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The hypothesis to be tested was that abnormal sperm chromatin structure is related to disturbed
spermatogenesis in patients with testicular cancer. After orchiectomy but before further treatment
(“pretreatment”), semen samples from 39 patients with testicular cancer were analyzed for sperm
concentration by light microscopy and by the sperm chromatin structure assay (SCSA). In 28 patients
assessment of sperm concentration was repeated 12—-26 months after orchiectomy (“posttreatment”). The
pretreatment SCSA results for the patients were compared to those from 18 healthy semen donors and
assessed for correlation with the patients’ posttreatment sperm concentration. Twenty-three patients
displayed an abnormal chromatin structure in their pretreatment sample. For the nine evaluable patients on
the surveillance program, the pretreatment SCSA results were not correlated with the posttreatment
concentration. The results from 19 evaluable patients undergoing cytotoxic treatment (radiotherapy, 13;
chemotherapy, 6) indicate that posttreatment recovery of spermatogenesis (recovery in 4 of 5 patients) is
observed more often in patients with a normal pretreatment chromatin structure than in those with abnormal
SCSA values before treatment (recovery in 2 of 14 patients; P = 0.02). The results of SCSA display sperm
characteristics beyond those of light microscopically assessed sperm concentration. Pretreatment SCSA
results might help clinicians to identify those testicular cancer patients with a high risk of long-lasting

posttreatment disturbance of spermatogenesis. Cytometry 30:192-196, 1997.
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Testicular cancer is a curable malignancy in young men
(11); unilateral orchiectomy is the primary treatment.
Dependent on the tumor type, the extent of the disease,
and the responsible hospital’s treatment philosophy, the
patient is either included into a surveillance protocol or
undergoes surgery, abdominal radiotherapy, and/or cis-
platin-based chemotherapy.

According to the Norwegian Radium Hospital’s (NRH)
observations, 15% of patients record infertility prior to the
diagnosis of testicular cancer (Fossa, unpublished data).
About 50% of patients with testicular cancer display
considerable disturbances of their spermatogenesis when
assessed 2—3 weeks after orchiectomy, before any further
treatment (1,10). Studies in patients on surveillance proto-
cols, however, have revealed that spermatogenesis im-
proves in at least one-half of patients, if no cytotoxic
treatment is given after orchiectomy (1).
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Not unexpectedly, the majority of young patients with
newly diagnosed testicular cancer are concerned about
future fertility and want to be informed about the different
treatment modalities’ influence on spermatogenesis (12).
Previous studies have shown that the initial serum follicle-
stimulating hormone (FSH) and the age of the patient, but
not the pretreatment sperm concentration or the type of
standard treatment modality, are related to spermatogen-
esis 2-3 years after standard treatment (1). From univariate
analysis, another important risk factor for impaired recov-
ery was the finding of =10% noncondensed haploid cells
in the ejaculate analyzed 2-3 weeks after orchiectomy but
before further treatment (13).
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Evenson and Melamed (6) have recorded that the degree
and the amount of denatured chromatin of sperm cells that
have been exposed to heat or acid represent a measure of
subfertility in general. These parameters were measured
by flow cytometry (FCM) using the sperm chromatin
structure assay (SCSA). In bulls, the percentage of sperm
cells with abnormal chromatin structure was correlated
with the animals’ fertility index (3). Furthermore, 14
patients with testicular cancer, assessed after orchiectomy
but before further treatment (7), displayed considerable
variability in the SCSA results, most often revealing an
increased percentage of sperm cells with abnormal chro-
matin structure. Given this clinical background, it was
deemed reasonable to perform SCSA in a series of patients
with testicular cancer to assess whether SCSA parameters
of semen samples obtained after orchiectomy but before
further treatment predict posttreatment sperm cell produc-
tion mirrored by the demonstration of sperm cells in the
seminal fluid obtained after therapy.

MATERIALS AND METHODS
Patients and Treatment

Each year, about 80 patients with newly diagnosed
testicular cancer are referred to the NRH for further
treatment 2-3 weeks after their diagnostic unilateral
orchiectomy. Before further treatment is started (“‘pretreat-
ment’’), patients are asked to participate in a research
protocol that aims to evaluate spermatogenesis before and
1 and 2-3 years after treatment (*‘posttreatment’’). About
80% of all patients give their informed consent to be
included in this research protocol. Eligible patients are
offered sperm cell cryopreservation if it is desired.

