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Testicular function was evaluated in 60 long-term
survivors of childhood acute lymphoblastic leukemia
(ALL). All the patients were treated on two consecutive
Childrens Cancer Study Group protocols and received
identical chemotherapy and either 18 or 24 Gy radia-
tion therapy (RT) to one of the following fields:
craniospinal plus 12 Gy abdominal RT including the
gonads (group 1); craniospinal (group 2); or cranial
(group 3). The median age at the time of their last
evaluation was 14.5 years (range, 10.5 to 25.7),
which took place a median of 5.0 years (range, 1 to
10.3) after discontinuing therapy. The incidence of
primary germ cell dysfunction as judged by raised
levels of follicle-stimulating hormone (FSH) and/or
reduced testicular volume was significantly associated

ABNORMALITIES of gonadal function have
1 been reported following the treatment of a

variety of childhood cancers.' Gonadal dysfunc-
tion can result from either direct damage to the
gonad by chemotherapy and radiation therapy
(RT) or from damage to the hypothalamic-
pituitary unit as a consequence of cranial irradia-
tion. The latter appears to be a relatively infre-
quent cause of gonadal failure and develops most
commonly following high-dose (> 35 Gy) cranial
RT for CNS tumors. 2' 3 Thus, for most children
undergoing treatment for a malignancy includ-
ing acute lymphoblastic leukemia (ALL), ulti-
mate gonadal damage is dependent on the type of
chemotherapy used and the proximity of the
gonads to the field of RT. While information is
available regarding the gonadal toxicity of vari-
ous chemotherapeutic agents, 4'5 much less is
known concerning the effects of radiation on the
developing gonad.1'5-7

In the current study, we have evaluated testic-
ular function in a unique group of long-term
survivors of ALL. These subjects had been treated
with identical chemotherapy, but three different
radiation fields (cranial, craniospinal, and cra-
niospinal plus abdominal including the testes).
Since the chemotherapy used in this study has
low potential for gonadal toxicity,"'9 abnormali-

with field of RT; 55% of group 1, 17% of group 2, and
0% of group 3 were abnormal (P = .002). Leydig cell
function, as assessed by plasma concentrations of
luteinizing hormone (LH) and testosterone, and puber-
tal development, was unaffected in the majority of
subjects regardless of RT field. These data indicate
that in boys undergoing therapy for ALL, germ cell
dysfunction is common following testicular irradiation
and can occur following exposure to scattered irradia-
tion from craniospinal RT. In contrast, Leydig cell
function appears resistant to direct irradiation with
doses as high as 12 Gy.
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ties of gonadal function detected in these patients
are likely to be secondary to RT. Based on our
recent evaluation of ovarian function in girls
treated under identical conditions,' 0 we antici-
pated a high incidence of gonadal dysfunction in
the boys who received testicular irradiation.

PATIENTS AND METHODS

Between June 1972 and February 1975, a total of 936
pediatric patients with ALL were entered in Childrens
Cancer Study Group treatment protocols CCG-101 and
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CCG-143. Eligibility requirements were the same for entry
into both studies and have been described previously.'0 All
patients received the same induction therapy of vincristine,
prednisone, and asparaginase. Patients successfully attaining
remission were randomized to one of the following CNS
intensification regimens: 24 Gy craniospinal RT plus 12 Gy
extended abdominal field including the gonads; craniospinal
RT (24 Gy or 18 Gy); cranial RT (24 Gy or 18 Gy) plus
intrathecal methotrexate; intrathecal methotrexate alone.
Patients treated with the latter regimen were noted to have a
high rate of CNS relapse. Consequently, these patients
received additional CNS prophylaxis consisting of either
craniospinal RT (24 Gy) or cranial RT (24 Gy) plus
intrathecal methotrexate. The details of the RT have been
reported previously.'o," Treatments were delivered in five 120
to 200 cGy tumor dose fractions per week. For subjects
receiving craniospinal RT, the scattered dose reaching the
testes, assuming they were located 3 to 5 cm from the lower
end of the spinal field, was estimated at 10% to 15% of the
spinal dose for patients treated with cobalt 60 and 2% to 3%
of the spinal dose for patients treated with megavoltage
irradiation, giving a range of 36 to 360 cGy (Faiz M. Kahn,
personal communication). All patients received identical
maintenance therapy consisting of daily mercaptopurine,
weekly methotrexate, and monthly pulses of vincristine and
prednisone. Patients were randomized to receive either 3 or 5
years of maintenance therapy.

