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BACKGROUND. Intracytoplasmic sperm injection (ICSI) allows pregnancies to be

established with a single sperm, improving the chances for men with severely

impaired sperm quality to cause a pregnancy. Men with leukemia typically are of

reproductive age and their fertility is threatened by initially impaired semen quality

and cytotoxic chemotherapy. The authors examined the feasibility of sperm cryo-

preservation in men with leukemia before treatment and whether the type of

leukemia is related to prefreeze or postthaw semen quality.

METHODS. Records of 25 patients with acute (n 5 13) or chronic (n 5 12) leukemia

who banked their sperm were reviewed. Semen characteristics were compared

with those of normal donors (n 5 50) and between the 2 patient groups before and

after cryopreservation. Motile sperm count (MSC), motility, curvilinear velocity

(VCL), linearity, and amplitude of lateral head movement were compared between

patients and healthy donors. No patient had undergone chemotherapy before

sperm banking. The nitrogen vapor technique was used for sperm cryopreserva-

tion.

RESULTS. Patients with leukemia had significantly lower prefreeze and postthaw

MSC (P 5 0.0001), motility (P , 0.05), and VCL (P , 0.05) compared with healthy

donors. The percentage change from prefreeze to postthaw in MSC and motility

(P , 0.05) was significantly greater in patients than in healthy donors. The effect of

cryopreservation on semen quality was similar in patients with both acute and

chronic leukemia.

CONCLUSIONS. Patients with leukemia have poor prefreeze and postthaw semen

quality compared with healthy donors. In this study the type of leukemia did not

appear to affect prefreeze or postthaw semen quality and the postthaw MSC was

sufficient for use with ICSI. Sperm cryopreservation should be offered to all men of

reproductive age before the initiation of therapy for leukemia. Cancer 1999;85:

1973– 8. © 1999 American Cancer Society.
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Leukemia is one of the most common malignancies diagnosed in
patients of reproductive age. Multidrug chemotherapy with or

without bone marrow transplantation has resulted in long term sur-
vival for some patients.1-3 Advances in molecular biology and molec-
ular genetics will likely lead to new treatments and improve the
prognosis for these patients further.4 However, as survival continues
to improve, the reduction of treatment-related morbidity such as
infertility becomes increasingly important. Despite the improved sur-
vival and continued promise for therapeutic advances, gonadotoxicity
with azoospermia or severe oligospermia and subsequent infertility
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remain common treatment-related complications.3,5-9

In addition to treatment-related infertility, men with
malignancies commonly have preexisting diminished
semen quality that may be either due to a specific
disease-related mechanism or a nonspecific effect of
illness.5,10,11 Because of the associated poor semen
quality, the usefulness of cryopreservation in patients
with malignancies has been questioned. Advances in
assisted reproductive techniques (ARTs), namely in-
tracytoplasmic sperm injection (ICSI), have made
sperm cryopreservation more worthwhile.11-17 ICSI,
the insertion of a single sperm into an oocyte, is a
powerful tool to bypass even the most severe cases of
male infertility and requires literally only a single mo-
tile sperm per egg.18-20 Patients with a prior history of
malignancies have established pregnancies success-
fully using ICSI with their cryopreserved sperm.15,21

Previous reports have focused on the fertility of
men with leukemia.2,7-9 Some reports have demon-
strated fewer seminiferous tubules containing sper-
matogonia in the testis at the end of cancer treat-
ment.7,8 Others showed decreased fertility, semen
abnormalities, and elevated follicle stimulating hor-
mone (FSH) levels after therapy.2,8,9 The purpose of
our study was to examine the pretreatment semen
quality in patients with leukemia referred to our facil-
ity over a 15-year period; compare prefreeze and post-
thaw semen quality in patients with leukemia com-
pared with healthy donors; and, because acute and
chronic leukemia are different clinical entities, exam-
ine the differences in prefreeze and postthaw sperm
parameters between patients with these two types of
leukemia. The sperm characteristics examined in our
study are described briefly. Motile sperm count (MSC)
represents the number of motile sperm (millions) in 1
mL of semen specimen. Curvilinear velocity (VCL) is
defined as the total distance traveled by a given sper-
matozoa divided by total time elapsed. Linearity (LIN)
is the departure of sperm track from a straight line,
and amplitude of lateral head displacement (ALH) is
the mean width of sperm head oscillation.

