European Journal of Cancer, Vol. 35, No. 4, pp. 612-619, 1999
(© 1999 Elsevier Science Ltd. All rights reserved

Printed in Great Britain

0959-8049/99/$ - see front matter

I3

(((\"/&’:‘\

Pergamon

PII: S0959-8049(98)00396-7

Original Paper

Low Serum Inhibin B Concentrations in Male Survivors of
Childhood Malignancy

P.M. Lihteenmiki,! J. Toppari,’>? A. Ruokonen,> P. Laitinen® and T.T. Salmi!

IDepartment of Paediatrics; 2Department of Physiology, University of Turku, FIN-20520 Turku, Finland; and
3Department of Clinical Chemistry, University of Oulu, Oulu, Finland

The aim of this study was to assess the value of serum inhibin B in detecting male gonadal dysfunction
in childhood cancer survivors. 27 male postpubertal (Tanner’s pubertal stage G5 or I’6) and 12 pubertal
(=G2) patients were drawn from the endocrine follow-up protocol of childhood cancer patients at the
Paediatric Clinic of Turku University Hospital, Turku, Finland. The average time (mean*S.D.)
between the diagnosis and this study was 11.7 £ 4.5 years in the postpubertal and 7.0 3.9 years in the
pubertal group. Serum samples for the determination of follicle-stimulating hormone (FSH), lutein-
ising hormone (LH), oestradiol, testosterone, and inhibin A and B dimers were collected. The demo-
graphic factors, pubertal stage and testicular size of the patient were measured at the same routine
outpatient visit. Serum inhibin concentrations were correlated to testicular volume and gonado-
trophin concentrations. Strong correlations were observed between testicular size (r=0.80, P<0.001)
or FSH (r=—0.58, P=0.002) and inhibin B concentration in the postpubertal group. Inhibin A was not
detectable (<2 pg/ml). Testicular volume measurement was accurately documented in 21 postpubertal
subjects. Patients with small testicles (<10 ml) had inhibin B concentrations under 42 pg/ml and those
whose testicular size was over 13 ml had inhibin B concentrations exceeding 100 pg/ml. In all 12 pub-
ertal survivors, serum inhibin B levels were >94 pg/ml, except in one case of testicular cancer where
inhibin B was 8.1 pg/ml and the FSH concentration was elevated. Inhibin B seems to be an indicator of
male gonadal function in postpubertal childhood cancer survivors and could be used in the estimation
of gonadal function of male survivors earlier than testicular volume or semen analyses would be rou-
tinely possible. However, the correct cut-off level of serum inhibin B, as well as the details of inhibin B
physiology during puberty, remain to be determined before semen analysis can be replaced by the
measurement of inhibin B. © 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

THE DEVELOPMENT of intensified chemotherapy has greatly
improved the outcome of children with acute lymphoblastic
leukaemia (ALL) and other malignancies. Currently, nearly
80% of new ALL patients will survive and the survival rate of
patients with solid tumours is over 50%. However, cancer
treatment may have important effects on multiple organ sys-
tems and the follow-up of childhood cancer patients should
include the evaluation of gonadal function [1].
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Opvarian cells in young women and Leydig cells in men are
relatively resistant to the effects of chemotherapy, whereas
male germ cells are extremely sensitive to several classes of
chemotherapeutic agents [2-5]. However, radiation can
result in germ cell damage in both men and women, as well as
in Leydig cell damage if given in sufficient doses [6—10].
Infertility from no other cause than childhood cancer treat-
ment was observed in 15% of patients out of 2238 former
cancer patients [11], but chemotherapy using alkylating
agents, with or without radiation to sites below the dia-
phragm, was in men associated with a fertility deficit of
approximately 60%. A Scandinavian follow-up study of 299
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childhood leukaemia survivors reported female patients hav-
ing nearly normal reproductive patterns during young adult-
hood [12]. The study also indicated that only 1% of male
survivors of ALL, compared with 23% of female survivors,
had children. Approximately 16% of male survivors of child-
hood ALL have been shown to have poor fertility as assessed
either directly from semen samples or indirectly from
increased levels of gonadotrophins and reduced testicular
volume [13, 14]. Testicular histology, studied during or just
after ALL chemotherapy, showed a severely depressed tubu-
lar fertility index in 41% of patients [15]. However, with
increasing time from completion of chemotherapy the tubular
fertility index seemed to improve.

