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A B S T R A C T

Purpose
Advances in chemotherapy have led to greater longevity and paternity may be an important
consideration for postchemotherapy survivors of childhood cancers. While traditionally considered
sterile, men who are azoospermic after chemotherapy can be treated with microdissection
testicular sperm extraction (TESE) and intracytoplasmic sperm injection (ICSI).

Patients and Methods
Oncologic data, pretreatment hormone profiles, testicular histology, and outcomes of microdis-
section TESE-ICSI were reviewed. ICSI was performed in a programmed in vitro fertilization cycle
using fresh spermatozoa. Embryos were transferred into the uterine cavity on the third day
after microinjection.

Results
Eighty-four microdissection TESE procedures were performed in 73 patients. The mean time elapsed
since chemotherapy was 18.6 years (range, 1 to 34 years). Spermatozoa were retrieved in 37% of
patients and in 42.9% of overall procedures. A 57.1% fertilization rate (per injected oocyte) was
achieved with ICSI allowing a 50% clinical pregnancy rate with a live birth rate of 42% overall. There
were 15 deliveries, with a total of 20 children born. Hypospermatogenesis seen on preoperative biopsy
was associated with 100% sperm retrieval while exposure to alkylating agents resulted in a
significantly lower sperm retrieval rate. Patients with testicular cancer had the highest sperm retrieval
rates while patients previously treated for sarcoma had the lowest retrieval rates.

Conclusion
To our knowledge, this represents the largest series of postchemotherapy microdissection
TESE-ICSI to date. Sperm were retrieved in 37% of patients despite a prevalence of Sertoli
cell–only pattern on preoperative biopsy. Although prechemotherapy sperm cryopreservation is
recommended, treatment with microdissection TESE and ICSI are effective treatment options for
many azoospermic men after chemotherapy.

J Clin Oncol 29:1607-1611. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Advances in chemotherapy in the treatment of can-
cer in young patients have led to greater longevity,
especially in patients with testicular cancer or lym-
phoma. In this group of patients, quality of life fac-
tors including preservation of fertility and paternity
have become significant issues with 76% of childless
men desiring paternity.1

Although semen parameters are often abnor-
mal in patients diagnosed with a malignancy,2-5

cryopreservation of sperm offers an excellent oppor-
tunity to preserve fertility potential. Unfortunately,
low rates of sperm banking prevail due to number of
barriers, including: prepubertal age, young emo-

tional age, inadequate understanding of fertility ef-
fects of chemotherapy, cost of sperm banking, poor
sperm quality, azoospermia at diagnosis, or a sense
of urgency to begin chemotherapy. In addition, pa-
tients are often under-referred for fertility preserva-
tion.6 A survey of patients with cancer treated at two
major cancer centers revealed that only 51% of re-
spondents had been offered sperm banking and only
24% of respondents actually banked sperm7 despite
current recommendations from the American Soci-
ety of Clinical Oncology published in 2006.8

While chemotherapeutic regimens have at-
tempted to minimize gonadotoxicity by using
synergistic agents to lower toxic dose level, up to
two thirds of patients are azoospermic after
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chemotherapy.9,10 The chance of recovery of spermatogenesis may be
affected by the chemotherapeutic regimen, radiation treatment, sur-
gical therapy, and baseline reproductive function of the patient. No-
tably, alkylating agents, including cyclophosphamide seem to have the
most profound reproductive effects.9,11,12 Adequate sperm will return
to the ejaculate sufficient for natural conception in many patients,
however, these numbers are poorly defined and vary by chemothera-
peutic regimen. For patients with return of sperm to the ejaculate,
reproduction may involve spontaneous conception, intrauterine in-
semination, or in vitro fertilization (IVF)/ intracytoplasmic sperm
injection (ICSI).

Men rendered persistently azoospermic after chemotherapy have
been traditionally considered sterile and have been referred to adop-
tion or use of donor sperm. In 2001, we reported our initial experience
with testicular sperm extraction (TESE) coupled with ICSI in 17 pa-
tients with persistent postchemotherapy azoospermia.13 In this report,
we present our updated experience.

