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respective of the type of cancer. Within the testicular
cancer group, tumor type appeared to affect semen
quality, a finding that is in agreement with our pre-
vious report (10).

There was no significant difference in prefreeze
motility among patients that died of the disease as
compared with those who survived. Patients in the
leukemia or advanced soft tissue cancer represented
one third of the patients that died of disease and this
may explain the trend to higher prefreeze motility.

A significant observation of this study is the post-
thaw predictability of the motile sperm. This has an
important bearing on the type of assisted reproduc-
tive strategy to be recommended. A prefreeze sperm
motility of >15% could assure a post-thaw motility
of =10%. We feel that suboptimal semen analysis
should not be used as a criteria to preclude sperm
banking (23) as sperm can fertilize in vitro after
thawing even in cases of grossly impaired semen
parameters, A high cumulative pregnancy rate with
ICSI can be achieved in severe male factor cases (22,
24) and in cancer patients (Batzofin J, Tran C, Tan
T, Nelson J, Serafini P, abstract). Post-thaw semen
quality will dictate the type of assisted reproductive
technique to be used in establishing a pregnancy.

Physicians should discuss sperm cryopreservation
with all young men who are about to begin cancer
treatments. The possibility of genetic malformations
and infertility in the progeny due to the use of eryo-
preserved semen specimens for artificial reproduc-
tion remains a theoretical concept. Recent studies
have not found cytogenetic abnormalities or in-
creased incidence of congenital malformations in
children conceived by assisted reproductive tech-
nique procedures (25). Cryopreservation counseling
also should include ethical issues of what is to be
done with the semen specimens, should the patient
succumb to his illness.

In conclusion, we found that type of cancer is not
related to the prefreeze or post-thaw quality of se-
men specimen, and there is no relationship between
the semen quality and the treatment outcome. Sig-
nificantly higher motile sperm counts seen in pa-
tients with leukemia and advanced soft tissue cancer
is interesting. It appears that advanced disease
stage does not affect adversely the semen quality
in these men with poor prognosis. As cryopreserved
semen specimens from cancer patients are better
than fresh or frozen epididymal aspirates or sperm
obtained from testicular biopsy in infertile men, it
is important that they be frozen when there is a
minimum prefreeze motility of =15%. These sam-
ples can provide a post-thaw specimen with ade-
quate motility for several attempts with IVF and
ICSI. Given these findings and the latest advances
in the treatment of male factor infertility, cryopres-
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ervation of semen should be offered to cancer pa-
tients regardless of the type or the extent of disease.
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Table 3 Predicting the Post-Thaw Sperm Motility (=10% to
>10%) From Prefreeze Sperm Motility Cutoff Values (Range
from =10 to >40) (n = 105)*

Prefreeze Post-thaw Post-thaw Total
sperm sperm sperm predictive
motility motility (=10%) motility (>10%) accuracy’
% %
=10 2(1.9) 1 (0.95) 73.3
>10 27 (25.7) 75 (71.4)
=15 6 (5.7) 1 (0.95) 77.1
>15 23 (21.9) 75 (71.4)
=20 9 (8.6) 5 (4.8) 76.2
>20 20 (19) 71 (67.6)
=25 16 (15.2) 11 (10.5) 771
>25 13 (12.4) 65 (61.9)
=30 19 (18.1) 20 (19.1) 71.4
>30 10 (9.5) 56 (53.3)
=35 20 (19.1) 22 (21) 70.5
>35 9 (8.6) 54 (51.4)
=40 23 (21.9) 27(25.7) 68.6
>40 6 (5.7) 49 (46.7)

* Values in parentheses are percentages.
1 Percent accuracy of predicting post-thaw sperm motility
=10% or >10% for a given prefreeze cutoff motility.