Inhibin is a glycoprotein hormone and growth factor that
suppresses follicle-stimulating hormone (FSH) secretion and
was isolated for the first time in 1985 from bovine and por-
cine follicular fluid [16, 17]. The principal source of inhibin
secretion in the testis is Sertoli cells, although Leydig cells
also secrete inhibin [18]. Mature inhibin is a 31-32kDa
heterodimeric glycoprotein composed of an a-subunit and
one of two possible B-subunits, 5 or Bg, joined by disulphide
bridges [19]. Only the dimeric species are biologically active
(inhibin A and inhibin B). FSH upregulates inhibin a-subunit
production in Sertoli cells and luteinising hormone (LH) in
Leydig cells [20,21]. In the rat, inhibin o- and Bg-subunit
production is maximal at the stages of spermatogenesis that
are most sensitive to FSH, suggesting that inhibin B is the
predominant dimer, regulated by FSH [22, 23]. This is sup-
ported by the clinical findings that in men dimeric inhibin B
is the dominant form present in serum [24]. Furthermore,
inhibin B is undetectable in the sera of orchiectomised men
and inhibin B levels will increase following FSH administra-
tion in healthy men [25] and prepubertal hypogonadotrophic
boys [26]. Thus, inhibin B plays a central role in feedback
regulation between the testis and the pituitary. FSH stimu-
lates the production of inhibin B in the testis and inhibin B
inhibits the secretion of FSH.

The recognition that inhibin B is the dominant form of
dimeric inhibin in men and that serum levels of inhibin B
correlate with FSH and possibly with sperm density offers
hope that inhibin may be a direct marker of seminiferous
tubular damage and may aid in the prediction of fertility [27-
30]. In order to assess the status of inhibin B in detecting
male gonadal dysfunction compared with indirect clinical
methods, gonadotrophin concentration and testicular
volume, inhibin B was studied in postpubertal survivors of
childhood cancer. Furthermore, a smaller population of
pubertal (G2 to G4) boys was studied to determine the level
of inhibin B in relation to gonadotrophins.

PATIENTS AND METHODS

The study subjects were boys who, since January 1994, had
participated in the endocrine follow-up protocol for child-
hood cancer patients at the Paediatric Clinic of Turku Uni-
versity Hospital, Turku, Finland. Up to the end of May 1996,
a total of 100 survivors (50 boys) had entered the follow-up
protocol. There were 27 boys with Tanner’s pubertal stage
G5 or P6 and 12 boys with stage G2 to G4. At the regular
outpatient visit, a blood sample was driven from an ante-
cubital vein between 08.00 and 13.00h. Serum samples for
determination of FSH, LH, oestradiol, testosterone, and
inhibin A and B dimers were collected. At the same visit the
height, weight, sitting height, pubertal stage according to
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Tanner [31] and testicular size (in mm) of the patient were
measured. In order to improve the compliance of the sexually
inactive subjects, no semen samples were requested. The
mean time between the diagnosis and this study was 11.7
years (S.D. 4.5) in the postpubertal group and 7.0 years (3.9)
in the pubertal group.

Testicular size was measured by a ruler and volume calcu-
lated using the formula: volume = 0.52 xlongitudinal axis x
squared transverse axis [32]. Both testicles were measured
and the resulting testicular volume represents a mean of the
two calculated values. A Finnish mean value (90% range) for
testicular volume is 28 ml (20-40 ml) [33,34]. Serum FSH
and LH were measured by solid-phase two-site time-resolved
fluoroimmunometric assay (AutoDELFIA®, Wallac, Turku,
Finland). Testosterone and oestradiol were measured by
coated tube radioimmunoassay (SPECTRIA®, Orion Diag-
nostica, Turku, Finland). In 1996 it became possible to ana-
lyse inhibin A and B dimers separately by commercial
enzyme-linked immunosorbent assays (ELISA) using mono-
clonal antibodies raised against the inhibin B5 and Pg-sub-
units in combination with an enzyme-labelled antibody raised
against the inhibin a-subunit, as described previously [35, 36]
(Serotec, Oxford, U.K.). The previously collected and frozen
serum samples were analysed by both assays.

Results are reported as means and standard deviations (S.D.).
Correlation was assessed by the Pearson correlation coefficient
or by Spearman correlation coefficient in cases where the
values were not normally distributed. Statistical significance
was defined as a P-value <0.05. Computations were per-
formed with the SAS system for Windows, release 6.12. The
Joint Commission on Ethics of Turku University and Turku
University Central Hospital approved the study protocol.

