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In women with premature ovarian insufficiency (POI), hormonal therapy (HT) is indicated to decrease the risk of
morbidity and to treat symptoms related to prolonged hypoestrogenism.
While general recommendations for the management of HT in adults with POI have been published, no
systematic suggestions focused on girls, adolescents and young women with POI following gonadotoxic treatments (chemotherapy, radiotherapy, stem cell transplantation) administered for pediatric cancer are available.
In order to highlight the challenging issues specifically involving this cohort of patients and to provide clinicians
with the proposal of practical therapeutic protocol, we revised the available literature in the light of the shared
experience of a multidisciplinary team of pediatric oncologists, gynecologists and endocrinologists.
We hereby present the proposals of a practical scheme to induce puberty in prepubertal girls and a decisional
algorithm that should guide the clinician in approaching HT in post-pubertal adolescents and young women with
iatrogenic POI.

1. Introduction
Over the last decades, survival rates of childhood, adolescent and
young adulthood (CAYA) cancer have remarkably increased thanks to
substantial improvements in the comprehension of cancer molecular
biology, refinement of diagnostic techniques and novel treatment
strategies [1–3]. Accordingly, a growing proportion of adults, nowadays estimated between 0.1 and 0.5% of the population in Western
Countries, have been previously treated for cancer during childhood
with cytostatic drugs or radiation or a combination of the two [4,5].
As a consequence, the burden of long-term effects of anti-neoplastic

treatments represents a new challenge of the care management of these
patients [1,6–8]. Approximately 75% of pediatric cancer survivors experience at least one iatrogenic effect in the long-term [1].
Hypogonadism is a frequent finding after antineoplastic treatment.
It can either result from a primary gonadal disorder (hypergonadotropic
hypogonadism) or occur as a consequence of deficient gonadotropin
secretion, secondary to an impaired hypothalamic-pituitary function
(hypogonadotropic hypogonadism).
Among female survivors of pediatric cancer overall, the estimated
incidence of primary gonadal impairment resulting in premature
ovarian insufficiency (POI) is about 8–10% [8].

Abbreviations: 17βE, 17β-estradiol; CAYA, childhood, adolescent and young adulthood; CED, cyclophosphamide equivalent dose; COC, combined oral contraceptives; EE, ethinylestradiol; FNH, focal nodular hyperplasia; FSH, follicle-stimulating hormone; GvHD, graft versus host disease; HRT, hormonal replacement
therapy; HSCT, hematopoietic stem cell transplantation; HT, hormonal therapy; MP, micronized progesterone; MPA, medroxyprogesterone acetate; NA, norethisterone acetate; POI, premature ovarian insufficiency; SHBP, sex hormone binding protein; TBI, total body irradiation; VTE, venous thromboembolism
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POI is defined as the combination of oligo/amenorrhea and raised
follicle-stimulating hormone (FSH) levels within the menopausal range,
recorded at least twice four weeks apart, in patients younger than
40 years [9]. It is the clinical expression of a premature and progressive
biological process of ovarian follicles depletion eventually resulting in
overt hypoestrogenism.
Hormonal therapy (HT) is indicated to reduce the risk of osteoporosis, cardiovascular diseases and urogenital atrophy and to improve
the quality of life of women with POI. In addition, HT is indicated in
order to induce the progression of secondary sexual characteristics in
pre/peripubertal patients who experienced early-onset POI with pubertal delay or pubertal arrest as a consequence of the detrimental effect
of antineoplastic agents on ovarian function.
Children, adolescents and young women with POI should be managed by a multidisciplinary team including gynecologists, pediatricians,
endocrinologists, dietitians and psychologists.
As in childhood cancer survivors HT often represents a long-lasting
treatment, improving patient's compliance to therapy represents a pivotal challenge in the management of this specific subcohort of patients. In order to achieve this goal, it's paramount to find the best
balance between clinical safety and patient's inclination about route,
dose and regimen of administration. Several criteria should guide
clinicians in selecting the most adequate formulation among those
available, tailoring the decision to suit patient's demographic, clinical
and psychological profile.
The aim of the present analysis is to provide a practical scheme to
induce puberty in prepubertal girls and a decisional algorithm that
should guide clinicians in approaching HT in post-pubertal female
adolescents and young women with iatrogenic POI.