In 1979, protocol CCG-101IL was developed to investigate
the sequelae of childhood ALL and its treatment. Of the 22
institutions originally involved in protocols CCG-101 and
CCG-143, 15 agreed to participate in CCG-101L. No signif-
icant differences were observed in the characteristics of
eligible survivors included or not included in the study."'

Testicular Evaluation

Testicular evaluation commenced at either 12 years of age
or 7 years postdiagnosis of leukemia (whichever was earlier),
and included data on Tanner pubic hair and genital stages,12
testicular volumes as estimated with a Prader orchidometer"3

and plasma determinations of follicle-stimulating hormone
(FSH), luteinizing hormone (LH), and testosterone. Testicu-
lar volume was not used as a determinant of pubertal stage.
Institutional normal ranges were obtained for FSH, LH, and
testosterone. Although the original protocol requested semen
analyses on all subjects who had completed their pubertal
development, the number of studies reported was insufficient
to provide meaningful information. Primary germ cell dam-
age was considered present if the testicular volume (mean of
the two measurements) was reduced in size (below 10th
percentile)" in relation to age and pubertal stage and/or
basal FSH level was elevated above institutional norms.

Patient Characteristics

Sixty male patients were evaluated, representing approxi-
mately 70% of eligible patients. Their median age at diagno-
sis was 5.4 years (range, 0.7 to 16.5) and median age at last
evaluation was 14.5 years (range, 10.2 to 25.7). At the time of
their last evaluation, patients had been off therapy for a
median of 5.0 years (range, 1 to 10.3). Thirty-three of the
subjects were evaluated on two or more occasions, while the
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remaining 27 were evaluated only once. Fifteen of the 60
subjects had been treated initially with intrathecal methotrex-
ate only and were recalled for CNS irradiation. A total of
three patients experienced a CNS relapse; two were from the
intrathecal methotrexate only group prior to CNS irradia-
tion, while the third patient had originally received 24 Gy
cranial RT. The latter patient subsequently received addi-
tional treatment with intrathecal methotrexate following his
CNS relapse. None of the patients included in the study had
experienced a testicular or bone marrow relapse. None of the
patients had evidence of hypothyroidism. The patients were
divided into three groups based on the type of CNS prophy-
laxis they had received: group 1 (n = 11), craniospinal RT
plus extended abdominal field; group 2 (n = 23), craniospi-
nal RT alone (19 received 24 Gy, four received 18 Gy); group
3 (n = 26), cranial RT (21 received 24 Gy, five received 18
Gy).

Statistical Analysis

Factors associated with abnormal testicular function were
assessed using the x 2 test of homogeneity of proportions
(categorical variables) and the Student's 1-test (continuous
variables).14 Probability values are based on two-sided tests of
significance. A number of pairwise comparisons were made to
test the hypothesis that the extent of radiation exposure to the
gonads is associated with abnormal testicular function. The
conclusions regarding statistical significance in the current
study are unchanged, whether or not a multiple comparison
adjustment is made for all pairwise comparisons. The results
for primary germ cell and Leydig cell function are reported
using the data available from the 60 patients in this study. An
analysis, restricted to the subgroup of 36 patients with data
on all parameters (LH, FSH, testosterone, Tanner staging,
and testicular volume) yielded the same results.

RESULTS

Plasma Levels of LH and FSH

Gonadotropin determinations were available
in 53 of the subjects; six patients (11%) had
elevated plasma concentrations of FSH, one of
whom (group 1 patient) also had the single
elevated plasma level of LH. The field of RT was
significantly associated with elevated levels of
FSH with an incidence of raised levels of FSH of
50% (four of eight) in group 1, 10% (two of 20) in
group 2, and 0% (zero of 25) in group 3
(P = .005) (Table 1). Pair-wise comparisons
demonstrated that elevated FSH levels were
significantly higher in group 1 versus group 3
(P = .002). Although there was a fivefold dif-
ference between groups 1 and 2, this difference
was not statistically significant at the .05 level
(P = .07), while group 2 did not differ from
group 3 (P = .37). Age at diagnosis, time since
radiation, or duration of maintenance chemother-
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Table 1. Patient Data

Follicle-Stimulating Hormone Testicular Volume Germ Cell Function

Treatment N n Elevated % n Reduced % n Abnormal* %

Group 1
Craniospinal plus extended abdomi-

nal RT 11 8 4 50 10 5 50 11 6 55
Group 2

Craniospinal RT 23 20 2 10 17 2 12 23 4 17
Group 3

Cranial RT 26 25 0 0 17 0 0 26 0 0
Significance P = .005 P = .014 P = .002

*Abnormal germ cell function is defined as a raised level of follicle stimulating hormone and/or reduced testicular volume for age and
pubertal status.

apy did not prove to be significantly related to
raised levels of FSH.