Predictive Power of Prefreeze Sperm Motility

Prefreeze motility results were analyzed to find a
cutoff value that could be used to predict the post-
thaw sperm motility. In the analysis, a number of
prefreeze sperm motility cutoff points ranging from
<10% to >40% were used to see how accurately pre-
freeze sperm motility could predict a post-thaw
sperm motility less than or greater than 10%. For
any given prefreeze cutoff value, the accuracy of pre-
dicting the post-thaw motility was calculated (Table
3). A post-thaw motility of >10% was seen in 75
specimens (71.4%) when the prefreeze motility was
>15%. This post-thaw motility could be predicted
from the prefreeze motility values with an accuracy
of 77.1%. (Table 3). Prefreeze motility with cutoff
values between 15% and 25% were able to predict a
post-thaw motility >10% with high accuracy (77%).

DISCUSSION

Abnormal spermatogenesis is seen in 40% to 70%
of patients with Hodgkin’s disease (3, 11, 15, 16) or
testicular cancer (3, 10, 15—-17) before treatment
with radiation, chemotherapy, or surgery. The
causes of poor semen quality in cancer patients are
not well understood. Many mechanisms contribute
to the impairment of semen; these include the direct
effect of the tumor in testicular cancer to constitu-
tional symptoms such as fever (3). As curative che-
motherapy results in permanent azoospermia in up
to 50% of the patients (1-4), use of cyropreserved
semen to father children is the only viable option
in young men with cancer. Recent advances in the
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treatment of male factor infertility during the last 3
years have made pregnancy potentially possible in
most patients except in azoospermic men (18, 19).
Similar fertilization and pregnancy rates have been
reported with IVF-ET and intracytoplasmic sperm
injection (ICSI) when sperm are obtained from either
the ejaculate, epididymis, or directly from the testis
(20).

Poor semen quality before freezing has been asso-
ciated with poor post-thaw outcome (15, 17, 21). Lack
of a relationship between disease type and post-thaw
sperm quality in our study does not support the view
that the outcome of successful artificial insemination
is poor with cryopreserved spermatozoa from young
men with malignant disease (21). Although the re-
sults of the current study were not compared with a
normal control group, similar results were seen
when normal volunteers were used as controls as
reported previously by us (10, 12). Recent reports of
115 live births with cryopreserved semen from men
with Hodgkin’s disease, testicular, and other types
of cancer (22) encourages the use of these spermato-
zoa for assisted reproduction. In our study, approxi-
mately 40% of cancer patients who banked their se-
men were oligospermic. This is similar to earlier
reports (1, 3, 7, 10, 13, 16, 17). High cumulative
pregnancy rates can be achieved by assisted repro-
ductive techniques with cryopreserved specimens,
and fertilization rates of up to 80% and pregnancy
rates of 100% were reported in Hodgkin’s pa-
tients (14).

Absence of the differences in semen quality (pre-
freeze and post-thaw) between the patients with tes-
ticular cancer and those with Hodgkin’s disease in
our study suggest that spermatozoa from patients
with these two types of cancer respond similarly to
the freezing process. These results support the ear-
lier observations in which normal controls also were
used as reference and the response of semen speci-
men to freezing was similar in cancer patients
(12-14).

The finding of a significantly higher motile sperm
counts seen in patients with the leukemia may be
due to the lack of a direct effect of the disease on the
testis. In Hodgkin’s and testicular cancer groups,
spermatogenesis is impaired due to the direct effect
of the disease on the testicles (3).

Patients with nonseminomatous germ cell tumors
and worse prognosis present at a more advanced
stage than patients with seminoma (23). In our
study, these patients had lower prefreeze and post-
thaw motile sperm count than the seminoma group.
However, the percentage change in semen quality
was not different between these two groups, sug-
gesting that semen from men with testicular cancer
responds to cryopreservation in a similar fashion ir-
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Table 1 Comparison of Sperm Motility and Total Sperm Count in 106 Patients According to Cancer Type*

Leukemia and
advanced soft tissue

Sperm characteristics Hodgkin’s disease Testicular cancer cancer Py
Total sperm count (x10°) 24.9 (14.0, 60.9) 29.2 (15.1, 62.0) 65.7 (35.8, 106.1) 0.13
Motility (%)

