Drug Safety 2005; 28 (5): 401-416
REVI EW ARTICLE 0114-5916/05/0005-0401/$34.95/0

© 2005 Adis Data Information BV. All rights reserved

Chemotherapy-Induced

Ovarian Failure
Manifestations and Management

Julian R. Molina, Debra L. Barton and Charles L. Loprinzi
Department of Oncology, Mayo Clinic, Rochester, Minnesota, USA

Contents
Y o 3 T L PP 401
L @ ) 1Yo Y] (o ) I3 403
2. SeXUAl DysfUNCHON o 406
2.1 Treatment of Sexuadl DysfunCHion . ... .. 407
2.1.1 Non-Pharmacological Inferventions . . . ... 407
2.1.2 Pharmacological Inferventions . ... o 407
3. Vasomotor INStabIliTy . ..o 408
A INferilly oo 410
4.1 Prevention of Female Germ Line Damage from Chemotherapy ... 410
4.1.1 Gonadotropin-Releasing Hormone Analogue Treatment . .......................... 410
4.1.2 FUtUre ABEINATiIVES . ..o 411
5. CONCIUSION oottt 411
Abstract Thanks to improvements in treatment regimens, more and more patients are

now surviving cancer. However, cancer survivors are faced with the serious
long-term effects of the different modalities of cancer treatments. One of these
adverse effects is chemotherapy-induced irreversible damage to the ovarian
tissues, which leads to premature ovarian failure and its resulting consequences
such as hot flashes, osteoporosis, sexual dysfunction and the risk of infertility.
Chemotherapy-induced ovarian failure (or chemotherapy-induced premature
menopause) affects the quality of life of female cancer survivors. Although there
is no clear definition of chemotherapy-induced ovarian failure, irreversible ame-
norrhoea lasting for several months (>12 months) following chemotherapy and a
follicle stimulating hormone level of =230 MIU/mL in the presence of a negative
pregnancy test seems to be an appropriate characterisation. Different chemothera-
py agents, alkylating cytotoxics in particular, have the potential to cause progres-
sive and irreversible damage to the ovaries. The result of this damage is a state of
premature ovarian failure, with progressive declining of estrogen levels, decreas-
ing bone mass and an increased risk of fractures. Historically, hormonal replace-
ment therapy (HRT) has been used to treat menopausal problems in the general
population, but concerns about the potential of estrogen to increase the risk of
breast cancer in women at high-risk or increase the risk of recurrence in cancer
survivors, have forced physicians to utilise alternative treatments. This review
discusses some of the newer therapies that are now available to provide appropri-
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ate symptom control, avoid complications such as fractures and possibly prevent
infertility by making the ovarian epithelium less susceptible to cytotoxic agents.

Recent advances in cancer treatment have result-
ed in significant long-term survival improvements
for cancer patients.!"*! It is estimated that 62% of
adult cancer patients and 77% of paediatric cancer
patients survive beyond the 5-year mark."! The pop-
ulation of long-term cancer survivors continues to
grow on an annual basis and is expected to continue
to grow in the future. These long-term survivors are
faced with iatrogenic effects from the different can-
cer treatment modalities. In particular, chemother-
apy-induced ovarian failure has a significant effect
on the quality of life of female cancer survivors.
This is a particular concern because of the young age
of many of the patients who survive cancer.[6-'!]

In ovarian failure or menopause the ovary is
depleted of follicles and is thus unable to produce
estradiol and other female hormones. The resulting
decreased levels of estradiol increase the production
of follicle stimulating hormone (FSH) by the pituita-
ry gland. In a healthy menstruating woman, FSH
will stimulate follicular granulosa cells in the ova-
ries to produce estradiol. Since no feedback inhibi-
tion is present after ovarian damage, the end result is
an increase in FSH and luteinising hormone levels,
and decreased circulating levels of estrogen and
progesterone.'?! This endocrine profile, which is
normally seen in women undergoing a natural men-
opause, is also observed with chemotherapy-
-induced ovarian failure. Histologically, a marked
loss of primordial follicles is seen in ovarian biop-
sies after chemotherapy-induced ovarian failure, as
is also seen in normal menopause./'3!

Although there is no clear definition of
chemotherapy-induced ovarian failure, irreversible
amenorrhoea lasting for several months (>12
months) following chemotherapy and a FSH level of
230 MIU/mL in the presence of a negative pregnan-
cy test seems to be an appropriate characterisation.

Different chemotherapeutic agents have been
shown to affect ovarian function to varying degrees,
with alkylating agents being among the most dam-
aging.['%15] The ability of adjuvant chemotherapy
alone to induce amenorrhoea is variable and de-
pends on both the regimen and the age of the patient.
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The average percentage of chemotherapy-related
amenorrhoea after a combination regimen of cy-
clophosphamide, methotrexate and fluorouracil, ad-
ministered for at least 3 months, is 76% (range
49-100%) for women aged 240 years, but only 40%
(range 21-71%) in women aged <40 years.!'!]

The extent of ovarian dysfunction from chemo-
therapy is determined by a patient’s age, prior or
concurrent use of radiation therapy and the total
dose of chemotherapy administered, with older wo-
men at an increased risk of chemotherapy-induced
ovarian failure even when they are subjected to
comparatively low doses of chemotherapy.[!!

