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Survival post-treatment for childhood malignancy is now in excess of 70%.
Hence female reproductive potential following freatment must be
addressed. Issues concerning subsequent uterine and ovarian function,
fertility options and importantly the ethics and safety of treatment

approaches are discussed herein.

hildhood cancer is a rare event with a

cumulative risk of 1 in 650 for a child

developing a malignancy by the age of

15 years (Waring and Wallace, 2000).
Throughout the last four decades advances in the
treatment of childhood malignancy have resulted
in a continued improvement in survival such that
the overall 5-year survival rate is now in excess
of 70%. In the UK there are now 10 000 adult
survivors of childhood cancer with the number
continuing to increase annually (Stiller, 1994). It
has been estimated that the prevalence of adult
survivors of childhood cancer approaches 1 in
1000 (Birch et al, 1988).

The improved survival rates have been
achieved by combination chemotherapy with
the addition of radiotherapy in selected cases.
However, successful treatment regimens may be
gonadotoxic, putting adult survivors at risk of
premature ovarian failure and possible uterine
damage.

Both chemotherapy and radiotherapy to a
field that includes the gonads are known to be
potentially gonadotoxic. Alkylating agents and
procarbazine are the commonest gonadotoxic
drugs while abdominal, pelvic or total body
irradiation may also be gonadotoxic, depending
upon dose and age at the time of treatment.
High dose myeloablation alkylating agent ther-
apy or total body irradiation are used as condi-
tioning treatments in patients undergoing bone
marrow transplantation.

As the number of children surviving increases,
health services will be called upon to provide
treatments to prevent the consequences of oestro-
gen deficiency and meet the fertility needs of this
group of young adult survivors of childhood can-
cer. This review will look at the potential for com-
petent reproductive function in these survivors.

REPRODUCTIVE ESSENTIALS

To achieve a successful pregnancy the female
requires a normally functioning ovary, a patent
fallopian tube and normal uterine function. If
any damage or impairment of function occurs in
these organs then reproductive potential may be
impaired. Impairment may mean an inability to
conceive or alternatively conception and
implantation occur but then complications of
pregnancy arise.

Reproductive function in childhood cancer
survivors may be compromised as a result of the
treatment they receive. Women who have had
radiotherapy to the abdomen or total body irra-
diation, not chemotherapy alone, are more likely
to require assisted reproduction for ovarian fail-
ure and pregnancies are more likely to end in
spontaneous miscarriage. Even when pregnan-
cies are ongoing there is an increased risk of
preterm labour and children of low birthweight
being born (Sanders et al, 1996; Byrne, 1999;
Larsen et al, 2000; Salooja et al, 2001).
Evidence to date where successful pregnancies
have been achieved does not suggest the risk of
congenital anomaly is greater than in the gen-
eral population (Sanders et al, 1996; Blatt,
1999). However, as new assisted conception
techniques emerge and develop this risk must be
continually monitored.

CONSEQUENCES FOR THE UTERUS
The uterus requires the sequential action of
oestrogen and progesterone to establish and
maintain a receptive endometrium that will allow
embryo implantation. The uterus will then
undergo extensive remodeling in pregnancy and
greatly increase its blood supply by term.
Radiotherapy is the principal treatment modal-
ity that can directly affect uterine function. There
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are few data that examine the effect of
chemotherapy on uterine function. Failure to
establish a receptive endometrium is an indirect
effect of ovarian damage as a consequence of
reduced sex steroid production. It has been
hypothesized that the adverse pregnancy out-
comes in radiotherapy-treated survivors may be
the result of one or a combination of the follow-
ing factors — impaired uterine blood supply,
impaired uterine distensibility or impaired
endometrial function (Bath et al, 1999). The
effects of radiotherapy on the uterus have been
examined in observational studies.