At the NRH, the principal postorchiectomy treatment of
testicular cancer patients (“‘further treatment”) is as fol-
lows: seminoma, no metastases: abdominal radiotherapy
30 Gy; metastases: cisplatin-based chemotherapy (four
cycles); non-seminoma, no metastases: surveillance or two
cycles of adjuvant chemotherapy; metastases: four to six
cycles of cisplatin-based chemotherapy dependent on the
extent of the disease.

It has previously been shown that four cycles of
cisplatin-based chemotherapy and abdominal radiotherapy
(30 Gy) have a similar impact on the 1- and 2/3-year
spermatogenesis in testicular cancer patients (1). Based on
this experience and in the view of the limited number of
patients in the present series, only two principal sub-
groups were formed among 28 patients in whom posttreat-
ment light microscopic follow-up sperm counts were
available 1-2 years after standard treatment (surveillance,
abdominal radiotherapy, or four cycles cisplatin-based
chemotherapy): surveillance, 9 patients; standard cyto-
toxic treatment, 19 patients (radiotherapy, 13; chemother-
apy, 6) (Table 1).

Control Group

Ejaculate samples from healthy voluntary semen donors
from the infertility clinic served as the control group for
the SCSA results. These males displayed normal values for
sperm concentration, morphology and motility.

Table 1
Patient Characteristics
Posttreatment
Cytotoxic
Characteristic Pretreatment Surveillance therapy
Number of patients 39 9 192

Median age in
years (range)
Seminoma/non-
seminoma 18/21
Metastatic disease 7
Radiotherapy 17
Median interval
between pre-
treatment and
follow-up sperm
analyses in
months (range)
Pretreatment fer-
tility
Paternity
recorded 24 5 11
Infertility prob-
lems 2 0 2
History of mal-
descent 5 0] 4

aRadiotherapy, 13 patients; chemotherapy, 6 patients.

32 (20-47) 29 (22-32) 34 (21-47)
13/6

6
13

[eNoNe]

19 (13-26) 15 (12-26)

Light microscopic sperm cell analysis was performed in
the ejaculate obtained from 41 patients after at least 3 days
of sexual abstinence in connection with the initial referral
to the NRH. The sperm concentration per milliliter and the
sperm cell motility were assessed at a single laboratory
according to the WHO recommendations (14). In view of
the close relation between sperm concentration and
sperm cell motility in the present study, only the sperm
concentration was assessed as the principal parameter of
light microscopic sperm analysis. The following defini-
tions were applied for the sperm concentration (<108/
ml), the categorization based on the light microscopic
observations: 0, azoospermia; 1-10, oligospermia; >10,
normospermia. If possible, the light microscopic sperm
cell count was repeated at least once, 1-2 years after
discontinuation of all treatment.

Flow cytometric DNA content analyses were performed
for the pretreatment ejaculates as previously described
(13). Two samples containing diploid cells only were
excluded from further analysis.

Sperm Chromatin Structure Assay

SCSA was done only for the pretreatment ejaculates.
Thirty-nine semen samples from patients and 28 control
samples were handled in the same manner upon arrival in
the laboratory. Aliquots of 100 pl of semen were diluted
tenfold with TNE buffer (0.15 M NaCl, 0.01 Tris, 0.001 M
EDTA, pH 7.4) containing 10% glycerol and frozen at
—80°C until flow cytometric analysis.

The SCSA and the two-step acridine orange staining
method it employs have been described extensively (5).
Briefly, individual semen samples were thawed in a 37°C
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water bath, placed on ice, and diluted to a final concentra-
tion of approximately 2 X 108 cells/ml with TNE buffer. To
200 pl of semen was added 400 ul of low-pH detergent
solution (0.15 M NaCl, 0.08 N HCI, 0.1% Triton X-100, pH
1.4) for 30 s, and then 1.2 ml of acridine orange staining
solution (6 pg/ml acridine orange [AO] in 0.2 M NayHPQy,
1 mM disodium EDTA, 0.15 M NaCl, 0.1 M citric acid
monohydrate, pH 6.0) was added and the samples were
analyzed by flow cytometry. AO is a metachromatic
fluorochrome, which is used to stain differentially double-
vs. single-stranded nucleic acids (11). The SCSA is based on
the principle that abnormal sperm chromatin is more
susceptible to physical induction of partial DNA denatur-
ation in situ by acid or heat (4,9) than normal sperm DNA.
AO intercalates into native double-stranded DNA and
fluoresces green when excited in blue light, whereas AO
associated with single-stranded DNA (or RNA if present)
fluoresces red. The percentage of cells with DNA denatur-
ation can thus be quantified for each sample using this
assay. The parameter is expressed as %COMP (COMP: cells
outside the main population).