Prefreeze 33.0 (25.0, 50.0) 44.0 (26.0, 51.0) 48.5 (27.0, 57.0) 0.23

Post-freeze 15.0 (9.0, 23.0) 17.0 (12.0, 23.0) 18.0 (12.0, 22.0) 0.57

Percent change —55.2 (—68.5, —44.4) —53.9 (—64.9, —40.0) -52.5 (-74.5, -21.7) 0.83
Motile sperm count (x105)

Prefreeze 7.6(3.9,31.1) 7.3 (4.3, 7.1) 31.8 (13.7, 44.8) 0.031

Post-thaw 1.7 (0.9, 4.4) 2.1(1.2,34) 5.1(1.3, 14.2) 0.16

Percent change -75.0 (-80.4, —68.3) —-74.5 (-81.5, —65.8) —68.5 (—87.2, -60.9) 0.83

* Values are medians with interquartile ranges in parentheses.

P < 0.05 was considered significant by Kruskal-Wallis test.

nificantly between the three groups (Table 1). Pre-
freeze and post-thaw motion variables such as VCL,
LIN, and ALH did not differ significantly between
the three groups; the percentage change (from pre-
freeze to post-thaw) between the three groups also
was not significant (Fig. 1). Semen quality was af-
fected inversely in patients with leukemia and ad-
vanced soft tissue. Compared with the other two can-
cer groups, patients in leukemia and advanced soft
tissue cancer group had higher prefreeze motile
sperm count (P = 0.03, Table 1).

When comparisons were made within the testicu-
lar cancer group, patients with seminoma had
higher prefreeze motile sperm count (median 17.0
X 10° sperm, interquartile ranges 7.5, 26.5) than
patients with nonseminomatous germ cell (median
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Figure 1 Prefreeze and post-thaw curvilinear velocity (A), lin-
earity (B), amplitude of lateral head displacement (C), and per-
cent change in sperm motion characteristics (post-thaw minus
prefreeze) (D), for Hodgkin’s disease, testicular cancer, and pa-
tients with leukemia or advanced soft tissue cancer were not sig-
nificantly different. The box covers the middle 50% of the data
values between the lower and upper quartile. The central line is
the median and the whiskers extend out of 95% of the data.
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5.7 X 10° sperm, interquartile ranges 3.4, 16.0) (P
= 0.04). Similar results were seen in the post-thaw
motile sperm count in patients with seminoma (me-
dian 2.9 X 10° sperm, interquartile ranges 2.6, 4.5)
and in nonseminomatous patients (median 1.6 x 108
sperm, interquartile ranges 0.9, 3.3) (P = 0.06). Per-
centage change in motile sperm count was also simi-
lar in both patients with seminoma and nonsemino-
matous germ cell tumor. Prefreeze and post-thaw
motion parameters (VCL, LIN, and ALH) did not
differ significantly between the testicular cancer

groups.

Patient Status After Treatment

Sperm characteristics were poor predictors of
treatment outcome. Patient status after treatment
(alive or dead) was not related to prefreeze or post-
thaw semen parameters. However, patients who
died after treatment were older than those who sur-
vived (P = 0.05). Cancer patients that died after the
treatment (n = 24) had the following disease type
(Hodgkin’s, n = 12; testicular cancer, n = 4; leuke-
mia or advanced soft tissue cancer, n = 8) (Table 2).

Table 2 Comparison of Semen Quality With the Patient
Status (Alive Versus Dead) After Completion of Chemotherapy

Characteristics Alive (n = 82) Dead (n = 24) Pt
Age (y) 25.0 (21, 29) 28.0 (26.0, 30.5) 0.05
Total sperm count

(x10%) 29.0 (14.5, 85.1) 30.4 (25.0, 66.8) 0.85
Motility (%)

Prefreeze 39.0 (24.0, 50.0) 49.0 (32.0, 54.5) 0.07

Post-thaw 16.0 (10.0, 2.0) 17.5 (11.5, 25) 0.35

Percent change
Motile sperm count

-52.6 (-66.7, —40.3) —68.2(-58.1, —~4.4) 043

(x10%
Prefreeze 7.6 (4.0, 25.6) 13.8 (5.6, 31.9) 0.17
Post-thaw 2.0 (0.9, 4.0) 2.1(1.2,8.7) 0.39

Percent change -74.7(-81.3, —68.3) —74.5(-81.8,-33) 0.89

* Values are medians with interquartile ranges in parentheses.
1 P < 0.05 was considered significant by the Wilcoxon Rank sum test.
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quality, cryopreserved specimens from cancer pa-
tients are capable of producing pregnancies using
assisted reproductive techniques (13, 14).