The chaotic hormonal state of a natural meno-
pause is even more pronounced after chemotherapy-
induced menopause. The rapid changes in hormone
levels associated with chemotherapy can lead to
more severe symptoms than those associated with
the more gradual decline in estrogen levels during
normal aging.['®!” Women who are closer to the age
of natural menopause often experience more severe
symptoms when treated for breast cancer, which
suggests that the natural, age-related symptoms are
exacerbated by adjuvant therapy or tamoxifen, a
commonly prescribed hormonal medication for
breast cancer.!'”)

Historically, hormonal replacement therapy
(HRT) has frequently been used to treat menopausal
problems in the general population, but concerns
about the potential of estrogen to increase the risk of
breast cancer in women at high-risk or increase the
risk of recurrence in cancer survivors, have forced
physicians to utilise alternative treatments. Al-
though long-term HRT has a beneficial effect on
women’s bones, this beneficial effect is often offset
by an increased risk of venous thromboembolic dis-
ease, breast cancer, stroke, cognitive dysfunction
and coronary artery disease.l'8! Data from a trial by
Li et al.,[' demonstrated that the use of combined
HRT is associated with an increased risk of breast
cancer, particularly invasive lobular tumours. More-
over, the use of combined hormone therapy has been
shown to decrease both the sensitivity and the speci-
ficity of mammography because of the increase in
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radiographic breast density, which makes the diag-
nosis of breast cancer more difficult.?”) In addition,
data from recent studies show that the routine use of
HRT in women does not increase quality of
life.1?!22 Taking these results together, the use of
HRT to treat women with chemotherapy-induced
ovarian failure should be carefully discussed with
the patient on an individual basis; it cannot be wide-
ly recommended.!?!

In this review we will discuss issues related to the
effects associated with hormone deprivation due to
chemotherapy-induced ovarian failure, including
the management of resultant problems.

1. Osteoporosis

Osteoporosis is a state of decreased bone mass
associated with changes in the microarchitecture of
the bone that results in an increased risk of fracture
and may cause substantial morbidity and mortali-
ty.[?423 Osteoporosis is defined by the WHO as a
bone mineral density (BMD) of >2.5 standard devia-
tions below the mean for age- and sex-matched
young adults (designated as a T-score of <2.5).?6!
Osteopenia, a state of less severe thinning of the
bones, is defined as a T-score between —1 and
—2.5.1261

Menopause is clearly associated with osteo-
porosis. In addition to menopause, other risk factors
associated with osteoporosis in the general popula-
tion include older age, Northern European ethnicity,
Caucasian race, low bodyweight, positive family
history of osteoporosis, dietary calcium deficiency,
lack of weight-bearing physical activity, certain
medications, cigarette smoking, heavy alcohol use,
trauma and some chronic diseases, such as thyroid
problems, adrenal disease, liver dysfunction, rheu-
matic disease and malabsorption.?*?”! Women who
have received chemotherapy are at increased risk for
osteoporosis for several reasons: chemotherapy-
induced ovarian failure with resulting premature
menopause, a direct effect of the adjuvant treatment
on BMD, poor intake of calcium and vitamin D and
a direct effect of the cancer itself.[?83%) Certain kinds
of cancer, such as breast cancer, can cause a direct
increase in osteoclastic activity, which may result in
an increased risk of osteoporosis.*?33 Attesting to
this notion is a study of 88 women with recurrent
breast cancer and 352 women with recently diag-
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nosed breast cancer that found a 6-fold (p < 0.0001)
increased risk of vertebral fracture for the group of
women with recurrent breast cancer compared with
the group of newly diagnosed cases or to a group of
normal controls. Women who had bone metastasis
at the time of enrolment or those who developed
them during the follow-up were excluded from the
final analysis, which suggested that this effect was
independent of the presence of bone metastasis.[?329]

The accelerated bone loss seen in women that
experienced menopause after chemotherapy has
been clearly demonstrated in several studies. In a
study of 49 premenopausal women who were treated
with adjuvant chemotherapy for breast cancer, a
median decrease in BMD of 6.3% in the lumbar
spine, 3.9% in the femoral neck and 3.8% in the
greater trochanter was detected.®” For the group
that developed chemotherapy-induced ovarian fail-
ure, median decreases in BMD of 7.7% in the lum-
bar spine and 4.6% in the femoral neck were ob-
served.3% Other investigators have reported similar
findings after chemotherapy for breast cancer.3!-33

During normal menopause, declining serum es-
trogen levels are associated with an increase in
osteoclast-mediated bone reabsorption and subse-
quent bone loss.3¥ Although osteoblast activity also
increases, the amount of bone that is reabsorbed is
greater than that formed at each remodelling site.
The end result is an accelerated bone loss that is
responsible for a 20-30% loss of cancellous bone
and a 5-10% loss of cortical bone. This rapid bone
loss occurs within a few years after menopause and
is thought to represent 50% of lifetime spinal bone
loss in women.34

Besides estrogen, testosterone also plays an im-
portant role in the regulation of BMD. In postme-
nopausal women, the conversion of adrenal andro-
gens to estrogen by the enzyme, aromatase, leads to
continued low levels of circulating estrogen in
postmenopausal women; these hormones are also
important for regulation of calcium homeostasis
through their effects on renal and gastrointestinal
absorption of calcium.*¥ Estrogen deficiency, in
particular, is responsible for a decrease in intestinal
calcium reabsorption and an increase in renal frac-
tional calcium excretion. These changes lead to an
increase in parathyroid hormone, which explains the

Drug Safety 2005; 28 (5)



404

Molina et al.

persistent increase in bone turnover after the accel-
erated initial loss due to estrogen deficiency.3437!

