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ABSTRACT

Successful therapy for children and adolescents with
cancer includes the use of ionizing irradiation and/or
chemother apeutic agents. These may produce DNA dam-
age, resulting in cell death, or the damage may be sub-
lethal. These effects may be expressed in the gonads as
sterilization or germ cell DNA damage. Sterilization may
be acute, or identified by the occurrence of premature
menopause. DNA damage may be identified by an
increased risk for chromosomal syndromes, single gene

defects or major congenital malformations in the off-
spring. Management of pediatric and adolescent cancer
patients must include recognition of the potential for
germ cell injury, counsding of patients regarding strate-
gies for germ cell preservation, and long-term follow-up
of the offspring of pediatric and adolescent cancer sur-
vivors to determine their increased risk, if any, for
adver se pregnancy outcome, genetic disease and cancer.
The Oncologist 1997;2:171-179

INTRODUCTION

The trestment of children and adolescents with cancer has
becomevery successful. Almost 70% will survivefor fiveyears
after diagnosis [1], with most five-year survivors expected to
survive for many additiona years. One of the issues of greatest
concern to these survivors is the effect of their cancer and its
trestment on their fertility and the hedlth of their offspring. This
review will consider the effects of treatment on germ cell sur-
viva, fertility, and hedlth of offspring, but will not discuss the
effects of radiation therapy or chemotherapy on gonada hor-
mone production or therole of hormone replacement therapy in
the management of men and women with trestment-induced
gonada hormone insufficiency.
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Germ Cell Survival

Germ cell survival may be adversely affected by radiation
therapy and chemotherapy. Ovarian damage results in both
gterilization and loss of hormone production because ovarian
hormonal production is closely related to the presence of ova
and maturation of the primary fallicle. Thesefunctionsare not
asintimately related in the testis. As a result, men may have
normal androgen production in the presence of azoospermia.

Ovary

The number of oocytesin the ovary reaches a peak of 6.8
x 108 at five months of gestation. At hirth there are approxi-
mately 2 x 10° primordia follicles present. This number
decreases to 0.7 x 10° by six months of age, and to 0.3 x 10°
by seven years of age [2]. The nonrenewable nature of
oocytes renders the ovary uniquely susceptible to damage by
radiation therapy and chemotherapeutic agents.

All women who receive total-body irradiation prior to
bone marrow transplantation develop amenorrhea. Recovery
of normal ovarian function occurred in only nine of 144
patients and was highly correlated with age at irradiation of
less than 25 years [3].

The frequency of ovarian failure following abdomina
radiation therapy is related to both the age of the woman at
the time of irradiation and the radiation therapy dose
received by the ovaries.

Whole-abdomen irradiation produces severe ovarian
damage. Seventy-one percent of women in one series failed
to enter puberty, and 26% had premature menopause fol-
lowing whole-abdominal radiation therapy doses of 2,000
to 3,000 cGy [4]. Others reported similar results in women
treated with whole-abdomen irradiation [5] or craniospinal
irradiation [6, 7] during childhood.
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The frequency of ovarian falure is correlated with the
trestment volume. Ovarian failure occurred in none of the 34
women who received abdomina irradiation to avolumewhich
did not include both ovaries, 14% of 35 women whose ovaries
were a the edge of the abdomind treatment volume, and 68%
of 25 women whose ovaries were entirely within the treatment
volume[8]. These reports corroborated a study of ovarian his-
tology which identified severe ovarian damage in children
who had received abdomina irradiation, with or without
chemotherapy [9].

Ovarian failure is correlated, in addition, with the
radiation therapy dose. Ovarian failure occurred in 80%
of five women who received 125 to 249 roentgens, 69%
of 35 women who received 250 to 374 roentgens, 87% of
26 women who received 375 to 499 roentgens, 94% of 36
women who received 500 to 624 roentgens, and 100% of
72 women treated with 625 to 749 roentgens to both ovaries.
The frequency of ovarian failure was lower among women
less than 40 years of age who received radiation therapy
doses less than 624 roentgens [10]. These data are similar
to the estimate for the LDs, of 600 cGy for the oocyte [11].

Ovarian function may be preserved by limiting the ovar-
ian radiation dose. This can be accomplished in selected
patients using midline oophoropexy [12, 13], laterd ovarian
transposition [14], or heterotopic ovarian autotransplantation
[15]. With midline oophoropexy, the ovarian doses received
from pelvic irradiation can be limited to 220 to 550 cGy when
the treatment dose is 4,400 cGy [12], and in women who are
lessthan 25 years of age at the time of trestment, ovarian fail-
ureisinfrequent (Table 1) [12, 16, 17]. One of these proce-
dures should be considered prior to irradiation of any female
child or adolescent who will receive pelvic irradiation.

Ovarian function was evaluated in women following
trestment with combination chemotherapy (Table 2) [18- 21].
These studies, performed following treatment with the com-
bination of nitrogen mustard, vincristine, procarbazine and
prednisone (MOPP); the combination of nitrogen mustard,
vinblastine, procarbazine, and prednisone (MVPP); or the
combination of chlorambucil, vinblastine, procarbazine and
prednisone (ChlVPP) demondtrated the sensitivity of the ol der
patient to the gonadal toxicity of such therapy (Table 3) [22-
25], whether three or six cycles were administered (Table 4)
[26]. Younger women had a lower frequency of amenorrhea
following treatment with one of these combinations.

Ovarian function was evaluated in women treated with drug
combinationswhich did not include procarbazine. Ovarian func-
tion was normd in dl of six women treated for non-Hodgkin's
lymphomawith a cyclophosphamide-containing drug combine:
tion [27]. Others reported that puberta progresson was
adversdy affected in 5.8% of 17 patientstreated before puberty,
compared with 33.3% of 18 patients treated during puberty
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or after menarche. However, the adminigtration of cyclophos-
phamide did not correlate with the abnormal pubertd progres-
son observed in these patients [ 28]. Cis-platinum administration
resulted in amenorrheain 14% of seven patients[29].