Samples were stained and measured sequentially on a
Cytofluorograf 50H laser flow cytometer (Ortho Diagnos-
tic Systems, Raritan, NJ; modified for use of AO by one of
the authors [D.E.]) equipped with a 5 W argon ion laser
tuned to 488 nm excitation wavelength. A semen sample
from a normal donor was used as a reference sample for
instrument calibration, and reference samples were mea-
sured periodically throughout the analysis of patient
samples in order to monitor instrument stability. Five
thousand cells were analyzed for each sample and the
following parameters stored as list mode data: green
fluorescence (emission 515-530 nm), red fluorescence
(emission >610 nm), and forward light scatter.

Statistical Analysis

The percentage of cells within and outside the main
population (%COMP) on the green vs. red fluorescence
cytogram was calculated by setting a software gate around
all cells (100%) and another gate around the cells outside
the main population. Normal sperm samples were used to
determine (set up) these regions, and patient samples
were then analyzed for %COMP using the same region
settings (Fig. 1).

The normal range of %COMP was defined as the mean
value %COMP =2 standard deviation (S.D.) observed in
the control samples. Values above this range were consid-
ered to characterize an “‘abnormal” semen sample. Stan-
dard tests for statistical significance were applied. (Stu-
dent’s t-test, Fisher’s exact probability test, Spearman rank
test). A P value of <0.05 was considered to be statistically
significant.

RESULTS
Control Group

The mean value of %COMP in the control group was 9.4,
and the upper limit of the normal range was 16.
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Fic. 1. Flow cytometric cytograms of two-parameter (green/dsDNA vs.
red/ssDNA fluorescence signal) distribution of sperm from a normal
human control (A) and a patient with testicular cancer (B). The box
marked %COMP shows the cells outside the main population with an
abnormal chromatin structure.

Patients

One of the thirty-nine patients with haploid cells in the
pretreatment ejaculate was azoospermic by light micros-
copy after orchiectomy before further treatment (surveil-
lance, radiotherapy, or chemotherapy). Eleven patients
displayed oligospermia, whereas 27 patients presented
with normospermia. There was no statistically significant
correlation between the pretreatment sperm concentra-
tion and the individual values of %COMP (r = —0.310,P =
0.058).

A total of 23 patients had pretreatment semen samples
with an abnormal sperm chromatin structure (Table 2).
The values of pretreatment sperm concentration catego-
rized as azoo-, oligo-, or normospermia were not signifi-
cantly related to the presence of abnormal chromatin (P =
011). One interesting discrepancy was observed: The
haploid cells in the ejaculate of an azoospermic patient as
judged by light microscopy displayed a normal chromatin



POSTTREATMENT SPERMATOGENESIS IN TESTICULAR CANCER 195

Table 2
Pretreatment Sperm Concentration (Assessed by light
microscopy) and Chromatin Structure (SCSA)

Table 3
Pre- and Posttreatment Sperm Analysis
in Nine Patients on Surveillance

Azoospermia Oligospermia Normospermia

SCSA (0)2 (1-10)2 (>10)2 Total

Abnormal® 0 9 16 25

Normal 1 2 11 14

Total 1 11 27 39
ax108/ml.

bElevated value of %COMP.
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Fic. 2. Distribution of individual %COMP values. Cross-hatched bars,
18 samples from healthy semen donors; solid bars, 39 semen samples
from patients with testicular cancer after unilateral orchiectomy before
further treatment.

structure assessed by SCSA. This patient was not truly
azoospermic, but rather highly oligo-azoospermic. This
finding was also in accordance with the fertility outcome
during this patient’s surveillance period. He fathered a
child 15 months after the orchiectomy.

The patients’ mean value of %COMP (*=SD) was 24.8
(*=14.6), with significant differences compared to the
respective mean values from the control group (P <
0.001). The distribution of %COMP in the 39 patients was
significantly different from that of the 18 samples from the
controls (Fig. 2). Fourteen of the thirty-nine patients had
%COMP values above the normal range.

Tables 3 and 4 show the pre- and posttreatment sperm
concentrations in the 28 evaluable patients and pretreat-
ment SCSA separately for the two principal therapeutic
subgroups. The results from SCSA did not predict the
posttreatment sperm concentration in the 9 surveillance
patients. Only 2 of the 14 patients with abnormal chroma-
tin structure before cytostatic treatment regained normo-
spermia after treatment (>10 X 10%/ml sperm cells),
whereas posttreatment semen samples from 4 of 5 patients
with initially normal SCSA values after treatment revealed a
sperm concentration of >10 X 10%/ml (P = 0.02).

