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Background: The use of chemotherapy agents can increase the likelihood of
azoospermia in men. Today, the application of micro-dissection testicular sperm
extraction (micro-TESE) and subsequent intracytoplasmic sperm injection (ICSI) is
recommended for sperm retrieval in such affected men.

Objective: We aimed to report our experiences with the success rate of the protocol
of micro-TESE in maintaining sperm restoration in men undergoing chemotherapy
protocols for different cancers.

Materials and Methods: In this cross-sectional study, data of 33 men who were
scheduled for micro-TESE and subsequently ICSI due to non-obstructive azoospermia
(following the use of chemotherapy agents because of different types of malignancies)
and were referred to Royan Institute for Reproductive Biomedicine, Tehran, Iran from
2010-2023 were extracted from their medical records. At the end of the study,
we measured the success rate of sperm retrieval using micro-TESE in men with
chemotherapy-related non-obstructive azoospermia.

Results: Adequate amounts of spermatozoa were successfully retrieved for
cryopreservation and subsequent ICSI in 16 out of 33 cases, resulting in a sperm
retrieval rate of 48.5%. None of the baseline parameters, including individuals’ age,
time and duration of chemotherapy, type of cancer, history of smoking or alcohol use,
or baseline hormonal states, might affect the rate of sperm retrieval.

Conclusion: Applying micro-TESE can retrieve sperm exposed to chemotherapy
protocols. Also, it can be useful for reducing the likelihood of chemotherapy-related
azoospermia.

Azoospermia, Chemotherapy, Intracytoplasmic sperm injection.
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1. Introduction

Developing innovative  chemotherapeutic
protocols holds significant promise for enhancing
the survival rates of individuals afflicted with
various malignancies. However, a crucial concern
arises when considering appropriate treatment
strategies for male cancer patients, namely the
restoration of their fertilization ability and the
achievement of parenthood (1). Unfortunately, a
well-documented adverse effect of chemotherapy
agents is non-obstructive azoospermia (NOA),
which affects approximately 2-39 of men
undergoing chemotherapy treatments, with only
a minority experiencing subsequent recovery
of spermatogenesis post-treatment (2, 3). This
undesirable consequence primarily arises from
the utilization of alkylating chemotherapy
agents such as cyclophosphamide, busulfan,
procarbazine or chlorambucil (4, 5). The extent
of gonadotoxic effects and subsequent germ cell
damage is influenced by various factors, including
the pre-treatment quality of spermatogenesis,
the specific type of malignancy, the cancer
treatment protocol employed, and individual
susceptibility (6). Consequently, all men receiving
such chemotherapy are strongly advised to
consider sperm cryopreservation; however, this
approach may be limited due to factors such
as inadequate population awareness regarding
chemotherapy-induced infertility, initial poor
sperm quality, unavailability of sperm banking

facilities, or prepubertal age of the male (7).

Fortunately, the development of

assisted reproductive technologies has

successfully addressed and mitigated this

predicament. Among the available treatment
affected men

options  for grappling with
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chemotherapy-induced infertility, the employment
of micro-dissection testicular sperm extraction
(micro-TESE) followed by intracytoplasmic sperm
injection (ICSI) has emerged as the preferred
and optimal approach (8, 9). This treatment
modality proves invaluable for individuals lacking
access to cryopreservation, as well as those
who are exposed to gonadotoxic chemotherapy
agents. A growing body of evidence supports
with

remarkable success

the utilization of this protocol, recent

reports highlighting its
rates in retrieving sperm from men suffering from
Notably,

studies have demonstrated a significant increase

post-chemotherapy azoospermia (10).

in sperm retrieval rates (SRR), with success rates
reaching up to 44% (11).

In the present study, we aim to provide a
comprehensive analysis of our experiences with
the micro-TESE protocol, focusing on the success
rate of sperm restoration in men undergoing

chemotherapy protocols.

2. Materials and Methods

In this cross-sectional study, we reviewed the
medical records of 33 men with NOA secondary to
chemotherapy for different types of malignancies,
who underwent micro-TESE followed by ICSI, and
were referred to Royan Institute for Reproductive
2010
included baseline

Biomedicine (Tehran, Iran) between
and 2023. Extracted data
characteristics, such as age, type of malignancies,
duration of chemotherapy treatment, serum

levels of testosterone, follicle-stimulating
hormone (FSH), and luteinizing hormone (LH),
history of cigarette, alcohol, or hookah use,
as well as diametric features of the testes

(measured using an orchidometer and ultrasound
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examination). This study was retrospective in
nature. Accordingly, the sample size was based
on the total number of eligible patients referred
to our institution and met the inclusion criteria.
No sample size calculation was performed prior
to data collection, and no interim analysis or
stopping rules were applied.