Table 1. Relationship betweeen ovarian radiation dose and the
occurrence of amenorrhea
Radiation dose (cGY) Amenorrhea
0-100 16% (1/6)
101 - 200 14% (U7)
201- 300 12% (1/8)
301 - 400 25% (1/4)
401 - 500 44% (4/9)
501 - 600 50% (3/6)
601 - 700 25% (L/4)

Table 2. Frequency of amenorrhea following treatment with
combination chemotherapy

Patient age Regimen ;;egquo?:%yegf
All ages MVPP 63% (20/32)
All ages MOPP 39% (17/44)
All ages chivpp 19% (6/32)
All ages ChIVPPIEVA 80% (16/20)

Table 3. Relationship between age at treatment and frequency of
amenorrhea following treatment with combination chemotherapy

. , Freguency of
Patient age Regimen amenorrhea
<30 years MVPP 529% (17/33)
30- 51 years 86Y% (31/36)
<25 years MOPP 20% (3/15)
>25 years 89% (8/9)
<30 years MOPP 0% (0/10)
30- 40 years 50% (5/10)

Table 4. Relationship among age a treatment, number of cycles,
and frequency of amenarrheafollowing treatment with combination
chemotherapy

. Number of ) Frequency of
Patient age cycles Regimen amenorrhea
16 - 30 years 3 MOPP 3% (1/31)

6 9% (/11)
31- 45 years 3 MOPP 61% (11/18)
6 62% (5/8)
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Chemotherapy with doxorubicin, cyclophosphamide,
and high-dose methotrexate produced irregular menses in
20% of five women, and persistent amenorrhea in 20% of
five women treated for soft-tissue sarcomas [30]. Therapy
with high-dose methotrexate (250 mg/kg/dose), with or
without vincristing, did not cause ovarian failure in any of
four women evaluated after the completion of therapy [31].
Treatment with nitrosourea, with or without procarbazine,
produced ovarian damage in young women treated with
craniospina irradiation for malignant brain tumors [32].

Women who received high-dose (50 mg/kg/day x 4 days)
cyclophosphamide prior to bone marrow transplantation
for aplastic anemia al developed amenorrhea following
transplantation. In one series, 36 of 43 had recovery of nor-
mal ovarian function 3-42 months after transplantation [3].

Loss of ovarian function following chemotherapy
administration to post-menarcheal patients is associated
with sgnificant changes in libido and sexud function [33].
Recovery of ovarian functionisunlikely if menstrua periods do
not return within three months after cessation of treatment [34].

The presence of apparently normal ovarian function at
the completion of chematherapy should not beinterpreted as
evidence that no ovarian injury has occurred. Premature
menopause is well documented in childhood cancer sur-
vivors, especialy those women treated with both an alkylat-
ing agent and abdominal irradiation [35]. When the pelvisis
excluded from the treatment volume and treatment does not
include combination chemotherapy, premature menopause
isinfrequent [36].

Tedtis

Tedticular function may be damaged by surgery, irradia-
tion, and/or chemotherapy. Retrograde ejaculation is a fre-
quent complication of bilateral retroperitoned lymph node
dissection performed on males with testicular neoplasms [37,
38], and impotence may occur following extensive pelvic dis-
sections as may be performed to remove arhabdomyosarcoma
of the progtate [39)].

One of thefirst studies of the effects of testicular irradi-
ation on spermatogenesis was conducted using inmate vol-
unteers from the Oregon State Penitentiary who underwent
vasectomy at the completion of the radiation experiments.
Complete recovery of spermatogenesis was observed 9-18
months after treatment in those treated with 100 cGy, by 30
months in those treated with 200 or 300 cGy, and after 60 or
more months in those treated with 400 or 600 cGy [40, 41].

Men treated with whole-abdomen irradiation may develop
gonadal dysfunction. Five of ten men were azoospermic, and
two were severely oligospermic when evaluated at ages 17-36
years following trestment with whole-abdomen irradiation for
Wilms tumor a ages 1-11 years, with the penis and scrotum
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either excluded from the treatment volume, or shielded with
3 mm of lead. The testicular radiation doses varied from
796-983 cGy [42]. Others reported azoospermia in 100%
of 10 men 2-40 months after radiation therapy doses of
140-300 cGy to hoth testes [43]. Similarly, azoospermia was
demonstrated in 100% of ten men following testicular radi-
ation therapy doses of 118-228 cGy. Recovery of spermato-
genesis occurred after 44-77 weeks in 50% of the men,
although three of the five with recovery had sperm counts
below 20 x 10%/ml [44]. Oligo- or azoospermiawas reported
in 33% of 18 men evaluated 6-70 months after receiving tes-
ticular radiation doses of 28-135 cGy [45]. In ancther report,
none of five men who received testicular radiation doses of
less than 20 cGy became azoospermic. By contrast, two who
received testicular radiation doses of 55-70 cGy developed
temporary oligospermia, with recovery to sperm counts greater
than 20 x 105ml 18-24 months after treatment [46].

Adminidration of higher doses, such as the 2,400 cGy
used for the treatment of testicular relapse of acute lym-
phoblastic leukemia, results in both sterilization and Leydig
cell dysfunction [47]. Craniospina irradiation produced pri-
mary germ cell damagein 17% of 23 children with acute lym-
phoblastic leukemia [48], but in none of four children with
medull oblastoma [49]. With adequate shielding, gonadal fail-
ure following radiation thergpy to a volume that does not
include the testisis infrequent [50].

Combination chemotherapy which includes an alkylating
agent and procarbazine causes severe damage to the testicular
germina epithelium (Table 5) [19-21, 51-60]. Azoospermia
was present in al men by the start of the third cycle of MVPP
chemotherapy [56], and less than 20% of men had recovery of
spermatogenesis when evaluated 37-48 months after treat-
ment, suggesting that recovery of spermatogenesis in this
population of patients was infrequent [55]. Azoospermia
occurred less frequently following treatment with two, rather
than six, cycles of MOPP (Table 6) [61], and devation of the
basa follicle simulatory hormone (FSH) level, reflecting
impaired spermatogenesis, was less frequent among patients
receiving two courses of vincrigtine, procarbazine, prednisone,
Adriamycin (OPPA), than among those who received two
courses of OPPA in combination with two or more courses of
cyclophosphamide, vincristing, procarbazine and prednisone
(CopPp) [62].