cancer survivors and assessed the treatment-related risk of developing
POI [10].
Pelvic irradiation and alkylating agents play a pivotal role in the
onset of ovarian insufficiency.
DNA interstrand cross-linking agents (namely busulfan, treosulfan,
chlorambucil, cyclophosphamide, ifosfamide, nitrogen mustard, melphalan, thiotepa), the triazenes (procarbazine, dacarbazine, temozolomide), and nitrosoureas (carmustine, lomustine and platinum agents)
are commonly included in the pharmacological class of alkylating
agents. As most pediatric patients undergo polypharmacological treatment regimens, it is difficult to assess the relative risk related to each
agent. However, the likelihood of developing POI is dose-dependent. In
order to compare the agent-specific gonadotoxicity and to estimate the
chemotherapy cumulative detrimental effect, the cyclophosphamide
equivalent dose (CED) method has been developed [11]. CED can be
calculated according to the equation reported in Appendix 1. CED estimation provides clinicians with concrete tools to adequately counsel
patients about the risk of developing iatrogenic POI. According to
mathematical models, CED lower than 4000 mg/sm are related to an
overall low risk of POI, with a progressive drop in female fertility for
increasing doses and with the probability of siring a pregnancy dropping below 50% in case of CED above 8000 mg/sm [1,12].
Also radiation-induced ovarian damage has been proved to be dosedependent. Since radiotherapy is rarely administered as the only therapeutic strategy, tracking a sterilizing threshold could be cumbersome.
However, according to mathematic modeling on the basis of data on the
rate of oocyte decline, abdominal radiation doses above 20.3 Gy in
infants, 18.4 Gy at the age of 10 years, and 16.5 Gy at the age of
20 years are associated to a remarkably high risk of developing POI
[10].
Noteworthy, patients with brain tumors exposed to cranial or
cranio-spinal radiotherapy, neurosurgery involving the hypothalamicpituitary area or diagnosed with tumors infiltrating sellar or suprasellar regions may experience hypogonadotropic hypogonadism [13].
Interestingly, in childhood cancer survivors with a co-occurrence of
central hypogonadism and ovarian damage, the latter condition could
be disguised due to low gonadotropin levels secondary to the damage
involving the hypothalamic-pituitary area.
Although it is still debated, some studies showed that younger age at
the time of exposure to chemo- and/or radiotherapy is protective
against POI, probably because of the natural decline, with aging, of the
primordial follicles, more resistant to chemo- and radio-induced damage [14,15].

2. Literature search for the present article
The treatment protocol recommended in this manuscript is drawn
from the shared clinical experience of a multicentric and multidisciplinary team including pediatric endocrinologists, gynecologists
and onco-haematologists, in the light of a critical and systematical revision of the literature published to date.
The electronic search included three databases: PubMed, EMBASE
and Google Scholar. The following keywords were used: hormonal replacement therapy, iatrogenic premature ovarian insufficiency/failure,
childhood cancer survivors, bone mineral density, estradiol, puberty
induction, hematopoietic stem cell transplantation, among full text
articles in English, related to humans and published from 2010 onwards. Furthermore, additional references were identified by a manual
search among references cited in the articles retrieved in the first round
of search.

3.2. Hematopoietic stem cell transplantation: an independent risk factor for
POI

3. Risk factors, clinical features and specificities of children,
adolescents and young adults with iatrogenic POI

HSCT represents an independent risk factor for POI and therefore
deserves to be discussed separately. According to multiple published
analyses, the incidence of ovarian failure ranges from 44% to 100%
among transplant recipients during childhood, with clinical and demographical heterogeneity of different study cohorts accounting for
most of this variability [16–18].
HSCT is progressively becoming the standard-of-care for a growing
body of non-oncological conditions, such as hemoglobinopathies, primary immunodeficiencies and inborn errors of metabolism, even
though malignancies still represent the most frequent indication for
HSCT. While in transplanted cancer survivors the detrimental effect of
HSCT on ovarian function plays a synergic role together with chemoand/or radiotherapy administered as front-line and relapse treatment,
in patients with non-malignant disorders the conditioning regimen received before HSCT mainly affects the ovarian reserve per se.
Furthermore, type of conditioning regimen, age and pubertal status at
the time of HSCT also play a pivotal role on gonadal function. In detail,
when the conditioning regimen administered in adult women includes
total body irradiation (TBI), gonadal failure is extremely frequent and