Testicular Volume

An assessment of testicular volume was avail-
able in 44 of the subjects; eight patients (18%)
had testicular volumes below the 10th percentile
for age (Fig 1). In seven of the eight patients,
testicular volume was also reduced for stage of
pubertal development. The one patient whose
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Fig 1. Testicular volume versus chronologic age. (M)
Group 1 received craniospinal plus extended abdominal RT;
(O) group 2 received craniospinal RT and; (V) group 3
received cranial RT. Shaded area represents normal range
(10th to 90th percentiles) for testicular volume.

testicular size was reduced for age but not for his
pubertal status was a 14.5 year old from group 3
who was prepubertal by examination, had nor-
mal levels of LH and FSH, and a reduced
testosterone level for age (see below). This pa-
tient most likely has a central cause for his
delayed puberty and small testes and is, there-
fore, not considered to have primary germ cell
dysfunction. Abnormally reduced testicular vol-
ume was significantly related to the field of RT
(P = .014), with the highest incidence occurring
in patients in group 1 (five of 10) (Table 1).
Pair-wise comparisons demonstrated that the
incidence of reduced testicular volume was sig-
nificantly higher in group 1 versus group 3
(P = .007). The difference between groups 1 and
2 approached statistical significance with P =
.08, while groups 2 and 3 did not differ (P = .47).
Reduced testicular volume was not related to age
at diagnosis, time since radiation, or duration of
chemotherapy.

The overall incidence of primary germ cell
damage was 17% (10 of 60 patients) and was
significantly associated with the field of RT
(P = .002) (Table 1). The results of pairwise
comparisons demonstrated that the incidence of
germ cell dysfunction was significant between
groups 1 and 3 (P < .001), while the difference
between groups 1 and 2 (P = .07) and groups 2
and 3 (P = .09) approached statistical signifi-
cance. All four subjects from group 2 with
primary testicular damage had received 24 Gy
craniospinal RT and three had been treated with
cobalt 60. The mean age at diagnosis, time since
radiation, age at last evaluation, and duration of
chemotherapy did not differ between the subjects
who manifested evidence of germ cell dysfunc-
tion and those who did not.
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Pubertal Maturation

Data on Tanner stage of pubic hair and genital
development were available in 57 patients. Six
patients were considered to have delayed develop-
ment (> 2 SD below mean),15 although serial
data were available in four of the six and showed
that all four patients ultimately achieved full
sexual maturity. Five of the six boys had normal
basal gonadotropin levels, suggesting that their
slow development was due to a constitutional or
central delay. The one boy from group 1 with
delayed puberty also had persistent elevations of
LH and FSH. Although he did eventually achieve
normal adult sexual development, the initial lag
in his puberty may have been due to primary
testicular dysfunction. The frequency of delayed
puberty was similar among the three treatment
groups; 9% (one of 11) in group 1; 9% (two of 22)
in group 2; and 13% (three of 24) in group 3,
exhibited delayed development. None of the
patients exhibited precocious sexual develop-
ment.

Plasma testosterone levels were available in 50
subjects whose ages ranged from 10.2 to 23.7
years (median, 14.5 years). Testosterone values
were appropriate for age and pubertal status in
48 of 50 subjects tested, including the one patient
with an elevated level of LH. Two patients (one
each from groups 1 and 3) had reduced testoster-
one levels for age. These patients were 14.5 and
16.5 years of age. The former patient also demon-
strated delayed puberty. None of the subjects
required testosterone replacement therapy.