Most studies suggest that procarbazine contributes signif-
icantly to the testicular toxicity of combination chemotherapy
regimens. The combination of doxorubicin, bleomycin, vin-
blastine and DTIC frequently produced oligo- or azoosper-
mia during the course of treatment. However, recovery of
spermatogenesis occurred after treatment was completed in
contrast with the experience reported following treatment
with MOPP [57].
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Table 5. Frequency of azoospermia following completion of
combination chemotherapy
Treatment regimen Frequency of azoospermia
MOPP 75% (42/56)
M(O/V)PP, COPP 87% (5/6)
MVPP 86% (132/154)
COPP 100% (106/106)
ChivPP 100% (11/11)
ChIVPPIEAV 95% (21/22)
ABVD 0% (0/13)

Table 6. Relationship between number of chemotherapy cyclesand
the frequency of azoospermia after combination chemotherapy

Treatment Number of Frequency of
regimen cycles azoosper mia
MOPP 2 0% (0/7)

An early report suggested that the prepubertal tetis was
less sengitive to damage by MOPP chemotherapy than the
postpubertal testis [54]. Several groups of investigators
reported that damage to the prepuberta testis could not be
identified until the patient entered puberty if the frequency of
testicular damage was estimated by the presence of an elevated
serum FSH leve [51, 63-66]. None of these studies reported
that prepuberta males were a lower risk for chemotherapy-
induced testicular damage than were postpuberta patients.

Treatment for nonseminomatous germ-cell tumors
of the testis usualy includes the combination of cis-
platinum, vinblastine, and bleomycin. Oligospermia or
azoospermia was reported in most men following treat-
ment with this chemotherapy regimen, with azoosper-
miastill present in 25%-30% of men 24-94 months after
completion of treatment [67-69]. Interpretation of these
results, as well as those in men with Hodgkin's disease,
is complicated by the high frequency of oligo- or
azoospermia in these patients prior to initiation of
treatment (outlined below).

Tedticular function was evaluated in patients following
treatment with combination chemotherapy for acute lym-
phoblastic leukemia during childhood. Basal serum FSH and
luteinizing hormone (LH) levels were normal in 32 prepuber-
ta boys eval uated, whereas 37.5% of eight early-pubertal, and
50% of four late-pubertal subjects had raised basal serum
FSH levels[70]. The factors which influenced the severity of
testicular damage were the tota dose of cyclophosphamide,
adminigtration of a cumulative dose of cytosine arabinoside
which exceeded 1 gm/M2, and the length of time between the
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cessation of treatment and testicular biopsy [71]. Blatt et al.
reported normal testicular function in 14 boystreated for ALL
with therapy which did not include either cyclophosphamide
or intravenous cytosine arabinoside, emphasizing the impor-
tance of the agents employed in determining the gonadal
toxicity of a combination chemotherapy program [72].

Three of the four men treated with high-dose methotrex-
ate for osteosarcoma had normal sperm counts, whereas the
fourth was severely oligospermic when first evaluated after
cessation of treatment [31]. Treatment of men with doxoru-
bicin, cyclophosphamide, and high-dose methotrexate for
soft-tissue sarcoma produced azoospermiain 100% of eight
men following chemotherapy and proximal radiotherapy,
25% of eight men following chemotherapy and distal radio-
therapy, and 20% of five men treated with chemotherapy
only. Recovery of spermatogenesis was documented in men
treated with chemotherapy only or chemotherapy and distal
radiation, whereas azoospermia persisted in those men
treated with chemotherapy and proxima radiotherapy [73].
Similar results have been reported in male survivors of non-
Hodgkin’s lymphoma, in whom pelvic radiation therapy and
cumulative cyclophosphamide dose greater than 9.5 gm/M?
were independent determinants of failure to recover sper-
matogenesis[74], and in survivors of Ewing'sand soft-tissue
sarcoma, in whom treatment with a cumulative cyclophos-
phamide dose greater than 7.5 gm/M? was correlated with
persistent oligo- or azoospermia [75].

FERTILITY

Thefertility of survivorsof childhood cancer, when eval-
uated in aggregate, isimpaired. The adjusted relative fertility
of survivors compared with that of their siblings was 0.85
(95% confidenceinterval (CI)—0.78-0.92). The adjusted rel-
ative fertility of male survivors (0.76, 95% Cl—0.68-0.86)
was dightly lower than that of female survivors (0.93, 95%
Cl—0.83-1.04). The most significant differencesin the rela
tive fertility rates were demonstrated in male survivors who
had been treated with akylating agents, with or without
infradiaphragmatic irradiation [76].

Fertility may beimpaired by factors other than the absence
of sperm and ova. Conception requiresdelivery of spermtothe
uterine cervix and patency of the Fallopian tubes for fertiliza:
tion to occur, aswell as appropriate conditionsin the uterus for
implantation. Retrograde ejaculation occurs with a significant
frequency in men who undergo bilatera retroperitoneal lymph
node dissection. Uterine structure may be affected by abdom-
ind irradiation. A recent study demonstrated that uterine
length was significantly lessin ten women with ovarian failure
who had been treated with whole-abdomen irradiation.
Endometrial thicknessdid not increasein response to hormone
replacement therapy in three women who underwent weekly
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ultrasound examination. No flow was detectable in five
women with Doppler ultrasound through either uterine artery
or through one uterine artery in three additional women [77].
These data are pertinent when considering the feagihility of
assisted reproduction for these survivors.

