
ADULT UROLOGY

ELSEVIER

SPERM CRYOPRESERVATION IN PATIENTS WITH 
TESTICULAR CANCER

JORGE HALLAK, PETER N. KOLETTIS, VICKI S. SEKHON, ANTHONY J, THOMAS, JR, AND 
ASHOK AGARWAL

ABSTRACT
Objectives. To review a large experience with sperm cryopreservation in patients with testicular cancer and
determine the effect of clinical stage and tumor histologic features on semen quality.
Methods. The prefreeze and post-thaw sperm quality of 157 patients with testicular cancer was compared with that
of 50 normal donors. The impact of tumor stage and histologic features (pure seminoma, pure embryonal,  or mixed
germ cell) was also determined. A computer-assisted semen analysis was performed before and after
cryopreservation. The motile sperm count (MSC), motility, and motion characteristics were measured before and
after cryopreservation and compared between groups.
Results. Patients with testicular cancer had lower prefreeze and post-thaw MSC and motility compared with
normal donors (P = 0.0001 for both). The curvilinear velocity and linearity were also significantly less in patients
with testicular cancer (P <0.05 for both). The percentage of change in the semen characteristics did not differ
between patients and donors, indicating that sperm from both patients and donors withstood the cryopreservation
process equally well. Tumor stage (n = 143) and histologic features (n = 136) did not significantly influence semen
quality. No individual histologic component significantly influenced MSC or motility.
Conclusions. The effect of cryopreservation on sperm was similar in patients with testicular cancer and donors.
Patients with poor prefreeze semen quality have poor post-thaw semen quality, and the effects of cryopreservation
were not significantly affected by histologic features or stage. Our results indicate that routine sperm banking should
be recommended for men with a diagnosis of testicular cancer to preserve future fertility potential.
UROLOGY 54: 894-899, 1999. © 1999, Elsevier Science Inc.

spermatogenesis, a possible history of cryptorchidism,
hormone production by the tumor, antisperm antibodies,
possible contralateral or intraepithelial germ cell
neoplasia, and generalized stress associated with illness.
1,3,4

Although cancer treatment protocols have been
modified, infertility can still result. Radiation and
chemotherapy can be gonadotoxic, and RPLND can
cause ejaculatory dysfunction through emission failure
or retrograde ejaculation, or both. Recent advances in
nerve-sparing RPLND can preserve ejaculation in more
than 90% of patients .5 Furthermore, Foster et a1 .2

demonstrated that 76% of patients with Stage I testicular
cancer who underwent nerve-sparing RPLND were able
to establish a pregnancy. Overall, the fertility outlook for
patients with testicular cancer appears to have improved
as a result of continued modifications in chemotherapy,
radiation,1,6 and surgical procedures.5 Newer
assisted-reproductive techniques, namely 

Improvements in treatment, including retroperitoneal
lymph node dissection (RPLND), chemotherapy, and
radiation, have resulted in long-term survival for more
than 90% of patients with testicular cancer.1 Because
long-term survival is now almost routine, limiting
treatment-related complications such as infertility has
become increasingly important. Infertility is associated
with testicular cancer before any therapy has been,
given1,2: potential causes include a pre-existing defect in
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intracytoplasmic sperm injection (ICSI), have made sperm cryopreservation an important option for preservation of
future fertility in patients with cancer. Patients with a prior history of malignancy have established pregnancies
successfully using ICSI with their cryopreserved sperm.7-9

Despite the reduction of treatment-related complications, however, many patients treated for testicular cancer are
still unable to establish a pregnancy by natural means, and approximately one quarter of patients remain
azoospermic after treatment.1 Therefore, it is recommended that patients cryopreserve their sperm before
undergoing therapy.9,10

The purposes of our current study were to assess our experience with sperm cryopreservation in a large series of
patients with testicular cancer and to examine (a) the prefreeze and post-thaw semen quality in patients with
testicular cancer as compared with normal donors, (b) the effect of cryopreservation between patients with
testicular cancer and normal donors, (c) the effect of cancer stage on prefreeze and post-thaw semen quality, and
(d) the effect of tumor histologic features on prefreeze and post-thaw semen quality.