Inclusion criteria were: 1) NOA resulting from the
use of chemotherapy agents for different types
of malignancies, 2) scheduled for micro-TESE
followed by ICSI, 3) demonstrated normal sexual
hormonal conditions, as indicated by normal
serum levels of FSH and LH.

Exclusion criteria encompassed individuals
with  hypogonadotropic hypogonadism, any

genetic or chromosomal defects affecting
fertility (e.g., Klinefelter syndrome, microdeletion
of azoospermia factors, or chromosomal
translocations), or those with possible obstructive
azoospermia. Andrological and hormonal
evaluations were performed prior to the operation
to determine the primary causes of azoospermia.

Azoospermia was defined as the absence of
spermatozoa in 2 consecutive semen analyses
and confirmed by at least 3 centrifuged semen
pellet analyses.

Following initial assessment, micro-TESE was
performed under general anesthesia according to
the procedure previously described by Schlegel
and Li (12). In this procedure, the testis is carefully
opened, allowing for extensive dissection to
explore all possible areas of sperm production
within the divided halves of the testis. Successful
sperm retrieval during micro-TESE was defined
as the detection of at least one sperm cell by
an experienced andrologist in the operating
room. This was achieved through phase contrast
examination of dispersed and minced testis

tissue, which was carefully placed on a plain glass
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slide and covered with a slip. If viable sperm were
successfully retrieved through microdissection,
they were utilized for ICSI either on the same
day or the following day after retrieval. Testicular
biopsies were obtained and sent to a single
laboratory for histopathological assessment,
where a genitourinary pathologist examined them
to determine the predominant histopathology.
The study endpoint was to assess the outcomes

of sperm extraction and related determinants.

2. Ethical Considerations

This  study was  approved by the
Ethics Committee of Royan Institute for
Reproductive Biomedicine, Tehran, Iran

(Code: IR.ACECR.ROYAN.REC.1403.044).
the retrospective nature of the research and use of

Given

de-identified participant data, the requirement for
informed consent was waived by the committee.
Data
participants’ personal information was protected

confidentiality was maintained, and

from unauthorized access or disclosure.

2.2. Statistical Analysis

Quantitative variables were presented
as mean + standard deviation, while categorical
variables were summarized by frequency
(percentage). Continuous variables were compared
using a t test or Mann-Whitney U test when the
data did not appear to follow a normal distribution
or when the assumption of equal variances was
violated across the study groups. Categorical
variables were compared using the Chi-Square
testt. Ap<0.05 was considered statistically
significant. All analyses were performed using
Statistical Package for the Social Sciences, version

23.0 for Windows (IBM Corp., Armonk, NY, USA).
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3. Results

Data of 33

post-chemotherapy NOA were included in this

men suffering from
study. Table | represents baseline characteristics
of study objects. Mean age at the start of
chemotherapy and at the time of surgery were
21 + 7.4 and 33.6 + 5.6, respectively. Mean FSH,
LH, and testosterone levels were 19.9 + 13.5, 9.6
+ 5.3, and 3.4 + 1.5, respectively, which indicates
primary spermatogenic failure. The most dominant
cancer among cases was Hodgkin’s lymphoma

(39.39%).

Adequate amounts of spermatozoa were
successfully retrieved for cryopreservation and
subsequent ICSI in 16 out of 33 men, leading SRR
of 48.5%. According to this sperm extraction
into 2

No difference

outcome, the cases were assigned

positive and negative groups.
was observed between the positive and negative
subgroups in baseline characteristics, including
mean age, mean age at chemotherapy, type

Table I. Baseline characteristics of study subjects

Characteristics

Age (yr)*
Age at chemotherapy (yr)*
Duration of chemotherapy (day)*
History of cigarette use**
History of alcohol use**
History of hookah use**
Types of cancer**
Left testis cancer
Right testis cancer
Lymphoma
Hodgkin’s lymphoma
Non-Hodgkin’s lymphoma
Scapula bone cancer
Thigh osteosarcoma

Mediastinal lymphoma
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of malignancies, and the results of baseline
(Table ).
number of samples taken from the right and

karyotype analysis The maximum

left testicles were 64 and 85, respectively.
Testicular biopsies were evaluated pathologically.
The most pathological pattern was Sertoli
cells only syndrome. The other pathological
patterns included total hyalinization, total arrest,
hypospermatogenesis, and mixed germ cell
aplasia plus focal spermatogenesis. In terms of
micro-TESE results, no significant association
was observed between the positive and negative

subgroups in testicular pathologies.

table Il, orchidometer

measurement revealed no statistically significant

As presented in

difference between the 2 groups with respect to
left and right testicular size.