Patient Interval Sperm concentration (X 106/ml)

no. (months) %COMP? Pretreatment  Posttreatment
1183 26 28 11 13
1247 24 5 46 67
1250 25 25 7 24
1254 15 20 30 56
1257 23 24 50 66
1275 13 17 0] 3
1280 15 21 90 13
1288 13 40 1 0
1291 17 14 5 0

aUpper limit of the normal range for %COMP is 16.

Table 4
Pretreatment and Follow-Up Sperm Analysis in 19 Patients
Receiving Standard Cytotoxic Treatment

Patient Interval Sperm concentration (X108/ml)
no. (months) %COMP2 Pretreatment  Posttreatment

A. Abdominal radiotherapy (30 Gy)

1188 26 15 15 21
1220 12 10 61 34
1240 26 35 1 10
1242 12 68 1 3
1244 25 43 78 10
1248 23 10 34 22
1259 13 11 23 20
1268 17 19 15 6
1274 15 43 3 2
1290 14 16 5 5
1293 12 46 76 45
1298 12 19 9 2
1299 15 27 16 4
B. Cisplatin-based standard chemotherapy

775 23 38 36 1
1210 23 21 19 0
1238 20 25 37 18
1263 14 29 25 0
1266 14 36 2 3
1271 12 62 28 0

aUpper limit of the normal range for %COMP is 16.

DISCUSSION

As was described previously (13) and confirmed in the
present study, haploid cells can be observed in semen
samples from light microscopically azoospermic patients
as judged by light microscopy. This finding indicates an
ongoing, though probably highly reduced, spermatogen-
esis. Patients with azoospermia by light microscopy may
prove to be oligo-azoospermic if their semen sample is
analyzed by flow cytometry. Given the background of
modern microinjection techniques for in vitro fertilization,
this finding might be of particular significance for patients
who are trying to father a child by assisted fertilization,
especially if the sperm cells display normal chromatin
structure, as was the case in one of our patients.

This investigation focused primarily on the question of
whether SCSA predicted ongoing spermatogenesis =1



196 FOSSA ET AL.

year after treatment discontinuation or not. This is one of
the justifications for using sperm concentration as the only
parameter in this limited study, neglecting possible matura-
tion disturbances that would be mirrored by decreased
motility and disturbed morphology. Furthermore, a close
relationship has been shown between low sperm concen-
tration and decreased motility (2). Third, given today’s
possibilities for assisted fertilization by microinjection
techniques, sperm cell motility might play a less significant
role than previously in achievement of posttreatment
fatherhood.

Based on the findings in the “normal’ male population,
the WHO has defined oligospermia as a sperm concentra-
tion <20 X 105/ml. In the present study, we have used a
cutoff point of 10 X 108/ml; because the majority of
testicular cancer patients have permanently reduced sperm
counts (mean sperm count in 585 testicular cancer pa-
tients with 1,700 observations: 27 X 108/ml, with only
40% >20 X 105/ml; Foss&, unpublished results).

In a previous series of pretreatment serum samples from
14 patients with testicular cancer, normal SCSA param-
eters were found in only one case, confirming the high
frequency of disturbed spermatogenesis in these patients
(9). The present SCSA study revealed 23 of 39 patients
with abnormal sperm cell chromatin. Fourteen of these
twenty-three samples were normospermic. On the other
hand, normal chromatin structure was observed in the
sperm cells of 3 of 12 azo- or oligospermic patients. SCSA
thus seems to provide clinicians with information beyond
that achieved by light microscopic sperm cell analysis.

In a prospective study of healthy males, Evenson et al.
have shown that SCSA parameters remain relatively un-
changed over a period of several months (9). At present,
we have not examined the patients’ posttreatment semen
samples by SCSA. This would be of interest, especially for
patients on the surveillance program. Light microscopic
results of sperm analysis have revealed considerable im-
provement of spermatogenesis in these patients 1-3 years
after orchiectomy. Future studies should assess whether
this recovery is mirrored by normalization of SCSA param-
eters.