HEALTH OF OFFSPRING

Most chemotherapeutic agents are mutagenic, with the
potential to cause germ cell chromosomal injury. Possible
results of such injury include an increase in the frequency of
genetic diseases and congenital anomalies in the offspring of
successfully treated childhood and adolescent cancer patients.

Severd early studies of the offspring of patientstreated for
diverse types of childhood cancer identified no effect of pre-
vious treatment on pregnancy outcome and no increasein the
frequency of congenital anomalies in the offspring [78-80].
However, astudy of offspring of patients treated for Wilms
tumor demonstrated that the birthweight of children born
to women who had received abdomina irradiation was
significantly lower than that of children born to women who
had not received such irradiation [81], a finding which was
confirmed in several subsequent studies [82-84]. The abnor-
malities of uterine structure and blood flow reported follow-
ing abdominal irradiation may explain this clinical finding.

Prior studies of offspring of childhood cancer survivors
were limited by the size of the population of offspring and
the number of former patients who had been exposed to
mutagenic therapy. Several recent studies which attempted
to address some of these limitations did not identify an
increased frequency of major congenital malformations [80,
85-91], genetic disease [80] or childhood cancer [91-93] in
the offspring of former pediatric cancer patients, including
those conceived after bone marrow transplantation [94].

In general, the studies of pregnancy outcome following
treatment with chemotherapeutic agents are reassuring with
respect to the possible increased occurrence of congenital
malformations or genetic diseases in the offspring. However,
the number of exposed patients available for study is till
small, and the follow-up of those offspring who have been
identified is short, precluding definitive statements regarding
the risk of cancer in the offspring.

PATIENT M ANAGEMENT

Patients who will receive therapy with the potential
to limit or abolish fertility need sensitive, informed man-
agement. Important aspects of management include con-
siderations of gonadal protection, germ cell storage, and
assisted fertilization.

Protection of the ovary using oral contraceptive agents
and luteinizing, hormone-releasing hormone agonists was
evaluated in women treated with MVPP. Although one
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study demonstrated that permanent amenorrhea did not
occur in six women aged 18-31 years who received an oral
contraceptive during the period of treatment with MVPP
[95], another was unable to demonstrate a protective effect
of oral contraceptive administration on the ovarian function
of women treated with MV PP [18]. Amenorrhea occurred
in al eight women, aged 17-34 years, treated with a
luteinizing hormone releasing hormone (LHRH) agonist
(Buserelin) and three of ten MV PP-treated control women.
Four of the Buserelin-treated women had recovery of ovar-
ian function after therapy with MV PP was completed [96].

Buserelin administration was evaluated for protection of
the testis. No protective effect, as estimated by post-therapy
sperm count, was evident in 20 Buserdlin-treated men, when
compared with 10 control men [96]. Smilarly, no protective
effect of trestment with another LHRH agonist, D-Trpb-Pro’-
N-ethylamide-LHRH (LH-RHa), on spermatogenesis was
demonstrated in six men following trestment with MOPP[97].

Men with previously untreated Hodgkin's disease and
teticular carcinomafrequently have semen with low numbers
of inadequately mobile sperm [98-103)]. Although artificial
insemination by husband (AIH) has been successful utilizing
frozen semen specimens from patients whose pretreatment
samples had adequate numbers (>20 x 10%/ml) of motile
sperm [99-102], fertilization is possible with lower sperm
concentrations using gamete intrafallopian tube transfer or
invitro fertilization. Thus, sperm banking should be consid-
ered for any male who is not azoospermic prior to therapy
and whose therapy may result in azoospermia [104].

Retrograde gaculation may occasiondly be treated suc-
cessfully with sympathomimetic agents [105]. Recently, severd
reports have been published detailing successful fertilization
using spermatozoa recovered following sexud activity from
urine of men with retrograde gjaculation [106-109)].

Assisted reproduction technology has extended the
possibility of pregnancy to women with treatment-
induced ovarian failure. Although less likely to success-
fully implant, frozen embryos have implanted
successfully after transfer [110], and there are several
reports of successful initiation and progression of preg-
nancy in postmenopausal women given exogenous hor-
mone replacement and embryos produced from donor
oocytes and their male partner’s sperm [111-113].

Recent laboratory investigations have demonstrated that
spermatogenesis may be recongtituted in the mouse from
frozen spermatogonial stem cells [114-116], and that fertil-
ity could be restored by reimplantation of frozen-thawed pri-
mordial follicles or ovarian cortical dlices[117, 118]. These
techniques may allow recondtitution of fertility in humans
utilizing the stored tissues of the patient obtained prior to
initiation of cancer treatment.
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SUMMARY

Gonadal damage is not infrequent in survivors of child-
hood and adolescent cancer. Surgical remova of the ovaries
from radiation therapy treatment volumes should be performed
when possible. Careful atention must be paid to radiation ther-
apy technique, especidly the use of effective shielding of the
testes and ovaries from the radiation beam, when such use will
not adversdy impact the likdlihood of loca tumor control.
Gamete banking offersthe potential for later reproduction using
assgted reproduction technology, when gerilization is an
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unavoidable sequelaof successful treatment. Counseling of sur-
vivors should include discussions of the possihility of immedi-
ate derilization or premature menopause as the result of
trestment. Y oung women must assess the risk of premature
menopauise When contemplating postponement of pregnancy
to alow completion of graduate education or career develop-
ment. Adolescent and young adult survivors need to be aware
that sterilization isnot ageneric outcome of cancer therapy, and
that precautions to prevent pregnancy must still be taken if
pregnancy is not the desired outcome of sexua activity.

REFERENCES

1 Kosary CL, Ries LAG, Miller BA et a (eds). SEER Cancer
Statistics Review, 1973-1992: Tables and Graphs. National
Cancer Institute. NIH Publication No. 96-2789. Bethesda,
MD, 1995.

2 Baker TG. A quantitative and cytologica study of germ cells
in human ovaries. Proc Roya Soc Series B 1963;158:417-433.

3 Sanders JE, Buckner CD, Amos D et a. Ovarian function
following marrow transplantation for aplastic anemia or
|leukemia. Blood 1988;6:813-818.