RESULTS
The characteristics of the postpubertal subjects are shown
in Table 1 and those of the pubertal subjects in Table 2.

Postpubertal survivors

Testicular volume and the serum concentrations of FSH,
LH, testosterone, oestradiol and inhibin B are presented in
Table 3. Abnormal FSH and LH concentrations were detected
in 9 and in 4 out of 27 postpubertal survivors, respectively.
One postpubertal survivor had testosterone substitution and
another two survivors had subnormal testosterone con-
centrations, all having normal LH concentrations. Inhibin-A
was not detectable (<2 pg/ml) in the study subjects.

Testicular volume measurement was accurately (both
length and width) documented for 21 postpubertal survivors
and the mean (*S.D.) value was 11.3* 6.3 ml in this popu-
lation, 11.9+7.2ml in ALL survivors and 10.4+*4.9ml in
the others. 17 were either married or had a regular girlfriend
but none had yet fathered a child.

All postpubertal survivors with small testicles (<10 ml)
had inhibin-B concentrations of <42pg/ml and 6/7 had
abnormal FSH (Table 3). In survivors with a testicular
volume > 13 ml, the inhibin-B level was > 100 pg/ml and the
FSH level was normal. All postpubertal survivors with a tes-
ticular volume <10ml had been treated with alkylating
agents and two had also received testicular irradiation. In the
group of men with a testicular size of 10—13 ml, there was one
survivor (pt 20) who had an inhibin B level <42 pg/ml. He
was postpubertal at the time of diagnosis but had been trea-
ted with a MOPP regimen (nitrogen mustard, vincristine,
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Table 1. Characteristics of the postpubertal subjects

Age (years)

Year of At At Other local Alkylating Height
Patient Diagnosis diagnosis diagnosis  study CNSI TESI TBI irradiation agent BMI (SDS)
1 ALL 1979 9.2 24.3 No Yes  Yes No Cycloph. 20 —-1.0
2 ALL 1979 2.5 18.0 Yes No No No Cycloph. 24 1.2
3 ALL 1984 4.0 14.3 No No No No No 21 1.1
4 ALL 1980 4.4 18.4 No No No No No 23 1.8
5 ALL 1989 15.0 19.8 Yes No No No Cycloph. 19 0.4
6 ALL 1976 7.5 26.0 Yes No No No Cycloph. 18 1.2
7 ALL 1979 8.8 23.4 No No No No No 22 1.3
8 ALL 1985 11.3 20.5 No No No No No 21 2.3
9 ALL 1980 2.1 16.4 No No No No No 20 1.4
10 ALL 1981 7.6 20.7 No No No No No 21 -0.5
11 ALL 1975 3.1 21.8 Yes No No No Cycloph. 17 —-1.9
12 ALL 1982 6.7 18.7 No No No No No 20 0.6
13 ALL 1981 4.5 17.7 Yes No Yes No Cycloph. 16 —24
14 ALL 1983 11.2 22.3 Yes Yes No No Cycloph. 25 —-0.5
15 ALL 1985 10.8 19.2 No No No No No 23 —1.0
16 HD 1983 7.3 19.0 No No No Neck/mediast. MOPP 21 -1.5
17 HD 1982 7.3 19.7 No No No Upper chest No 25 —2.2
18 HD 1994 15.2 15.8 No No No Upper chest No 17 0.4
19 HD 1987 12.4 19.4 No No No No MOPP 20 —-2.0
20 HD 1987 15.9 23.0 No No No Neck/mediast. MOPP 22 0.0
21 HD 1990 15.3 20.5 No No No No No 23 0.1
22 HD 1985 11.7 20.1 No No No No MOPP 23 3.2
23 NHL 1987 11.4 18.8 No No No No COMP 18 —1.0
24 NHL 1978 3.9 19.6 No No No Vertebra LII Cycloph. 22 0.6
25 NHL 1982 6.7 18.5 No No No No LSA2-1.2 18 0.0
26 NHL 1975 1.5 20.5 No No No No COAP 22 -0.1
27 NHL 1977 4.8 20.5 No No No Abdomen LSA2-1.2 25 —-1.4