DISCUSSION

In the present study, we have evaluated testic-
ular function following the use of three different
radiation regimens in boys treated for ALL.
Since all study subjects received cranial RT and
identical chemotherapy, the differences in go-
nadal function noted between the various treat-
ment groups are most likely due to differences in
the RT fields that were used. Evidence of gonadal
dysfunction in our study was confined to patients
whose testes were either directly in the RT field
(group 1) or situated close to the margins of the
RT field (group 2). The patients treated with
chemotherapy and cranial irradiation alone
(group 3), in contrast, did not exhibit evidence of
testicular dysfunction. This is consistent with the
data of others who have evaluated testicular

function following the use of cranial RT and
similar chemotherapy, which did not include
alkylating agents.8,9

The most prominent findings noted among the
patients with gonadal dysfunction were raised
levels of FSH and reduced testicular volume.
Both of these are considered sensitive indices of
germ cell damage and correlate with impaired
spermatogenesis and infertility.4'16,1 7 Previous
data, primarily in adult males, indicate that the
extent of germ cell dysfunction and the time to
recovery following testicular irradiation are dose
dependent. 5

,
7'18 Dosages of radiation in excess of

400 to 600 cGy are known to cause azoospermia
in all adult patients, which can persist for 5 or
more years.18 Shalet et al reported evidence of
germ cell dysfunction in 10 of 10 adult males who
had received testicular irradiation during child-
hood with total doses ranging from 268 to 983
cGy.19 In our study, approximately half of the
patients treated with 1,200 cGy direct testicular
irradiation (group 1) were found to manifest
signs of primary germ cell damage, an incidence
lower than anticipated. Most likely, the true
incidence of gonadal damage sustained by our
patients has been underestimated in this study.
Many of the patients were evaluated during early
adolescence and often only on one occasion. It is
well documented that it may be extremely dif-
ficult to establish a diagnosis of germ cell dysfunc-
tion during the peripubertal period.20,2' This is
especially true in boys since their gonadotropin
levels are less reflective of gonadal dysfunction
than they are in girls. 22 This sexual dimorphism
in the gonadotropin response to primary gonadal
damage may account, at least in part, for the
higher incidence of elevated gonadotropins noted
in girls following 12 Gy extended abdominal
RT.I' Serial testing with advancing age generally
allows for more precise delineation of testicular
function. 21 As FSH levels may remain in the
normal range during this developmental stage
despite the coexistence of severe dysfunction or
even absence of germinal elements,22' 23 our gona-
dotropin data must be interpreted with caution.

The data obtained from the subjects who
received craniospinal irradiation (group 2) sug-
gest that the scattered dose of radiation reaching
the testes was sufficient to cause damage to the
germinal epithelium in some of the patients,
particularly those who received 24 Gy from a

1984
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cobalt 60 source. This is consistent with data on
adults indicating that transient germ cell dysfunc-
tion can occur following irradiation with doses as
low as 35 cGy,' 8 as well as that of data by Brown
et a124 on children receiving craniospinal irradia-
tion as therapy for brain tumors. In contrast,
neither Ahmed et a125 nor Livesey and Brook'
found evidence of primary testicular damage
following craniospinal irradiation during child-
hood with doses to the spine in the range of 29 to
33 Gy. Since the scattered dose of radiation to
the testes during craniospinal irradiation is depen-
dent upon several variables, including the type
and total dose of radiation, the direction of the
radiation beam, and the distance of the testes
from the margin of the RT field, it is not
surprising that different investigators have re-
ported conflicting results. Although the chemo-
therapy used in our study did not appear to cause
direct gonadal damage, we cannot exclude the
possibility that, when combined with spinal irra-
diation, the chemotherapy had an additive or
synergistic adverse effect on gonadal tissue.

There was little evidence of Leydig cell dys-
function in our study subjects. Puberty pro-
gressed in an age-appropriate manner, and plasma
levels of LH and testosterone were normal in the
vast majority of patients, including those who
received 12 Gy testicular irradiation (group 1).
Shalet et a119 noted that Leydig cell function was
preserved in a group of adult males who as
children received testicular irradiation with doses
up to 9.8 Gy. Children who receive testicular
irradiation with doses greater than 20 Gy, by
contrast, frequently develop both clinical and
hormonal evidence of Leydig cell failure. 26-28 The
threshold dose beyond which the majority of
young subjects will develop clinically significant
Leydig cell dysfunction is not yet known; how-

ever, the current data suggest that it is greater
than 12 Gy but less than 20 Gy.

Recently, several investigators have reported
early or precocious puberty in children who
received cranial RT for leukemia prophylaxis or
as treatment for a CNS tumor.10,29 Preliminary
data suggest that girls are affected more often
than boys and that the incidence is higher among
subjects treated with doses > 24 Gy.30 We did not
observe such a trend in our male patients, all of
whom received cranial RT. At the time of their
initial assessment, many subjects were already in
puberty, and thus the precise age at the onset of
puberty was not known. It is possible, therefore,
that some of the subjects did enter puberty at an
early age, but this was obscured by our study
design.

