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There has been a dramatic improvement in the survi-
val rate for children and adolescents diagnosed with
cancer, confirmed by data from both the United King-
dom [1] and the United States [2]. This success has
resulted in the maturation of a population of success-
fully treated children and adolescents into adults, esti-
mated to be one in 900 persons between the ages of 15
and 44 years in the year 2000 [3]. These individuals have
concerns regarding several issues, including their ferti-
lity and the health of their offspring.

In their Update, Thomson and her colleagues have
concisely reviewed the potential effects of chemotherapy
and radiation therapy on gonadal function, indicating
that specific exposures may produce sub-fertility or
infertility. Many survivors of childhood and adolescent
cancer are sub-fertile. A large study (The Five-Center
Study) of survivors, most of whom were treated with
surgery only (51.6%, 636/1232) or surgery plus radia-
tion therapy (33.8%, 417/1232) between 1945 and 1975,
revealed an adjusted relative fertility of survivors of 0.85
(95% confidence interval (CI) 0.78-0.92), compared
with that of their siblings. The adjusted relative fertility
of male survivors (0.76, 95% CI 0.68-0.86) was slightly
lower than that of females (0.93, 95% CI 0.83-1.04).
The lowest relative fertility rates were demonstrated in
male survivors who had been treated with alkylating
agents, with or without infradiaphragmatic irradiation
[4].

Ovarian or pelvic irradiation and/or treatment with
alkylating agents may also damage female fertility and
pregnancy outcome [5]. Some of these patients were
excluded from the fertility analysis in the Five-Center
Study because one entry requirement was that there was
no evidence of sterility prior to their first marriage. In
addition, only married women were included in the
analysis of female fertility. Future analyses based on the
Childhood Cancer Survivor Study [6] cohort will
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provide additional insight into the relative impact of
various chemotherapeutic agents and gonadal or uterine
irradiation [7,8] on the fertility of survivors.

Infertility may be the result of damage, such as
azoospermia or amenorrhea that is expressed immedi-
ately. Shortened reproductive lifespan, as the result of
premature menopause, has a more subtle effect on fer-
tility. Women diagnosed with cancer after 12 years of
age are significantly more likely to be menopausal dur-
ing the interval 21-30 years of age than their healthy
sibling controls (relative risk (RR) 2.32, 95% CI 1.63—
3.29). Women treated for Hodgkin’s disease had a sig-
nificantly increased risk of early (premature) menopause
compared with their siblings (RR 3.35, 95% CI 2.06—
5.47), a risk that increased if treatment included both
radiation therapy below the diaphragm and use of an
alkylating agent (RR 9.57, 95% CI 4.93-18.69) [9].

Pregnancy outcome after treatment during childhood
and adolescence for cancer has been studied by several
groups. There was a deficit of males in the offspring of
male survivors in the Childhood Cancer Survivor Study
cohort, and an increased risk of low birthweight off-
spring among those of the female survivors who had
received pelvic irradiation [10]. There is no evidence that
there is an increased risk of cancer [11,12] or genetic
disease [13] among the offspring of childhood cancer
survivors, so long as the survivor has no evidence of a
cancer predisposition syndrome, such as familial reti-
noblastoma or neurofibromatosis type I.

Most of the research on pregnancy outcome following
treatment for childhood cancer has been descriptive
and, in general, reassuring. As a result, there is increas-
ing interest in interventional research, with the goal of
preventing or circumventing the effects of chemotherapy
and/or radiation therapy on gonadal reproductive
function. The availability of accepted techniques for
fertility preservation differs for boys and girls. Thomp-
son and her colleagues provide a thorough review of the
currently available methods for fertility preservation.
Sperm banking is a well-recognised preservation tech-
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nique but its usefulness is limited, first, by the require-
ment that the patient be sexually mature and mentally
competent and, second, that the start of anti-cancer
treatment has to be delayed until a sufficient number of
adequate semen samples have been obtained. Ovarian
transposition or heterotransplantation of ovarian cor-
tical strips may be useful for fertility preservation if the
planned treatment involves pelvic irradiation [14]. There
are insufficient data regarding the efficacy of this tech-
nique for fertility preservation when the patient is also
treated with gonadotoxic chemotherapeutic agents, such
as nitrogen mustard, chlorambucil, cyclophosphamide
and/or procarbazine.

Other interventions require the harvesting of gonadal
tissue or immature germ cells using an operative proce-
dure, and, at present, must be considered experimental
in paediatric cancer patients. These procedures are not
without risk, both with respect to the future fertility of
the patient, should the treatment not prove to be ster-
ilising, and with respect to patient morbidity and mor-
tality, as anaesthetic deaths, although extremely
uncommon, do occur.

The ethical issues that attend the harvesting of germ
cells, the use of in vitro fertilisation techniques, the pos-
sibility of harvesting malignant cells with the germ cells,
the potential for continued transmission of germ line
mutations in cancer predisposition genes and the
potential mutagenicity of germ cell harvest, manipu-
lation and storage are of particular concern [15-17]. At
present, there are inadequate data regarding the risk of
cancer in children who are the product of in vitro ferti-
lisation techniques that utilise germ cells from subjects
without a personal history of childhood cancer. All
these issues argue strongly for the conduct of fertility-
preservation research only in the context of well con-
trolled clinical trials that are carefully reviewed and
monitored by Institutional Review Boards and con-
ducted by investigators who are free of conflict of
interest, particularly potential financial gain. These
trials will require prolonged follow-up to determine the
excess risk, if any, for the occurrence of cancer or other
diseases in the offspring.

Survival rates for children and adolescents with can-
cer will continue to improve, with the use of more
selective and more aggressive therapies. The use of more
aggressive therapies may increase the size of the popu-
lation at risk for gonadal reproductive failure. These
young men and women will want to know if they will be
fertile, if their children will have a greater risk of devel-
oping cancer, and, if sterilisation is likely, what alter-
natives there are for having genetically related offspring.
The continued and systematic evaluation of offspring of

childhood cancer survivors, and the investigation of
alternative methods for conception will provide scienti-
fically valid answers to these important questions.
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