Mean * S.D. for age at diagnosis was 8.2 + 4.4 years, for age at study 19.9 * 2.5 years, for body mass index (BMI) 20.9 + 2.5 and for standard
deviation score (SDS) of height 0.0  1.4. CNSI, central nervous system irradiation; TESI, testicular irradiation; TBI, total body irradiation;
ALL, acute lymphoblastic leukaemia; HD, Hodgkin’s disease; NHL, non-Hodgkin’s lymphoma; mediast., mediastinum; cycloph., cyclopho-
sphamide; MOPP, nitrogen mustard, vincristine, prednisone and procarbazine; COMP, cyclophosphamide, vincristine, methotrexate and
prednisone; COAP, cyclophosphamide, vincristine, doxorubicin and prednisone; LSA2-1.2, a 12-drug regimen containing cyclophosphamide.

Table 2. Characteristics of the pubertal subjects

Age at Time since Other Testicular
study diagnosis local Alkylating Height volume S-Inhibin  S- S- S-  S-
Patient  Diagnosis  (years) (years) CNSI irradiation agent BMI (SDS) (ml) B (pg/ml) FSH LH oest. test.
1 ALL 11.5 5.1 Yes No Cycloph. 20 2.0 5.3 174.6 0.91* 0.78 40 0.7
2 ALL 14.1 12.9 No No No 19 0.0 id. 137.3 1.3 0.82 40 1.2
3 ALL 13.2 8.4 No No No 26 —05 6.9 176.3 33 1.2 40 1.5
4 ALL 12.2 7.9 No No No 19 1.4 5.4 94.0 28 0.73 40 1.9
5 HD 13.1 4.0 No No MOPP/ABVD 19 -0.2 4.2 118.0 9.8 3.9 40 12.0*
6 NHL 12.0 3.9 Yes No LSA2-1L.2 18 1.0 5.6 149.9 57 22 40 175
7 NHL 12.2 4.0 No No COMP 27 1.0 id. 129.4 1.6 0.29 38 5.0
8 Wilms’ 14.3 13.4 No Yes No 17 -1.0 6.1 195.7 25 2.1 40 5.9
9 Wilms’ 16.0 11.7 No Yes No 19 -05 12.6 129.5 3.8 1.7 43 16.0*
10 Wilms’ 14.5 7.9 No Yes No 17 -1.0 6.2 149.8 33 2.8 40 14.0*
11 Embr.ca 14.0 2.2 No No Cycloph. 22 0.0 6.6 8.1 16.0* 5.9* 40 2.3
(tes)
12 Astrocytoma 11.5 3.0 Yes No No 22 1.0 11.4 213.4 47 14 40 9.0

Mean = S.D. for age at diagnosis was 6.2+ 3.2 years, for age at study 13.2 * 1.4 years, for body mass index (BMI) 20 % 3.3, for standard
deviation score (SDS) of height 0.3 £0.9, and for testicular volume 7.0+ 2.7 ml. Embr.ca (tes), embryonal carcinoma (testes); ABVD, dox-
orubicin, bleomycin, vinblastine and dacarbazine. Reference ranges: serum follicle-stimulating hormone (S-FSH), 1-7 IU/l; serum luteinising
hormone (S-LH), 0.2-5.0IU/l; serum oestradiol (S-oest.), <114 pmol/l; serum testosterone (S-test), 0.6—11nmol/l. i.d., inaccurately docu-
mented. For other abbreviations see Table 1. *Abnormal levels.
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Table 3. Serum hormone concentrations and testicular size of the postpubertal subjects

