertility. Anastrozole has been demonstrated to in-
crease T concentrations and the T/E ratio (9). A small but
growing number of studies support the efficacy of aromatase
inhibition in the treatment of hypoandrogenic subfertile men
(10-14). We aimed to assess the efficacy of anastrozole use in
hypoandrogenic men by investigating whether a correlation
exists between semen analysis changes and hormonal
changes during treatment.

MATERIALS AND METHODS

Institutional review board approval was obtained. Hypoan-
drogenic subfertile men treated with anastrozole (1 mg daily)
between January 2010 and May 2016 were included in this
study. All patients were seen by one treating physician
(C.N.) at a single male infertility center. Indications for anas-
trozole treatment included a low calculated bioavailable T
(<155 ng/dL) and either a T (in ng/dL) to E (in pg/mL) ratio
of <10 (n = 78) or a history of prior adverse reaction to clomi-
phene citrate (CC) (n = 8). Exclusion criteria were men with a
history of sex chromosome disorder, past exogenous T use, or
other concomitant hormonal treatment.

Data on demographics, medical history, physical exami-
nation, testicular longitudinal axis, side effects and adverse
events, laboratory values, and semen analyses before and af-
ter treatment were collected. Hormone concentrations were
assessed before treatment and at 3 weeks and 4 months after
prescribing anastrozole. Hormonal analysis was obtained be-
tween 7:00 and 11:00 AM by venipuncture. Assays of sex
hormone-binding globulin, E, albumin, FSH, LH, and total
T were obtained at the University of Illinois at Chicago labo-
ratory. Testosterone was measured by the quantitative elec-
trochemiluminescent immunoassay. Estradiol was measured
by quantitative high-performance liquid chromatography-
tandem mass spectrometry. Bioavailable T was calculated ac-
cording to the Vermeulen formula (15). Semen analyses were
performed before treatment and at 4 months after treatment.
Semen samples were collected by masturbation after 2 to
3 days of sexual abstinence and processed within 1 hour of
ejaculation. All patients had two or more recent semen ana-

lyses before treatment, no longer than 6 months before treat-
ment commencement. The semen analysis with the greatest
total motile count was selected to represent pretreatment sta-
tus. At least two centrifuged semen analyses were carefully
examined before the diagnosis of azoospermia and crypto-
zoospermia. Side effects were recorded, and anastrozole was
discontinued in cases of significant adverse events. Microsur-
gical testicular sperm extraction outcomes after treatment
were also recorded.

For statistical analysis, variables are presented as median
and interquartile range or mean + SE, as appropriate. A
matched-pairs analysis estimated significance of change in
laboratory values and semen analyses with treatment. A sub-
group analysis was performed of men with baseline oligozoo-
spermia. In this group we used linear regression to identify
correlations between changes in hormone concentrations
and increase in semen parameters. We then used multiple
regression analysis to control for age and FSH as possible
confounders. Statistical tests were two-sided and were
considered statistically significant when P<.05. Analyses
were performed with IBM SPSS statistics, version 20.

RESULTS

A total of 86 men with a median age of 37 (32-41) years were
included. The median duration of unprotected intercourse was
24 (18-48) months. In all, 28 patients (32.6%) were azoosper-
mic, and 8 (9.3%) had cryptozoospermia. A history of crypt-
orchidism was reported by 11 patients. Four patients had a
history of varicocelectomy (three oligozoospermic patients
and one normozoospermic patient). Four patients had a
non-clinically significant grade 1 varicocele at presentation,
as they were associated with either normozoospermia or
azoospermia. Mean testis longitudinal axis was 4.32 =+
0.09 cm bilaterally.

Three weeks after anastrozole was prescribed, T and
bioavailable T increased from 258.4 + 10.8 ng/dL and 128.8
=+ 4.7 ng/dL to 509.2 + 20.4 ng/dL and 297.5 + 12.7 ng/dL,
respectively (both P<.0001; Table 1). Estradiol concentra-
tions decreased from 40.8 + 1.9 pg/mL to 24.6 + 2.1 pg/mL
after 3 weeks of anastrozole treatment (P<.0001). The T/E,
ratio significantly increased from 6.98 + 0.33 to 34.5 + 6.5
(Table 1). Over the 4 months of treatment, LH increased
from 6.41 + 0.89 IU/L to 10.7 £+ 1.1 IU/L (P<.0001), and

TABLE 1

Hormonal analysis in 86 men with hypoandrogenism treated with anastrozole.