Our target population includes CAYA cancer survivors and patients
treated with hematopoietic stem cell transplantation (HSCT) also for
non-oncological conditions but who have experienced ovarian insufficiency as a consequence of the conditioning regimen administered
before HSCT.
3.1. Childhood cancer survivors: who is at risk of POI?
As previously stated, a remarkable percentage of CAYA cancer
survivors experience the cessation of gonadal function, leading to premature ovarian insufficiency, as a consequence of the detrimental effect
of antineoplastic treatment on gonadal function.
In 2016, the International Late Effects of Childhood Cancer
Guideline Harmonization Group in collaboration with the
PanCareSurFup Consortium has provided systematic recommendations
for the clinical and biochemical follow-up of ovarian function in CAYA
2
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affects almost 100% of the patients for exposures above 10 Gy [19–21].
Although younger age and pre-pubertal status are protective factors and
40 to 60% of prepubertal girls younger than 10 years at the time of
transplantation experience a spontaneous progression of puberty, the
risk of a later-onset POI remains high after TBI.
In patients undergoing chemotherapy-only based conditioning regimens, the gonadotoxicity of the most frequently used agents has been
assessed. POI has been reported with rates as high as 100% after
standard-dose busulfan. [22,23] Conversely, the percentage of girls and
young women with biochemical and clinical markers consistent with
retained ovarian function after HSCT conditioned with cyclophosphamide or melphalan alone is remarkably higher [24,25].
In addition, graft-versus-host disease (GvHD) is a frequent complication experienced by patients after allogenic HSCT. GvHD is a complex, multiorgan disorder mediated by donor T-cells recognizing host
alloantigens. Primary target organs of acute GvHD are skin, liver, and
gastrointestinal tract, but both mating experiments performed in mice
and retrospective analyses in women [26] have demonstrated that severe and chronic GvHD may target the ovary as well. Finally, hypoestrogenism may worsen and emphasize clinical symptoms of vulvovaginal GvHD; though this condition commonly requires a specific
therapeutic approach, HT may contribute to provide a relief from
dyspareunia, pruritus and mucosal dryness.

with appropriately dosed progestogen therapy (administered continuously or sequentially) to prevent endometrial hyperplasia and
cancer. On the other hand, estrogen-only HRT should be prescribed to
hysterectomized women: indeed, there is no therapeutic advantage in
prescribing progestins to this selected cohort of patients, with the
possible exception of women with residual intra-peritoneal endometriosis.