The serum levels of sexual hormones, including
testosterone, FSH, and LH, were also not different
between the 2 groups. Overall, none of the factors
studied were significant between the 2 groups

with or without sperm extraction.

Sperm retrieval

P-value
Positive (n = 16) Negative (n = 17)
321+43 35.0+6.4 0.14
20.7 + 6.1 213 +87 0.80
15+5.2 137+ 56 0.24
2 (12.5) 5 (29.5) 0.23
1(6.3) 0 (0.0) 0.51
2 (12.5) 1(5.9) 0.83
2 (12.50) 0 (0.0)
0 (0.0) 2 (11.76)
1(6.25) 1(5.88)
5 (31.25) 8 (47.06)
2 (12.50) 2 (11.76)
2 (12.50) 0 (0.0) i
2 (12.50) 0 (0.0)
0 (0.0) 1(5.88)
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Table I. Continued

Sperm retrieval

Characteristics P-value
Positive (n = 16) Negative (n = 17)

ALL 0 (0.0) 1(5.88)

AML 0 (0.0) 1(5.88)

Ewing sarcoma 0 (0.0) 1(5.88)

Normal karyotype 16 (100) 17 (100) 0.999
Normal AZF 16 (100) 17 (100) 0.999
BX**

SCco 1(73.3) 15 (88.2)

Total hyalinization 1(6.7) 1(5.9)

Total arrest 0 (0.0) 1(5.9) 0.34

Hypospermatogenesis 1(6.7) 0 (0.0)

Mixed germ cell aplasia + focal spermatogenesis 2 (13.3) 0 (0.0)

*Data presented as mean + SD, Mann-Whitney U test. **Data presented as frequency (%), Fisher’s exact test. Biopsy data were
available for 15 out of 16 individuals in the sperm retrieval positive group. ALL: Acute lymphoblastic leukemia, AML: Acute myeloid
leukemia, AZF: Azoospermia factor, BX: Pathological patterns, SCO: Sertoli cells only syndrome

Table Il. Testicular and hormonal characteristics of study subjects

Sperm retrieval

Characteristics P-value
Positive (n = 16) Negative (n =17)

Hormonal parameters*
LH 91+57 10.0 + 5.1 0.67
FSH 20.3 +16.8 19.6 +10.0 0.88
Testosterone 37+16 31+14 0.32

Size of testes™
Right testis (first assessment) 2.3+ 0.9 29+0.8 0.08
Right testis (second assessment) 21+ 0.6 25+ 06 01
Left testis (first assessment) 25+ 09 31+£0.7 0.06
Left testis (second assessment) 20+ 0.6 23+ 04 0.27

“Data presented as mean + SD, Mann-Whitney U tests. LH: Luteinizing hormone, FSH: Follicle-stimulating hormone

4. Discussion complete hyalinization, spermatogenic arrest,

hypospermatogenesis, and mixed germ cell

In this study, the most common malignancy
SRR occurred in
16 of 33 cases (48.5%), with no statistically

significant differences in baseline characteristics,

was Hodgkin’s lymphoma.

cancer type, karyotype, or azoospermia factor

results between successful and unsuccessful

groups. Histopathological examination revealed
Sertoli cells only syndrome as the predominant

finding, with additional patterns including

@O
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aplasia with focal spermatogenesis. Statistical
analysis revealed no significant differences
with

orchidometric measurements and serum sex

between the 2 groups respect to

hormone levels (LH, FSH, and testosterone).

The
protocols,
for the

significantly

development of novel therapeutic

including chemotherapy regimens
treatment of malignancies, has

increased  patients’ long-term
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survival. However, the use of some of these

agents might adversely affect reproductive
abilities, especially in men. According to reports,
certain chemotherapy regimens may lead to
spermatogenic dysfunction by inducing defects in
germ cells and spermatogonia differentiation. In
other words, the rapid differentiation of these cells
is highly sensitive to these cytotoxic medications.
Therefore, within 2-3 months after beginning
chemotherapy, the likelihood of azoospermia

may be increased (13).