It is estimated that 22% of women with breast
cancer are premenopausal at the time of diagno-
sis.?8! From this group, 63-96% of patients will
develop chemotherapy-induced ovarian failure
within 1 year of receiving cyclophosphamide-con-
taining adjuvant chemotherapy treatment.”! Chem-
otherapy agents commonly used for the treatment of
female cancers, such as methotrexate and dox-
orubicin, have been shown, in animal models, to
affect BMD.[384% Premenopausal women with non-
metastatic breast cancer have higher than average
rates of bone loss and a risk of vertebral fractures
nearly five times that of the general population.*”!
Bone loss is greatest in women who become amen-
orrheic as a result of chemotherapy, which suggests
that estrogen deficiency is an important aetiological
factor.’%3! In a study of 27 breast cancer survivors,
the BMD of women who became amenorrheic after
chemotherapy was 14% lower than that of menstru-
ating women.?8! Two other studies evaluated lum-
bar spine BMD in women at baseline and after
chemotherapy for localised breast cancer. At 2
years, bone loss ranged from 4.4% in one study to
5.9% in the other; bone loss was as high as 9.5% in
women who became amenorrheic during chemo-
therapy.?%31 Another study compared 44 women
with breast cancer treated with adjuvant chemother-
apy to 44 women who did not require adjuvant
chemotherapy. The chemotherapy treated group had
a decreased BMD of 1.29 g/cm?2 compared with a
decrease of 1.12 g/cm? in the untreated group. This
study again suggested that bone loss was greatest in
women who became amenorrheic as a result of
chemotherapy.B?!

Other additional factors also increase the risk of
osteoporosis in women with cancer. Estrogen-
blocking therapies (i.e. tamoxifen) or ovarian abla-
tion therapy in premenopausal women who are treat-
ed for breast cancer, aromatase inhibition, physical
inactivity, use of corticosteroids and inadequate in-
take of calcium and vitamin D can all contribute to
the increased osteoporosis risk seen in cancer survi-
vors.[28.303138-421 The Joss of total body bone can be
>5% in premenopausal women with breast cancer
that is treated with ovarian ablation.!*3 These osteo-
porosis-facilitating effects are not only seen as a
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consequence of chemotherapy. Tamoxifen, a com-
monly prescribed adjuvant hormonal treatment for
breast cancer, has mixed agonist and antagonist
effects on estrogen receptors and has different ef-
fects on BMD that depend on the menopausal status
of the patient at the time of treatment.[*2-43] Repeat
BMDs were determined in a study of 179 pre- and
postmenopausal women who received either adju-
vant tamoxifen or placebo. The premenopausal
group treated with tamoxifen experienced a 1.4%
greater decrease in BMD per year over the 3-year
study than the placebo-treated premenopausal
group.'*?! In contrast, postmenopausal women who
were treated with tamoxifen experienced a compara-
ble increase in BMD compared with postme-
nopausal women treated with placebo.?! Similar
protective effects of tamoxifen in postmenopausal
women have been reported by other investiga-
tors.[*+4%1 It is believed that a partial agonist activity
of tamoxifen confers a net benefit in postme-
nopausal women, with minimal circulating estrogen,
although this partial agonist effect is not as strong as
natural estrogen in premenopausal women.!*®! This
agonist effect in women with high circulating es-
trogen levels (premonopausal) actually blunts the
estrogenic activity on bones that is normally
seen with premenopausal females.*’% In pre-
monopausal women with breast cancer, treatment
with tamoxifen also reduces the markers of bone
turnover.B!

Raloxifene, another selective estrogen receptor
modulator now widely used as adjuvant hormonal
therapy for breast cancer, also reduces the risk of
fractures from osteoporosis in postmenopausal wo-
men.>? The effects of this agent in premenopausal
women are currently unknown. There is, however,
some preliminary data that suggests there is cross-
resistance between tamoxifen and raloxifene on
breast cancer cells and, thus, that raloxifene may not
be an appropriate preventive agent for osteoporosis
in women who have been previously treated with
tamoxifen.3! Raloxifene reduces bone turnover in
postmenopausal women by 25%, with an increase in
BMD of about 2% at the spine and hip. The risk of
vertebral fracture is decreased by 30-50%, with no
effect on the risk for non-vertebral fractures.>¥

Newer agents that are used to treat breast cancer,
such as aromatase inhibitors, are designed to almost
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completely eliminate endogenous estrogen produc-
tion.’33%1 As might be predicted, this therapy has an
effect on bone metabolism.’”*8) An analysis of
BMD and bone turnover was done in a subgroup of
308 postmenopausal women who were treated as
part of the ATAC (Arimidex, Tamoxifen, Alone or
in Combination) trial.®® In this study, the control
arm comprised 46 breast cancer patients who did not
receive hormonal therapy. Bone reabsorption was
measured with urinary N-telopeptide and free deox-
ypyridinoline, and bone formation was assessed by
measuring bone alkaline phosphatase levels. At 1
year, therapy with anastrozole was associated with
bone loss in the spine and hip, most notably at the
spine where the BMD was reduced from baseline by
2.6%, compared with a 0.4% reduction in healthy
controls. Tamoxifen therapy, on the other hand,
increased the BMD and decreased the markers of
bone turnover. The ATAC researchers concluded
that treatment with anastrozole increased bone
remodelling and bone loss and increased subsequent
fracture risk.>!

