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Abstract Microdissection testicular sperm extraction

(micro-TESE) combined with intracytoplasmic sperm

injection is a standard therapeutic option for patients with

non-obstructive azoospermia (NOA). Hormonal treatment

has been believed to be ineffective for NOA because of

high gonadotropin levels; however, several studies have

stimulated spermatogenesis before or after micro-TESE by

using anti-estrogens, aromatase inhibitors, and gonadotro-

pins. These results remain controversial; however, it is

obvious that some of the patients showed a distinct

improvement in sperm retrieval by micro-TESE, and sperm

was observed in the ejaculates of a small number of NOA

patients. One potential way to improve spermatogenesis is

by optimizing the intratesticular testosterone (ITT) levels.

ITT has been shown to be increased after hCG-based

hormonal therapy. The androgen receptor that is located on

Sertoli cells plays a major role in spermatogenesis, and

other hormonal and non-hormonal factors may also be

involved. Before establishing a new hormonal treatment

protocol to stimulate spermatogenesis in NOA patients,

further basic investigations regarding the pathophysiology

of spermatogenic impairment are needed. Gaining a better

understanding of this issue will allow us to tailor a specific

treatment for each patient.
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Introduction

Although microdissection testicular sperm extraction

(micro-TESE) provides patients with non-obstructive

azoospermia (NOA), which is the most prevalent form of

azoospermia, the possibility of fathering a child when

used in combination with intracytoplasmic sperm injec-

tion (ICSI), NOA remains the most challenging condition

in male infertility. The typical success rate of sperm

retrieval by micro-TESE is 40–50 %. Recent studies

suggest that nearly 60 % of men with NOA have some

level of sperm production in the testes [1]; however, a

number of patients remain surgically unmanageable

because of maturation arrest (MA) and/or Sertoli cell-only

syndrome. Because of high gonadotropin levels, medical

therapies, including hormonal treatments, have been

believed to be ineffective at improving spermatogenesis to

a degree that sperm is evident in the ejaculate. As such, it

is not thought to improve the chances of a successful

retrieval by micro-TESE. Specific and effective gonado-

tropin treatment is available for men with male hypogo-

nadotropic hypogonadism (MHH), and the induction of

spermatogenesis improves patients’ quality of life [2];

however, these patients are uncommon in male infertility

clinics.

In this review, we summarize the mechanisms and

outcomes of hormonal therapies for NOA, including anti-

estrogens, gonadotropins, and aromatase inhibitors, which

are primarily used prior to micro-TESE, and hCG/follicle-

stimulating hormone (FSH) therapy, which is generally

used prior to the second micro-TESE. Based on the

findings from basic and clinical studies, we then

hypothesize about mechanisms that may restore sper-

matogenesis and discuss the future of hormonal treatment

for NOA patients.
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Rationale for hormonal therapy and intratesticular

testosterone

Spermatogenesis is regulated by a complex endocrine,

paracrine, and juxtacrine regulatory cross-talk that involves

Sertoli, peritubular, Leydig, and germ cells. Testosterone is

one of the most important factors in this network for

maintaining spermatogenesis [3]; however, the precise

biological mechanisms that support spermatogenesis are

poorly understood. To date, the ability of hormonal therapy

to increase sperm production in men with NOA has never

been demonstrated in a randomized and controlled fashion.

One goal of hormonal treatment is optimizing intratestic-

ular testosterone (ITT) levels because many men with

NOA have low testosterone and an abnormal testosterone

to estradiol ratio (T/E2 ratio). This abnormal ratio can be

corrected using anti-estrogen, hCG, or aromatase inhibi-

tors. Hussein et al. reported the usefulness of clomiphene

citrate as the initial treatment prior to micro-TESE [4], and

Reifsnyder et al. also reported a partial effect of testos-

terone optimization on the micro-TESE outcome following

treatment with clomiphene citrate, hCG, or aromatase

inhibitors [5]. Ramasamy et al. reported that, in Klinefelter

syndrome, men with a low baseline testosterone level who

responded to medical therapy with a resultant testosterone

level of greater than 250 ng/dl had a 77 % chance of sperm

retrieval versus 55 % for men that did not respond to the

therapy initiated to enhance testosterone production [6].

These observations suggest that men who can respond to

increased testosterone levels may also display increased

levels of the other growth factors secreted from Leydig and

Sertoli cells [7].