4 Wallace WHB, Shalet SM, Crowne EC et a. Ovarian failure
following abdominal irradiation in childhood: natural history
and prognosis. Clin Oncol 1989;1:75-79.

5 Scott JES. Pubertal development in children treated for
nephroblastoma. J Pediatr Surg 1981;16:122-125.

6 Hamre MR, Robison LL, Neshit ME et a. Effects of radiation
on ovarian functionin long-term survivors of childhood acute
lymphoblastic leukemia: a report from the Childrens Cancer
Study Group. J Clin Oncol 1987;5:1759-1765.

7 Wallace WHB, Shalet SM, Tetlow LJ et al. Ovarian function
following the treatment of childhood acute lymphoblastic
leukemia. Med Pediatr Oncol 1993;21:333-339.

8 Stillman RJ, Schinfeld JS, Schiff | et a. Ovarian failure in
long-term survivors of childhood malignancy. Am J Obstet
Gynecol 1981;139:62-66.

9 Himdgtein-Braw R, PetersH, Faber M. Influence of irradiation
and chemothergpy on the ovaries of children with abdominal
tumours. Br J Cancer 1977;36:269-275.

10 Peck WS, McGreer JT, Kretzschmar NR et a. Castration of
the female by irradiation. Radiology 1940;34:176-186.

11 Wallace WHB, Shalet SM, Hendry JH et d. Ovarian failurefol-
lowing abdomind irradiation in childhood: the radiosensitivity
of the human oocyte. Br JRadiol 1989;62:995-998.

12 Sy Ortin TT, Shostak CA, Donaldson SS. Gonada status and
reproductive function following treatment for Hodgkin's dis-
ease in childhood: the Stanford experience. Int J Rad Oncol
Biol Phys 1990;19:873-880.

13 Horning SJ, Hoppe RT, Kaplan HS et a. Female reproduc-
tive potentia after treatment for Hodgkin's disease. N Engl
JMed 1981;304:1377-1382.

14 Husseinzadeh N, Nahhas WA, Velkley DE et a. The preser-
vation of ovarian function in young women undergoing
pelvic radiation therapy. Gynecol Oncol 1984;18:373-379.

15 Leporrier M, von Theobald P, Roffe J-L et d. A new technique
to protect ovarian function before pelvic irradiation. Hetero-
topic ovarian autotransplantation. Cancer 1987;60:2201-2204.

16 Thomas PRM, Winstanly D, Peckham MJ et a. Repro-
ductive and endocrine function in patients with Hodgkin's
disease: effects of oophoropexy and irradiation. Br J Cancer
1976;33:226-231.

17 Ray GR, Trueblood HW, Enright LP et a. Oophoropexy: a
means of preserving ovarian function following pelvic
megavoltage radiotherapy for Hodgkin's disease. Radiology
1970;96:175-180.

18 Whitehead E, Shalet SM, Blackledge G et a. The effect of
combination chemotherapy on ovarian function in women
treated for Hodgkin's disease. Cancer 1983;52:988-993.

19 King DJ, Ratcliffe MA, Dawson AA et . Fertility in young
men and women after treatment for lymphoma: a study of a
population. J Clin Pathol 1985;38:1247-1251.

20 Mackie EJ, Radford M, Shalet SM. Gonada function fol-
lowing chemotherapy for childhood Hodgkin's disease. Med
Pediatr Oncol 1996;27:74-78.

21 Clark ST, Radford JA, Crowther D et a. Gonadal function
following chemotherapy for Hodgkin's disease: a compara-
tive study of MV PP and a seven-drug hybrid regimen. JClin
Oncol 1995;13:134-139.

22 Chapman RM, Sutcliffe SB, Malpas JS. Cytotoxic-induced
ovarianfailure in women with Hodgkin's disease. I. Hormone
function. JAMA 1979;242:1877-1881.

23 Schilsky RL, Sherins RJ, Hubbard SM et al. Long-term
follow-up of ovarian function in women treated with
MOPP chemotherapy for Hodgkin's disease. Am J Med
1981;71:552-556.

24 Waxman JHX, Terry YA, Wrigley PFM et d. Gonadal function
in Hodgkin' s disease: long-term follow-up of chemotherapy. Br
Med J 1982;285:1612-1613.

25 Santoro A, Bonadonna G, Valagussa P et a. Long-term
results of combined chemotherapy-radiotherapy approach in

0T0Z ‘6 Afenioe4 uo Ag Wo21S160[0oUOBL MMM WO} PaPE0 JUMOQ


http://theoncologist.alphamedpress.org

Green

Hodgkin's disease: superiority of ABVD plus radiotherapy
versus MOPP plus radiotherapy. J Clin Oncol 1987;5:27-37.

26 Andrieu JM, Ochoa-MolinaME. Menstrua cycle, pregnancies
and offspring before and after MOPP therapy for Hodgkin's
disease. Cancer 1983;52:435-438.

27 Green DM, Yakar D, Brecher ML et a. Ovarian function
in adolescent women following successful treatment for
non-Hodgkin's lymphoma. Am J Pediatr Hematol/Oncol
1983;5:27-31.

28 SirisES, Leventhal BG, Vaitukaitis JL. Effects of childhood
leukemia and chemotherapy on puberty and reproductive
functionin girls. N Engl J Med 1976;294:1143-1146.

29 Wadlace WHB, Shaet SM, Crowne EC et d. Gonadal dysfunc-
tion due to cis-platinum. Med Pediatr Oncol 1989;17:409-413.

30 Shamberger RC, SherinsRJ, Ziegler JL et a. Effects of post-
operative adjuvant chemotherapy and radiotherapy on ovar-
ian function in women undergoing treatment for soft tissue
sarcoma. J Nat Cancer Inst 1981;67:1213-1218.