Estrogen administration, which is known to re-
duce bone turnover and the rate of bone loss, with a
resulting increase in BMD in postmenopausal wo-
men, has classically been considered to be contrain-
dicated in patients with hormone-responsive can-
cers 190611 Moreover, as soon as estrogen therapy is
discontinued, BMD begins to decline at a rate that is
similar to that observed before initiation of estrogen
therapy.[6?]

Other approaches to the prevention and treatment
of chemotherapy-induced osteoporosis include the
use of calcium, vitamin D and bisphosphonates.
Calcium and vitamin D supplementation are associ-
ated with a 20-25% reduction in the risk of fractures
among elderly women.!®3 Calcium is also of critical
importance, not only for the treatment of established
osteoporosis, but also for the prevention of osteo-
porosis in patients at risk. Women at risk for chemo-
therapy-induced ovarian failure with normal BMD
or meeting criteria for osteopenia on dual energy x-
ray absorptiometry (DEXA), should receive prophy-
lactic treatment to prevent osteoporosis. Prophylaxis
includes calcium (1000-1500mg of elemental calci-
um daily) and vitamin D (400-800IU daily), which
have been shown to reduce hip and vertebral frac-
ture by 43% and 32%, respectively.[63-631 Other mea-
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sures, such as smoking cessation and maintaining
weight-bearing physical activity, should also be rec-
ommended to groups at high risk.

Bisphosphonates are pyrophosphate analogues
that are avidly adsorbed to bone surfaces.!°%7! They
reduce bone turnover by specifically inhibiting oste-
oclastic bone reabsorption. The precise mechanism
by which bisphosphonates inhibit osteoclast func-
tion is not fully understood, but may include a direct
toxic effect on mature osteoclasts, an inhibition of
osteoclast production from precursor cells and/or an
impairment of osteoclast chemotaxis to sites of ac-
tive bone.[3-721 Alendronic acid and risedronic acid,
the most extensively studied bisphosphonates, re-
duce vertebral and hip fractures by 50% in women
with osteoporosis and prevent bone loss in perime-
nopausal and postmenopausal women with no oste-
oporosis at baseline.[”>7¢ Clinical trials suggest that
these drugs prevent bone loss as effectively as the
recommended dose of estrogen in standard HRT
regimens.”’! In addition, unlike estrogen, bisphos-
phonates can be discontinued without causing rapid-
ly accelerated bone loss.”®! Newer, more potent
bisphosphonates now in the market include zole-
dronic acid and ibandronic acid. The pre-clinical
safety (toxicology) profile of zoledronic acid is in
general similar to that of other bisphosphonates, but
this compound appears to produce fewer and/or less
severe adverse events at what are considered to be
pharmacologically effective doses.>81 What is
even more promising is the fact that the intrave-
nous second and third generation bisphosphonates
can be given every 3 months, and possibly every
6—12 months, to achieve maximal effects on bone
loss.[31]

Bisphosphonates can also restore bone in patients
with osteolytic lesions that are associated with
breast cancer or multiple myeloma. Studies in pa-
tients receiving zoledronic acid at doses ranging
from 2mg to 4mg every month have shown an 11%
increase in lumbar spine BMD, with the 4 mg/month
dosage being more effective.[®?! Clodronic acid, an
oral bisphosphonate, was evaluated in two
randomised, placebo-controlled trials of early stage
breast cancer patients.?'#3 In one of these studies,
oral clodronic acid, taken for 2 years, was effica-
cious in preventing bone loss after chemotherapy.
By 1 year, the BMD had fallen by 2.2% in the
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placebo group and had risen by 0.2% in the clodron-
ic acid group (mean difference of 2.4%).B! In the
second trial done in premenopausal women receiv-
ing chemotherapy with cyclophosphamide, metho-
trexate and fluorouracil, the clodronic acid and pla-
cebo groups differed in lumbar spine BMD by 3% at
1 year and by 3.7% at 2 years (p < 0.01). More
interesting, an analysis of the subgroup of patients
who developed ovarian failure showed a 5.9% bone
loss in the lumbar spine for the clodronic acid group
versus 9.5% in the placebo group (p < 0.001). In
both groups, the treatment was well tolerated, with
no differences in adverse events between the two
study arms.’% Two of the bisphosphonates de-
scribed previously, alendronic acid and risedronic
acid, are now US FDA approved for both the treat-
ment and prevention of osteoporosis in women in
general. Nonetheless, the use of bisphosphonates
(e.g. alendronic acid, clodronic acid, zoledronic acid
and risedronic acid) for primary prevention of osteo-
porosis in cancer patients is currently undergoing
more thorough evaluation in cancer survivors and
their use is not yet established as standard clinical
practice.[30.31.8485]

Calcitonin, also a FDA-approved treatment for
osteoporosis, appears to be less efficacious than the
bisphosphonates, with respect to improvement of
BMD and actual reduction of fracture rates.!¢]