MATERIALS AND METHODS
Subjects
The subjects for this study were 25 men with acute
(n 5 13) or chronic (n 5 12) leukemia who were
referred to the Andrology Laboratory for sperm bank-
ing between 1982-1997 prior to the initiation of treat-
ment. Fifty healthy donors with normal semen char-
acteristics (volume . 2.0 mL, motility . 50%, sperm
concentration . 20 3 106 sperm/mL, and . 30%
normal forms by World Health Organization [WHO]
criteria22) were used as control subjects. This study

was approved by our Institutional Review Board and
informed consent was obtained from the patients.

Semen Collection and Assessment of Semen Quality
Semen specimens were collected by masturbation and
allowed to liquefy at 37 °C for 30 minutes. Five mL of
the specimen was loaded on a 20-mL Microcell cham-
ber (Conception Technologies, San Diego, CA) and
analyzed on a semen analyzer (Cell-Trak Semen Ana-
lyzer, CTS Version 4.0; Motion Analysis Corporation,
Palo Alto, CA). Semen analyses then were performed
on each specimen before and after cryopreservation.
Manual verification of the semen analyzer results was
performed by microscopic examination. The MSC per-
cent motility, VCL, LIN, and ALH were measured. Nor-
mal values established by our laboratory for these
sperm parameters were an MSC .10 3 106/mL, mo-
tility of . 50%, VCL . 30 m/second, LIN . 19%, and
ALH .1.4 m.

Semen Cryopreservation
Cryopreservation was performed using a glycerol-
based freezing medium as the cryoprotectant. An ali-
quot 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, IN). This proce-
dure was repeated until an equal volume of cryopro-
tectant was added to the total volume of the ejaculated
semen. Cryovials were frozen at -20 °C for 8 minutes
and then in nitrogen vapor at -100 °C for 2 hours. The
vials then were transferred to liquid nitrogen at -196
°C for long term storage. On the day after freezing the
semen, a vial was removed and thawed by incubating
the vial at 37 °C for 20 minutes. A 5-mL aliquot was
analyzed as described earlier.

Statistical Analysis
All statistical analyses were performed with the SAS
statistical software package (SAS Institute, Inc., Cary,
NC). The Wilcoxon test was performed to compare the
semen analysis results between the healthy donors
and patients with leukemia and to determine the ef-
fect of cryopreservation in both groups. Age and ejac-
ulate volume were compared between the two groups
using the Student t test. A P value of , 0.05 was
considered significant.

RESULTS
Patients with leukemia did not differ with respect to
age (27.8 6 6.9 years [range, 17-42 years] vs. 30.0 6 7.6
years; P 5 0.25) or ejaculate volume (2.5 6 1.3 mL vs.
2.7 6 1.3 mL; P 5 0.51) when compared with healthy
donors. Of the 25 patients, 15 were alive at the time of
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this study. Twelve patients had chronic myelogenous
leukemia, 10 patients had acute lymphoblastic leuke-
mia, and 3 patients had acute myelogenous leukemia.

Semen Quality before Cryopreservation
Fifteen patients with leukemia had normal ejaculate
volume. Fourteen had normal MSC and 9 had normal
motility as defined by WHO criteria. Semen character-
istics before and after cryopreservation are summa-
rized in Table 1. Before cryopreservation, the MSC,
percent motility, and VCL were significantly higher in
healthy donors than in patients (P 5 0.0001, P 5 0.002,
and P 5 0.001, respectively). There was no difference
in ALH and LIN between the two groups.

Change in Semen Quality after Cryopreservation and
Thawing
Postthaw MSC (P 5 0.0001), motility (P 5 0.0001), and
VCL (P 5 0.002) were significantly lower in patients
with leukemia compared with healthy donors. The
postthaw ALH did not differ between healthy donors
and patients with leukemia. The percentage change in
MSC (P 5 0.01), and motility (P 5 0.002) differed
significantly between patients with leukemia and
healthy donors (Table 1).