Based on the type, dosage, and duration

of the chemotherapy regimen, azoospermia
may be transient or irreversible. However, it
is impossible to predict which chemotherapy
regimen may lead to transient or permanent
defects in spermatogenesis. Thus, considering
the cryopreservation of sperm even before
the initiation of chemotherapy can warrant
post-treatment fertility potential in men. Although
the protocol of micro-TESE followed by ICSI
in azoospermic men after chemotherapy has
resulted in successful preservation and recovery
of spermatogenesis, the rate of this recovery
has been reported to vary. As demonstrated
in the present study, the SRR was found to be
48.5%. In a comparable study (14), sperm were
successfully retrieved in 47%, which was close
to our retrieval rate. In another study (15), sperm
retrieval was successful in 42% of the individuals.
However, they also demonstrated that men with
post-chemotherapy azoospermia after testicular
cancer treatment were able to achieve a high
retrieval rate (75%), and exposure to alkylating
agents resulted in lower SRR.

In a recent study, the authors evaluated

the effectiveness of  cyclophosphamide
equivalent dose in sperm retrieval in men with

persistent azoospermia following chemotherapy.
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SRR was
chemotherapy regimen with alkylating agents.
with
dose > 4000 mg/m? did not have viable sperm in
micro-TESE (16).

In another

lower in patients who received a

Patients cyclophosphamide equivalent

study, spermatozoa were
successfully retrieved in 37% of men and in
42.9% of overall procedures (17). A fertilization
rate of 571% (per injected oocyte) was achieved
with ICSI, leading to a clinical pregnancy rate of
50% with an overall live birth rate of 42%.
Therefore, the introduction of these techniques
is an important step in maintaining fertility for
men undergoing chemotherapy; we also have
a long way to go to prevent azoospermia after
this protocol. Another important issue related
to the success of micro-TESE followed by ICSI
protocols in sperm retrieval is identifying the
potential determinants that influence the success
rate of these protocols. As indicated in the
present study, none of the baseline parameters,
including individuals age, time, and duration of
chemotherapy, type of cancer, history of smoking
or alcohol use, or baseline hormonal states,
appeared to affect the rate of sperm retrieval.
However, different studies have shown that some
baseline parameters might affect the rate of
sperm recovery. In line with previous findings,
age, time since chemotherapy, FSH, and the
initial diagnostic indication for chemotherapy did
not affect the success of sperm retrieval. They
also indicated that none of the abovementioned

factors could predict TESE outcomes (14).

However, in some studies, bone marrow
transplantation was an unfavorable factor
affecting sperm retrieval following such

procedures (14, 18). It has been reported that
the rate of sperm recovery can be potentially
affected by the type of alkylating agents (15).
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Therefore, regardless of what factors may affect
the recovery rate of sperm, the use of these
techniques is currently considered the only way
to increase the chances of maintaining fertility
after exposure to chemotherapy and therefore

should improve the quality of these techniques.

5. Conclusion

Micro-TESE vyielded a 48.5% SRR, closely

mirroring previously published series. No
demographic, oncologic, hormonal, or
histopathological parameter significantly
influenced success, highlighting the

unpredictability of spermatogenic recovery
after cytotoxic exposure. These results support
micro-TESE followed by ICSI as an essential
fertility preservation option for men undergoing
chemotherapy. The absence of documented
fertility status prior to chemotherapy is a limitation

of this study.

Data Availability

The data supporting the findings of this study
are available from the corresponding author upon

reasonable request.

Author Contributions

M. Babaei, MA. Sadighi
and M. Ramezani-Binabaj: Design of the work,

Gilani,

acquisition, analysis, or interpretation of data,
drafting the work, critical revising of the draft,
and final approval of the project. H. Arasteh
and SR. Yahyazadeh: Acquisition, analysis, or
interpretation of data, drafting the work, critical
revising of the draft, and final approval of the

project.

@O
CC BY-NC 4.0

mTESE outcomes in azoospermic men following chemotherapy

Acknowledgments

We sincerely appreciate the support of the
Royan Institute for Reproductive Biomedicine,

Tehran, Iran staff, Tehran, Iran. This project
has not received any funding support.
Artificial intelligence-based (Microsoft Copilot)

grammar-checking tools were used for some

sentences.

Conflict of Interest

The author declares that there is no conflict of

interest.

References

[1] Tharakan T, Luo R, Jayasena CN, Minhas S.
Non-obstructive azoospermia: Current and future
perspectives. Fac Rev 2021;10: 7.