MATERIAL AND METHODS
SUBJECTS

This study was approved by the Institutional Review Board of our institution. The records of 157 patients with
testicular cancer aged 15 to 41 years who were referred to the Andrology Laboratory at the Cleveland Clinic
Foundation for sperm banking between 1982 and 1997 were reviewed. The only inclusion criterion was that
patients must have banked their sperm specimens before initiating treatment for cancer. Patient information (age,
cancer stage, tumor histologic features at orchiectomy) was obtained from patient records and, when necessary, by
phone contact with patients or referring physicians using a questionnaire developed for this study. Fifty healthy
donors with normal semen characteristics (volume greater than 2.0 mL, motility greater than 50%, sperm
concentration greater than 20 million sperm/mL, and greater than 30% normal forms by World Health Organization
criteria) were enrolled as control subjects.11

SEMEN COLLECTION AND ASSESSMENT OF SEMEN QUALITY

Semen specimens were collected by masturbation after a minimum of 2 to 3 days of sexual abstinence and then
liquefied at 37°C for 30 minutes. Five microliters of the specimen was loaded on a 20-lL Microcell chamber
(Conception Technologies, San Diego, Calif) and analyzed on a computer-assisted semen analyzer (CASA, CTS
version 4.0, Motion Analysis Corporation, Palo Alto, Calif). Semen analyses were then performed before and after
cryopreservation on each specimen. The semen analyzer results for sperm concentration and percent motility were
manually verified by microscopic examination of a minimum of 200 sperm per specimen. If the difference between
the CASA and the manual readings was within 20%, the CASA results were valid; however, the manual results
were used if the difference was greater than 20%. A high degree of correlation was seen between the CASA results
and the manual sperm counts (r2 = 1, slope = 1), and motility (r2 = 0.97, slope = 0.97) in fresh specimens
established the accuracy of CASA measurements. The reproducibility of the semen analyzer was determined by
using a calibration videotape recording. An intra-assay variation of less than 10% was seen in CASA sperm counts
and motility. Rejection criterion was a value greater than 2 SD. The motile sperm count (MSC), percent motility,
curvilinear velocity (VCL), linearity (LIN), and amplitude of lateral head displacement (ALH) were measured.
Normal values established by our laboratory for these sperm characteristics are an MSC greater than 10 X 106/mL,
a motility greater than 50%, a VCL greater than 30 lm/s, an LIN greater than 19%, and an ALH greater than 1.4
lm.

SEMEN CRYOPRESERVATION

Cryopreservation was performed using a glycerol-based freezing medium as the cryoprotectant. An aliquot of
freezing medium equal to 25% of the original specimen volume was added to the specimen and gently mixed for 5
minutes using an aliquot mixer (Hema-tek, Miles Scientific, Elkhart, Ind). This procedure was repeated until
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the volume of cryoprotectant (TEST-yolk buffer; Irvine Scientific, Santa Ana, Calif) added was equal to the total
volume of the specimen. Cryovials were frozen at -20°C for 8 minutes and then in nitrogen vapor at -100°C for 2
hours. The vials were then transferred to liquid nitrogen at -196°C for long-term storage. On the day after freezing,
semen from a test vial was removed and thawed by incubating the vial at 37°C for 20 minutes. A 5-lL aliquot was
analyzed as described above.

STATISTICAL ANALYSIS
The Wilcoxon signed rank sum test was performed to compare the semen analysis results and the effect of
cryopreservation between normal donors and patients with testicular cancer. The Kruskall-Wallis test was used to
compare the effects of cancer stage or histologic features on semen quality among patients grouped according to
stage or histologic type. Age and ejaculate volume were compared between groups using Student's t test. All
statistical analyses were performed with the Statistical Analysis System statistical software package, version 6.12
(SAS, Cary, NC). Differences were considered significant at P <0.05.