Sertoli cells are considered to be the target cells for the

activity of testosterone and dihydrotestosterone through the

androgen receptor (AR) [8]. In humans and rodents, the AR

has been reported to localize to the nuclei of Sertoli cells,

peritubular myoid cells, Leydig cells, and fibroblasts [9–

12]. Two reports have also described AR immunoexpres-

sion in germ cells, primarily in spermatogonia and sper-

matocytes [13, 14]. Using human testicular biopsy

specimens, we confirmed the absence of AR immunoex-

pression in germ cells and the presence of intense staining in

Sertoli cells (Sertoli cell-specific AR, SCAR) [15]. In

rodents, spermiogenesis, the final step of spermatogenesis,

is considered to be highly dependent on ITT [16]. On the

other hand, high ITT is also necessary for the transition

from type A to type B spermatogonia [17]. These findings

support the hypothesis that Sertoli cells are most likely

mediators of androgen activity in spermatogenesis because

of their intimate anatomical and functional interactions with

developing germ cells [18, 19]. When testosterone activity

is insufficient, spermatogenesis is blocked at meiosis and

spermiogenesis, as previously shown using AR knockout

mice [20–22]. Hazra et al. developed transgenic Sertoli cell-

specific AR (TgSCAR) gain-of-function mice and reported

that the TgSCAR mice demonstrated premature postnatal

spermatogenic development, as shown by increased levels

of meiotic and post-meiotic germ cells [23]. These findings

demonstrate that SCAR is particularly important for the

development of pre-meiotic spermatocytes. This animal

model histologically resembles MA in men with NOA and

supports the observation that SCAR expression is lower in

early MA compared with late MA [15].

Although NOA is often accompanied by borderline to

low serum testosterone levels and increased serum FSH

levels, the serum testosterone level does not always corre-

late with ITT, and, of course, the serum testosterone and

FSH levels do not reflect the focal areas of spermatogenesis

that are found during micro-TESE. ITT is present in high

concentrations within the testes, ranging from 100 to

1000-fold higher than the concentrations found in the cir-

culation, as reported by several laboratories [24–26]. The

ideal concentration of ITT for optimal spermatogenesis in

men with NOA, which may be caused by a variety of fac-

tors, remains unknown. Although the optimal ITT concen-

tration remains unknown, Shinjo et al. used intratesticular

fluid obtained by micro-TESE to show that the basal ITT

was lower in men who responded to hormonal treatment

than those from whom spermatozoa could be retrieved at

the 2nd micro-TESE. This indicates that ITT deficiency is

one of the causes of NOA and this condition can be

improved by hormonal therapy [27]. This is of particular

importance in Klinefelter syndrome patients whose serum

testosterone levels tend to be lower than common NOA

cases. Although baseline serum testosterone levels per se

are not predictive of sperm retrieval, the preoperative tes-

tosterone serum level after 3 months of medical treatment is

predictive of success at sperm retrieval by micro-TESE in

men with Klinefelter syndrome. Ramasamy et al. have

shown that men with low baseline testosterone who

responded to medical therapy with a resultant testosterone

level of greater than 250 ng/dl had a 77 % chance of sperm

retrieval vs. 55 % for men that did not respond to therapy

[6]. Serum markers that may be able to predict ITT have

been described, including insulin-like factor 3, anti-mulle-

rian hormone, inhibin B, and 17a-hydroxyprogesterone, the

testosterone precursor. The correlations between these

parameters and ITT should be further investigated to enable

non-invasive monitoring of ITT.

Anti-estrogens

Clomiphene citrate and tamoxifen are non-steroidal anti-

estrogens and are safe, well-established medications that

can be used empirically to treat idiopathic oligospermia
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[28] and NOA [4]. Clomiphene citrate and tamoxifen are

estrogen receptor modulators that block the negative

feedback exerted by estrogen at the hypothalamus and

anterior pituitary, thus increasing the serum FSH and

luteinizing hormone (LH) levels that then stimulate sper-

matogenesis and testosterone production. A recent meta-

analysis showed that anti-estrogens can stimulate the

spermatogenesis in NOA patients [29]. Anti-estrogen

treatment is often called an ‘‘empirical’’ therapy; however,

the patients’ hormonal parameters should be carefully

monitored during this treatment because the responses to

increased serum testosterone as well as spermatogenesis

and its duration are different in each patient, resulting in

controversial results among the publications. Anti-estrogen

therapy is generally safe, but can sometimes be harmful.