2. Sexual Dysfunction

Problems with sexual dysfunction are very preva-
lent among women treated with chemotherapy, with
estimates that they occur in up to 60% of breast
cancer survivors.®”l A study of quality of life in
long-term breast cancer survivors by Ganz et al.[38!
found a decrease in sexual activity from 65% activi-
ty at baseline to 55% at follow-up 5 or 10 years later.
Sexual dysfunction is increased in women who have
been treated with adjuvant chemotherapy.!®%0 A
study by Young-McCaughan® compared sexual
dysfunction between women treated for cancer with
chemotherapy and women treated with endocrine-
based therapy. Women treated with chemotherapy
were three times more likely to report decreased
libido, seven times more likely to have trouble
reaching orgasm and six times more likely to de-
scribe vaginal dryness and pain with intercourse. In
a recent study, Ganz et al.’?! investigated the base-
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line psychosocial status of women enrolled in a
randomised trial that tested two psychosocial inter-
ventions for women at the end of primary treatment.
Sexual functioning was worse for women who re-
ceived chemotherapy than for those who did not,
regardless of the type of surgery (p < 0.001). Some
of these effects appear to be the direct result of
chemotherapy, but they may also be due to the
effects of surgery or radiation therapy.37-°%°4 Many
women are hesitant to discuss sexual dysfunction
with their healthcare providers; however, when
questioned, 96% of them report at least one prob-
lem, including problems with desire (libido), lubri-
cation, anorgasmy, dyspareunia and satisfac-
tion.[8793:941 Sexual dysfunction tends to worsen over
the first several years of primary breast cancer adju-
vant chemotherapy treatment, but improves with
longer follow-up.[®>%! In fact, 10-year breast cancer
survivors report similar levels of sexual functioning
regardless of whether they have received prior
chemotherapy.°!

Hormone-based therapy with tamoxifen does not
appear to cause sexual dysfunction, despite tamox-
ifen being associated with symptoms such as vaginal
discharge.!889197981 A study of 1098 breast cancer
survivors 1-5 years after primary breast cancer
treatment found that women who had been treated
with tamoxifen (n = 305) did not report an increase
in sexual dysfunction.”®! Comparing women on
tamoxifen to a group of non-cancer controls, Morti-
mer et al.l””! likewise found no differences in sexual
desire, sexual arousal or the ability to achieve or-
gasm. The lack of effect of tamoxifen on sexual
dysfunction can not be extrapolated to other endo-
crine-based therapies. In particular, treatment of
breast cancer using the gonadotropin-releasing hor-
mone (GnRH) agonist goserelin in combination
with tamoxifen was associated with increased sexu-
al dysfunction when compared with the group of
patients treated with goserelin alone; the reason for
this is not clear. Interestingly, in this same study,
tamoxifen as a single agent did not produce sexual
dysfunction.[®”

Changes in female sexual behaviour among can-
cer survivors may not only be due to chemotherapy
effects on the ovary; they may also be the result of
the type of surgical intervention performed or the
use of radiation therapy. This point may be particu-
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larly important for gynecological and breast cancer
survivors who are especially susceptible to sexual
dysfunction because of the change in body image
that results after surgery.®-19 However, while
breast-conserving surgical procedures have shown
benefits over mastectomy with regard to body im-
age, most studies find no difference between
lumpectomy versus mastectomy in regards to sexual
functioning.[89-93:100-194] For example, in a study by
Ganz et al.’?! of breast conservation versus mastec-
tomy, no difference in sexual dysfunction or quality
of life was seen between the two groups 1 year after
the procedure. Likewise, studies done 4-8 years
after breast cancer surgery found no differences in
sexual function between patients treated with mas-
tectomy or breast conservation surgery.8%1921 The
effect of mastectomy or breast conservation surgery
on feelings of sexuality may depend on patient age;
if age is counted as a significant factor in a patient’s
self image, lumpectomy may have a more beneficial
effect on quality of life for younger women. Howev-
er, the relationship of self-image to sexual function
is not entirely clear.!10?!

2.1 Treatment of Sexual Dysfunction

2.1.1 Non-Pharmacological Interventions

Treatment of sexual dysfunction requires com-
prehensive assessment and intervention. Counsel-
ling to evaluate and enhance the patient’s perception
of body image and self as an attractive sexual being
can play an important role in the treatment of sexual
dysfunction. Counselling should go beyond the stan-
dard techniques and include behavioural techniques
aimed at decreasing anxiety, fear and self-doubts
related to sexual activity.l'®! A controlled trial by
Ganz et al.'%! that used a comprehensive meno-
pausal assessment intervention program (CMA),
evaluated the various outcomes of postmenopausal
women with breast cancer. This study provided pa-
tients with a psychological intervention and with
treatment options for hot flashes, vaginal dryness
and urinary symptoms. Symptoms of sexual dys-
function improved significantly, including frequen-
cy and interest in sex for self and partner.!'%) Green-
dale et al.l'% gstudied 61 postmenopausal breast

cancer survivors who were participants in a
randomised, controlled trial of non-hormonal inter-
ventions for menopause symptoms and who had a
partnered, intimate relationship. The outcomes were
standardised scales of sexual interest, dysfunction
and satisfaction. In this small sample of breast can-
cer survivors, the authors found multiple correlates
of sexuality that were modifiable by psychological
intervention.

2.1.2 Pharmacological Interventions

Vaginal Lubricants

Data from several studies also suggest that vagi-
nal dryness may play a significant, if not central,
role in sexual dysfunction after chemothera-
py.[P093.106-108] Vaeinal lubricants and moisturisers
can be used to treat symptoms of dryness or for
lubrication and may indirectly improve other sexual
problems as well.[P3:103:107-1091 A progpective study in
cancer survivors reported that women using poly-
carbophil had decreased vaginal dryness equal to
that of women using a water-soluble lubricating
placebo; however, the decrease in dyspareunia was
significantly better with polycarbophil than with the
placebo lubricant.[1%8]

Topical Vaginal Estrogen

Topical estrogen preparations appear to alleviate
vaginal dryness more effectively than non-estrogen-
ic vaginal preparations do. At least three formula-
tions exist that are associated with minimal systemic
absorption: Estring®! is an estrogen-impregnated
ring that is inserted into the vagina, where it releases
small amounts of estrogen over a 12-week peri-
od;"% Vagifem® is a vaginal estrogen tablet that is
also inserted into the vagina with an applicator; and
a small dose of Premarin® vaginal cream can be
helpful to some patients.!'!!]