RESULTS

Patients with testicular cancer were younger (27.4 ± 5.5 years) than were donors (30.0 ± 7.6 years) (P = 0.049).
The ejaculate volume did not significantly differ between patients with testicular cancer (3.1 ± 1.9 mL) and donors
(2.7 ± 1.3 mL) (P = 0.10).

COMPARISON OF SEMEN QUALITY BETWEEN PATIENTS WITH TESTICULAR CANCER AND
DONORS
Patients with testicular cancer had lower prefreeze and post-thaw MSC, motility, VCL, and LIN, indicating poorer
semen quality overall (Table I). The ALH did not differ between donors and patients. The percentage of change in
semen characteristics from prefreeze to post-thaw was not significantly different between patients and donors.

TABLE I. Comparison of sperm quality in patients with testis cancer and healthy donors before and after cryopreservation
Donors (n = 50)Patients (n = 157)

0.78-12-24-340-15-32Change (%)
0.952.52.21.82.82.11.6Post-thaw
0.233.22.72.43.42.61.9Prefreeze

ALH (lm)
0.5132-1390-15Change (%)

0.0021376.256.35.24.1Post-thaw
0.017396.24.46.25.34.5Prefreeze

LIN (%)
0.23-7-22-340-15-29Change (%)

0.0274640.63241.235.927.5Post-thaw
0.013565037.150.441.133.1Prefreeze

VCL (lm/s)
0.097-31-47-58-36-52-65Change (%)
0.0001403326322013Post-thaw
0.0001746450584633Prefreeze

Motility (%)
0.2-43-54-64-43-58-70Change (%)

0.000190.859.12322.67.31.9Post-thaw
0.0001240129.6625821.35.9Prefreeze

Motile sperm count (106 )
P Value*75% Median25%75%Median 25% Sperm Characteristics

KEY: VCL = Curvilinear velocity; LIN -linearity; ALH = amplitude of lateral head displacement. 
* Comparison between patients and donors; P <0.05 considered significant.
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TABLE II. Stage distribution among 157 patients with testis cancer

157 (100)Total 
14 (9.0)Unavailable 

20 (12.7)III 
42 (26.7)II 
81 (51.6)I 

Patients (n)Stage 

Numbers in parentheses are percentages.

TABLE III.   Comparison of sperm characteristics according to testicular cancer stage
Stage III (n = 20)Stage II (n = 42)Stage I (n = 81)

0.22-5-27-5512-13-33-3-15-30Change (%)
0.172.52.10.653.42.61.82.72.11.6Post-thaw
0.423.12.41.93.72.92.13.22.42Prefreeze

ALH (lm)
0.719-4-2590-89-2-15Change (%)
0.285.852.16.65.44.66.35.24Post-thaw
0.8465.24.66.45.44.36.25.44.5Prefreeze

LIN (%)
0.45-8-22-330-22-29-2-14-29Change (96)
0.8446.5373241.2362541.336.127.5Post-thaw
0.4659.342.836.45142.83347.54132.6Prefreeze

VCL (lm/s)
0.21-31-41-61-40-60-69-38-52-65Change (%)
0.61351711332015272012Post-thaw
0.08554218605041544431Prefreeze

Motility (%)
0.19-37-48-62-49-65-73-44-59-70Change (%)
0.56339318712262Post-thaw
0.435832837 .21464217Prefreeze

Motile sperm count
(106 )

P Value*75%Median25%75%Median25%75%Median25% Sperm Characteristics

KEY. VCL = curvilinear velocity; LIN =linearity; ALH = amplitude of lateral head displacement.
* Comparison among Stages I, It, and III; P <0.05 considered significant.