The SCSA reveals chromatin structure abnormalities,
which may be due, for example, to disturbed cell matura-
tion caused by toxicants such as cytotoxic drugs (8). At
present, no definitive explanation can be given for the
high incidence of abnormal SCSA values in the pretreat-
ment semen samples of our patients. Influences that may
be responsible for the disturbed spermatogenesis in testicu-
lar cancer patients before cytostatic treatment and the
high frequency of abnormal chromatin structure are stress
factors, abnormal hormone production (estrogens, human
chorionic gonadotropin), or other factors linked to the
development of testicular atrophy and dysplasia, including
premalignant changes.

Because of the small number of patients included in this
preliminary report and the lack of long-term follow-up, the
clinical significance of our results cannot be definitively
determined. In particular, the limited size of the present

series representing patients with various kinds of treat-
ment prohibits the performance of a multivariate analysis.
Such analysis would have to include the most important
and easily available clinical parameters such as patient age
and initial serum FSH level (1). Our observations, how-
ever, indicate that posttreatment recovery of spermatogen-
esis seems to be delayed in cytotoxically treated testicular
cancer patients who display an abnormal chromatin struc-
ture in the pretreatment semen sample. In patients with
normal SCSA values after orchiectomy but before further
treatment, a more rapid and complete recovery of sperm
cell production seems to take place after standard chemo-
therapy or radiotherapy. If this hypothesis can be con-
firmed in future studies, clinicians would have a method to
identify those patients who should be offered pretreat-
ment sperm cell cryopreservation and whose treatment
should be as minimally intensive as possible in order to
preserve spermatogenesis.

In conclusion, the results of SCSA display sperm cell
characteristics beyond those of sperm concentration as-
sessed by light microscopy. Testicular cancer patients
with abnormal chromatin structure after orchiectomy but
before further treatment seem to be more vulnerable to
cytotoxic treatment than similar patients with normal
SCSA parameters.

LITERATURE CITED

1. Aass N, Fossa SD, Theodorsen L, Norman N: Prediction of long-term
gonadal toxicity after standard treatment for testicular cancer. Eur J
Cancer Clin Oncol 27:1087-1091, 1991.

2. Abyholm T: Azoospermia and oligospermia. Etiology and clinical
findings. Arch Androl 10:57-65, 1983.

3. Ballachey BE, Saacke RG, Evenson DP: The sperm chromatin structure
assay: Relationship with alternate tests of sperm quality and heterosper-
mic performance of bulls. J Androl 9:109-115, 1988.

4. Darzynkiewicz Z, Kapucinski J: Acridine orange: A versatile probe of
nucleic acids and other cell constituents. In: Flow Cytometry and
Sorting, Melamed MR, Lindmo T, Mendelsohn ML (eds). John Wiley
and Sons, New York, 1990, pp 291-314.

5. Evenson DP: Flow cytometric analysis of male germ cell quality.
Methods Cell Biol 33:401-410, 1990.

6. Evenson DP, Melamed MR: Rapid analysis of normal and abnormal cell
types in human semen and testis biopsies by flow cytometry. J
Histochem Cytochem 11:248-253, 1983.

7. Evenson DP, Klein FA, Whitmore WF, Melamed MR: Flow cytometric
evaluation of sperm from patients with testicular carcinoma. J Urol
132:1220-1225, 1984.

8. Evenson DP, Baer RK, Jost LK, Gesch RW: Toxicity of thiotepa on
mouse spermatogenesis as determined by dual parameter flow cytom-
etry. Toxicol Appl Pharmacol 82:151-163, 1986.

9. Evenson DP, Jost L, Baer R, Turner T, Schrader S: Individuality of DNA
denaturation patterns in human sperm as measured by the sperm
chromatin structure assay. Reprod Toxicol 5:115-125, 1991.

10. Fossé SD, Abyholm T, Aakvaag A: Spermatogenesis and hormonal
status after orchiectomy for cancer and before supplementary treat-
ment. Eur Urol 10:173-177, 1984.

11. Fossa SD, Aass N, Kaalhus O: Testicular cancer in young Norwegians. J
Surg Oncol 39:43-63, 1988.

12. Fossa SD, Aass N, Molne K: Is routine pretreatment semen cryopreser-
vation worthwhile in the management of patients with testicular
cancer? Br J Urol 64:524-529, 1989.

13. Fossa SD, Silde J, Theodorsen L, Pettersen EO: Pretreatment DNA
ploidy of sperm cells as a predictive parameter of posttreatment
spermatogenesis in patients with testicular cancer. Br J Urol 74:359-
365, 1994.

14. World Health Organization: Laboratory Manual for the Examination of
Human Semen and Semen-Cervical Mucus Interaction. Singapore,
Press Concern, 1980.