31 Shamberger RC, Rosenberg SA, Seipp CA et d. Effects of
high-dose methotrexate and vincristine on ovarian and testicu-
lar function in patients undergoing postoperative adjuvant treat-
ment of osteosarcoma Cancer Treat Rep 1981;65:739-746.

32 Clayton PE, Shalet SM, Price DA et d. Ovarian function fol-
lowing chemotherapy for childhood brain tumors. Med
Pediatr Oncol 1989;17:92-96.

33 Chapman RM, Sutcliffe SB, Malpas JS. Cytotoxic-induced
ovarian failure in Hodgkin's disease. Il. Effects on sexua
function. JAMA 1979;242:1882-1884.

34 Waxman JHX, Terry YA, Wrigley PFM et d. Gonadal function
in Hodgkin's disease: Long-term follow-up of chemotherapy.
Br Med J 1982;285:1612-1613.

35 Byrne J, Fears TR, Gail MH et d. Early menopause in long-
term survivors of cancer during adolescence. Am J Obstet
Gynecol 1992;166:788-793.

36 Madsen BL, Giudice L, Donaldson SS. Radiation-induced
premature menopause: a misconception. Int J Rad Oncol
Biol Phys 1995;32:1461-1464.

37 Narayan P, Lange PH, Fraley EE. Ejaculation and fertility after
extended retroperitoneal lymph node dissection for testicular
cancer. J Urol 1982;127:685-688.

38 Nijman JM, Jager S, Boer PW et al. The treatment of ejacu-
lation disorders after retroperitoneal lymph node dissection.
Cancer 1982;50:2967-2971.

39 Schlegel PN, Walsh PC. Neuroanatomical approach to radi-
cal cystoprostatectomy with preservation of sexual function.
J Urol 1987;138:1402-1406.

40 Rowley MJ, Leach DR, Warner GA et a. Effect of graded
doses of ionizing radiation on the human testis. Radiat Res
1974,59:665-678.

41 Heller CG, Wootton P, Rowley MJ et al. Action of radiation
upon human spermatogenesis. In: Gual C, ed. Proceedings of
the Sixth Pan-American Congress of Endocrinology.
International Congress Series No. 112. Amsterdam:
Excerpta Medica Foundation, 1966:408-410.

177

42 Shalet SM, Beardwell CG, Jacobs HS et d. Testicular func-
tion following irradiation of the human prepubertal testis.
Clin Endocrinol 1978;9:483-490.

43 Speiser B, Rubin P, Casarett G. Aspermiafollowing lower trun-
ca irradiation in Hodgkin's disease. Cancer 1973;32:692-698.

44 Hahn EW, Feingold SM, Nisce L. Aspermia and recovery of
Spermatogenesisin cancer patientsfollowing incidental gonadal
irradiation during trestment: a progress report. Radiology
1976;119:223-225.

45 Pedrick TJ, Hoppe RT. Recovery of spermatogenesis fol-
lowing pelvic irradiation for Hodgkin's disease. Int J Rad
Oncol Biol Phys 1986;12:117-121.

46 KinsdlaTJ, Trivette G, Rowland J et a. Long-term follow-up
of testicular function following radiation therapy for early-stage
Hodgkin's disease. J Clin Oncol 1989;7:718-724.

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

48 Sklar CA, Robison LL, Neshit ME et a. Effectsof radiation on
testicular function in long-term survivors of childhood acute
lymphoblastic leukemia: a report from the Children’s Cancer
Study Group. J Clin Oncol 1990;8:1981-1987.

49 Ahmed SR, Shalet SM, Campbell RHA et a. Primary gonadal
damage following treatment of brain tumors in childhood. J
Pediatr 1983;103:562-565.

50 FraassBA, KinsdlaTJ, Harrington FS et a. Periphera doseto
thetestes: the design and clinical use of apractical and effective
gonada shidd. Int JRad Oncol Biol Phys 1985;11:609-615.

51 Shafford EA, Kingston JE, Mapas JSet d. Testicular function
following the treatment of Hodgkin's disease in childhood. Br
J Cancer 1993;68:1199-1204.

52 DeVita VT, Arseneau JC, Sherins RJ et d. Intensive chemo-
therapy for Hodgkin's disease: long-term complications. Nat
Cancer Inst Monogr 1973;36:447-454.

53 Asbjornsen G, Molne K, Klepp O et a. Testicular function
after combination chemotherapy for Hodgkin's disease. Scand
J Haematol 1976;16:66-69.

54 Sherins RJ, Olweny CLM, Ziegler JL. Gynecomastia and
gonadal dysfunction in adolescent boys treated with combi-
nation chemotherapy for Hodgkin's disease. N Engl J Med
1978;299:12-16.

55 Chapman RM, Rees LH, Sutcliffe SB et al. Cyclical com-
bination chemotherapy and gonadal function. Lancet
1979;1:285-289.

56 Chapman RM, Sutcliffe SB, Malpas JS. Male gonadal dys-
function in Hodgkin's disease. JAMA 1981;245:1323-1328.

57 Viviani S, Santoro A, Ragni G et d. Gonadal toxicity after com-
bination chemotherapy for Hodgkin's disease. Comparative
results of MOPP vs ABVD. Eur J Cancer Clin Oncol
1985;21:601-605.

58 Charak BS, Gupta R, Mandrekar P et al. Testicular dysfunc-
tion after cyclophosphamide-vincristine-procarbazine-pred-
nisolone chemotherapy for advanced Hodgkin's disease. A
long-term follow-up study. Cancer 1990;65:1903-1906.

0T0Z ‘6 Afenioe4 uo Ag Wo21S160[0oUOBL MMM WO} PaPE0 JUMOQ


http://theoncologist.alphamedpress.org

178

59 Dhabhar BN, MalhotraH, Joseph R et d. Gonadal function in
prepubertal boys following treatment for Hodgkin's disease.
Am J Pediatr Hematol/Oncol 1993;15:306-310.

60 Heikens J, Behrendt H, Adriaansse R et a. Irreversible
gonadal damage in male survivors of pediatric Hodgkin's
disease. Cancer 1996;78:2020-2024.