Testosterone Supplementation

Multiple retrospective and prospective randomis-
ed, placebo-controlled studies support the use of
testosterone to improve libido, sexual motivation
and, in general, sexual dysfunction among meno-
pausal women.I'''l However, there are concerns
about the potential toxic and cancer-promoting ef-
fect of testosterone treatment for cancer survivors.

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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In particular, the potential for testosterone to in-
crease estrogen levels, and thereby theoretically in-
crease the risk of breast cancer recurrence, should be
acknowledged prior to its use outside a clinical
trial.!''?! Studies of testosterone supplementation in
breast cancer survivors are currently in develop-
ment_[108,113]

3. Vasomotor Instability

Vasomotor instability usually presents as hot
flashes, but can also be seen as night sweats and
night time awakenings. It begins 1-2 years prior to
menopause and persists for 6 months—5 years or
longer after menopause. Hot flashes are character-
ised by the sudden onset of a sensation of intense
warmth that typically begins in the chest and pro-
gresses to the neck and face. They are often accom-
panied by anxiety, palpitations, profuse sweating
and red blotching of the skin. Hot flash symptoms
can affect a women’s ability to work, her social life,
her sleep pattern and her general perception of
health.['141181 When they occur in cancer patients,
these symptoms can also affect patient quality of
life, as well as compliance with therapy and satisfac-
tion with treatment decisions. The cause of vasomo-
tor symptoms in breast cancer patients could be the
result of abrupt estrogen loss due to surgery or
chemotherapy, from tamoxifen or other hormonal
therapies and from discontinuation of HRT or natu-
ral menopause. Hot flashes affect about three-
fourths of all postmenopausal women and are the
most commonly described health problem among
this age group.['']

The physiology of hot flashes is still unclear. It
has been postulated that changes in circulating es-
trogen levels can induce abnormalities of the central
thermoregulatory centres, which results in hot flash-
es.[?9 Perspiration and vasodilatation, classic
mechanisms of heat loss controlled by the hypothal-
amus, are activated during a hot flash.['>"! In normal
homeostasis, the thermoregulatory centre maintains
the core body temperature in a tightly regulated
range called the ‘thermoregulatory zone’. Complex
neuroendocrine pathways that may involve nora-
drenaline (norepinephrine), serotonin, estrogen, tes-
tosterone and endorphins appear to govern the regu-
lation of this thermoregulatory nucleus and are pos-
sible sites where dysfunction may occur.l20-1221
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Recent studies show that in up to 60% of hot flash
episodes a trigger that precipitates small changes in
core body temperatures occurs prior to hot flashes.
These studies suggest that subtle increases in tem-
perature prior to a hot flash, coupled with a narrow
homeostatic temperature zone, may release the heat
loss mechanisms that lead to hot flash symptoms.
Investigators have identified predictors of subse-
quent hot flash problems. Some of these triggers
include drinking hot coffee, cold drinks or just mi-
nor changes in the room temperature.'?3! Hot flashes
in women undergoing natural menopause are associ-
ated with a maternal history of hot flashes as well as
with cigarette smoking;'?>¥) whereas a prior history
of moderate to severe hot flashes with menopause
and a history of prior estrogen therapy use are pre-
dictive for subsequent tamoxifen-associated hot
flash problems in breast cancer survivors.[!2?]

Hot flashes are the most common reason women
seek estrogen replacement therapy and, although
estrogen effectively relieves symptoms for 80-90%
of women who initiate treatment,'24!2¢] women
with a history of breast, ovarian or uterine cancer,
venous thromboembolism or a family history of
breast cancer comprise large populations for whom
estrogen therapy may be contraindicated.!'?7138]
Increasing evidence also suggests that women
with a recent myocardial infarction or estab-
lished coronary artery disease may be poor candi-
dates for estrogen therapy.!'*1%0) Finally, results
from the Women’s Health Initiative (WHI) trial, in
combination with other reports, suggested that long-
term combined estrogen and progesterone therapy
may not be as beneficial for women as was once
believed.[?%136-138.140-143] For this reason, many wo-
men have assumed that hot flashes are an inevitable
symptom of being a breast cancer survivor.

Tamoxifen is associated with hot flashes in >50%
of users.['**1471 Tamoxifen-associated hot flashes
increase in postmenopausal women over the first
several months of treatment and then gradually re-
solve.[143]

It is difficult to evaluate the efficacy of pharma-
cological therapy for hot flashes with anecdotal re-
ports alone because of placebo effects. Multiple
placebo-controlled trials demonstrate a 20-35% re-
duction in hot flashes with 4 weeks of placebo
treatment.[148-153] These studies suggest that one in
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five women will have at least a 50% reduction in hot
flashes with a placebo alone and one in ten such
women will have at least a 75% reduction. For
individuals with mild symptoms that do not interfere
with sleep or daily function, treatment with vitamin
E (800IU once daily) represents a reasonable initial
approach. A randomised, crossover, placebo-con-
trolled trial in 120 women found that, in addition to
the placebo effect, vitamin E therapy decreased the
average hot flash frequency by one episode per
day.!">% The low cost and minimal adverse effects of
vitamin E make a trial of this agent reasonable
despite its modest benefits. The effect of vitamin E
may not be apparent for several weeks; therefore
requiring an adequate trial to assess its efficacy.