PATIENTS AND METHODS

Patients

From June 1995 to December 2009, 1,072 testicular sperm extractions
were performed by a single surgeon (P.N.S.) in 892 patients with nonob-
structive azoospermia, including 73 patients with persistent postchemo-
therapy azoospermia. These patients were retrospectively identified and
their charts were reviewed. All patients had at least two semen analyses
confirming azoospermia before TESE. Complete medical evaluation, in-
cluding a detailed medical history and physical examination were per-
formed in all patients preoperatively to detect any treatable conditions that
may affect sperm production. Hormone studies obtained included follicle-
stimulating hormone (FSH) and testosterone and estradiol. In some pa-
tients, luteinizing hormone was also obtained. Hormone abnormalities
were treated medically before TESE. Either clomiphene citrate or human
chorionic gonadotropin was used when the testosterone was low (� 300
ng/dL). Arimidex was used when the testosterone was low, but testoster-
one/estradiol ratio was low (� 10). Genetic counseling was provided to all
couples who opted for ICSI.

Operative Procedure

All TESE procedures were performed under general anesthesia or
local anesthesia with sedation after a repeat semen analysis confirmed
azoospermia on the day of planned sperm retrieval. Multiple biopsies of
seminiferous tubules were obtained from all patients. Before June 1997,
multiple random biopsies were performed. After this, all procedures were
performed by our technique of microdissection TESE14 utilizing an oper-
ating microscope with 10 to 18� magnification. After exposure of the
testis, a transverse incision was made in the tunica albuginea enabling wide
exposure. The testicular tissue was microdissected until sperm were found
or the entire volume of each testis was examined. During microdissection,
each seminiferous tubule was inspected for differences in tubule size and
color. Tubules that were more opaque and larger in diameter were re-
moved. Samples were pooled into at least 5 to 6 aliquots per patient and the
tubules were mechanically disrupted using fine scissors until they could be
aspirated with and injected through a 24-gauge angiocatheter. An aliquot
of this fluid was examined using phase contrast microscopy (at 200�)
by an embryologist in the operating suite. The procedure was continued
until sperm were seen on wet mount or when all testicular tissue had
been examined.

IVF-ICSI

Assisted fertilization by ICSI was performed using fresh, surgically re-
trieved spermatozoa obtained on the day before egg retrieval (or on the day of
egg retrieval.) Oocytes were examined for fertilization 12 to 17 hours after

injection. Fertilization was determined by the presence of two distinct pronu-
clei and two polar bodies. The evaluation for early embryonic cleavage was
performed after an additional 24 hours. Embryos were transferred on the third
day after the microinjection procedure. Clinical pregnancy was established by
the presence of fetal heartbeats determined by transvaginal ultrasonosgraphy
approximately 32 days after embryo transfer.

Statistical Analysis

Analysis was performed on both a per-patient as well as per-TESE pro-
cedure (overall) basis. For per-patient analysis, only the data from the initial
TESE were used. To identify factors associated with successful sperm retrieval,
baseline characteristics were stratified by results of sperm retrieval and means
compared with student t-tests. Results were expressed as mean � 1 standard
deviation (SD). Pearson �2 tests were used to look for interactions with cate-
gorical variables.

Multiple binary logistic regressions were performed for successful sperm
retrieval on a per-patient basis. Included in this model were FSH level, expo-
sure to an alkylating agent, and indication for chemotherapy. Sixty-three
patients had complete information and were included in the multivariate
model. The results of the multivariate analyses were presented as odds ratio
sperm retrieval with 95% CI. All regression models were assessed for interac-
tion, collinearity, and goodness of fit.

Patients’ primary indication for chemotherapy was recoded to
include the five most common diagnoses requiring chemotherapy: Hodg-
kin’s lymphoma, leukemia, testicular cancer, non-Hodgkin’s lymphoma,
and sarcoma. All other indications were coded as other and aggregated for
statistical analysis. Chemotherapy regimens were recoded based on pres-
ence of an alkylating agent (ie, cyclophosphamide, ifosfamide, or chloram-
bucil) in the chemotherapy regimen. FSH was dichotomized to higher than
20 U/L or 20 U/L or lower. All statistical analysis was done using SPSS 16.0
for Windows (SPSS, Inc, Chicago, IL) and JMP (SAS Institute, Cary, NC).