4. Hormone therapy options in women with POI: the state-of-theart

4.1.2. Progestins
Medroxyprogesterone acetate (MPA) is the only progestin for which
available evidences demonstrate the full effectiveness in inducing secretory endometrium together with a full replacement dose of estrogen
when used regularly [33,34]. Although it has been showed that MPA
may negatively impact on the cardiovascular risk given their effects on
lipid profiles, vasomotion [35] and carbohydrate metabolism [36] more
than alternative treatment options, many authors consider MPA as the
first choice in the setting of HRT, given the wide availability of data
about its efficacy. A recent growing body of literature has demonstrated
the favorable profile of natural micronized progesterone (MP) in the
setting of HRT. Firstly, it has been shown to minimize hormonal-related
cardiovascular risks when compared to synthetic progestogens [31] and
has a neutral or beneficial effect on blood pressure [37]. Secondly, MP
shows one of the best safety profiles in terms of thrombotic risk [38],
but this has not yet been studied in the POI population. Though further
supporting evidence regarding the effectiveness of oral micronized
progesterone is needed, the demonstrated safer pharmacological profile
of MP has led the European Society for Human Reproduction and
Embryology (ESHRE) to include MP among the recommended progestogens in HRT in adult women with ovarian insufficiency [9].
Several other progestins are available and could be prescribed as a
component of combined HRT. The use of dydrogesterone, a synthetic
progesterone with enhanced oral bioavailability [39], is listed among
the suggested progestins by the ESHRE consensus guidelines [9] but no
studies held so far have analyzed its endometrial effects in adult women
with POI. The safety profile of norethisterone acetate (NA) in women
with POI has been evaluated by Langrish and colleagues in a study
comparing transdermal 17βE and vaginal MP versus oral EE and NA
[31]. Although the Authors concluded that the latter option resulted in
a worse profile in terms of blood pressure, renal function and activation
of the renin-angiotensin system, discerning the relative contribution of
progestogen and estrogen could be difficult and most of the differences
reported may be attributed to the more physiological effects of 17βE
compared with EE.
When prescribing HRT, clinicians should choose between a sequential and continuous regimen of administration, with the latter
preventing withdrawal bleeding. In both cases, the dose of progestogen
is based on the concurrent dose of estrogen administered. One of the
advantages of the cyclic administration is that it would allow an earlier
recognition of a pregnancy: as women with POI may spontaneously,
though infrequently, ovulate, in the absence of a withdrawal bleeding

4.1.1. Estrogens
Estrogen replacement in adult women can be achieved with the
following preparations: 1–2 mg of oral 17β-estradiol (17βE) daily,
50–100 micrograms of transdermal 17βE daily or 0.625–1.25 mg of
conjugated equine estrogens daily [20,27,28].
The transdermal administration of 17βE seems to be the preferred
route as it mimics the physiological serum estradiol concentrations
providing a better safety profile than oral formulations [29]. In fact, it
avoids the hepatic first pass effect and minimizes the impact of estrogens on the synthesis of hemostatic factors [30]. It also has a more
beneficial profile on circulating lipids, markers of inflammation and
blood pressure [31]. Finally, transdermal 17βE has been demonstrated
to be more effective in achieving a bone mineral density peak and reducing bone resorption markers compared to ethinylestradiol (EE)based COC [32] (see next sessions).

As no studies have been held in the specific setting of chemo- and
radiotherapy-induced POI involving CAYA, the clinical approach to this
selected class of patients is generally extrapolated from analyses involving adult women with POI due to multiple etiologies, and tailored
on the specific needs of the population of younger cancer survivors
hereby discussed.
In this paragraph, we provide a detailed overview about hormonal
treatment options in adult patients with POI, according to published
literature. The practical proposal for the management of iatrogenic POI
in CAYA presented in the next session is the result of a process of revision, guided by clinical experience, of the potential treatment solutions hereby presented, according to the specific clinical features and
needs related with cancer survivorship listed in Table 1.
In adult women with POI, HT can be administered as either hormone replacement therapy (HRT) or combined oral contraceptives
(COC).
4.1. Hormone replacement therapy
The goal of HRT in adult patients with POI is to restore normal
serum estrogen concentrations according to age. In non-hysterectomized women, the choice of estrogen therapy should be combined
Table 1
Clinical specificities of childhood, adolescent and young adulthood cancer
survivors and/or transplanted patients with premature ovarian insufficiency
involving the need for a tailored approach to hormonal treatment.
Abbreviations: HSCT – hematopoietic stem cell transplantation; GvHD – graft
versus host disease.
Increased incidence of metabolic syndrome
Higher risk of low bone mineral density – deficient accrual of bone mineral peak
Incomplete development of uterine volume in case of pelvic irradiation
Higher incidence of liver focal nodular hyperplasia and chronic iatrogenic hepatic
toxicity
Growth impairment secondary to iatrogenic growth hormone deficiency or due to
direct iatrogenic effect of radiation on growth plates
Higher incidence of hypoandrogenism
Chronic skin GvHD, both involving deficient bioavailability of hormones delivered
transdermally and increasing risk of poor tolerance to transdermal patches
Vulvovaginal GvHD
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the patient should be advised to promptly test for pregnancy [40].