61 da Cunha MF, Meistrich ML, Fuller LM et d. Recovery of
spermatogenesis after treatment for Hodgkin's disease; limiting
dose of MOPP chemotherapy. J Clin Oncol 1984;2:571-577.

62 Braumswig JH, Heimes U, Heilermann E et a. The effects of
different cumulative doses of chemotherapy on testicular
function. Resultsin 75 patients treated for Hodgkin's disease
during childhood or adolescence. Cancer 1990;65:1298-1302.

63 Green DM, Brecher ML, Lindsay AN et a. Gonadal func-
tion in pediatric patients following treatment for Hodgkin's
disease. Med Pediatr Oncol 1981;9:235-244.

64 Whitehead E, Shalet SM, Morris-Jones PH et a. Gonadal func-
tion after combination chemotherapy for Hodgkin's disease in
childhood. Arch Dis Child 1982;47:287-291.

65 Aubier F, Flamant F, Brauner R et al. Male gonadal function
after chemotherapy for solid tumors in childhood. J Clin
Oncol 1989;7:304-309.

66 Jaffe N, Sullivan MP, Ried H et a. Male reproductive func-
tion in long-term survivors of childhood cancer. Med Pediatr
Oncol 1988;16:241-247.

67 Hansen SW, Berthelsen JG, Von Der Maase H. Long-term
fertility and Leydig cell function in patients treated for germ
cell cancer with cisplatin, vinblastine, and bleomycin versus
surveillance. J Clin Oncol 1990;8:1695-1698.

68 DrasgaRE, Einhorn LE, Williams SD et d. Fertility after chemo-
therapy for testicular cancer. J Clin Oncol 1983;1:179-183.

69 Johnson DH, Hainsworth JD, Linde RB et al. Testicular func-
tion following combination chemotherapy with cis-platin, vin-
blastine, and bleomycin. Med Pediatr Oncol 1984;12:233-238.

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

71 Lendon M, Pamer MK, Morris-Jones PH et al. Testicular
histology after combination chemotherapy in childhood for
acute lymphoblastic leukaemia. Lancet 1978;2:439-441.

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

73 Shamberger RC, Sherins RJ, Rosenberg SA. The effects of
postoperative adjuvant chemotherapy and radiotherapy on
testicular function in men undergoing treatment for soft tissue
sarcoma. Cancer 1981;47:2368-2374.

74 Pryzant RM, Meistrich ML, Wilson G et d. Long-term reduc-
tion in sperm count after chemotherapy with and without radi-
ation therapy for non-Hodgkin's lymphoma J Clin Oncol
1993;11:239-247.

75 Meistrich ML, Wilson G, Brown BW et a. Impact of
cyclophosphamide and long-term reduction in sperm count
in men treated with combination chemotherapy for Ewing
and soft tissue sarcomas. Cancer 1992;70:2703-2712.

Fertility after Childhood Cancer

76 Byrne J, Mulvihill 3, Myers MH et al. Effects of treatment
on fertility in long-term survivors of childhood or adolescent
cancer. N Engl JMed 1987;317:1315-1321.

77 Critchley HOD, Wallace WHB, Shalet SM et al. Abdominal
irradiation in childhood: the potentid for pregnancy. Br J
Obstet Gynecol 1992;99:392-394.

78 Li FP, FineW, Jaffe N et al. Offspring of patients treated for
cancer in childhood. J Natl Cancer Inst 1979;62:1193-1197.

79 Hawkins MM, Smith RA, Curtice LJ. Childhood cancer sur-
vivors and their offspring studied through a postal survey of
genera practitioners: preliminary results. J Royal Coll Gen
Pract 1988;38:102-105.

80 Mulvihill 33, Byrne J, Steinhorn SA et a. Genetic diseasein
offspring of survivors of cancer in the young. Am J Hum
Genet 1986;39:A7a

81 Green DM, Fine WE, Li FP. Offspring of patients treated
for unilateral Wilms' tumor in childhood. Cancer
1982;49:2285-2288.

82 Byrne J, Mulvihill 3J, Connelly RR et a. Reproductive prob-
lems and birth defectsin survivors of Wilms' tumor and their
relatives. Med Pediatr Oncol 1988;16:233-240.

83 Li FP, Gimbrere K, Gelber RD et al. Outcome of pregnancy
in survivors of Wilms' tumor. JAMA 1987;257:216-219.

84 Hawkins MM, Smith RA. Pregnancy outcomesin childhood
cancer survivors. probable effects of abdominal irradiation.
Int J Cancer 1989;43:399-402.

85 HawkinsMM. Isthere evidence of atherapy-related increasein
germ cell mutation among childhood cancer survivors? J Natl
Cancer Inst 1991;83:1643-1650.

86 Green DM, Zevon MA, Lowrie G et a. Pregnancy outcomefol-
lowing treatment with chemotherapy for cancer in childhood
and adolescence. N Engl JMed 1991;325:141-146.

87 Nygaard R, Clausen N, Siimes MA et d. Reproduction fol-
lowing treatment for childhood leukemia: a population-based
prospective cohort study of fertility and offspring. Med Pediatr
Oncol 1991;19:459-466.

88 Janov AJ, Anderson J, Cella DF et al. Pregnancy out-
come in survivors of advanced Hodgkin disease. Cancer
1992;70:688-692.

89 Dodds I, Marrett LD, Tomkins DJ et a. Case-control study
of congenital anomalies in children of cancer patients. Br
Med J 1993;307:164-168.

90 Kenny LB, Nicholson HS, Brasseux C et a. Birth defectsin
offspring of adult survivors of childhood acute lymphoblastic
leukemia. Cancer 1996;78:169-176.

91 Green DM, Fiorello A, Zevon MA ¢t a. Birth defects and
childhood cancer in offspring of survivorsof childhood cancer.
Arch Pediatr Adolesc Med 1997;151:379-383.