RESULTS

Study Population: Baseline Characteristics

A total of 84 TESE procedures were performed in 73 patients with
a history of prior chemotherapy. Baseline characteristics are presented
in Table 1. The mean age was 34.5 years old (SD, � 6.6) with a mean
FSH of 21.9 U/L (SD, � 10.1). The average testicular volume was 9.1
mL (SD, � 4.4). The mean time from chemotherapy to TESE was 19.0
years (SD, � 7.7). Pre- or peri-TESE diagnostic testicular biopsy was
available in 83.6% (61 of 73) of TESE patients. Of those patients,
90.2% (55 of 61) showed a Sertoli-cell only pattern and 9.8% (six of
61) showed hypospermatogenesis.

Table 1. Baseline Characteristics of Patients Presenting for Initial
TESE (n � 73)

Pre-TESE Characteristic Mean
Standard
Deviation No.

Male age at TESE, years 34.5 6.6 73
Male FSH, U/L 21.9 10.1 73
Male LH, U/L 7.1 3.6 58
Male testosterone, ng/dL 354.4 149.0 70
Time elapsed since chemotherapy, years 19.0 7.7 69
Female age, years 31.8 5.3 67
Average testis volume, mL 9.1 4.4 67

Abbreviations: TESE, testicular sperm extraction; FSH, follicle-stimulating
hormone; LH, luteinizing hormone.
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Sperm Retrieval and Reproductive Outcomes

Sperm was successfully retrieved in 37% (27 of 73) of patients on
initial TESE, with an overall sperm retrieval rate of 42.9% (36 of 84).
Sperm were seen on wet prep in the operating room during the
procedure for all patients when sperm was retrieved. The fertilization
rate was 57.1% per injected oocyte (198 of 347). The clinical preg-
nancy rate was 50% (18 of 36) and the live birth rate was 42% (15 of
36) for the overall series. Of note, there were 15 deliveries with five twin
births for a total of 20 healthy children born in the overall series. For
first attempt TESE (per patient basis), the clinical pregnancy rate was
48.1% (13 of 27) and the live birth rate was 48.1% (13 of 27), resulting
in delivery of 18 healthy children (five twin births and eight single-
ton births).

The sperm retrieval rate was stratified by indications for chemo-
therapy (Tables 2 and 3). Hodgkin’s lymphoma, leukemia, non-
Hodgkin’s lymphoma, testicular cancer, and sarcoma comprise the
five most common indications for chemotherapy. The highest re-
trieval rate was seen in patients with testicular cancer (85%; six of
seven) while the lowest was seen for patients with sarcoma (14%; one
of seven).

Factors Associated With Successful Sperm Retrieval

There were no differences in age at TESE, FSH, luteinizing
hormone, testosterone, time since chemotherapy, and average tes-
tis volume between those with successful sperm retrieval versus
those without (Table 4). Further analysis was done stratified by
histologic analysis as well as exposure to alkylating agents. The
presence of hypospermatogenesis seen on preoperative biopsy was

uniformly associated with successful sperm retrieval (100%; six of
six). Those with Sertoli-cell only seen on preoperative biopsy had a
significantly lower sperm retrieval rate (38.2%; 21 of 55; P � .004).
When patients were stratified by exposure to alkylating agents,
there was a lower sperm retrieval in the group exposed to alkylating
agents (21.4%; six of 28) versus those not exposed to alkylating
agents (45.7%; 16 of 35; P � .048) or with unknown chemotherapy
regimen (50%; five of 10; P � .11).

On multivariate analysis, testicular cancer was associated with
significantly higher odds of sperm retrieval (odds ratio, 14.0; 95% CI,
1.3 to 150.1; P � .029). Neither the use of an alkylating agent nor FSH
level predicted sperm retrieval on multivariate analysis (Table 5).