COMPARISON OF SEMEN QUALITY ACCORDING TO CANCER STAGE

Eighty-one patients (51.6%) presented with Stage I disease, 42 (26.7%) presented with Stage II disease, and 20
(12.7%) presented with Stage III disease; stage data were unavailable for 14 patients (Table II). There was no
significant difference between age and cancer stage (P = 0.09). Similarly, a comparison of semen volume according
to stage revealed no significant difference (P = 0.35). Semen quality when compared among patients with clinical
Stages 1, II, or III testicular cancer did not significantly differ between the groups for any sperm characteristic
(Table III).

COMPARISON OF SEMEN QUALITY ACCORDING TO HISTOLOGIC TESTICULAR CANCER
SUBTYPE

Histologic data were available for 136 (86.6%) of the 157 patients. Tumor histologic types consisted of pure
seminoma (n = 59), pure embryonal (n = 18), or mixed germ cell tumor (MGCT, n = 59). No significant difference
was found among these three histologic groups for any semen characteristic, prefreeze or post-thaw (Table IV). In
addition, for no semen characteristic did the percentage of change from prefreeze to post-thaw differ among
histologic groups. Of the MGCT group, 22 patients had a seminoma component, 40 an embryonal component, 9 a
choriocarcinoma component, 19 a yolk sac, and 25 a teratoma. This group was further analyzed to determine
whether the presence of any one of these histologic elements affected semen quality. No significant difference was 
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found among the histologic subgroups for MSC or motility, either prefreeze or post-thaw. Semen characteristics
were only affected by choriocarcinoma. The percentage of change in VCL in those patients with a choriocarcinoma
component differed significantly from those without one (P <0.04). The prefreeze and post-thaw LIN values for
those with choriocarcinoma also differed significantly from those patients without this component (P <0.0002 for
both). The ALH was lower in patients with choriocarcinoma than in those without (P <0.041). Finally, patients with
pure seminoma (n = 59) were compared with those with nonseminomatous tumors (n = 82). No differences in
semen characteristics were seen, either prefreeze or postthaw. The patients with seminoma were significantly older,
however (P = 0.007). 

TABLE IV Sperm characteristics of different testicular cancer histologic subtypes
Embryonal (n = 18)MGCT (n = 59)Seminoma (n = 59)

0.06523-3-19-5-26-380-13-26Change (%)
0.832.82.31.52.82.11.43.12.21.7Post-thaw
0.673.32.31.73.32.71.93.92.52.1Prefreeze

ALH (lm)
0.9571-10151-2570-13Change (%)
0.276.85.74.26.65.34.36.154Post-thaw
0.286.75.74.36.55.44.55.85.24.5Prefreeze

LIN (%)
0.956-21-28-2-17-29-3-14-33Change (%)
0.3745.928.22442.337324136.225.4Post-thaw
0.314938275344344841.333Prefreeze

VCL (lm/s)
0.62-30-56-63-35-51-63-40-54-67Change (%)
0.92332015302014302012Post-thaw
0.72504631574530604636Prefreeze

Motility (%)
0.92-40-61-68-44-58-70-44-59-71Change (%)
0.82167222923362Post-thaw
0.81461664726578219Prefreeze

Motile sperm count
(106 )

P Value*75%Median25%75%Median25%75%Median25% Sperm Characteristics

KEY: MGCT = mixed germ cell tumor; VCL = curvilinear velocity; LIN -linearity; ALH = amplitude of lateral head displacement. 
* Comparison between different histologic subtypes; P <0.05 considered significant.