Parameter Baseline
Total T (ng/dL) 258.4 +10.8
Bioavailable T (ng/dL) 128.8 +4.7
E, (pg/mL) 408+ 1.9
T/E; ratio 6.98 £+ 0.33
SHBG (nmol/L) 25.6 + 1.1
LH (IU/L) 6.41 £ 0.89
FSH (IU/L) 124 + 2

Note: Values are mean + SE. SHBG = sex hormone-binding globulin.
@ Comparing baseline vs. 3-wk results.

Shoshany. Anastrozole for subfertile men. Fertil Steril 2016.

At 3 wk At 4 mo Pvalue®
509.2 +£20.4 4499 £ 195 <.0001
297.5+£12.7 N/A <.0001

24.6 £ 2.1 23.2+22 <.0001
345+£6.5 242 £3 <.0001
249+ 1.2 N/A NS

10.7 £ 1.1 N/A <.0001
19.4+23 N/A <.0001
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FSH increased from 12.4 4+ 2 IU/L to 19.4 + 2.3 IU/L
(P<.0001). Comparing the means at 3 weeks and 4 months
of treatment, these hormonal effects were maintained at
4 months of therapy (P>.05 for all). Four patients (4.7%)
did not demonstrate an increase in T and decrease in E,. Of
the patients who responded to treatment, 3 (3.6%) did not
maintain their increased T concentration at 4 months. Sex-
hormone binding globulin was not observed to change signif-
icantly with treatment.

Ejaculated seminal volume and sperm motility were not
observed to change with treatment. Sperm concentration
significantly increased from 4.7 &+ 1.2 x 10%/mL to 13.1 +
2.9 x 10°/mL (P=.001), and total motile count increased
from 4.6 & 1.3 x 10° to 8.0 & 3.4 x 10° (P=.008), as shown
in Table 2. In 18 of the 21 patients with oligozoospermia
(85.7%), an increase in sperm concentration and total motile
count was observed. A commonly used threshold for [UI is 5 x
10° total sperm count (16), although other thresholds are also
commonly used (17). Nine patients (42.8%) who had a pre-
treatment total motile count <5 x 10° (2.1 + 0.5 x 109
had an increased posttreatment total motile count >5 x 10°
(8.3 + 0.7 x 10°. None of the patients with azoospermia
due to spermatogenic dysfunction had return of sperm in
the ejaculate, and none of the patients with cryptozoospermia
demonstrated significant increase in their sperm count.
Eleven patients with azoospermia due to spermatogenic
dysfunction underwent microsurgical testicular sperm
extraction, and sperm was retrieved in eight (72.7%). The re-
maining 17 azoospermic patients elected not to undergo sur-
gery or were lost to follow-up.

In a subgroup of 21 oligozoospermic patients with pre-
and posttreatment semen analyses, changes in total motile
count were not observed to correlate with either pre- or post-
treatment T, bioavailable T, or E,, nor were observed to corre-
late with the pretreatment T/E, ratio. Improvement in total
motile count correlated with observation of an increased
posttreatment T/E, ratio (P<.0001), by both absolute and
relative increase, even after controlling for age and FSH con-
centration. Table 3 demonstrates correlations between the
percentage of change in total motile count and various hor-
monal parameters.

Normozoospermic patients did not demonstrate a signif-
icant change in their semen parameters (P=.64 and P=.35 for
sperm concentration and total motile count, respectively), nor
changes in semen parameters correlated with posttreatment
changes in the T/E, ratio (P=.27, adjusted R* = 0.051).

Fertility and Sterility®

Anastrozole treatment was discontinued in 8 patients
(9.3%). Two patients reported joint and tendon pain and
swelling in their limbs. Other reported side effects in a single
patient included decreased libido, irritability and depression,
bilateral breast tenderness, ocular pruritus gradually turning
into ocular pain, and dry mouth. Another patient demon-
strated a paradoxical increase in E,. One patient reported
transient bilateral ankle swelling, which resolved while
continuing treatment.