This study determined whether prefreeze and
post-thaw semen quality in men diagnosed with
Hodgkin’s disease, testicular cancer, and leukemia
or advanced soft tissue cancer is related to type of
disease and the response to treatment. Additionally,
we investigated if the post-thaw sperm motility
could be predicted from the prefreeze motility.

MATERIALS AND METHODS

This study was approved by our Institutional Re-
view Board. The medical records of 106 cancer pa-
tients referred to the andrology laboratory of a ter-
tiary care institution for cryobanking were reviewed
retrospectively before beginning cancer treatment
(between 1983 when sperm banking became avail-
able to 1995). The criteria for inclusion of the pa-
tients in this study was that all of them had their
sperm specimens banked before initiating cancer
treatment. Patients were placed in three groups ac-
cording to the type of cancer. These groups were
those with Hodgkin’s disease (n = 49, median age
24 years, interquartile ranges 21, 28), testicular can-
cer (n = 47, median age 28 years, interquartile
ranges 22, 31), or leukemia and advanced soft tissue
cancer (n = 10, median age 24 years, interquartile
ranges 27, 31). Patients with leukemia (n = 7) had
three cases of acute lymphocytic leukemia and four
cases of acute myelogenous leukemia. Because of the
poor prognosis, patients with leukemia were
grouped for comparison with advanced soft tissue
cancer other than testicular cancer or Hodgkin’s dis-
ease (sarcoma, n = 2; lung cancer, n = 1). Compared
with the testicular cancer group, patients with
Hodgkin’s disease had a lower mean age. Each pa-
tient banked multiple specimens before initiating
treatment.

Semen Collection and Analysis

Semen specimens were collected by masturbation
after 2 days of sexual abstinence. Because of the
urgency of treatment, 10% of patients had an absti-
nence of <2 days. After liquefaction at 37°C for 30
minutes, 5 uL of the fresh semen specimens were
loaded on a 20-uL sperm counting chamber and ana-
lyzed on a computer-assisted semen analyzer (Mo-
tion Analysis Corp., Palo Alto, CA). Semen analysis
was performed before and after cryopreservation on
each specimen. Additionally, 8 to 10 fields with a
minimum of 200 sperm were examined manually us-
ing a microscope to validate the semen analyzer re-
sults. The motile sperm count, percentage motility,
curvilinear velocity (VCL), linearity (LIN), and am-
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plitude of the lateral head displacement (ALH) were
determined.

Cryopreservation of Semen

A glycerol-based freezing medium was used 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 us-
ing an aliquot mixer (Hema-tek; Miles Scientific,
Elkhart, IN). This procedure was repeated until an
equal volume of cryoprotectant (1:1 vol:vol) was
added to the specimen. Cryogenic vials (size: 1.2 mL;
Fisher Scientific, Pittsburgh, PA) were placed in the
freezer at —20°C for 8 minutes, followed by immer-
sion in liquid nitrogen vapors for 2 hours, and finally
submersion in liquid nitrogen at —196°C for long-
term storage. An additional vial containing 0.1 mL
of aliquot was prepared for post-thaw evaluation
after 24 hours. In brief, the post-thaw vial was re-
moved from liquid nitrogen and thawed at room tem-
perature for 5 minutes followed by incubation at
37°C for 20 minutes. A 5-uL aliquot then was ana-
lyzed as described above. Throughout the study pe-
riod, the same protocol was followed for processing
semen specimen for cryopreservation.