For example, increased red blood cells may be observed,

especially in patients whose serum testosterone is supra-

physiologically high (more than 800–900 ng/dl). Hussein

et al. treated 42 men with NOA, including cases of MA

(43 %) and hypospermatogenesis (57 %), but no cases of

Sertoli cell-only syndrome, with clomiphene citrate at an

initial dose of 50 mg on alternating days for 2 weeks, and

then serially increasing doses until the testosterone levels

reached 600–800 ng/dL [4]. If no effective testosterone

increase was observed after this treatment, hCG, recom-

binant human (rh)FSH, or a combination of the two ther-

apeutics was initiated. Semen analysis was performed at

regular intervals, and if azoospermia persisted beyond

6 months of treatment, a testicular biopsy was performed.

The results revealed that sperm could be detected in

approximately 60 % of the treated by micro-TESE, while

the sperm retrieval rate of the untreated group was 33.6 %.

Testicular histology of more than half of the participants in

this study showed hypospermatogenesis, indicating that

testosterone optimization was effective in post-meiotic

arrest.

Aromatase inhibitors

Aromatase is present primarily in the adipose tissue, liver,

testes, skin, and brain where it converts testosterone and

other androgens to estradiol. Steroidal (testolactone) and

non-steroidal (anastrozole, letrozole) aromatase inhibitors

have been used to stimulate spermatogenesis in men with

NOA. Aromatase inhibitors inhibit the conversion of

androgens to estrogens, thereby increasing serum testos-

terone and, presumably, the ITT levels. Furthermore,

feedback inhibition of the pituitary and hypothalamus is

decreased due to decreased serum estrogen levels, resulting

greater gonadotropin release [30]. In oligospermic men,

aromatase inhibitors increase the T/E2 ratio to normal and

have been suggested to improve semen parameters

significantly [30, 31]. Fertile men have a mean T/E2 ratio

of 14.5, whereas men with NOA have a T/E2 ratio of 6.9

[31], and men with Klinefelter syndrome have a T/E2 ratio

of 4.4 [30]. Therefore, it appears that at least a small subset

of male infertility patients, including those with NOA, who

have a decreased T/E2 ratio may benefit from treatment

with an aromatase inhibitor (anastrozole 1 mg daily, tes-

tolactone 100–200 mg daily, or other aromatase inhibitors)

[30]. Candidates for aromatase inhibition have usually been

identified as men with serum T/E2 ratios of \10 [31]. The

report by Schiff et al. regarding their experience using

pretreatment with testolactone, hCG, and anastrozole in

men with non-mosaic Klinefelter syndrome prior to TESE/

ICSI shows that the hormonal therapies had favorable

results [32]. However, in a more recent update of their data,

this group identified no significant impact of the pretreat-

ment on a successful outcome [6]. Evidence regarding the

use of aromatase inhibitors for controlled ovarian stimu-

lation is accumulating; however, the optimal dose to

stimulate spermatogenesis remains unknown. Additional

basic and clinical studies are needed to establish the dose

and timing of aromatase inhibitor medication.

Gonadotropins

Cao et al. reported an NOA case that was treated with hCG

only in which testicular sperm was found by TESE fol-

lowing hormonal treatment [33]. As shown in retrospective

clinical studies, previous attempts to improve spermato-

genesis in men with NOA via treatment with either rhFSH

alone or in combination with hCG have been partially

successful [34, 35]. Selman et al. reported that a man with

Y chromosome microdeletions who received rhFSH and

hCG before a successful ICSI procedure was able to pro-

duce ejaculated sperm that numbered in the few thousands

[34]. In their later study, 49 men with NOA were treated

with rhFSH. They were initially treated with 75 IU of

rhFSH on alternate days for 2 months, followed by 150 IU

for 2 months, and then an additional 2,000 IU of hCG for

2 months, three times a week. All men remained azoo-

spermic at the end of treatment; however, while none had

mature sperm in the pre-treatment testicular biopsy, sperm

were found in the biopsies of 22 % men after treatment

[34]. Efesoy et al. reported sperm in the ejaculate of 2 of 11

azoospermic men with MA who were treated with rhFSH

[35]. Similarly, Ramasamy et al. reported improved out-

comes of primary TESE following gonadotropin therapy in

men with NOA and Klinefelter syndrome [6]. These

studies included a variety of NOA patients. By selecting

the candidates more strictly and treating the patients with

more specificity, gonadotropin therapies may be very

effective at stimulating spermatogenesis in men with NOA.
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Dysfunction of gonadotropin per se is very rare, but should