Use of Medical Therapy

Eighty-nine percent of patients (65 of 73) had available infor-
mation regarding use of medical therapy before sperm retrieval. Of
these patients, 40% (26 of 65) were on medical therapy as follows:
17 patients on anastrozole, seven patients on clomiphene citrate,
and two patients on human chorionic gonadotropin. For patients
on medical therapy, the testosterone significantly increased on
therapy from a mean pretreatment value of 214 ng/dL (SD, � 71)
to 454 ng/dL (SD, � 185; P � .001, paired t-test). However, when
patients were stratified by the use of medical therapy, the sperm
retrieval rates were similar for men who initially had a low testos-
terone and then received medical therapy (38.5%; 10 of 26) when
compared to men not on medical therapy (35.9%; 14 of 39; P � .83).

DISCUSSION

Advances in chemotherapeutic treatments have remarkably improved
long-term survival for pediatric and young adult patients treated for
malignancies. While many patients will have return of sperm to the
ejaculate fewer than 1 to 6 years after chemotherapy, up to two thirds
of these men will remain persistently azoospermic after chemothera-
py.9,10 In this report, we update our experience with attempted treat-
ment with sperm retrieval and IVF/ICSI in the postchemotherapy
population. This report, to our knowledge, represents the largest
such series.

We were able to successfully retrieve spermatozoa in 37% of
patients (with an overall retrieval rate of 42.9%), and subsequently
attained overall a 50% clinical pregnancy rate as well as a 42% live birth
rate. Factors associated with successful sperm retrieval include hypo-
spermatogenesis seen on preoperative biopsy while exposure to cyclo-
phosphamide negatively impacted sperm retrieval. Testicular volume,
FSH, time since chemotherapy, and age did not seem to correlate with
TESE outcomes.

The mean time elapsed since chemotherapy was 19 years, sug-
gesting permanent azoospermia after chemotherapy. Whether sperm
retrieval closer to the time of chemotherapy would lead to higher
sperm retrieval rates remains unknown. However, when time since
chemotherapy (or pre- or postpubertal receipt of chemotherapy) was
analyzed, there did not seem to be an association with sperm retrieval
(data not shown).

Our data did indicate that sperm retrieval rates vary with the
initial diagnosis for chemotherapy. Those with testicular cancer
seem to have the highest sperm retrieval rates at 85% despite
having only one testicle. This is likely due to the less gonadotoxic

Table 2. Sperm Retrieval by Indication per Patient Based on Initial TESE

Indication No.

Total
Patients

(%)

Sperm
Retrieved?

Retrieval
Rate (%)Yes No

Hodgkin’s lymphoma 27 37.0 7 20 25.9
Leukemia 12 16.4 6 6 50.0
Non-Hodgkin’s lymphoma 11 15.1 4 7 36.4
Testicular cancer 7 9.6 6 1 85.7
Sarcoma 7 9.6 1 6 14.3
Neuroblastoma 4 5.5 2 2 50.0
Other 5 6.8 1 4 20.0

Abbreviation: TESE, testicular sperm extraction.

Table 3. Sperm Retrieval by Indication per Procedure (overall)

Indication No.

Total
Patients

(%)

Sperm
Retrieved?

Retrieval
Rate (%)Yes No

Hodgkin’s lymphoma 30 35.7 9 21 30.0
Leukemia 13 15.5 7 6 53.8
Non-Hodgkin’s lymphoma 12 14.3 5 7 41.7
Testicular cancer 13 15.5 11 2 84.6
Sarcoma 7 8.3 1 6 14.3
Neuroblastoma 4 4.8 2 2 50.0
Other 5 6.0 1 4 20.0

Postchemotherapy Microdissection TESE

www.jco.org © 2011 by American Society of Clinical Oncology 1609

Downloaded from ascopubs.org by 72.48.126.230 on February 20, 2018 from 072.048.126.230
Copyright © 2018 American Society of Clinical Oncology. All rights reserved.



platinum-based chemotherapy regimens employed for men with
testicular cancer. Patients with lymphoma (Hodgkin’s and non-
Hodgkin’s) had sperm retrieval rates of 26% to 36%, while sarcoma
survivors tended to have the lowest sperm retrieval rates, likely due
to high rates of exposure and higher doses of alkylating agents.11,12

For patients exposed to alkylating agents, the sperm retrieval rate
was 21%, while it was 46% in patients who received other chemo-
therapeutic agents who were not exposed to alkylating agents. On
multivariate analysis, the association alkylating agents and sperm
retrieval did not reach statistical significance, perhaps due to small
numbers in the model.