17βE-based HRT for at least 12 months were statistically lower than
after COC, as a probable result of a more physiological impact on the
renin-angiotensin-aldosterone axis [31]. In addition, in a study comparing 10 girls with Turner syndrome versus 20 healthy controls, Taboada and colleagues demonstrated that 17βE reduced LDL levels and
increased HDL, while EE has been shown to have a negative impact on
insulin tolerance [53].

4.2. Combined hormonal contraceptives
COC could be recommended in patients seeking for contraception or
rejecting HRT due to its poorer social acceptance.
As the aim of COC is contraception and not mere hormone replacement, estrogen and progestin dosages are higher than in the
aforementioned HRT options [27]. As a consequence, given the trend
towards a correlation between estrogen dosages and thromboembolic
risk, it is generally assumed that HRT exposes patients to a lower risk of
vaso-occlusive events. [31] To date, however, no well powered randomized trials comparing HRT and COC in terms of cardiovascular and
thromboembolic risk, quality of life assessment or bone health have
been held in the specific setting of POI and clinical recommendations
can only be extrapolated from post-menopausal women. Spontaneous
ovulation and conception, even if rare, could occur in patients with POI
with an incidence reported respectively of 20–25% and 5–10% [20,41].
For this reason, COC should be chosen instead of HRT in young women
seeking for safe contraception.
Most COC formulations contain EE; however, more recently, the
scientific community has shown an increasing interest in natural estrogens such as 17βE or its valerate ester, due to a potentially more
physiological and safer pharmacological profile [42].
EE is a potent synthetic estrogen with similar metabolic effects regardless of the route of administration because of its long half-life and
slow metabolism [43]. Twenty micrograms of EE are approximately
equivalent to 2 mg of 17βE valerate, the latter appearing to have a
milder impact on hemostasis, fibrinolysis markers and lipid profile
compared to EE [39,44]. However, whether 17βE-containing COC are
safer than those formulated with EE in terms of thromboembolism still
needs to be systematically demonstrated [45,46].
In a double-blind randomized study, Gaussem and colleagues
showed that 17βE and nomogestrol acetate had fewer adverse effects on
coagulation and fibrinolysis than EE and levonorgestrel-based COC
[47]. However, the clinical impact of these biochemical findings has not
been analyzed so far in terms of incidence of venous thromboembolism
(VTE) and further studies are needed.

4.3.3. Effects on bone mineral density
It has been demonstrated that 90% of peak bone mass is achieved by
the age of 18 years [54]. Therefore, estrogen deficiency in adolescents
suffering from POI has a significant impact on bone mineral density
(BMD), particularly if estrogen deficiency becomes overt in the phase of
intensive bone mineral accrual. [55] In a cohort of 30 randomized
women, when comparing EE 30 μg and levonorgestrel 150 μg (COC) to
17βE 2 mg daily and levonorgestrel 75 μg (HRT), Cartwright and colleagues demonstrated that the latter had a more favorable effect on
lumbar spine BMD [56]. In addition, it has been demonstrated that
treatment with transdermal estradiol and vaginal progesterone had a
more beneficial effect on lumbar spine BMD than standard HRT (oral EE
and oral norethisterone) [32].
5. Hormone therapy in CAYA patients with iatrogenic POI:
proposal for a practical therapeutic management
CAYA cancer survivors and those treated with HSCT for non-oncological conditions may require not only hormone replacement therapy
in adulthood, but also hormonal pubertal induction, depending on the
age at the time of exposure to antineoplastic treatments. We hereby
provide suggestions for the management of HT in both cases.
5.1. Pubertal induction
HT for pubertal induction is indicated whenever girls surviving
childhood cancer and/or treated with HSCT present with pubertal delay
and a biochemical picture consistent with hypergonadotropic hypogonadism. A complete biochemical assessment is mandatory in order to
discriminate physiological pubertal delay from treatment-related
ovarian insufficiency.
In this specific setting, HT aims at triggering initial pubertal signs,
prompting a proper pubertal height spurt, achieving adequate feminization [57,58] and improving bone mass accrual [59], without compromising height attainment. The timing and the modalities need to be
balanced with attention to peer appropriate psychosocial and emotional
maturity.
In addition, adequate uterine development is exploited when exposure to estrogens occurs in the physiological window of early adolescence; this decreases the risk of fetal loss in case of future pregnancies. Studies performed in patients with Turner syndrome demonstrate
that an early institution of HT results in a larger uterine volume [60].
Multiple National and International Endocrinological Societies
agree that HT induction should mimic as far as possible the physiological course of puberty in healthy girls, both in tempo and magnitude.
Indeed, girls with iatrogenic POI should be allowed to keep up with
their peers. As a consequence, though some Authors identify
12–13 years as the ideal age for commencing pubertal induction [61],
guidelines dealing with POI in Turner Syndrome (Turner Syndrome
Working Group [62], UK [63] and Cincinnati [64] guidelines) agree
that initiation of treatment should be undertaken earlier, i.e. between
11 and 12 years, in order to facilitate positive psychosocial and psychosexual adaptation. A serum FSH cut-off of ≥10 U/L at 10 or more
years of age is considered a reasonable indicator of ovarian impairment
requiring pubertal induction in girls with Turner Syndrome. However,
it is accepted that the clinician should decide whether to postpone
pubertal induction, in order to allow the possibility of spontaneous
puberty to occur.