In summary, the results of our study indicate
that (1) most boys with ALL who receive cranial
RT combined with chemotherapy not including
alkylating agents appear to retain normal testicu-
lar function, (2) germ cell dysfunction is com-
mon following testicular irradiation during child-
hood and can occur following exposure to
scattered irradiation from craniospinal RT, and
(3) Leydig cell function appears relatively resis-
tant to direct irradiation with fractionated doses
as high as 12 Gy. At the present time, the natural
history of our patients' gonadal dysfunction is
unknown, and we are not able to fully assess their
chances of fertility. In order to obtain this infor-
mation, follow-up studies, which include direct
measurements of spermatogenesis, will be neces-
sary.

ACKNOWLEDGMENT

We thank Ann Mertens, MS, and Saul Rothenberg, PhD,
for their help with the statistical analyses, and Vi Catena for
her skillful secretarial assistance.

APPENDIX
Principal Investigators, Childrens Cancer Study Group

Institution

Group Operations Office, University of Southern California Comprehen-
sive Cancer Center, Los Angeles, CA

University of Michigan Medical Center, Ann Arbor, MI

University of California at San Francisco Medical Center,
San Francisco, CA

Investigator

Denman Hammond, MD
John Weiner, MD
Harland Sather, MD
Richard Sposto, PhD
Mark Krailo, PhD
Jonathan Buckley, MBBS, PhD

Ruth Heyn, MD

Arthur Ablin, MD

Grant No.

CA 13539

CA 02971

CA 17829

1985



APPENDIX (CONT'D)
Principal Investigators, Childrens Cancer Study Group

Institution

Children's Orthopedic Hospital and Medical Center, Seattle, WA

Children's Hospital National Medical Center, Washington, DC

Children's Memorial Hospital, Chicago, IL

Children's Hospital, Los Angeles, CA

Children's Hospital, Columbus, OH

Babies Hospital, New York, NY

University of Minnesota Health Science Center, Minneapolis, MN

Children's Hospital of Philadelphia, Philadelphia, PA

James Whitcomb Riley Hospital for Children, Indianapolis, IN

New Jersey College of Medicine, Newark, NJ

Strong Memorial Hospital, Rochester, NY

University of British Columbia, Vancouver, Canada

Harbor/UCLA and Miller Children's Medical Center, Torrance and

Long Beach, CA

Investigator

Ronald Chard, MD

Gregory Reaman, MD

Edward Baum, MD

Jorge Ortega, MD

Frederick Ruymann, MD

Sergio Piomelli, MD

Mark Nesbit, MD

Anna Meadows, MD

Robert Weetman, MD

Harvey Cohen, MD

Mavis Teasdale, MD

Jerry Finklestein, MD

Grant No.

CA 10382

CA 03888

CA 07431

CA 02649

CA 03750

CA 03526

CA 07306

CA 11796

CA 13809

CA 11174

CA 29013

CA 14560

REFERENCES

1. Shalet SM: The effect of cancer treatment on growth
and sexual development. Clin Oncol 4:223-238, 1985

2. Rappaport R, Brauner R, Czernichow P, et al: Effect of
hypothalamic and pituitary irradiation on pubertal develop-
ment in children with cranial tumors. J Clin Endocrinol
Metab 54:1164-1168, 1982

3. Livesey A, Brook CGD: Gonadal dysfunction after
treatment of intracranial tumors. Arch Dis Child 63:495-
500, 1988

4. Schilsky RL, Lewis BJ, Sherins RJ, et al: Gonadal
dysfunction in patients receiving chemotherapy. Ann Intern
Med 93:109-114, 1980

5. Shalet SM: Disorders of the endocrine system due to
radiation and cytotoxic chemotherapy. Clin Endocrinol (Oxf)
18:637-659, 1983

6. Leiper AD, Grant DB, Chessells JM: Gonadal function
after testicular radiation for acute lymphoblastic leukemia.
Arch Dis Child 61:53-56, 1986

7. Gradishar WJ, Schilsky RL: Effects of cancer treat-
ment on the reproductive system. Crit Rev Oncol Hematol
8:153-171, 1988

8. Blatt J, Poplack DG, Sherins RJ: Testicular function in
boys after chemotherapy for acute lymphoblastic leukemia.
N Engl J Med 304:1121-1124, 1981