not be discounted because the efficacy of gonadotropin

treatment is extremely favorable. LH-inactivating mutations

include the following the genotypic abnormalities: a missense

mutation that impaired receptor binding [36]; a point mutation

that disrupted a vital cystine knot motif and abrogated the

heterodimerization of LH [37]; a nine base pair (9-bp) deletion

in exon 2 that impaired the cystine knot folding motif [38]; a G

to C substitution in intron 2 that disrupted splicing, generating

an abnormality in the processing of the LH b-subunit mRNA

[39]; and an IVS2 ? 1G ? C substitution that prevented the

proper assembly of the mutant LH b-subunit with the LH a-

subunit and the secretion of the heterodimer [40]. These cases

were diagnosed as due to hypogonadism, not infertility, but

spermatogenesis as well as hypogonadism treatment was also

completed after hCG-based hormonal therapy. In contrast to

these distinct loss-of-function mutations, variant LH b has

also been reported and may result in a fertile eunuch [41].

The human FSH b gene is highly conserved, and amino

acid changing mutations are extremely rare [42]. To date,

several inactivating mutations in the FSH b gene have been

found that resulted in delayed puberty and isolated FSH

deficiency in 3 women and 2 men. A 2-bp deletion/pre-

mature STOP codon in exon 3 of the FSH b gene resulted

in an absence of bioactivity [43, 44]. Two missense

mutations in exon 3 also ablated bioactivity [45, 46].

Although no information regarding treatment with rhFSH

was noted, these male patients are considered to be good

responders with regard to the restoration of their sper-

matogenesis. These mutations are very rare, but should be

considered in the management of NOA, especially when

standard treatments fail. A number of inactivating gona-

dotropin receptors have been reported (reviewed by

Themmen [47]); however, the ability of gonadotropins to

restore spermatogenesis in these men is doubtful. FSH

receptor gene polymorphisms have been studied as poten-

tial risk factors for spermatogenetic failure and may result

in primary testicular failure, but there have been no pub-

lications regarding the involvement of these mutations in

NOA. Selice et al. evaluated the ability of FSH treatment to

restore sperm production in men with polymorphisms in

the FSH receptor and found that only subjects with at least

one serine in position 680 showed a statistically significant

increase in semen parameters.

Salvage hCG/FSH therapy

In men with NOA, the gonadotropin receptors are usually

down-regulated due to the high levels of endogenous

gonadotropins; this is one reason why gonadotropin treat-

ment is believed to be ineffective at restoring spermato-

genesis. This down regulation in turn allows a ‘‘resetting’’

of the FSH and LH receptors and ‘‘resting’’ of the Leydig

and Sertoli cells, whose functions then improves [48]. We

have reviewed the data regarding repeated TESE in men

with NOA who had no sperm retrieved during the first

TESE [49] (Fig. 1). In spite of their high gonadotropin

levels, the serum testosterone levels of all of the partici-

pants were statistically increased after hCG treatment, and

half of the men showed decreased endogenous gonado-

tropin secretion due to the negative feedback regulation

exerted by the increased serum testosterone. Half of the

patients did not show any gonadotropin decrease because

the extent of serum testosterone increase was mild an/or the

responsiveness to testosterone and estradiol in the hypo-

thalamus and related central nervous system was weak.

This condition is very unique for the intratesticular envi-

ronment because there is an ‘‘FSH resetting’’ during which

the Sertoli cells are resting. On the other hand, the ITT

level is extremely high [27] because of the supraphysio-

logically stimulated Leydig cells. The precise mechanisms

responsible for inducing spermatogenesis are under inves-

tigation, and histological data have shown that men with

hypospermatogenesis or late MA are likely to respond to

hormonal treatment [49], thereby indicating that spermio-

genesis, a step requiring high ITT levels, can be stimulated

by hormonal therapy [50]. In the current study, 43 NOA

men from whom no sperm could be obtained by micro-

TESE received 5,000 IU of hCG three times a week for

3 months. The men whose FSH declined significantly

received an additional 150 IU of recombinant FSH three

times a week for 2 months, while the other men continued

to receive hCG until the repeat TESE. The second TESE

was successful in 19 % of men who received this salvage

hormonal therapy (Fig. 2). In our preliminary report, the

number of men who exhibited hypospermatogenesis and

late MA was relatively high compared to Sertoli cell-only

(SCO) syndrome and early MA [49]. A multi-institutional

prospective study, including SCO and early MA, to vali-

date this protocol is on-going, and the results will be

reported in the near future. Suzuki et al. reported an 87 %

sperm retrieval rate for the second micro-TESE (Annual

Meeting of Japan Society for Reproductive Medicine,

2013).