Testicular S-Inhibin-B
Patient Diagnosis volume (ml) S-oest. S-test. S-LH S-FSH (pg/ml)
Testicular volume < 10 ml
1 ALL 0.1 123 44.0t 0.17 0.27 3.2
6 ALL 8.3 77 13.0 12.07 21.07 7.8
13 ALL 1.5 87 10.0 5.4 13.0t 23.8
14 ALL 1.4 51 11.0% 0.9 2.2 14.9
16 HD 3.5 40 6.41 6.9 16.0t 5.7
19 HD 6.1 40 16.0 2.9 16.07 36.8
23 NHL 7.7 55 14.0 7.2t 20.0t 41.9
Testicular volume 10-13 ml
5 ALL 12.9 70 22.0 2.1 2.6 70.4
10 ALL 11.0 40 14.0 3.3 1.8 145.2
15 ALL 11.6 52 18.0 3.4 13.071 62.6
17 HD 13.0 40 11.0 3.0 4.4 162.2
20 HD 13.0 99 20.0 2.3 5.9 16.4
25 NHL 10.6 80 23.0 1.5 4.7 43.5
26 NHL 10.1 53 12.0 3.0 3.4 106.4
Testicular volume > 13 ml
3 ALL 17.1 40 13.0 2.0 4.8 135.2
4 ALL 21.0 54 19.0 2.7 3.5 227.4
7 ALL 19.4 114 34.0 4.1 4.1 238.1
8 ALL 16.3 40 14.0 6.4 2.4 208.4
9 ALL 14.6 63 14.0 2.1 3.9 201.5
12 ALL 19.0 60 12.0 5.2 3.5 111.0
21 HD 19.6 65 23.0 2.0 2.2 146.5
Testicular volume i.d.
2 ALL id. 78 27.0 3.4 1.8 146.1
11 ALL id. 60 17.0 3.6 7.0 35.8
18 HD id. 40 8.471 1.7 1.6 235.9
22 HD id. 83 23.0 7.9t 18.0t 2.3
24 NHL id. 55 10.0 5.7 16.07 36.5
27 NHL id. 94 13.0 5.7 8.9 75.6
Mean 11.3 65 17.1 3.9 7.5 94.1
S.D. 6.3 24 8.2 2.6 6.5 79.5

*A survivor with testosterone substitution (included because testicular volume was the main determinant in comparisons with serum inhibin
B). i.d., inaccurately documented (missing width, length or both). For other abbreviations see Tables 1 and 2. Reference ranges: S-oestradiol,
<114 pmol/l; S-testosterone, 10-33 nmol/l; S-LH, 0.4-7.0IU/l; S-FSH, 1.1-10.5IU/l. {Abnormal levels.

prednisone and procarbazine). In the group of 6 men with
inaccurately documented testicular size there were 3 survivors
with an inhibin B level <42 pg/ml, 2 of whom also had high
FSH levels. There were only 2 postpubertal survivors treated
with alkylating agents having inhibin B levels > 100 pg/ml (pt
26 106.4 pg/ml, pt 2 146.1 pg/ml). The lowest inhibin B value
(pt 22 2.3pg/ml) was measured in a man treated with a
MOPP regimen. The 7 survivors with the highest inhibin B
levels (>146.5pg/ml) had not been treated with alkylating
agents or irradiation other than in the upper chest region (pts
4,7,8,9, 17,18 and 21).

There was a strong positive correlation between testicular
size and inhibin B concentration (Pearson’s r=0.80,
P<0.001; Figure 1a). Inhibin B was negatively correlated to
FSH values (r=—0.58, P=0.002; Figure 1c), whereas cor-
relation to LH (r=—0.27, P=0.12) or testosterone (r=0.00,
P=0.99) was not found (data not shown). Also in the group
of ALL survivors, the correlation between inhibin B and FSH
(Figure 1d) was statistically significant (r=— 0.70, P<0.05)
if the men (pts 1 and 14) with clear testicular irradiation-
induced gonadal atrophy but low gonadotrophin values were
excluded. Testicular size was not correlated to testosterone
values (r=0.06, P=0.80; data not shown) and the negative

correlation to FSH concentration did not reach statistical
significance (r=—0.39, P=0.08; Figure 1f) except for solid
tumour survivors (r=—0.78, P=0.02; data not shown). If
the patients who received testicular irradiation (1 and 14)
were excluded, the correlation between testicular volume and
FSH was statistically significant, both overall (r=-—0.71,
P<0.05) and in the ALL group (r=—0.64, P<0.05).

Pubertal survivors

Testicular volume and the serum concentrations of FSH,
LH, testosterone, oestradiol and inhibin-B are presented in
Table 2. Abnormal FSH and LH concentrations were detec-
ted in 3 and in 1 out of 12 pubertal survivors, respectively.
The testosterone concentration was low for the pubertal stage
in the patient who had an elevated serum LH concentration
(pt 11). Serum FSH concentration was abnormal in 3 out of
5 survivors who had been treated with alkylating agents. Only
one of them had a clearly low concentration of serum inhibin
B (pt 11). All other pubertal study subjects had serum inhibin
B concentrations >94.0 pg/ml. Inhibin-A was not detectable
(<2pg/ml) in the study subjects. As expected, there was no
significant correlation either between testicular size and inhi-
bin B concentration (r=0.25, P=0.45; data not shown) or
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(b) Inhibin-B by testicular size in ALL
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Figure 1. Serum concentrations of inhibin B (INHB), follicle-stimulating hormone (FSH) and testicular volume for all post-