UTERINE GROWTH AND FUNCTION
Radiation therapy can affect uterine size, uterine
blood flow and may impair endometrial func-
tion. In the context of uterine size, one of the
most important determinants of uterine size is
the age at irradiation. Uterine volume has been
shown to have a significant correlation with age
at irradiation: the younger the age at irradiation
the smaller the uterine volume (Bath et al, 1999)
(Figure 1). At baseline, uterine volumes in
women who had received radiotherapy were
smaller than controls. The participants in this
study were administered a physiological sex
steroid replacement regimen (transdermal
oestradiol; Critchley et al, 1990). Despite
increasing in volume after this physiological reg-
imen of sex steroid replacement the uterus
remained significantly smaller (median uterine
volume following replacement 16.5 ml and
41.5 ml in comparison group).

This confirmed earlier findings (Critchley et
al, 1992; Holm et al, 1999) in patients with
premature ovarian failure following whole
abdominal radiotherapy where radiotherapy
resulted in a significantly shorter uterine
length compared with patients who had not
received radiotherapy (Figure 2 — data derived
from Bath et al, 1999).

These studies also revealed abnormalities in
uterine blood flow. At baseline in the reports by
Critchley et al (1992) and Bath et al (1999),
Doppler studies of the uterine artery failed to
demonstrate uterine blood flow in patients pre-
viously treated with radiotherapy. Holm et al
(1999) also described impaired vascular supply
to the uterus, in their report illustrated by
absent diastolic flow in eight of nine patients.
However, Bath et al (1999) did show that after
3 months of physiological sex steroid replace-
ment uterine blood flow was evident in three
out of four patients where it had been absent
before commencing physiological sex steroid
replacement therapy. It remains to be deter-

mined if this improvement will be sufficient to
adequately support placentation and pregnancy.

A physiological sex steroid replacement regi-
men was also shown to have an impact on the
endometrium. Initially in the study by Critchley
et al (1992) patients were treated with physiolog-
ical sex steroid replacement for one cycle and
did not see an increase in uterine length or
endometrial thickness. Similarly Holm et al
failed to produce any growth of the uterus in
their radiotherapy patients who were treated with
a standard hormone replacement regimen.
However, Bath et al treated irradiated patients,
chemotherapy-treated controls and healthy con-
trol patients with 3 months of physiological sex
steroid replacement. Endometrial thickness was
recorded by ultrasound at baseline and following
treatment. Physiological sex steroid therapy
induced endometrial growth as noted by
increased endometrial thickness. As the
endometrium of radiotherapy-treated patients
responded following 3 months of sex steroid
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endometrial response was a function of the dura-
tion of therapy. Further studies are required to
establish the optimal dose and duration of
oestrogen and progesterone to produce a maxi-
mal endometrial or uterine response.

The ability of the endometrium to respond to
sex steroid replacement is important for patients
with premature ovarian failure as the success of
assisted reproductive techniques will depend
upon the establishment and maintenance of a
receptive endometrium. It has been shown that
women with premature ovarian failure following
total body irradiation can respond to physiologi-
cal sex steroid replacement producing histologi-
cally normal endometrium that also exhibited
evidence of oestrogen receptor-related function.
(Critchley et al, 2002).

The importance of sequential sex steroid
replacement was shown in the context of child-
hood cancer by Larsen et al (2000) who reported
the pregnancy outcome of three survivors of
childhood cancer who had received total body
irradiation that resulted in premature ovarian
failure. Subsequently they received sequential
sex steroid replacement and underwent assisted
conception with donor oocytes. Of the three
patients two became pregnant, with one preg-
nancy progressing to a term delivery of a healthy
girl and the other ending in miscarriage at
17 weeks gestation. Interestingly the patient with
the healthy child was the only one of the three
who had a normal uterine size. The other two
patients had restricted uterine size as determined
by ultrasound in a previous study 3 years before
the assisted conception.

Radiation therapy may therefore affect uterine
function by restricting uterine size, damaging
uterine blood supply and indirectly reducing
levels of endogenous sex steroids as a result of
ovarian damage, and thereby preventing
endometrial development. Encouragingly the
endometrium, uterine vasculature and
myometrium remain responsive to exogenous
sex steroids, offering possibilities for assisted
reproductive techniques for achieving preg-
nancy in these young survivors. However, cau-
tion should remain regarding pregnancy
outcomes. If a pregnancy were to occur it
should be treated as a high-risk pregnancy
because of possible adverse effects upon the
developing fetus such as miscarriage, intrauter-
ine growth restriction, and preterm labour all
secondary to uterine damage.