COMMENT

Approximately 5600 cases of testicular cancer are diagnosed annually in the United States, and more than 90% of
patients will be long-term survivors. 1,12 Because cure can be achieved in most patients, reducing treatment-related
morbidity has become increasingly important. Chemotherapy and radiation therapy protocols have been modified to
achieve this goal. 1,2,7,8 However, despite reductions in the morbidity of treatment, some patients may still remain
subfertile as a result of problems in sperm production, sperm function, or ejaculatory dysfunction. A simple
intervention that may allow preservation of fertility potential in these individuals, particularly with the advances in
assisted reproductive techniques, is pretreatment sperm cryopreservation.13.14

All semen characteristics evaluated in the current study, with the exception of ALH, were significantly worse in
patients with testicular cancer. In particular, the MSC and motility, the most important determinants of semen
quality, were lower in patients with testicular cancer. The reason for this impairment in semen quality is unclear,
although it could be related to the patients having a solitary testis, as well as to specific or nonspecific effects of
malignancy.4 Interestingly, the percentage of change in the semen characteristics with cryopreservation did not
differ between the donors and patients. This suggests that the sperm of patients with testicular cancer withstand the
freezing and thawing process equally well as the donors' sperm.

When our data were further analyzed according to stage and histologic data, several important observations were 
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apparent. First, semen quality did not appear to decline significantly with advancing clinical stage. Second, the
tumor histologic type did not significantly affect semen quality, as patients with seminoma, MGCT, and embryonal
carcinoma had similarly impaired semen quality. In patients with a choriocarcinoma component, the percentage of
change in VCL was greater, as were the prefreeze and postthaw LIN values; the postthaw ALH value was lower if
choriocarcinoma was present. The clinical significance of the differences in these complex motion characteristics is
unclear; however, the number of patients with choriocarcinoma elements was small. Thus, the presence of any one
particular histologic component does not appear to confer a significantly worse prognosis in terms of semen quality,
but additional study is necessary.

Advances in assisted-reproductive techniques, namely ICSI, have allowed men with even the most severe infertility
to establish a pregnancy. 12 In fact, the only male factor predictive of successful ICSI is a single motile sperm-the
outcome is independent of other basic semen characteristics.  15,16 Furthermore, advances in cryopreservation
techniques now allow for freezing of a few or even a single sperm. l7 As a result, even extremely poor quality semen
specimens may now be cryopreserved with the potential for producing pregnancy after thawing. A previous study
from our laboratory examined the outcomes achieved with cryopreserved sperm from patients with cancer who
withdrew their semen for use in assisted reproduction after successful treatment of malignancy.18 In a group of 10
patients, including those with Hodgkin's disease, testicular carcinoma, leukemia, and localized prostate carcinoma, a
high fertilization rate of 62% per injected oocyte cycle (55 of 89) was achieved with ICSI, underscoring the efficacy
of this intervention. Oocyte fertilization was achieved in all 7 patients who underwent ICSI. Overall, a total of 5
pregnancies were established among the 10 patients (50%), with 2 live deliveries and one ongoing pregnancy (28%)
at last follow-up. Our data demonstrated that ICSI may be successful even in patients with cancer and extremely
poor sperm quality who have been unable to achieve pregnancy with other types of assisted reproduction.
Therefore, even poor quality semen specimens are worth freezing, since pregnancies have been achieved with as
few as 10 motile sperm post-thaw in in vitro fertilization-ICSI cycles. 

Some men may remain azoospermic after cytotoxic chemotherapy for testicular cancer. These men may still be
potentially fertile because they can undergo testicular sperm extraction in conjunction with ICSI.19 Testicular sperm
extraction is an invasive procedure, however, with potential for injury to the testis and no guarantee of sperm
recovery.20 Therefore, these considerations make pretreatment sperm cryopreservation even more crucial if a
couple desires to preserve future fertility potential.

CONCLUSIONS

Our study demonstrates that patients with testicular cancer have impaired semen quality. Despite this impairment,
sufficient numbers of sperm are present to allow pregnancy with the latest assisted-reproductive methods. The
tumor stage and histologic features did not significantly affect semen quality. Because patients with testicular cancer
potentially may remain subfertile and even azoospermic after therapy, cryopreservation of specimens with any
motile sperm should be recommended to all patients before chemotherapy or RPLND, regardless of clinical tumor
stage or histologic features.
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