Proposed mechanisms of hormonal therapy for NOA

The first step in spermatogenesis is spermatogonial pro-

liferation. This step can be evaluated by detecting the

proliferating cell nuclear antigen (PCNA) expression in

humans [50]. PCNA is expressed in the nucleus during all

phases of the cell cycle, with a maximum expression in the

S- and G2-phases. In the normal seminiferous epithelium,

PCNA is expressed in the nuclei of mitotic spermatogonia
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primary spermatocytes. Given the observation that a higher

expression level of spermatogonial PCNA is associated

with increased germ cell maturation [50, 51] and a higher

sperm output [52], the increased expression of PCNA may

have positive effects on spermatogenesis. Previous studies

have shown that up to 40–50 % of the spermatogonia were

positive for PCNA in the testes of men with normal sper-

matogenic function; however, the PCNA expression was

decreased in the NOA group [27, 50–54]. Spermatogonial

PCNA expression in men has been shown to be gonado-

tropin-independent [53, 54], whereas we showed that the

spermatogonial expression of PCNA increased signifi-

cantly after hCG-based hormonal therapy [27]. In agree-

ment with previously reported findings that FSH stimulates

DNA synthesis in rat spermatogonia and spermatocytes

in vitro [55], the stimulatory effect of rhFSH on sper-

matogonial PCNA expression was also observed in our

series [27]. Continuous overnight monitoring of gonado-

tropin secretion showed that the decreased relative gona-

dotropin pulse amplitude observed in patients with NOA

was caused by high basal gonadotropin levels [49]. This

decrease indicates that the stimulation of Leydig and

Failed micro-TESE
at 1st attempt

(n=63)

hCG 5000 IU x3/week s.c.
for 3 months

(n=43)

2nd micro-TESE
without any treatment

(n=20)
2nd micro-TESE

(n=19)
2nd micro-TESE

(n=24)

hCG 5000 IU x3/week s.c.
for additional 1-2 months

(n=19)

hCG 5000 IU x3/week s.c.
with recFSH 150 IUx3/week s.c.

for 2 months
(n=24)

FSH: FSH: 

Sperm 
Retrieval rate

3 (16%) 5 (21%) 0 (0%)

8 (19%)

→

→

Fig. 1 Salvage hormonal treatment protocol, patient selection, and the accumulated outcome

LH
FSH

Serum and
Intratesticular
Testosterone

hCG 5000 U, x 3/ week, s.c.

Spermatogenesis

FSH 150 U, x 3/week, s.c. 2nd micro-
TESE

hCG continued

Fig. 2 Hormonal changes during salvage hormonal therapy
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Sertoli cells by gonadotropin is paradoxically weak

because of the down-regulation of receptors [56]. There-

fore, the exogenous administration of rhFSH is likely to

stimulate Sertoli cells, even under hypergonadotropic

conditions.

In the absence of testosterone or AR, spermatogenesis

does not proceed beyond the meiosis stage [20–22]. Taken

together with our result of salvage hormonal therapy, ele-

vation of ITT may play a partial, but important role in the

steps of spermiogenesis [27, 49], suggesting that the tem-

poral expression and localization of AR are also important.

AR in human testes is localized to the Sertoli cells, but not

germ cells, indicating that ITT acts indirectly through

Sertoli cells. Testosterone also plays a role in the final

maturation of Sertoli cells [57], and both testosterone and

FSH have additive effects on SCAR expression [58].

Rather than FSH stimulation, SCAR expression has been

shown to be primarily dependent on the ITT level [59].

Furthermore, there was no significant association between

ITT and SCAR expression in our study [15]. The exoge-

nous administration of rhFSH had a positive effect on

SCAR expression in NOA, as determined using human

testicular samples obtained at micro-TESE [15, 27]. In our

experience, the basal ITT and AR expression levels had no

predictive value for sperm recovery [15, 27]; however, the

ITT after medical treatment is predictive of successful

sperm retrieval by micro-TESE.

Conclusion

Variable histological patterns in different tubules, even in

the same individual, may explain the poor correlation of

TESE results with histological patterns. Pathological

information at micro-TESE is extremely important to

counsel the patients who need further therapy and to also

establish a new hormonal treatment (Table 1). Micro-TESE

can only ‘‘seek’’ sperm, but not ‘‘make’’ sperm. One of the

reasons why we call hormonal treatment for NOA empiri-

cal, but not specific, is a lack of understanding of the

endocrine regulation that induces spermatogenesis. To

reveal the pathophysiology of NOA, clinical trials to

establish useful hormonal treatment regimens for NOA

patients should use strict patient selection criteria.
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