Comparison between Patients with Acute and Chronic
Leukemia
Patients with acute leukemia did not differ in age from
those with chronic leukemia (27.5 6 7.3 years vs.
28.2 6 6.7 years; P 5 0.59). Semen characteristics in
patients with acute or chronic leukemia did not differ
before or after cryopreservation. Finally, comparison
of the percentage change from prefreeze to postthaw
values between the two groups also showed no signif-
icant differences (Table 2).

DISCUSSION
In the U.S. there are approximately 28,000 new cases
of leukemia diagnosed each year and 18,000 patients
die of the disease.1 Significant advances in the treat-
ment of neoplastic diseases, including leukemia, have
allowed for long term survival in many patients. In our
study sample, 15 of the 25 patients (60%) were alive at
last follow-up. As more patients survive, reducing the
morbidity of the treatment becomes increasingly im-
portant. A common side effect of cytotoxic chemo-
therapy is testicular dysfunction and infertility.2 Koba-
yashi et al. examined testicular histology in boys after
chemotherapy for acute leukemia and demonstrated a

TABLE 1
Comparison of Sperm Quality in Patients with Leukemia and Healthy Donors before and after Cryopreservation

Sperm characteristics

Patients (n 5 25) Donors (n 5 50)

P valuea25% Median 75% 25% Median 75%

Motile sperm count (3 106)
Prefreeze 3.3 19.5 59.4 62 129.6 240 0.0001
Postthaw 0.5 7 22.2 23 59.1 90.8 0.0001
% change 281 266 252 264 254 243 0.01

Motility (%)
Prefreeze 33 45 58 50 64 74 0.002
Postthaw 6 17 25 26 33 40 0.0001
% change 280 263 247 258 247 231 0.002

VCL (m/second)
Prefreeze 27.7 31.1 44.8 37.1 50 56 0.001
Postthaw 22.8 30.1 36.8 32 40.6 46 0.002
% change 234 215 14 234 222 27 0.25

LIN (%)
Prefreeze 4.3 5.3 5.9 4.4 6.2 39 0.22
Postthaw 4.4 5.4 6.4 5 6.2 37 0.12
% change 24 22 15 213 2 13 0.72

ALH (m)
Prefreeze 2.1 2.9 3.6 2.4 2.7 3.2 0.71
Postthaw 1.2 1.9 2.6 1.8 2.2 2.5 0.37
% change 252 218 8 234 224 212 0.86

VCL: curvilinear velocity; LIN: linearity; ALH: amplitude of lateral head displacement.
a Comparison of medians between patients and healthy donors; P , 0.05 was considered significant. Three patients only were tested manually for semen analysis for both prefreeze and postthaw samples.

Computer-assisted semen analyzer was not performed in these patients.
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decreased tubular fertility index (TFI) (i.e., a smaller
percentage of seminiferous tubules contained sper-
matogonia).7 Wallace et al. also examined testicular
histology at the end of treatment of acute leukemia
and found a reduced TFI in 30% of their patients. Of
those patients with reduced TFI, . 50% had severe
long term testicular dysfunction (either azoospermia
or an elevated serum FSH level).8 A long term study of
299 survivors of leukemia in Scandinavia found none
of 8 male survivors of myeloid leukemia and only 4 of
131 survivors of lymphoblastic leukemia had fathered
children.9 Finally, Kreuser et al. studied the fertility
potential in ten men with acute leukemia and noted
azoospermia and elevated FSH in all men after induc-
tion and consolidation therapy. However, during the
second year of maintenance therapy all ten patients
regained normal sperm densities and FSH values.2

The potential problems of testicular dysfunction and
subsequent azoospermia may be best circumvented
by performing sperm cryopreservation prior to the
initiation of therapy.11,13

Our data show that as a group, patients with leu-
kemia have poorer prefreeze and postthaw semen
quality compared with healthy donors. In particular,
the MSC and motility, the most important measures of

semen quality, were significantly lower. It previously
has been demonstrated that patients with cancer have
impaired semen quality.11-13 The mechanism for their
impaired semen quality is not clear. It may result from
stress-related hormonal abnormalities, nutritional de-
ficiency, or simply the consequences of serious ill-
ness.5 In addition to poor prefreeze and postthaw
semen quality, patients with leukemia had a greater
percent decline in motility and MSC after cryopreser-
vation. This inability of their sperm to withstand the
freezing and thawing process as well as the sperm of
healthy donors is further evidence of their impaired
semen quality.