It was notable that all patients with hypospermatogenesis seen on
previous biopsy had successful TESE procedure while patients with
Sertoli cell only pattern had a 38% sperm retrieval rate. This suggests
that an extensive microdissection TESE procedure is able to ade-
quately find areas of spermatogenesis when these were documented
preoperatively. We do not routinely require a biopsy before microdis-
section TESE, since a negative biopsy before the microdissection pro-
vides little information on the chance of sperm retrieval beyond
overall retrieval rates.

Weaknesses of our study include the heterogeneous nature of
our population and the lack of standardization of chemotherapy,

as would be expected in any experiential retrospective clinical
study. Furthermore, it is difficult to discern what impact a single
chemotherapeutic agent may have when analyzed in a combina-
tion regimen. We were unable to effectively evaluate gonadal radi-
ation treatment and its effects on TESE outcomes due to small
numbers of patients who received gonadal radiation, were azoo-
spermic and subsequently underwent TESE (data not shown).
Finally, several large studies on the children of men treated with
chemotherapy have neither shown a higher rate of birth defects nor
more childhood malignancy when compared to the general
population.15-17 No similar well-powered study has been done for
testicular sperm given the rarity of this treatment. We are reas-
sured, however, by the lack of any detectable birth defects in the
children born after treatment in this series.

Our recommendation is that sperm banking be offered before
any chemotherapeutic therapy, even if the chance of azoospermia
is thought to be small. However, our data demonstrates that many
men with long-term azoospermia after chemotherapy can still have
their fertility salvaged with the use of assisted reproductive tech-
niques. Spermatozoa can be found in 37% of men with persistent
azoospermia and a clinical pregnancy rate of 50% can be achieved.
We believe that microdissection TESE should be offered to
this population.
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Table 4. Baseline Characteristics Stratified by Sperm Retrieval

Characteristic

Sperm Retrieved?

P

Yes No

Mean SD No. Mean SD No.

Male age at TESE, years 35.4 7.0 27 33.9 6.3 46 .36
Male FSH, U/L 23.8 9.6 27 20.9 10.3 46 .23
Male LH, U/L 7.1 3.1 20 7.1 3.8 38 .97
Male testosterone, ng/dL 378.1 154.9 26 340.4 145.5 44 .32
Time elapsed since chemotherapy, years 18.4 7.4 27 19.4 7.9 42 .59
Female age, years 31.6 4.9 25 31.9 5.5 42 .80
Average testis volume, mL 9.4 4.7 25 8.9 4.3 42 .64

Abbreviations: SD, standard deviation; TESE, testicular sperm extraction; FSH, follicle-stimulating hormone; LH, luteinizing hormone.

Table 5. Binary Logistic Regression for Odds of Sperm Retrieval

Parameter
No. of

Patients Odds Ratio 95% CI P

Indication for chemotherapy
Hodgkin’s lymphoma 25 Ref
Non-Hodgkin’s lymphoma 11 2.2 0.4 to 11.2 .36
Testicular cancer 7 14.0 1.3 to 150.1 .029
Sarcoma 7 0.96 0.08 to 11.9 .97
Leukemia 6 3.4 0.3 to 34.3 .31
Others 7 1.4 0.2 to 9.5 .75

FSH level, U/L
� 20 30 Ref
� 20 33 1.4 0.4 to 4.6 .59

Alkylating agent
No 35 Ref
Yes 28 0.29 0.07 to 1.3 .099

NOTE. Included in this model are indication for chemotherapy, FSH level, and
use of alkylating agent.

Abbreviations: Ref, reference; FSH, follicle-stimulating hormone.
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