4.3. Hormonal Replacement Therapy with transdermal estrogens versus
Combined Oral Contraceptive
4.3.1. Risk of venous thromboembolism
Both estrogen/progestin formulations and route of administration
differently impact on the risk of VTE. It has been demonstrated that the
risk is increased in patients treated with oral estrogen compared to
transdermal or transvaginal routes [38,48–50]. In detail, in the multicenter Estrogen and Thromboembolism Risk (ESTHER) study performed in postmenopausal women, the odds ratio (OR) for venous
thromboembolism in women using transdermal estrogens was 0.9 (95%
CI, 0.4–2.1) compared to 4.2 (95% CI, 1.5–11.6) in women using oral
estrogen preparations [33,38]. Stegeman and colleagues carried out a
study on the levels of Sex Hormone Binding Protein (SHBP) as a marker
of VTE in patients on HT. Results showed that transdermal 17βE had a
neutral effect on SHBP, while oral 17βE 2 mg and oral EE 20 μg increased its levels independently of the progestin used [51].
COC preparations containing 35 μg or more of EE have been demonstrated to show statistically higher odds ratios for VTE than lower
doses [52]. In addition, second-generation progestins, such as levonorgestrel, show a safer coagulation profile compared to more recent
molecules (gestodene, desogestrel, cyproterone acetate, drospirenone)
[52].
4.3.2. Metabolic profile
In a study by Langrish and colleagues, blood pressure levels recorded in 34 women diagnosed with POI and treated with transdermal
4
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Table 2
Criteria to be taken into account when establishing timing, starting dose and formulation for pubertal induction in pre/peripubertal children and eligibility, formulation and route of administration of hormonal therapy in post-pubertal girls and young women.
Pre- and peripubertal girls

Post-pubertal girls and young adults

Factors affecting the timing for starting pubertal induction
Family history of pubertal delay
Cognitive, psychological and emotional maturity
Concomitant growth hormone deficiency

Factors affecting treatment eligibility
Previous/ active hormone sensitive tumors
Demonstrated mutations involving BRCA1–2 genes
Previous thromboembolic events or family history consistent with
thrombophilic disorders
Factors affecting route of administration
Liver disease and/or focal nodular hyperplasia
HT formulation used at the time of pubertal induction (if HT needed)
Individual preference
Bone mineral density Z/T score

Bone mineral density Z score
Bone age, height, growth velocity and final height expectation
Factors affecting the starting dose of estrogens
Age
Secondary sexual features achieved spontaneously before pubertal arrest or before antineoplastic
treatment
Uterine volume and maturation achieved spontaneously before pubertal arrest or before antineoplastic
treatment assessed via pelvic ultrasound
Factors affecting route of administration
Skin chronic GvHD
Metabolic risk factors
Liver disease and/or focal nodular hyperplasia

Metabolic risk factors
Skin chronic GvHD
Factors affecting formulation (COC vs HRT)
Need for contraception
Individual perception of social acceptance

Abbreviations: GvHD – Graft versus host disease; COC – combined oral contraceptives; HRT – hormone replacement therapy; HT – hormonal treatment; BRCA – breast
related cancer antigen.