DISCUSSION

Spermatogenesis is a highly regulated process involving com-
plex multifactorial hormonal control. Although the signifi-
cance of androgens for spermatogenesis is well established,
E is increasingly recognized as an important regulator
involved in this process (8). Estrogen receptors and the aroma-
tase enzyme are found in both germ cells and somatic cells in
the testis, allowing for both production of and modulation by
E,. Estradiol has a significant effect on the growth, develop-
ment, and function of Leydig cells. It inhibits aromatase ac-
tivity in Sertoli cells in a paracrine fashion and promotes
maturation of spermatogonia (6). Estradiol also affects germ
cells in an autocrine fashion, whereby low concentrations
of E, putatively enhance germ cell production by the inhibi-
tion of apoptosis (6). Finally, the lack of functional aromatase
results in dysfunctional spermatogenesis (8, 18).

Yet high concentrations of E may be detrimental to sper-
matogenesis (7). Estrogen exerts negative feedback on the hy-
pothalamus and pituitary, lowering concentrations of FSH
and LH and resulting in diminished spermatogenesis (19,
20). Estrogen also plays a major inhibitory local role in the
testis. It has been observed to be involved in down-
regulation of spermiogenesis-related genes and spermatocyte
apoptosis through E receptors 1 and 2 (5). In addition, E dis-
plays an inhibitory effect on both Leydig and Sertoli cells
(6). Further support of a possible impact of excess aromatase
activity on spermatogenesis was demonstrated by Hammond
et al. (21), who reported decreased sperm concentration in
obese men to be associated with repeat polymorphism rate
of TTTA nucleotides in the aromatase gene correlating with
aromatase enzyme activity. It seems that a carefully regulated
concentration of E, is required for normal spermatogenesis.

Numerous studies have demonstrated that aromatase in-
hibitors increase T, decrease E, concentrations, and increase
gonadotropin (LH and FSH) concentrations in elderly men,

TABLE 2

Semen parameters in 21 men with hypoandrogenism and oligozoospermia treated with anastrozole.

Baseline At 4 mo

Parameter Mean + SE Median (IQR) Mean + SE Median (IQR) Pvalue
Volume (mL) 2.56 £ 0.22 2.5(1.7-3.3) 2.32 £0.25 2.2 (1.6-3) NS
Concentration (X106/mL) 47+ 1.2 2 (1.5-7.3) 13.14+£29 7 (4.4-19.5) .001
Motility (%) 399+5 41.5 (24-55) 405+ 4.8 38.5 (29-54) NS
Total motile count (><106) 46+ 1.3 2.8(0.7-6.6) 8+34 8.1(3.3-12.1) <.01
Note: Values are mean + SE or median (interquartile range).
Shoshany. Anastrozole for subfertile men. Fertil Steril 2016.
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TABLE 3

Correlation of total motile count percentage change with hormonal parameters in a subgroup of 21 men with hypoandrogenism and

oligozoospermia.

Linear regression

Regression

Predictor coefficient (95% CI) Adjusted R?
Pretreatment total T 1.48 (—1.67,4.63) —0.002
Pretreatment BT 2.94 (—3.35,9.22) —0.002
Pretreatment E, —1.9(=19, 15.2) —0.052
Posttreatment total T 0.15(—1.39, 1.69) —0.053
Posttreatment BT 0.28 (—3.18, 3.75) —0.069
Posttreatment E, —4.13(—14.1, 5.87) —0.014
Change in total T -0.18 (—=1.67, 1.31) —-0.052
Change in total BT —0.48 (—3.84, 2.89) —0.064
Pretreatment T/E, ratio 19.8 (—60.5, 100.2) —0.04
Posttreatment T/E; ratio 14.3 (8.8, 19.8) 0.618
Absolute change in T/E; ratio 13.8(8.15, 19.5) 0.586
% Change in T/E, ratio 0.8 (0.35, 1.25) 0.419

Note: BT = bioavailable T; Cl = confidence interval.

Shoshany. Anastrozole for subfertile men. Fertil Steril 2016.

obese men, and young hypoandrogenic and/or subfertile men
(10-14,22,23). Our results are in agreement with these
previous findings. Testosterone concentrations doubled as
E, concentrations nearly halved, and gonadotropin
concentrations increased significantly. Less than 5% of
patients did not respond to anastrozole with these intended
hormonal changes.