9. Beck W, Stubbe P, Jeutsch E, et al: Sleep-related
gonadotropin rhythms in children following acute leukemia:
Recovery of the hypothalamo-pituitary-gonadal axis after
chemotherapy and CNS-irradiation. Acta Paediatr Scand
12:72-78, 1983

10. Hamre MR, Robison LL, Nesbit ME, et al: Effects of
radiation on ovarian function in long-term survivors of
childhood acute leukemia: A report from the Childrens
Cancer Study Group. J Clin Oncol 5:1759-1765, 1987

11. Littman P, D'Angio GH, Nesbit M, et al: Radiation
therapy factors in prophylactic central nervous system irradi-
ation for childhood leukemia. Int J Radiat Oncol Biol Phys
5:99-100, 1979

12. Tanner JM: Growth and Adolescence (ed 2). Oxford,
England, Blackwell Scientific Publications, 1962

13. Zachmann M, Prader A, Kind HP, et al: Testicular
volume during adolescence: Cross-sectional and longitudinal
studies. Helv Paediat Acta 29:61-72, 1974

14. Snedecor GW, Cochran WG: Statistical Methods (ed
7). Ames, IA, Iowa State University, 1980, pp 100-105

15. Tanner JM, Davies PW: Clinical longitudinal stan-
dards for height and height velocity for North American
children. J Pediatr 107:317-329, 1985

16. Baker HWG, Bremner WJ, Burger HG, et al: Testicu-
lar control of follicle stimulating hormone secretion. Rec
Prog Horm Res 32:429-476, 1976

17. Takihara H, Cosentino NJ, Sakatoku J, et al: Signifi-
cance of testicular size measurement in urology. II Correla-
tion of testicular size with testicular function. J Urol 137:416-
419, 1987

18. Ash P: The influence of radiation on fertility in man.
Br J Radiol 53:271-278, 1980

19. Shalet SM, Beardwell CG, Jacobs HS, et al: Testicu-
lar function following irradiation of the human prepubertal
testis. Clin Endocrinol (Oxf) 9:483-490, 1978

20. Shalet SM, Hann IM, Lendon M, et al: Testicular
function after combination chemotherapy in childhood for
acute lymphoblastic leukemia. Arch Dis Child 56:275-278,
1981

21. Clayton PE, Shalet SM, Price DA, et al: Testicular
damage after chemotherapy for childhood brain tumors. J
Pediatr 112:922-926, 1988

1986 SKLAR ET AL



RT AND TESTICULAR FUNCTION IN CHILDHOOD ALL SURVIVORS

22. Lustig RH, Conte FA, Kogan BA, et al: Ontogeny of
gonadotropin secretion in congenital anorchism: Sexual dimor-
phism versus syndrome of gonadal dysgenesis and diagnostic
considerations. J Urol 138:587-591, 1987

23. Jarow JP, Berkovitz GD, Migeon CJ, et al: Elevation
of serum gonadotropins establishes the diagnosis of an-
orchism in prepubertal boys with bilateral cryptorchidism. J
Urol 136:277-279, 1986

24. Brown IH, Lee TJ, Eden OB, et al: Growth and
endocrine function after treatment for medulloblastoma.
Arch Dis Child 58:722-727, 1983

25. Ahmed SR, Shalet SM, Campbell RHA, et al: Pri-
mary gonadal damage following treatment of brain tumors in
childhood. J Pediatr 103:562-565, 1983

26. Brauner R, Czernichow R, Cramer P, et al: Leydig cell
function in children after direct testicular irradiation for

acute lymphoblastic leukemia. N Engl J Med 309:25-28,
1983

27. Carrascosa A, Audi L, Ortega JJ, et al: Hypothalamo-
hypophyseal-testicular function in prepubertal boys with
acute lymphoblastic leukemia following chemotherapy and
testicular radiotherapy. Acta Paediatr Scand 73:364-371,
1984

28. Blatt J, Sherins RJ, Niebruggi D, et al: Leydig cell
function in boys following treatment for testicular relapse of
acute lymphoblastic leukemia. J Clin Oncol 3:1227-1231,
1985

29. Brauner R, Rappaport R: Precocious puberty second-
ary to cranial irradiation for tumours distant from the
hypothalamo-pituitary area. Horm Res 22:78-82, 1985

30. Leiper AD, Stanhope R, Kitching P, et al: Precocious
and premature puberty associated with treatment of acute
lymphoblastic leukemia. Arch Dis Child 62:1107-1112, 1987

1987