Cancer survivors present with an increased risk of low BMD, mostly
as a consequence of cancer-related treatments undertaken in childhood
(high-doses of corticosteroids, total body irradiation, tyrosine-kinase
inhibitors). As the bone mass peak is exploited during adolescence, the
relative effects of each single HT agent used for pubertal induction
should be taken into account. In a randomized controlled trial comparing 17βE and EE, Crofton and colleagues raised some concerns about
the poor efficacy of the latter in improving BMD during and at the end
of pubertal induction, with 17βE being remarkably more effective [32].
Several Authors demonstrated that patients treated with HSCT are
exposed to a higher risk of developing metabolic syndrome [75,76].
Studies assessing the metabolic impact of HT in women have shown the
positive impact of 17βE on the lipid profile, with a demonstrated reduction of LDL and concomitant increase in HDL levels [53]. Conversely, EE has been shown to negatively affect mean blood pressure
and insulin tolerance [51].
Furthermore, in the specific subset of CAYA cancer survivors, a
therapeutic route that avoids the “hepatic first-passage effect” should
be pursued. Liver focal nodular hyperplasia (FNH) is an incidental
finding frequently reported in these patients, with an estimated incidence remarkably higher than the general population. As HT plays a
potential contributory effect on the onset of this condition [77], the use
of transdermal 17βE may be associated with a reduction of its incidence, though no specific trials have been carried out so far. In addition, also patients with chronic iatrogenic hepatic toxicity may benefit from the avoidance of “hepatic first-passage effect” and transdermal
route could be preferred in these cases.
Finally, oral EE is known to decrease serum insulin-like growth
factor-I (IGFeI) levels, probably because of a direct effect on hepatic
synthesis [78]. Though no data about its effects on growth are available, this effect may raise an issue in the management of growth hormone (GH) deficient patients. Childhood cancer survivors experience
GH deficiency as a consequence of the treatments undertaken and IGF-I
is a useful guide in the process of titration and subsequent monitoring
of the dose of recombinant Human GH administered. The use of
transdermal 17βE does not affect IGF-I levels [79] and is therefore more
suitable for the management of patients diagnosed with both GH deficiency and POI.
For all the reasons above, we strongly recommend that transdermal
17βE is listed as the first choice among the drugs used to induce puberty
in the specific setting of cancer survivor girls. Oral 17βE should be
administered only whether a contraindication for transdermal route
exists (poor compliance, chronic skin GvHD that may affect estradiol