92 Mulvihill 33, Myers MH, Connelly RR et a. Cancer in off-
spring of long-term survivors of childhood and adolescent
cancer. Lancet 1987;2:813-817.

93 Hawkins JJ, Draper GJ, Smith RA. Cancer among 1,348
offspring of survivors of childhood cancer. Int J Cancer
1989;43:975-978.

0T0Z ‘6 Afenioe4 uo Ag Wo21S160[0oUOBL MMM WO} PaPE0 JUMOQ


http://theoncologist.alphamedpress.org

Green

94 Sanders JE, Hawley J, Levy W et a. Pregnancies following
high-dose cyclophosphamide with or without high-dose busul -
fan or total-body irradiation and bone marrow transplantation.
Blood 1996;87:3045-3052.

95 Chapman RM, Sutcliffe SB. Protection of ovarian function
by oral contraceptivesin women receiving chemotherapy for
Hodgkin's disease. Blood 1981;58:849-851.

96 Waxman JH, Ahmed R, Smith D et d. Failure to preserve
fertility in patients with Hodgkin's disease. Cancer Chemo
Pharmacol 1987;19:159-162.

97 Johnson DH, Linde R, Hainsworth JD et a. Effect of a
|uteinizing hormone releasing hormone agonist given during
combination chemotherapy on posttherapy fertility in male
patients with lymphoma: preliminary observations. Blood
1985;65:832-836.

98 Marmor D, Elefant E, Dauchez C et a. Semen analysis in
Hodgkin's disease before the onset of treatment. Cancer
1986;57:1986-1987.

99 Reed E, Sanger WG, Armitage JO. Results of semen cryo-
preservation in young men with testicular carcinoma and
lymphoma. J Clin Oncol 1986;4:537-539.

100 Scammell GE, Stedronska J, Edmonds DK et a. Cryo-
preservation of semen in men with testicular tumour or
Hodgkin's disease: results of artificial insemination of their
partners. Lancet 1985;2:31-32.

101 Redman JR, Bgjorunas DR, Goldstein MC et d. Semen cryo-
preservation and artificial insemination for Hodgkin's disease.
JClin Oncol 1987,5:233-238.

102 Hendry WF, Stedronska J, Jones CR et a. Semen andysis in
tedticular cancer and Hodgkin' sdisease: pre- and post-treatment
findings and implications for cryopreservation. Br J Cancer
1983,55:769-773.

103 Hansen PV, Trykker H, Andersen J et a. Germ cell function
and hormonal statusin patients with testicular cancer. Cancer
1989;64:956-961.

104 Sigman M. Assisted reproductive techniques and mae
infertility. Urol Clin NA 1994;21:550-515.

105 Glezerman M, Lunenfeld B, Potashnik G et d. Retrograde gjac-
ulation: pathophysiologic aspects and report of two successfully
treated cases. Fertil Steril 1976;27:796-800.

179

106 Brassesco M, Viscasillas P, Burrel L et a. Sperm recuperation
and cervical insemination in retrograde ejaculation. Fertil
Steril 1988;49:923-925.

107 Vernon M, Wilson E, Muse K et a. Successful pregnancies
from men with retrograde ejacul ation with the use of washed
sperm and gamete intrafallopian tube transfer (GIFT). Fertil
Steril 1988;50:822-824.

108 Urry RL, Middleton RG, McGavin S. A simple and effective
technique for increasing pregnancy rates in couples with
retrograde gjaculation. Fertil Steril 1986;46:1124-1127.

109 Van Der Linden PJ, Nan PM, Te Velde ER et d. Retrograde
gjaculation: successful treatment with artificial insemination.
Obstet Gynecol 1992;79:126-128.

110 Levran D, Dor J, Rudak E et al. Pregnancy potentia of human
oocytes—the effect of cryopreservation. N Engl J Med
1990;323:1153-1156.

111 Borini A, Bafaro G, Violini F et a. Pregnancies in post-
menopausa women over 50 years old in an oocyte donation
program. Fertil Steril 1995;63:258-261.

112 Sauer MV, Paulson RJ, Lobo RA. Pregnancy after age 50: appli-
cation of oocyte donation to women after natural menopause.
Lancet 1993;341:321-323.

113 Sauer MV, Paulson RJ, Lobo RA. A preliminary report on
oocyte donation extending reproductive potential to women
over 50. N Engl JMed 1990;323:1157-1160.

114 Avarbock MR, Bringter CJ, Brinster RL. Recongtitution of
spermatogenesis from frozen spermatogonial stem cells. Nat
Med 1996;2:693-696.

115 Brinster RL, Zimmerman JW. Spermatogenesis following
male germ-cell transplantation. Proc Natl Acad Sci USA
1994;91:11298-11302.

116 Brinster RL, Avarbock MR. Germline transmission of donor
haplotype following spermatogonial transplantation. Proc Natl
Acad Sci USA 1994;91:11303-11307.

117 Carroll J, Gosden RG. Transplantation of frozen-thawed
mouse primordial follicles. Hum Repro 1993;8:1163-1167.

118 Gosden RG, Baird DT, Wade JC et a. Restoration of fertil-
ity to cophorectomized sheep by ovarian autografts stored at
-196°C. Hum Repro 1994;9:597-603.

0T0Z ‘6 Afenioe4 uo Ag Wo21S160[0oUOBL MMM WO} PaPE0 JUMOQ


http://theoncologist.alphamedpress.org

Fertility and Pregnancy Outcome after Treatment for Cancer in Childhood or
Adolescence
Daniel M. Green
Oncologist 1997;2;171-179

Thisinformation iscurrent as of February 9, 2010

Updated Information including high-resolution figures, can be found at:
& Services http://www.TheOncol ogist.com/cgi/content/full/2/3/171

(04 AlphaMed Press

0T0Z ‘6 Afenuge4 uo Ag woo°1S1B0(00UOBY L MMM WO} PRPe0 [UMO(


http://www.TheOncologist.com/cgi/content/full/2/3/171
http://theoncologist.alphamedpress.org