CONSEQUENCES FOR THE OVARY
The ovary has its highest complement of
oocytes in utero where at a gestation of

5 months the number of oocytes is approxi-
mately 7 million. By birth this number has
declined to 1 million and by the menopause to
less than 1000. Mathematical models based
upon studies examining the follicle content of
human ovaries at a range of maternal ages have
shown this decline to be bimodal with a con-
stant rate of decline from birth followed by a
rapid phase of decline after the age of
37.5 years. This model suggested that large
scale destruction of follicles, such as in the radi-
ation or chemotherapy treatment of some child-
hood cancers, may hasten entry into the rapid
phase of oocyte decline bringing about a prema-
ture menopause (Faddy et al, 1992).

The risk of damage to ovarian tissue is again
dependent upon the dose, duration and age of
the patient at the time of treatment. Prepubertal
children appear to have the best prognosis. The
younger the patient the higher the dose of
chemotherapy or radiotherapy that is required
to induce premature ovarian failure. This is
supported by data from Byrne et al (1992)
where children treated for cancer before the
age of 12 years who did not suffer immediate
ovarian failure and were menstruating at entry
into the study had no increased risk of prema-
ture ovarian failure in their twenties compared
to controls. However, children diagnosed and
treated after the age of 12 years had a relative
risk of 2.32 of premature ovarian failure in
their twenties that was significantly greater
than controls (Byrne et al, 1992; Byrne, 1999).
When considering the effect of treatment they
found that 13-19-year-old survivors treated
with radiation below the diaphragm in con-
junction with alkylating agents had a relative
risk of almost 10 (Hodgkin’s disease relative
risk (RR) = 9.6 and all other cancers RR=8.56)
for premature ovarian failure (Byrne, 1999).
The relative protection of prepubertal children
may be in part a result of the larger proportion
of primordial follicles.

Gonadotoxic chemotherapies are most com-
monly alkylating agents such as cyclophos-
phamide and they have been shown to have an
age- and dose-dependant effect (Blumenfeld et
al, 1999). The results suggest that younger
patients are relatively less susceptible to ovar-
ian damage. A total dose of 5g is sufficient to
cause premature ovarian failure in a women
older than 40 years while in the 30—40 years
and 20-30 years age groups doses of 9 g and
20 g are required respectively. Other alkylating
agents that have been implicated include busul-
phan, melphalan and ifosfamide (Blumenfeld et
al, 1999). In an effort to prevent chemotherapy-
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induced premature ovarian failure Blumenfeld
et al (1999) undertook an observational study
into the protective effect of 6 months co-treat-
ment with gonadotrophin-releasing hormone
(GnRH) agonists commenced along with
chemotherapy. Their study showed that women
co-treated with GnRH agonists were signifi-
cantly less likely to suffer premature ovarian
failure and they hope that such findings will be
confirmed by larger randomized control trials
(Blumenfeld, 2001).

The effect of radiotherapy on the ovary
depends upon the site being irradiated, the dose
and age of the patient. At risk are any patients
receiving radiation below the diaphragm or
spinal irradiation.

The dose of radiotherapy that is lethal to
50% of the oocytes (LD 50) has been calcu-
lated at less than 4 Gy (Wallace et al, 1989).
Referring to the earlier model, the number of
oocytes in a peri-pubertal female is much
greater than in a peri-menopausal woman.
Therefore the dose of radiation required to
bring the number of oocytes in the peri-
menopausal ovary below the threshold that will
render her menopausal is much less than in the
peri-pubertal ovary. This is reflected in the
doses that in practice induce premature ovarian
failure. A women over the age of 40 years
requires 5—-10Gy (Doll and Smith, 1968) while
a significantly higher dose of 20 Gy is required
in younger females to induce premature ovar-
ian failure (Wallace et al, 1989).

For patients undergoing bone marrow trans-
plant, total body irradiation is used as a condi-
tioning treatment. The effect of total body
irradiation is not known.

The impact that treatment will have upon
reproductive potential is complex and often
multifactorial. Chemotherapy or radiotherapy
can damage the ovarian oocyte population and if
sufficiently toxic will result in premature ovarian
failure. The unique problem of reproductive
potential in the survivors of childhood cancer
poses many challenges for clinicians and scien-
tists who wish to help these young women
achieve a successful pregnancy.