Several clinical trials have investigated soy pro-
tein, a prominent source of phytoestrogen, for the
treatment of hot flashes. The results are mixed, but
suggest that soy protein (90—400 mg/day) and isolat-
ed isoflavones do not reduce hot flashes, 1311541601
Furthermore, the long-term safety of pharmacologi-
cal doses of soy in patients with a history of breast or
uterine cancer is not established. To explore the
systemic hormonal effects of soy, several trials eval-
uated endometrial thickness, vaginal cytology and
uterine artery pulsatile index.['56:157:1601 No differ-
ences between soy- and placebo-treated patients are
reported. Although reassuring, these surrogate
endpoints and the short follow-up period cannot
establish the safety of pharmacological soy use in
women with a history of breast cancer.

The newer antidepressant agents represent prom-
ising non-hormonal options for the treatment of hot
flashes. Venlafaxine, a serotonin re-uptake inhibitor
(at lower doses) and a profound inhibitor of
noradrenaline re-uptake (at higher doses) is an effec-
tive agent for controlling hot flashes. In a double-
blind, placebo-controlled trial of 191 women
randomised to placebo or to one of three venlafaxine
doses (37.5mg, 75mg or 150mg daily), the placebo
group had a 27% reduction in hot flashes after 4
weeks of treatment versus 40%, 61% and 61% re-
ductions, respectively, in the three venlafaxine
groups.['”¥ The adverse effects observed with
venlafaxine included dry mouth, decreased appetite,
nausea and constipation (the latter only at dosages of
150 mg/day).l33
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Selective serotonin re-uptake inhibitors (SSRIs)
are also effective for the treatment of hot flashes. An
open-label, pilot study of paroxetine suggested a
degree of efficacy similar to that seen with venlafax-
ine 11521531611 Subsequent randomised, double-blind,
placebo-controlled trials confirmed that paroxetine
decreased hot flashes significantly more than did
placebo (to a similar degree to what had been previ-
ously reported with venlafaxine) and that it was
relatively well tolerated.['%%1631 A randomised,
double-blind, crossover, placebo-controlled clinical
trial demonstrated that fluoxetine reduces the inci-
dence of hot flashes, although the reduction does not
appear to be as great as that observed with either
venlafaxine or paroxetine.!'3?! No significant toxici-
ty was observed in this trial.

Gabapentin, a gamma-aminobutyric  acid
(GABA) analogue that has most commonly been
used to treat a variety of neurological disorders, was
recently reported by anecdotal experience to be a
promising new therapy for the relief of hot flash-
es 11641651 A double-blind, placebo-controlled trial of
gabapentin for hot flashes recently confirmed these
findings and demonstrated that this drug reduces hot
flashes significantly more than placebo does.!'%!
The adverse effects include lightheadedness and
sleepiness early on, which generally resolve with
continued treatment. Some women also develop a
rash and oedema, the latter of which appears to be
related to decreased serum albumin levels.!'%3]

Veralipride, a benzamide derivative with anti-
dopaminergic effects, is also effective against meno-
pausal symptoms; however, veralipride in not cur-
rently available in the US and can cause dystonic
reactions.['%6-1681 Clonidine, methyldopa and bella-
donna alkaloids do not appear to be as effective as
gabapentin or the newer antidepressants for hot
flashes control and can be associated with signifi-
cant adverse effects.!'4®!

Despite anecdotal reports, the benefits of herbal
therapies in clinical trials have been disappointing to
date. Herbal treatments, such as black cohosh
(Cimicifuga racemosa) and a standardised blend of
twelve Chinese herbs,!'%%!7% have been prospective-
ly evaluated and have shown only minimal activity.
Another placebo-controlled trial of black cohosh is
currently ongoing to more definitively determine
whether this agent might be helpful. Some recent
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reports have called to attention the possible toxic
effects of black cohosh in the liver. A report from
Australia recently described six patients with acute
hepatitis, associated with the long-term intake of
various herbal medicines, including two patients
who were taking black cohosh.'7!l However, a
cause and effect relationship between black cohosh
and hepatotoxicity is still unproven.

Progestational agents such as megestrol and
medroxyprogesterone represent a reasonable alter-
native for the treatment of hot flashes in patients not
responsive to non-hormonal medication. A double-
blind, crossover placebo-controlled trial among
breast and prostate cancer survivors found a
75-80% reduction in hot flashes with megestrol
compared with a 20-25% reduction in the placebo
group.l'*! Lower doses (20mg) appear to be as
effective as the 40mg dose, with an improved ad-
verse effect profile.['’?l Although minimal adverse
effects were described during the treatment period,
31% of the women experienced withdrawal bleed-
ing 1-4 weeks after the discontinuation of meges-
trol.l721 A 3-year follow-up analysis suggested that
the benefits of megesterol might be long lasting.!'”3
An alternative progestational agent approach is to
use intermittent intramuscular medroxyprogester-
one.['741751 However, it should be noted that there
are no long-term prospective data to establish the
safety of these progestational agents for women with
some forms of cancer such as hormone-sensitive
breast cancer.