ICSI has allowed couples with even the most se-
vere male factor infertility to establish pregnancies
when previously it was not possible.19,20 All patients in
our study had sufficient numbers of sperm in their
postthaw semen specimen to consider ICSI as a viable
option.

Patients with malignancies, including leukemia,
may have chromosomal abnormalities in the malig-
nant cell of origin.23 However, children of patients
with these chromosomal abnormalities appear to have
no increased incidence of detectable chromosomal

TABLE 2
Comparison of Sperm Quality in Patients with Acute and Chronic Leukemia

Sperm characteristics

Acute (n 5 13) Chronic (n 5 12)

P valuea25% Median 75% 25% Median 75%

Motile sperm count (3 106)
Prefreeze 3.3 19.5 59.4 1.6 17.3 61.5 0.76
Postthaw 0.52 7.0 18.7 0.42 6.3 27.6 0.98
% change 283 274 261 276 264 248 0.23

Motility (%)
Prefreeze 38 45 62 30 47 55 0.98
Postthaw 5.5 15 37 7 18 25 1.00
% change 279 263 241 283 263 249 0.60

VCL (m/second)
Prefreeze 18.1 30.0 48.0 28.7 32.1 44.8 0.70
Postthaw 20.6 30.1 37 26.3 30.1 34 0.97
% change 234 212 14 220 218 0.0 0.72

LIN (%)
Prefreeze 4.2 5.3 5.9 4.7 5.3 45 0.67
Postthaw 3.9 5.3 5.5 3.9 5.8 43 0.47
% change 4.7 5.3 5.5 3.9 5.8 43 0.47

ALH (m)
Prefreeze 2.1 3.2 3.6 2.0 2.7 3.6 0.65
Postthaw 1.1 1.5 2.6 1.6 2.2 2.6 0.43
% change 261 228 8 236 28 24 0.86

VCL: curvilinear velocity; LIN: linearity; ALH: amplitude of lateral head displacement.
a Comparison between patients with acute and chronic leukemia; P , 0.05 was considered significant. Three patients only were tested manually for semen analysis for both prefreeze and postthaw samples.

Computer-assisted semen analyzer was not performed in these patients.
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abnormalities.3,9 Thus, the current available data sug-
gest that ICSI is safe in this patient population.

Some patients with malignancies who cryopre-
serve their sperm will die of their disease, leaving their
gametes behind. Therefore the recent advances in
ARTs discussed earlier have the potential to establish a
pregnancy with a deceased donor’s frozen sperm.24

This scenario, which may become more common-
place, can raise both ethical and legal problems. Sur-
prisingly little regulation has been implemented. In
England, children born from this “posthumous as-
sisted reproduction” are considered fatherless. In a
report by Bahadur, the fate of 40 cryopreserved sperm
specimens of deceased cancer patients was exam-
ined.25 Initially, 21 of the partners (52.5%) wished to
keep the frozen sperm. However, with further follow-
up, only seven of these partners actually had pursued
the use of ARTs at last follow-up. Bahadur has recom-
mended a 9-month grace period to avoid a rushed
decision to use ART in this situation.25

If a patient with leukemia is to bank sperm, one of
the issues that must be discussed is the use of the
sperm after his death. The patient’s informed consent
should specify how the sperm and embryos that result
from these sperm are to be used if he dies or becomes
mentally incapacitated. Currently, none of the spouses
of the deceased patients in our study population has
pursued assisted reproduction with frozen sperm.

Our study demonstrates that patients with leuke-
mia have poor prefreeze and postthaw semen quality
and that sperm cryopreservation is more detrimental
to these sperm than the sperm of healthy donors.
However, despite this impaired semen quality, these
patients have sufficient sperm for use with ARTs and
the use of this technology appears safe. In addition,
the cryopreservation of sperm from patients with life-
threatening malignancies can be performed with
proper informed consent. We recommend that sperm
cryopreservation be offered to all patients of repro-
ductive age with leukemia because it can preserve
their reproductive potential.
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