Despite the fact that aromatase inhibitors have been pre-
scribed for decades in the treatment of subfertile men, there
exists a relative paucity of studies evaluating the effect of aro-
matase inhibitors in this population, specifically in regard to
changes in semen parameters in hypoandrogenic oligozoo-
spermic men. As early as 1981, in an uncontrolled study, Vig-
ersky and Glass investigated the effects of testolactone (1 g/d)
in 10 oligospermic men (10). These authors reported an in-
crease in serum T, a decrease in serum E,, and a significant in-
crease in the androgen-to-E ratio. Eighty percent of men
treated demonstrated an increase in sperm count, and there
was no change observed in sperm motility. More recently,
Pavlovich et al. (11) reported a significantly different T/E, ra-
tio of 6.9 in 63 subfertile patients compared with 14.5 in
fertile controls. In a subset of 12 patients with oligozoosper-
mia an increase of semen parameters after testolactone ther-
apy was observed. These authors proposed a threshold T/E,
ratio of 10, representing the lowest 20th percentile of fertile
subjects in the control group. An expanded analysis of pa-
tients from this study compared 101 subfertile men treated
with anastrozole vs. 74 treated with testolactone and demon-
strated an improved T/E, ratio in both groups (12). A subset of
25 patients with oligozoospermia in the anastrozole group as
well as the 12 men in the testolactone group demonstrated in-
crease in their semen parameters. Saylam et al. (13) prospec-
tively investigated the effect of letrozole in 27 infertile men
with a decreased T/E, ratio and reported increases in semen
parameters after 3 months of therapy. Similarly, in a prospec-
tive, nonrandomized study, Gregoriou et al. (14) compared
anastrozole with testolactone in subfertile men with a T/E, ra-
tio <10 (14 vs. 15 patients, respectively), reporting improve-

Age- and FSH-adjusted linear regression

Regression

P value coefficient (95% CI) Adjusted R? P value

14.5(7.9, 21.1)
14.2 (7.5, 21)
.01 0.77 (0.22, 1.31)

0.598
0.578
0.374

<.0001
<.0001
<.01

AN A
o
o
=

ment both in hormones and semen parameters, with no
significant difference between the two medications. These
previous studies indicate that there may be a subgroup of sub-
fertile patients with a treatable endocrinopathy.

Two studies provide alternative results. In a randomized,
controlled trial assigning 50 oligozoospemic men to testolac-
tone 2 g daily or placebo for 8 months, followed by cross-
over for 8 months, Clark and Sherins (24) observed no increase
insemen parameters. Helo et al. (25) randomized 24 hypoandro-
genic patients to either CC or anastrozole and observed no in-
crease in semen parameters. However, these studies did not
evaluate a relevant and similar patient population. The subjects
in Clark and Sherins’ study (24) had normal T concentrations
and likely T/E, ratios above the threshold of 10 because the
mean T and mean E, in the placebo and testolactone initiation
arms were 479 + 50 ng/dL and 27.6 + 2.3 ng/dL, and 521 +
6.0 ng/dL and 23.2 + 1.8 ng/dL, respectively. Furthermore, E,
and T concentrations did not change with treatment during
the trial. In the Helo et al. study (25), the authors aimed to
compare the efficacy of CC vs. anastrozole in increasing T con-
centrations, and the men in their study were not oligozoosper-
mic, with baseline sperm concentration 32.7 + 12 x 10%/mL.
A reasonable conclusion from these studies is that men who
are not hypoandrogenic or who have abundant sperm may
not benefit from treatment with aromatase inhibitors.

It is important to note that the definition of “low” T/E, ra-
tio as <10:1 is based on the 20th centile of the Cornell cohort.
Until further collaborative research is done, we believe the
10:1 ratio should be viewed as a guide, rather than a “hard”
cutoff. Although most of our patients had a T/E, ratio <10,
our study population represents a more generalized clinical
subset, including patients with previous adverse reaction to
CC who may still benefit from oral medication. In the present
study, 85% of men with oligozoospermia demonstrated sig-
nificant increase in sperm concentration and total motile
count after treatment with anastrozole. More than one-third
of the oligozoospermic patients became eligible for IUI
considering a total motile count threshold of 5 x 10° (16,
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17), and these patients could consequently choose an
alternative to IVF. We can expect the pretreatment
hormones not to correlate with semen parameters, because
this was a selected group of men with low T/E ratio.
Importantly, however, increased total motile count
significantly correlated with the posttreatment change in
the T/E, ratio in patients with oligozoospermia. Patients
who achieved a higher posttreatment T/E, ratio had a
greater increase in their total motile count, whereas changes
in T or E, alone did not correlate with total motile count
change. In contrast, normozoospermic patients did not
demonstrate a significant change in their semen parameters
or changes in semen parameters correlated with changes in
the T/E, ratio.

