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ABSTRACT: Cytotoxic drugs and immunosuppressive therapies
are used to treat patients with nonmalignant, nontesticular systemic
diseases. These therapies can permanently suppress spermatogen-
esis. Sperm cryopreservation before treatment theoretically could
give these men the opportunity to achieve a pregnancy with a wom-
an later in life when the couple decides to do so. However, it is not
known whether pretreatment sperm quality in these men is good
enough to be used for assisted reproductive techniques. The main
objective of this study was to determine the usefulness of cryopres-
ervation in this patient population by: 1) assessing their pretreatment
semen quality (eg, count, motility, and motion kinetics) and compar-
ing it with that of healthy donors before and after cryopreservation;
2) comparing patients’ pretreatment semen characteristics with
World Health Organization reference values for normal sperm; and
3) examining the differences in semen parameters among patient
groups. Semen specimens were obtained from 25 healthy donors
and from 23 patients with a variety of disorders (12 had autoimmune

disorders, 4 had kidney disorders, 3 had diabetes, 2 had ulcerative
colitis, and 2 had heart transplants). All patients, except those with
diabetes, required immunosuppressive or cytotoxic therapy. Al-
though the pretreatment quality of the semen of these patients was
not as good as that of donors, semen samples were within the nor-
mal reference range of the World Health Organization. No statisti-
cally significant differences in sperm parameters were found within
the 4 patient groups except for those with diabetes (n � 3), who
showed poorer sperm counts (P � .04). However, no conclusive
evidence can be reached due to the small sample size. Our results
indicate that pretreatment semen quality in these patients is ade-
quate for reproductive techniques. We believe that cryopreservation
should be offered to patients of reproductive age with disease or
treatment regimens that may cause infertility.
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Cytotoxic drugs such as alkylating agents are com-
monly used to treat people with malignant diseases.

One of the main adverse effects of these drugs is impaired
fertility in men. After treatment, recovery of spermato-
genesis is often unpredictable (Thachil et al, 1981; Baker,
1998) and, in many cases, these drugs render men per-
manently infertile (Gams, 1980; Marmor, 1994). This can
have particularly devastating consequences for young
men who have not yet started their families (Muller at al,
2000).

Many studies have evaluated sperm cryopreservation
for patients with cancer (Padron et al, 1997; Naysmith et
al, 1998; Hallak et al, 1999). Even though cryopreser-
vation can decrease sperm quality (Agarwal et al, 1995),
recent advances in assisted reproductive techniques make
it possible to achieve fertilization with a single sperm
(Tournaye et al, 1991). Thus, in men with impaired fer-
tility due to cytotoxic cancer treatments, pretreatment
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cryopreservation can give them an opportunity to initiate
a pregnancy later in life.

Patients with nonmalignant systemic diseases may re-
ceive cytotoxic therapy or immunosuppressive therapy,
which can also impair spermatogenesis. Offering these
men the option of sperm cryopreservation before treat-
ment would seem to be useful as well. However, the use-
fulness of cryopreservation in patients with nonmalignant
systemic diseases has not yet been evaluated objectively.
Specifically, no one has studied whether the semen qual-
ity in these men is adequate for reproductive techniques
such as in vitro fertilization and intracytoplasmic sperm
injection. It is possible that pretreatment semen quality in
these men may be too poor for use in assisted reproduc-
tion techniques because systemic diseases such as dia-
betes or chronic renal failure may affect testicular func-
tion by causing decreased levels of testosterone and in-
creased levels of gonadotropins.

To determine whether sperm cryopreservation would
be useful in men with nonmalignant systemic diseases,
we: 1) assessed the pretreatment semen quality in this
patient population and compared it with that of healthy
donors before and after cryopreservation, 2) compared the
patients’ pretreatment semen characteristics with World
Health Organization (WHO) reference values for normal
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Table 1. Prefreeze and postthaw semen quality in normal donors and patients with systemic disease

Variable

Donors (n � 25)

Median

IQR*

25% 75%

Patients (n � 23)