Statistical Analysis

Semen analysis results of the first banked speci-
men from each patient were used for prefreeze and
post-thaw analysis. The Kruskal-Wallis test was
used to determine the differences in semen quality
between the three cancer groups as well as for com-
parisons between nonseminomatous germ cell tu-
mors to those with seminoma. The Wilcoxon Rank-
sum test was used to determine if the patient status
(alive or dead after treatment) was related to pre-
freeze or post-thaw semen characteristics. A P value
= 0.05 was considered significant. All statistical
analyses were performed using the SAS statistical
package (Cary, NC).

RESULTS

Semen Quality at Presentation

Of the patients in all three disease groups, 40%
were oligospermic (<20 X 10%mL). Oligospermia oc-
curred in 37% of the patients in Hodgkin’s group (n
= 18), 50% in the testicular group (n = 23), and 20%
in leukemia and advanced soft tissue cancer group
(n = 2).

Disease Type and Cryopreservation
Total sperm count, prefreeze and post-thaw sperm
motility, and motile sperm count did not differ sig-

Padron et al. Sperm banking in cancer patients 327



Urology-andrology

FERTILITY AND STERILITY®

Copyright © 1997 American Society for Reproductive Medicine

Vol. 67, No. 2, February 1997
Printed on acid-free paper in U. S. A.

Effects of cancer on spermatozoa quality after cryopreservation:

a 12-year experience*t

Osvaldo F. Padron, M.D.
Rakesh K. Sharma, Ph.D.
Anthony J. Thomas, Jr., M.D.
Ashok Agarwal, Ph.D.%

Andrology Research and Clinical Laboratories, Department of Urology, The Cleveland Clinic Foundation, Cleveland, Ohio

Objective: To determine whether type of cancer and response to treatment was related to
prefreeze or post-thaw semen quality and to predict post-thaw sperm motility from prefreeze

motility.
Design: Retrospective study.
Setting: Tertiary care institution.

Patient(s): One hundred six cancer patients cryopreserving their semen specimens.

Intervention(s): Computer-assisted semen analysis was performed before and after cryo-
preservation on each patient specimen.

Main Outcome Measure(s): The relationship of sperm motility and motion characteristics
to type of cancer and patient’s response to treatment.

Result(s): Prefreeze and post-thaw semen quality did not differ between patients presenting
with testicular cancer and Hodgkin’s disease. Patients with leukemia or advanced soft tissue
cancer had a higher prefreeze and post-thaw motility and higher total and motile sperm count
than testicular and Hodgkin’s disease patients. A prefreeze sperm motility of =15% could predict
a post-thaw motility of >10%.

Conclusion(s): Prefreeze or post-thaw semen quality in cancer patients is not affected (except
the prefreeze motile sperm count within the testicular cancer patients) by the type of disease.
Prefreeze motility can predict post-thaw motility. Cryopreservation of semen should be offered
to cancer patients irrespective of the type of disease. Fertil Steril® 1997;67:326-31
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Testicular germ cell malignancies are rare; how-
ever, they are the most common solid organ tumors
in individuals aged 15 to 35 years (1). Hodgkin’s
disease is the second most common tumor that af-
fects this age group and occurs twice as commonly
in men than women (2, 3). The cure rate has changed
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dramatically in these groups of young patients and is
mainly the result of better chemotherapeutic agents
and regimens (1-3). Alkylating and other chemo-
therapeutic agents cause azoospermia in 90% to
100% of treated adult men, with only 20% to 50%
eventually recovering spermatogenesis (1-4). Maxi-
mal spermatogenic function may not be realized un-
til 2 to 3 years after the completion of treatment for
testicular cancer (5—7). Currently, it is not possible
to predict accurately which of these men will regain
spermatogenic function (8).

Unfortunately, cancer patients have a disease-in-
trinsic suppression of spermatogenesis (3, 5). Cryo-
preservation of human semen is known to result in a
25% to 75% decrease in sperm motility (9). A similar
decrease is seen in patients with testicular cancer
and Hodgkin’s disease (10—12). Despite poor semen
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