Unlike previous studies (13, 14, 26, 27) that reported a
return of sperm to the ejaculate in azoospermic patients
treated with an aromatase inhibitor, in the present study all
28 azoospermic patients remained without sperm 4 months
after anastrozole treatment. Eight cryptozoospermic patients
also did not demonstrate a significant increase in semen
parameters. The surgical sperm retrieval rate in these
azoospermic men with spermatogenic dysfunction was
72.7%. Ramasamy et al. (28), addressing a specific
population of azoospermic patients, have shown therapy
including anastrozole to result in a 1.4-fold increased sperm
retrieval rate in patients with Klinefelter syndrome. However,
Schlegel (9) estimated it would require more than 700 patients
to evaluate the benefit of aromatase inhibitor in improving
sperm retrieval rates in a more general population of men
with azoospermia due to spermatogenic dysfunction. The
question of whether anastrozole treatment improves the
odds of sperm retrieval remains unanswered. We believe
that our results support the role of aromatase inhibition ther-
apy in increasing the T/E, ratio in the subgroup of oligozoo-
spermic hypoandrogenic subfertile men presenting with a low
T/E, ratio.

As a rule, in the present study anastrozole treatment was
safe and well tolerated. Anastrozole was discontinued in less
than 10% of the patients. Side effects usually occurred early
into therapy, and all were reversible, subsiding after discon-
tinuing the medication. Notably, two of the eight patients
experiencing side effects suffered from arthralgia, and
possibly arthritis. A word of caution should be mentioned
regarding the possible risk of decreased bone density due to
anastrozole treatment (23, 29). This is especially true in a
population of men with hypoandrogenism, who are more
prone to having decreased bone density to begin with. The
significance of E in the male physiology is gradually
unfolding. The optimal concentrations of E, in men are
largely unknown, but low levels of E, may be related to
increased bone resorption and decrease in bone mass
density (29). Notably, 54% of our patients had
posttreatment E, concentrations <20 pg/mL. Consequently,
long-term skeletal safety remains an issue of concern, and
it is important to consider performing bone density scans in
patients treated with aromatase inhibitors for longer periods
of time.

QOur study shares similar limitations with previous studies
of aromatase inhibitor therapy in subfertile men. First, T levels
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were measured once, relying on enzyme immunoassays,
which may reduce the reliability of the diagnosis of hypogo-
nadism. Second, we did not have data on patients’ body mass
index, which may have aided to better define our cohort. Last,
this was a retrospective, uncontrolled study, and is conse-
quently subject to selection bias and regression to the mean.
We aimed to minimize these biases by selecting the greatest
pretreatment total motile count. The observation of a strong
correlation between increase in total motile count and in-
crease in the T/E, ratio argues against but does not eliminate
an effect of regression to the mean.

Despite its limitations, the present study adds to a small
but growing body of knowledge on the use of aromatase in-
hibitors to treat male infertility. We have demonstrated that
the magnitude of the increase of the T/E, ratio was correlated
with increase in bulk seminal parameters in hypoandrogenic
oligozoospermic men, supporting a role for aromatase inhibi-
tion in this select patient population. Our results also imply
that E, concentrations should be considered in the evaluation
and treatment of subfertile men with oligospermia. Although
resource intensive, we hope that future prospective, random-
ized, controlled studies may study aromatase inhibitor ther-
apy in a selected group of hypoandrogenic men with low
T/E, ratios and oligozoospermia, because they may prove to
share a treatable endocrinopathy.

In conclusion, the majority of men with hypoandrogen-
ism and low T/E, ratio responded to anastrozole treatment
with improved endocrine parameters. A subset of oligozoo-
spermic men were observed to significantly improve their
sperm parameters after 4 months of treatment. In that subset
the increase in the total motile count was correlated with the
change in the T/E, ratio, which argues for a physiologic effect
of treatment.
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