Median

IQR*

25% 75%

P value from
Wilcox

Rank-Sum Test

Age
Volume
Concentration
Total count

25.00
2.20

96.99
213.42

22.00
2.00

70.46
165.27

29.00
3.40

122.91
323.27

33.00
2.40*

15.0*
37.6*

20.00
1.60
7.00
8.4

40.00
3.60

77.52
231.0

0.10
0.90
0.002
0.004

Total motile sperm
Prefreeze
Postfreeze
Percentage change

158.40
65.80

�47.79

96.71
55.60

�60.80

213.00
90.80

�38.41

21.06
5.17

�60.83

1.94
1.40

�79.07

133.86
41.94

�51.57

0.0009
0.0001
0.03

Motility
Prefreeze
Postfreeze
Percentage change

66.0
37.0

�40.91

51.00
33.00

�48.19

79.00
45.00

�27.91

47.00*
15.00

�59.26

18.00
10.00

�76.60

67.00
33.00

�46.34

0.007
�.0001
0.001

Curvilinear velocity
Prefreeze
Postfreeze
Percentage change

50.90
40.60

�22.09

38.80
35.00

�29.86

56.40
46.00

�10.68

42.60
31.30

�30.59

33.80
16.20

�49.29

55.20
35.70

�15.94

0.12
0.0007
0.054

Linearity
Prefreeze
Postfreeze
Percentage change

6.30
6.40
8.93

5.60
5.90

�2.13

40.00
44.00
14.04

4.80
5.00
2.63

4.10
4.00

�5.20

33.00
47.00
18.90

0.04
0.03
0.86

Lateral head displacement
Prefreeze
Postfreeze
Percentage change

2.50
2.25

�22.18

2.40
1.90

�28.26

3.30
2.70

�4.47

3.40
2.35

�14.90

2.41
0.00

�48.89

4.30
2.80
4.65

0.18
0.99
0.89

* Volume (P � .07), concentration (P � .16), total sperm count (P � .20), and prefreeze motility (P � .46) not significantly different from World
Health Organization guildelines for normal semen parameters, using Wilcoxon sign-rank test. IQR indicates interquartile range.

sperm, and 3) examined the differences in semen param-
eters among patient groups.

Materials and Methods

Patient Selection

The Institutional Review Board of the Cleveland Clinic Foun-
dation approved this study, and all subjects granted their written
consent. The patients included 23 men with nonmalignant, sys-
temic, nontesticular diseases who had their sperm cryopreserved
before treatment with immunosuppressive or cytotoxic drugs
(this does not include patients with diabetes). The patients were
broadly categorized into 5 groups: those with autoimmune dis-
orders (n � 12), kidney diseases (n � 4), diabetes (n � 3),
ulcerative colitis (n � 2), and heart transplants (n � 2).

Donor Selection

Semen specimens were collected from 25 normal healthy men
who met WHO (1999) criteria for normal, healthy sperm. To be
included in this study, donors had to have an ejaculate volume
of at least 2 mL, a sperm concentration greater than 20 � 106/
mL, sperm motility greater than 50%, and normal morphology
greater than 30%.

Assessment of Semen Variables
All semen specimens were collected by masturbation after 48 to
72 hours of sexual abstinence, and were liquefied at 37�C for 30
minutes. Five �L of the specimen were loaded into a 20-�L
Microcell counting chamber (Conception Technologies, San Di-
ego, Calif). The specimens were analyzed by a computer-assisted
semen analyzer (Cell Trak Semen Analyzer, CTS version 4.0,
Motion Analysis Corporation, Palo Alto, Calif) for 7 character-
istics: concentration, total count, total motile sperm count, mo-
tility, and motion kinetics (curvilinear velocity, linearity, and lat-
eral head displacement). The age of the patient and volume of
ejaculate was also noted. Semen analysis results were manually
verified by microscopic examination. To prevent observer bias,
laboratory personnel who analyzed the samples were blinded to
the study purpose and patient characteristics.

Sperm Cryopreservation
Semen specimens were cryopreserved with a glycerol-based pro-
tectant, TEST-Yolk buffer (Irvine Scientific, Santa Ana, Calif).
An aliquot of the 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 Scien-
tific, Elkhart, Ind). This procedure was repeated until the volume
of the cryoprotectant added equaled the volume of the ejaculate.
The mixture was then aliquoted and stored in cryovials. The
volume and count of sperm in each vial depended on the initial
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volume and count of the specimen. Cryovials were frozen at
�20�C for 8 minutes, and then in liquid nitrogen vapor at
�100�C for 2 hours. The vials were then transferred to liquid
nitrogen at �196�C for long-term storage. Twenty-four hours
after the semen was frozen, a vial was removed and thawed by
incubation at 37�C for 20 minutes. A 5-�L aliquot was analyzed
as described above (Hallak et al, 2000).