FERTILITY OPTIONS FOR PATIENTS

In this rapidly developing area there are a
number of options for managing potential fer-
tility problems. First, there is the possibility
that there may be natural restoration of an
individual’s fertility. Second, hormonal manip-
ulation may be used to protect reproductive
tissues or to initiate restoration of reproduc-
tive function. Third, there may be the possibil-

ity of future use of harvested and cryopre-
served gametes. Finally, there may be the col-
lection, storage and manipulation of germ
cells and tissues with the ultimate aim of
allowing an individual the opportunity to
extend their own genetic lineage (Wallace and
Walker, 2001).

The age of patients at the time of diagnosis
will mean that the vast majority will not be mar-
ried or in relationships where consideration of
embryo cryopreservation would be appropriate.
Even if in a minority of cases it were to be con-
sidered, the negative impact of delay in treatment
that can be minimized with new ovulation induc-
tion protocols using GnRH antagonists
(Anderson et al, 1999), the anxiety, cost and
inefficiency of the process must be taken into
account. The use of physiological sex steroid
replacement to improve uterine function has
been discussed earlier in this review.

The remaining therapeutic options are other-
wise discussed below and consideration is also
given to the ethical and safety issues that are
raised.

PREVENTIVE STRATEGIES

The ideal therapeutic intervention would be a
treatment for a patient’s cancer that would not
damage gonadal tissue while maintaining its
effectiveness. Measures have been used to pre-
vent ovarian damage. If radiotherapy is planned
that would include the ovaries within the radia-
tion field then an attempt may be made to
remove the ovaries from the treatment field by
laparoscopic ovarian translocation, thereby
reducing the dose to which the ovary is exposed
(Rutherford and Gosden, 1999).

The prepubertal ovary has also been noted to
be relatively chemoresistant and attempts to
mimic this situation in the postpubertal patient
undergoing treatment have been attempted.
Suppressors of the hypothalamic—pituitary axis
have been used such as the combined oral con-
traceptive and GnRH receptor analogues
(Blumenfeld et al, 1999; Pfeifer and Coutifaris,
1999; Blumenfeld, 2001). However, results to
date have been mixed and no clear recommenda-
tions may be made.

GERM CELL AND OVARIAN TISSUE
CRYOPRESERVATION

Alternatives that are being researched include
germ cell and ovarian tissue cryopreservation.
Mature oocytes are more susceptible to damage
at cryopreservation than immature oocytes.
However, while immature oocytes are less sus-
ceptible to cryopreservation they cannot yet be
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matured in vitro. Therefore the low survival and
fertilization rates of oocytes preclude their con-
sideration until advances are made in this field
(Ludwig et al, 1999; Donnez et al, 2000).

The most promising area of current research
is the cryopreservation of ovarian tissue.
Research into this field began in the late 1950s.
The ovarian cortex is rich in primordial folli-
cles and cryopreservation of 1-2 mm strips is
technically possible with follicles surviving the
procedure (Gosden et al, 1999; Rutherford and
Gosden, 1999). The follicles in the cortical
strips contain immature oocytes and as previ-
ously noted there are as yet no techniques for
in-vitro maturation. To circumvent the need for
in-vitro maturation successful attempts have
been made to autograft the strips into animals,
e.g. mice (Parrot, 1960) and sheep (Baird et al,
1999), and more recently in humans (Oktay and
Karlikaya, 2000; Radford et al, 2001).

Oktay et al (2001) laparoscopically replaced
cryopreserved ovarian strips to the pelvic peri-
toneum of a patient suffering from a non-malig-
nant disorder, 6 months after they had been
removed. Following replacement the ovarian
strips responded to gonadotrophin administra-
tion, producing ovarian follicles and endoge-
nous oestrogen and progesterone. However, no
pregnancies have yet been achieved with this
technique.