4. Infertility

Treatment with chemotherapy can severely de-
plete the ovary of follicular stores, even in young
patients,!'7%1771 which results in menstrual irregulari-
ties, ovarian failure and associated infertility.!*3!
The risk of infertility seems to be higher for males.
A study done at Stanford University involving chil-
dren survivors of Hodgkin’s disease, showed azoos-
permia in 83% of the males and ovarian failure in
only 13% of the females.!'”8! Infertility is also one of
the main long-term adverse effects seen in survivors
of haematology malignancies and breast can-
cer.[68176.1771 Histological studies have shown that
the end result of some types of chemotherapy on
human ovarian tissue is ovarian atrophy with a
marked loss of primordial follicles.'3) Contrary to
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other tissues, such as the gastrointestinal tract and
bone marrow where the effects of chemotherapy are
reversible, in the ovaries there is a direct correlation
between dose intensity and irreversibility of dam-
age.[6177]

Although for women with chemotherapy-
induced infertility the suggested treatments are not
always effective, several alternatives have been at-
tempted to try to maintain fertility in younger fe-
males undergoing chemotherapy.

4.1 Prevention of Female Germ Line
Damage from Chemotherapy

4.1.1 Gonadotropin-Releasing Hormone
Analogue Treatment

Results of experiments in rats and primates have
shown that GnRH analogues may protect the ovaries
from the toxic effects of chemotherapy.!'”! In initial
murine studies done by Glode et al.,['39 treatment
with a GnRH agonist resulted in gonadal protection
from cyclophosphamide. It is possible that the de-
creased gonadal function induced by the secretion of
pituitary gonadotropin prevents the follicles from
reaching the chemotherapy-sensitive stage. This ef-
fect would be due to inhibition of the process of
recruitment from the pool of small follicles into the
pool of larger follicles that undergo further develop-
ment and atresia.l'®!! For example, experiments in
rhesus monkeys done by Ataya et al.'3” showed
how a GnRH agonist protected against the cytotoxic
effect of chemotherapy on the ovaries by inducing
follicular depletion. Several studies have demon-
strated a protective effect of GnRH agonist therapy
on chemotherapy-induced ovarian follicular deple-
tion in rats. However, a rat’s estrous cycle duration
is 4 days versus a 28-day menstrual cycle in women.
Moreover, rats have estrous cycles without endome-
trial shedding, whereas women menstruate by shed-
ding the endometrial lining. Finally, rat ovaries have
been shown to contain GnRH receptors, whereas
their existence in human ovaries is equivocal.l'3?!
Nevertheless, the protective effect of monthly
GnRH analogue injections versus placebo initiated
before chemotherapy was documented in rhesus
monkeys that, similar to humans, also appear to lack
ovarian GnRH receptors.!'#2] Nonetheless, the pro-
tective effect of GnRH analogues may prove to be
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insufficient against the usually prolonged, high-dose
chemotherapy regimens given to cancer patients in
contrast to the 1-month course used in most animal
models. However, in a study by Blumenfeld et
al.l'83 a group of 18 premenopausal patients receiv-
ing chemotherapy for lymphoma were treated with a
GnRH analogue prior to and during chemotherapy.
This group was compared with a similar group of 16
lymphoma patients who were also treated with
chemotherapy, but without the GnRH analogue. In
the group treated with the GnRH analogue, 93.7% of
the patients regained ovarian function compared
with 39% in the group without GnRH analogue. In
another study, the protective effect of a GnRH ana-
logue on ovarian function was studied as a regimen
added to the chemotherapy for breast cancer. After a
follow-up of close to 5 years, 86% of the group on
GnRHs was having normal menses.!'33! Therefore,
more studies aimed at determining the role of GnRH
analogues for protection against chemotherapy-in-
duced ovarian failure are urgently needed. Current-
ly, female cancer patients have few options for
fertility preservation. Although frozen embryo stor-
age has been a standard procedure in in vitro fer-
tilisation (IVF) centres since 1983; it is far from
satisfactory for the preservation of reproductive po-
tential in cancer survivors.

4.1.2 Future Alternatives

Improvement in oocyte cryopreservation may of-
fer additional possibilities in the future. Among
these cryopreservation alternatives are the cry-
opreservation of metaphase II oocytes, cryopreser-
vation of fertilised ova or embryos and the trans-
plantation of ovarian tissue.

The cryopreservation of metaphase II oocytes has
been attempted with good results in mice, but the
research in humans is still far from reality because of
concerns about mutagenesis.l® The cryopreserva-
tion of fertilised ova or embryos by means of IVF of
retrieved oocytes could enable embryo freezing in
some patients. However, this approach is seldom
used because of many factors, including the lack of a
current male partner, the need to postpone cancer
therapy for a few weeks and the possibility that
estrogen rise may be undesirable in cancer pa-
tients.[®!3 Finally, cryopreservation of ovarian cor-
tex, which hosts thousands of immature follicles,
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has been proven to work in animals.!'3>-187I Concerns
about the potential risk of transplanting tumours
cells from the graft have limited research in humans.
A more practical use of this approach would be to
graft ovarian tissue that is capable of producing
enough estrogen to prevent osteoporosis and vaso-
motor symptoms. Moreover, the prolonged culture
of primordial and primary follicles in vitro is still
unfeasible; transplantation of ovarian cortex theoret-
ically might be used to obtain follicular maturation.
However, more research is required to improve vas-
cular supply to the graft and maintain prolonged
activity of the transplanted ovarian tissue.

5. Conclusion

Significant improvements in survival from can-
cer have uncovered long-term adverse effects
of chemotherapy. Among them, chemotherapy-
induced ovarian failure is a common one that affects
quality of life in female cancer survivors. The toxic
effect of chemotherapy in the ovaries leads to osteo-
porosis, vasomotor symptoms such as hot flashes,
sexual dysfunction and infertility. Although some
advances have been made, more research is needed.
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