Statistical Analysis
All statistical analyses were performed with the Statistical Anal-
ysis System statistical software version 8.1 (SAS Institute Inc,
Cary, NC). The Wilcoxon rank-sum test was used to compare
the prefreeze and postthaw semen characteristics of donors with
those of the patients, and also to compare the semen character-
istics among the 4 patient groups. The Wilcoxon signed-rank test
was used to compare patients’ prefreeze semen parameters with
WHO normal cutoffs. The data conformed to the assumptions
of the statistical tests. A P value less than .05 was considered
statistically significant, and all summary statistics are presented
as medians and interquartile ranges (25th and 75th percentiles).
Based on variability of several indices, the sample size has great-
er than 90% power to detect about 20% differences in percentage
changes between patients and donors; 30% differences between
autoimmune disorders, and other patients; and 40% differences
between the other patient subgroups and the remaining patients.

Results

Semen Quality in Patients Before Cryopreservation
In general, the prefreeze semen characteristics of patients
were lower than those of the healthy donors (Table 1),
but they were within the WHO normal reference values
for semen parameters (Table 2). Sperm motion kinetic
parameters such as velocity, linearity, and amplitude of
lateral head displacement were comparable in both
groups.

Semen Quality in Patients After Cryopreservation
The postthaw median total motile sperm count in patients
was much lower than that in donors, and the difference
was statistically significant (P � .001). However, the per-
cent change in motility (from prefreeze to postthaw) was
comparable between the 2 groups. Postthaw sperm mo-
tility in the patients was similar to the WHO reference
range. The percentage decline in sperm motion kinetics
such as curvilinear velocity, linearity, and lateral head dis-
placement were similar in the patient and donor groups
(Table 1).

Of the 23 patients, 7 (30%) had more than 40 million
total motile sperm in their postthaw specimens (mean �
SD 120.6 � 155.0 � 106, range 41–448 � 106), which
means that they had adequate semen quality for multiple
intrauterine insemination procedures. The remaining pa-
tients had a total motile sperm count of 6.0 � 0.38 �
106, range 0.5–25.3 � 106), which means that they had

adequate semen for other assisted reproductive techniques
such as in vitro fertilization and intracytoplasmic injection
(WHO, 1999).

Intra-Group Analysis
No significant differences in semen quality were observed
between patients with different clinical diagnoses. The pa-
tients with diabetes had lower sperm counts and lower
velocity compared with patients in the other 3 groups, and
these differences were statistically significant. However,
this trend was inconclusive because of the small sample
size (n � 3; Table 2).

Discussion

The literature lacks information on the importance of se-
men cryopreservation in men with systemic diseases as
well as on the fertilizing capacity of their sperm. This
study was designed to explore these issues. We found
that: 1) the pretreatment semen quality in patients was
poorer than in normal healthy donors but within normal
WHO reference values and 2) intragroup analysis showed
no valid statistically significant differences between pa-
tients with different diagnoses. We therefore concluded
that semen quality in men with nonmalignant systemic
diseases is adequate for reproductive techniques.

The fact that the semen quality in these patients was
within the WHO reference range indicates that sperma-
tozoa were adequate for assisted reproductive procedures.
Thirty percent of the patients had semen quality sufficient
for multiple intrauterine insemination procedures, and the
remaining men had semen that was adequate for other
assisted reproductive techniques such as in vitro fertiliza-
tion and intracytoplasmic sperm injection.

Currently, information and data on the fertilizing ca-
pacity of sperm cryopreserved from men with systemic
diseases is sparse. Reports on the fertilizing capacity of
cryopreserved sperm from men with cancer appear prom-
ising (Hallak et al, 1998a).

Chapman et al (1981) studied the effect of Hodgkin
disease and subsequent chemotherapy on gonadal func-
tion and reported that high proportions of these men
(43%) had gonadal dysfunction prior to treatment with
cytotoxic drugs. Patients with malignancies have a higher
incidence of gonadal dysfunction than patients with sys-
temic diseases. Although it is clear that chemotherapy in-
duces infertility, the sterilizing effects of chemotherapy
depend on the nature of the drug and the genetic makeup
of patients more than it does on disease type. Hence, ir-
respective of disease state, treatment modality or semen
quality, the option to cryopreserve sperm should be of-
fered to all men before they start any form of suppressive
therapy. This provision is critical for adolescents and men
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Table 2. Prefreeze and postthaw semen quality within various patient groups with systemic disease*

Variable

Autoimmune Disorder (n � 12)