[2] Barak Sh. Fertility preservation in male patients with
cancer. Best Pract Res Clin Obstet Gynaecol 2019; 55:
59-66.

[3] Hamano |, Hatakeyama S, Ohyama C. Fertility
preservation of patients with testicular cancer. Reprod
Med Biol 2017; 16: 240-251.

[4] Brant A, Punjani N, Zaninovic N, Palermo GD, Rosenwaks
Z, Schlegel PN. Effects of chemo-and radiation therapy
on microsurgical testicular sperm extraction for men
with nonobstructive azoospermia. J Urol 2022; 208:
676-683.

[5] Meistrich ML. Male gonadal toxicity. Pediatr Blood
Cancer 2009; 53: 261-266.

[6] Botchan A, Karpol S, Lehavi O, Paz G, Kleiman SE, Yogev
L, et al. Preservation of sperm of cancer patients: Extent
of use and pregnancy outcome in a tertiary infertility
center. Asian J Androl 2013; 15: 382—-386.

[7] Ogouma L, Berthaut I, Lévy R, Hamid RH, Prades M,
Audouin M, et al. Testicular sperm extraction (TESE)
outcomes in the context of malignant disease: A
systematic review. Asian J Androl 2022; 24: 584-590.

[8] Qi L, Liu YR, Zhang NN, Su YC. Predictors of testicular
sperm retrieval in patients with non-obstructive
azoospermia: A review. J Int Med Res 2021, 49:
03000605211002703.

[9] Zhao L, Jiang H, Hong K, Lin H, Tang W, Liu D, et al.
[Analysis of intratesticular condition in micro-dissection
testicular sperm extraction era]. Beijing Da Xue Xue Bao
Yi Xue Ban 2019; 51: 632-635. (in Chinese)

Page 43


https://doi.org/10.18502/ijrm.v24i1.20995

International Journal of Reproductive BioMedicine
Volume 24, Issue no. 1. https://doi.org/10.18502/ijrm.v24i1.20995

[10] Yang J, Ren X-L, Gu L-J, Sun X-J, Song J-Y, Liu J-H.
Results of micro-TESE and outcomes of ICSI in patients
with different etiological types of non-obstructive
azoospermia. Zhonghua Nan Ke Xue 2018; 24: 887—892.

1] Zhang J, Liu G-H, Zhao L-G, Liang X-Y, Wang Z-Y.
[Micro-dissection testicular sperm extraction for patients
with non-obstructive azoospermia: A report of 196
cases]. Zhonghua Nan Ke Xue 2017; 23: 804-807. (in
Chinese)

[12] Schlegel PN, Li PS. Microdissection TESE: Sperm
retrieval in non-obstructive azoopsermia. Hum Reprod
Update 1998; 4: 439.

[13] Kalsi JS, Shah P, Thum Y, Muneer A, Ralph DJ, Minhas
S. Salvage micro-dissection testicular sperm extraction;
outcome in men with non-obstructive azoospermia with
previous failed sperm retrievals. BJU Int 2015; 116:
460-465.

[14] Shin T, Kobayashi T, Shimomura Y, Iwahata T, Suzuki
K, Tanaka T, et al. Microdissection testicular sperm
extraction in Japanese patients with persistent
azoospermia after chemotherapy. Int J Clin Oncol

Page 44

Babaeij et al.

2016; 21: 167-1171.

—
—y
o1

[

Shiraishi K, Matsuyama H. Microdissection testicular
sperm extraction and salvage hormonal treatment in
patients with postchemotherapy azoospermia. Urology
2014, 83: 100-106.

Tsai S-J, Li L-H, Chen W-J, Huang EY-H, Huang C-,
Brannigan RE, et al. Prediction of microdissection
testicular sperm extraction outcomes of azoospermic
patients post-chemotherapy using cyclophosphamide
equivalent dose. J Assist Reprod Genet 2023; 40:
2013-2020.

[17] Hsiao W, Stahl PJ, Osterberg EC, Nejat E, Palermo
GD, Rosenwaks Z, et al. Successful treatment of
postchemotherapy azoospermia with microsurgical
testicular sperm extraction: The Weill Cornell
experience. J Clin Oncol 2011; 29: 1607-1611.

[18] Jacobsen FM, Fode M, Senksen J, Ohl DA, Jensen CFS.
Successful extraction of sperm cells after autologous
bone marrow transplant: A case report. Scand J Urol
2019; 53: 174-175.

16

-

@08
CC BY-NC 4.0


https://doi.org/10.18502/ijrm.v24i1.20995