pubertal survivors of childhood cancer (a, c, €) and for those with acute lymphoblastic leukaemia (ALL) (b, d, f). (a) and (b)

demonstrate the correlation between testicular volume and inhibin B. An inverse correlation between FSH and inhibin B is

evident in survivors with low inhibin B concentrations (¢, d). FSH concentrations were high for survivors with small testicles (e,
f), except for two gonadotrophin-deficient subjects (pts 1 and 14).

between inhibin B and FSH concentration (r=— 0.26, P=0.42;
data not shown). Testicular size had some correlation to testos-
terone values but this was not significant (r=0.32, P=0.36).

DISCUSSION

This is the first report on inhibin B in childhood cancer
survivors. Strong correlations between testicular size or FSH
and inhibin B concentration were observed in the post-
pubertal survivors. The postpubertal patients with small tes-
ticles (<10 ml) had inhibin B concentrations under 42 pg/ml
and when testicular size was over 13 ml the inhibin B con-
centration exceeded 100 pg/ml. In a previous study the men
with elevated FSH concentrations had a mean inhibin B
concentration of 21.1pg/ml [95% confidence interval (CI)

13.6-33.5] [24]. In that study for healthy men the inhibin B
concentration was, on average, 135.6 pg/ml (95% CI 108.4—
169.4) and the mean concentration of inhibin B in infertile
men was 66.0 pg/ml (95% CI 45.8-95.3). In Finland inhibin
B levels for 16 postpubertal healthy men (aged from 16 to 36
years) were studied using the same commercial assay (Serotec)
as in the present study (Jddsteldinen, 1998, Kuopio, Finland).
In that study group the mean *S.D. inhibin B level was
153.2+39.5ng/l (range 75-232ng/l). Another study
followed-up 12 adult male patients with haematological
malignancies during treatment [37]. It was found that inhibin
B levels decreased significantly by 1 month from a
mean * S.E. baseline level of 273.2 £32.8 pg/ml, reaching a
nadir of 52.6% 15.3 pg/ml at 4 months (P<0.0001). FSH
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levels increased within the first month from a baseline level of
3.9+0.61U/], reaching a peak level of 22.4+3.31U/1 at 4
months (£<0.0001). FSH and inhibin B were significantly
and inversely correlated (r=0.69, P<0.0001). The present
data concur with these findings, suggesting that men with
small testicles and low inhibin B levels will most probably
remain infertile.

The control of gonadotrophin secretion is mediated by
neuroendocrinological mechanisms in childhood, but at the
onset of puberty the inhibitory mechanisms mediated by the
gonad become more important [38]. The golden standard of
fertility studies in men is semen analysis, but in larger popu-
lation studies semen samples are difficult to obtain, at least
within sampling frames that allow comparisons. Indirect eva-
luation for gonadal dysfunction can be made by assessing
pituitary production of LH and FSH, both of which will be
elevated in complete gonadal failure. However, when both
hypothalamic/pituitary function and gonadal function are
disturbed, this indirect indication of gonadal failure cannot
be used. It is also known that histologically defined hypo-
spermatogenesis [39] or even azoospermia [40] can be pre-
sent when normal FSH levels are documented. In the
postpubertal stage, testicular size correlates well with both
higher LH and FSH concentrations and sperm production
[33,41]. In a sample of 33 male long-term survivors of
childhood cancer, it was found that men with abnormally
small (<13 ml) testicular volume and supranormal FSH
concentration (>10IU/l) were azoospermic [42], whereas
patients with normal testicular volume and FSH concentra-
tion were normospermic. Siimes and coworkers [34] reported
that the probability of normospermia is 50% in patients with
normal testicular volume (>20ml) and FSH concentration
(<10 IU/) and 0% if testicular volume is < 10 ml and serum
FSH is > 10 IU/L. The probability of normospermia was 11% in
patients outside these categories. The abnormal histology of the
germinal epithelium has been correlated with elevated serum
FSH concentration and small testicular volume after leukaemia
treatment [43]. In the present study postpubertal survivors
with small testicles had high FSH levels, with the exception of
two survivors with hypogonadotrophic hypogonadism and
one with testosterone substitution after testicular and central
nervous system (CNS) irradiation. The data confirm previous
findings that postpubertal males with testicular volume
<10 ml often have abnormal serum FSH concentrations.