A successful ovarian tissue orthotopic graft
(grafting to normal anatomical position) in a
patient treated for haematological malignancy
has been reported by Radford et al (2001).
Ovarian strips taken before commencement of
treatment were replaced 19 months later when
premature ovarian failure was confirmed.
Following grafting, menopausal symptoms
resolved and oestradiol levels rose transiently,
with an associated fall in the follicle-stimulat-
ing hormone and luteinizing hormone levels
(Radford et al, 2001). The grafted strips will,
however, contain a finite number of follicles
and graft lifespan may be restricted (Gosden et
al, 1999). This is mainly because of the finite
number of primordial follicles and the freeze
thawing damage that results in loss of follicles.
In the report by Radford et al (2001) the graft
survived 9 months after which time the sex
steroid levels were again consistent with ovar-
ian failure.

As noted many of these techniques will
depend upon a normally functioning uterus
being present and in this group of patients there
is currently still a risk of radiation damage to the
uterus with certain regimens. Therefore, these-
cases may be complicated further as documented

pregnancies in bone marrow transplant survivors
with uterine damage have been subject to ante-
natal complications (Larsen et al, 2000; Salooja
et al, 2001).

Further research in this area will address the
in-vitro maturation of follicles and if grafting
is orthotopic it may be possible to facilitate
spontaneous conception without the need for
oocyte recovery and in-vitro fertilization
(Aubard, 2000).

ETHICAL AND SAFETY ISSUES

Ethical and safety issues will also have to be
considered. Safety issues that must be
addressed include the risk of reintroducing
malignant cells when replacing tissue, particu-
larly in patients with haematological malignan-
cies. Shaw et al (1996) highlighted this in
studies on mice showing that lymphoma was
transmitted by both fresh and frozen ovarian
grafts, killing the recipients. It is hoped, how-
ever, that research may eventually allow
oocytes to be cultured to maturity then fertil-
ized and later transferred to patients free of
contamination (Gosden et al, 1997).

The ethical issues to be considered include the
provision of informed consent in this age group,
storage of cryopreserved material, and who
should be offered access to the technique
(Donnez and Bassil, 1998). Guidelines have
been formulated by the Royal College of
Obstetricians and Gynaecologists (2000) and the
British Fertility Society (Nugent et al, 2000).
The guidelines suggest that ovarian tissue cryop-
reservation should be offered to those young
children and adults at high risk of ovarian failure
as a result of treatment. They highlight the
importance of informed consent when counsel-
ing children and their families for the process of
ovarian tissue retrieval and storage. Those
involved with giving consent must understand
the experimental nature of the technology. With
the introduction of this service clear local proto-
cols covering all above areas should be devel-
oped to facilitate its implementation. In addition
a consensus statement also considered the role of
the Human Fertilisation and Embryology
Authority to be central in the supervision of stor-
age and use of gametes and embryos (Wallace
and Walker, 2001).

To enable the best advice and care to be
given to patients it is crucial that a multidisci-
plinary approach is taken with maintenance of
high standards in dealing with the tissue col-
lected, research, record keeping and the follow-
up data for patients involved (Wallace and
Walker, 2001).
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KEY POINTS

B The impact that treatment will have upon reproductive potential is complex

and often multifactorial.

B Adverse pregnancy outcome in radiotherapy-treated cancer survivors may
be caused by one or a combination of the following factors — impaired

uterine blood supply, impaired uterine distensibility or impaired endometrial

function.

B Uterine volume is directly correlated with age at irradiation.

B It is essential that the uterine volume factor is recognized as there may be
associated problems in pregnancy, including risk of early pregnancy loss,

intrauterine growth restriction and pre-term labour.

M The risk of damage to ovarian tissue is dependent upon fotal dose and age
of patient at time of treatment. Pre-pubertal children may have a window of

opportunity for fertility.

B Options for fertility preservation are limited and in children still remain
experimental. Assisted reproduction technology has thus far focused on

efforts to preserve ovarian tissue for future use.

B The optimal dose and preferred delivery route for sex steroid replacement
has yet to be established and should aim to achieve adequate uterine
growth in adolescence post anti-cancer treatment. Moreover it should also

benefit bone and cardiovascular health.

B The unique problem of reproductive potential in the survivors of childhood
cancer poses challenges for clinicians who wish to help these young women

achieve a successful pregnancy.
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