Median

IQR†

25% 75%

Kidney Disorder (n � 4)

Median

IQR†

25% 75%

Diabetes (n � 3)

Median

IQR†

25% 75%

Other (n � 4)

Median

IQR†

25% 75%

P Values

1 vs
Others

2 vs
Others

3 vs
Others

4 vs
Others

Age
Volume
Concentration
Total count

33.00
2.50

37.80
91.55

26.00
2.15
7.50

31.25

34.00
4.50

123.26
223.65

19.00
2.25

13.94
26.75

17.50
0.75

10.64
7.95

32.00
4.25

97.00
470.05

40.50
2.00
3.68
1.84

38.00
0.50
0.45
0.90

43.00
2.00
8.80

17.60

44.00
2.45

55.41
148.15

41.00
1.25

20.51
32.74

47.00
3.45

77.78
269.50

0.36
0.12
0.45
0.22

0.20
0.74
0.71
0.90

0.19
0.13
0.07
0.04

0.07
0.72
0.84
0.72

Total motile sperm
Prefreeze
Postfreeze
Percentage change

55.75
14.85

�58.78

13.22
4.30

�82.58

139.43
50.08

�51.03

5.14
1.94

�67.04

2.29
0.92

�69.60

84.16
26.74

�60.07

0.86
0.30

�48.28

0.58
0.18

�79.07

1.94
2.82

45.45

67.15
28.81

�59.56

22.53
7.84

�82.59

122.15
56.67

�53.49

0.13
0.14
1.00

0.65
0.40
0.49

0.052
0.07
0.26

0.84
0.63
0.75

Motility
Prefreeze
Postfreeze
Percentage change

56.50
18.00

�56.80

45.00
10.50

�81.41

68.50
35.00

�46.03

18.00
6.00

�64.58

17.00
6.00

�66.67

29.50
14.00

�54.42

47.00
16.00

�34.38

11.00
11.00

�76.60

64.00
42.00
45.45

48.00
19.00

�58.47

27.00
7.00

�82.61

68.00
29.00

�50.49

0.15
0.50
0.90

0.07
0.12
0.77

0.62
0.47
0.23

0.69
1.00
0.58

Curvilinear velocity
Prefreeze
Postfreeze
Percentage change

45.40
32.30

�17.72

39.85
22.45

�45.21

56.10
38.35

�13.14

42.50
29.85

�34.06

34.45
23.10

�45.08

57.00
35.00

�21.80

33.80
0.00

�76.04

0.00
0.00

�100.00

59.20
16.20

�52.07

34.85
26.10

�21.28

17.35
8.75

�50.00

41.00
35.85
0.00

0.24
0.22
0.35

0.84
0.71
0.81

0.55
0.04
0.07

0.22
0.90
0.60

Linearity
Prefreeze
Postfreeze
Percentage change

5.05
5.35
3.64

4.35
4.05

�8.47

28.25
30.35
18.75

4.35
5.00

13.28

3.40
4.80
2.07

4.85
5.15

52.94

4.80
0.00

�24.24

0.00
0.00

�100.00

33.00
50.00
51.52

28.25
25.75

�1.92

2.25
2.25

�11.32

52.50
49.00
0.00

0.41
0.52
0.88

0.32
0.96
0.25

0.71
0.34
0.90

0.81
0.97
0.17

Lateral head displacement
Prefreeze
Postfreeze
Percentage change

3.15
2.50

�11.18

2.60
1.50

�27.78

3.95
3.20

�3.85

3.25
2.15

�46.34

1.20
1.05

�56.25

4.45
2.40
8.33

4.50
0.00

�74.44

0.00
0.00

�100.00

5.10
2.30

�48.89

3.25
3.15
5.00

1.25
1.05

�16.00

4.00
4.45

17.50

0.81
0.23
0.86

0.80
0.49
0.81

0.58
0.14
0.11

0.57
0.64
0.17

* Bold indicates statistically significant difference.
† IQR indicates Interquartile Range.
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who have not completed their families but have the po-
tential to become infertile from a disease or its treatment.

We recommend that sperm banking be offered to all
men who have systemic diseases at any stage of progres-
sion and before they are treated with cytotoxic drugs. This
gives patients a chance to establish pregnancy with as-
sisted reproduction, even when normal conception may
not be possible. Cryopreservation is safe, convenient, and
inexpensive. If patients die or choose not to have children,
the sperm bank can be instructed to destroy their samples
(Hallak et al, 1998b).
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