However, direct serum biomarkers of spermatogenesis are
of interest. After the isolation and purification of inhibin in
1985, radioimmunoassays displaced in wvitro bioassays in
inhibin measurement [44]. Later, it became apparent that
free a-subunits exist in serum without biological activity and
the interpretation of results obtained with a-subunit assays
had to be cautious and limited [45]. Recently, a new genera-
tion of two-site assays has been developed, including assays
specific for inhibin A and inhibin B [24,35,36,46]. These
new ELISA formats have shown that inhibin A is generally
undetectable in men and that the patterns of circulating
inhibin A and inhibin B differ from each other during the
human menstrual cycle [24,25,36,47]. In healthy boys
serum inhibin B levels increase early in puberty, and late
puberty (from stage III) is characterised by a negative corre-
lation between inhibin B and FSH ([48]. Raivio and
coworkers reported serum inhibin B and gonadotrophin con-
centrations in 38 healthy boys during their progression
through puberty [49]. In that study, there was a plateau in
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serum inhibin B concentrations after pubertal stage G2 and
the inverse correlation between inhibin B and FSH was seen
at stage G4 (r=-0.57, P<0.001). According to a new
Danish study, inhibin B secretion is independent of the pre-
sence of spermatocytes before puberty, but becomes depen-
dent on these cells during puberty [50]. The authors have
suggested that inhibin Bg expression occurs in pachytene
spermatocytes after puberty, which would explain the finding.
The present findings are also in accordance with this notion
and, thus, inhibin B could be a direct indicator of the pre-
sence and quantity of advanced spermatogenic cells (meiosis)
from Tanner stage 3 of puberty onwards.

Several studies have suggested impaired fertility for 51—
67% of childhood solid tumour survivors [4,10,11,51,52].
In a study of survivors of childhood Hodgkin’s disease (HD),
depending on the stage of disease and associated with the
intensity of chemotherapy, 28.9%, 50.0% or 62.5% of the
patients had elevated basal FSH levels [2]. Irreversible
azoospermia or oligospermia were reported in 63% and 32%
of survivors of childhood HD, respectively [5]. Extrapolation
with serum inhibin B below 42 pg/ml gives an estimate of
impaired fertility for 50% of HD or non-Hodgkin lymphoma
(NHL) survivors. If the cut-off level was 75 pg/ml, the lowest
normal in a sample of Finnish healthy men, 67% of HD or
NHL survivors would have had impaired fertility. These
estimates on male fertility are in the same order of magnitude
as previous studies have suggested. For ALL survivors, the
same extrapolations gave increased values of subfertility, 33
or 47%, compared with previous reports. These ALL survi-
vors were followed up for > 11 years or >4.8 years after diag-
nosis, respectively.

The follow-up period of pubertal survivors was shorter
than in the postpubertal group and this may have contributed
to the finding of well-preserved serum inhibin B concentra-
tions in the pubertal study group. However, among this
population there were no survivors of high-risk ALL or sur-
vivors of HD treated with MOPP for more than three cycles.
Therefore, also the risk of gonadal failure was lower for the
study group of pubertal childhood cancer survivors. How-
ever, it has not yet been definitely proven whether inhibin B
reflects the function of germ cells already at pubertal stages
G2 and G3 [50].

According to the findings of this study, combined with
reports on serum inhibin B in Finnish healthy men as well as
with reports on correlations between testicular size, sperm
quality and gonadotrophins, it can be concluded that serum
inhibin B seems to be a direct indicator of male gonadal fail-
ure in postpubertal childhood cancer survivors. The cellular
origin of inhibin B secretion during puberty is still uncon-
firmed, but previous evidence on the inverse correlation of
inhibin B and FSH after stage G3 suggests that inhibin B
determination might provide an opportunity to make direct
estimations of a survivor’s fertility, even before adulthood and
sexual activity (i.e. before requests for sperm samples are
appropriate). Serum inhibin B measurement could also be
useful in cases where sperm samples are not available, e.g. for
cultural or ethical reasons. However, the correct cut-off level
of serum inhibin B remains to be determined in a study of
adult survivors with sperm samples as a reference.
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