The timing of pubertal induction may also affect the final height
achieved by childhood cancer survivors. Patients exposed to cranial,
craniospinal or total body irradiation present with a remarkable loss in
final height due either to the direct detrimental effect of radiation on
growth plates or to iatrogenic growth hormone deficiency, as the irradiation field includes the pituitary gland [65]. As published data support the hypothesis that the final stature attained by otherwise healthy
patients with pubertal delay may fall below the predicted potential
[66,67], postponing pubertal induction may result in an additional
worsening of the stature attained at the end of growth.
Furthermore, as HSCT has become the standard-of-care of a growing
body of genetically heterogeneous non-oncological conditions (hemoglobinopathies, primary immunodeficiencies and inborn errors of
metabolism), the timing of pubertal induction and the route of administration should be also tailored according to patient's clinical and
cognitive baseline status.
There is agreement that pubertal induction should be carried out
over period of 2 to 3 years, but a shorter induction can be taken into
account in girls diagnosed with POI late, after the age of 13 years.
Table 2 lists the criteria to be taken into account when establishing
timing, starting dose and formulation for pubertal induction in pre/
peripubertal patients.
Either oral or transdermal 17βE and oral EE have been described as
potentially fitting choices in terms of pubertal induction in girls. EE has
been historically used for this purpose mostly in the United Kingdom
but not in other Countries, and data about its safety and efficacy are
therefore limited.
In patients with Turner syndrome, several studies demonstrated a
suboptimal uterine development in patients treated with EE for pubertal induction [68,69]. Conversely, transdermal 17βE has shown better
results in terms of uterine parameters [45,46] On the other hand,
conflicting outcomes have been reported about the effectiveness of oral
17βE in achieving a complete development of uterine volume, with
some supporting the hypothesis of a good response and others advising
against its use in this specific setting [70–72].
Given the known detrimental effects of pelvic RT on uterine maturation [73], the choice of the most effective HT for pubertal induction
becomes pivotal in irradiated patients. Though infertility is a frequent
outcome in patients with POI, progresses in assisted reproductive
technologies (i.e. fertility preservation and oocyte donation) should
lead clinicians to focus on this issue, as a remarkably increased number
of miscarriages have been reported in irradiated patients with a suboptimal uterine development [74].
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0.5 mg every other day

0.5 mg daily

5 μg and 10 μg every other day

10 μg daily

0.5 mg and 1 mg every
other day
1 mg daily
1 full patch every week 7/7 days
> 24 months

18–24 months

–
–
5 μg every other day
5 μg daily
0.5 mg every other day
0.5 mg daily
6–12 months
12–18 months

–
5 μg every other day
0.5 mg every other day

1/8 of a patch all week; alternatively, 1/4 of a patch left in situ for
3–4 days per week.
1/4 of a patch every week 7/7 days
1/2 of a patch for 3–4 days, 1/4 of a patch for the remaining
3–4 days every week
1/2 of a patch every week 7/7 days
0–6 months

Oral ethinylestradiol
10 μg tablets
Oral 17βE
1–2 mg tablets
Transdermal 17βE
Patches releasing 25 μg of 17βE daily
Time elapsed after pubertal induction start

Table 3
Suggested dosages to induce puberty with different estrogens formulations and route of administration – abbreviations: 17βE - 17β-estradiol.

17βE transdermal gel
Pump dispensing a metered dose of 0.5 mg of estradiol at
each activation

A. Cattoni, et al.

absorption or local reaction to patches).
In addition, the availability of cuttable matrix patches of 17βE suits
the need of low starting doses in order to mimic the physiological slow
progression of puberty in healthy girls.
Irrespectively of body weight, pubertal induction commonly starts
with progressively increasing fractions of 25 micrograms matrix patches, available in most Countries. Our suggestion, as reported in
Table 3, is to start with 1/8 of patch, to be applied on dry and clean skin
continuously and left in situ. The patch should be changed as indicated
(once or twice a week, according to the specific instructions provided
for each brand). Alternatively, the same dose can be yielded by applying ¼ of patch for only 3 sequential days every week.
Estrogen doses should be increased not earlier than 6-monthly over
a period of 24 months, as suggested by analyses comparing the mean
estradiol levels achieved during induction and circulating estradiol
concentrations in healthy girls [80]. Both periodical clinical assessment
of the secondary sexual features achieved and ultrasonographic evaluation of uterine volume and morphology may guide the clinician in
managing dose escalation.
In patients for whom anti-neoplastic treatment was undertaken after
the onset of pubertal signs and who therefore experienced a pubertal
arrest, estrogens may be started at somewhat higher doses and escalated more rapidly [81]. In these patients, baseline ultrasonographic
assessment can be useful to estimate the estrogen induction dose, with
more estrogenized pictures deserving higher starting dosages.
When transdermal 17βE is contraindicated or not tolerated, dose
equivalences with different formulations are reported in Table 3.
Two to three years after the start of pubertal induction, breakthrough bleeding occurs and progestin has to be added to the estrogens
for endometrial protection and to achieve regular withdrawal bleeding.
A sonographic evaluation could be advised at this point, in order to
demonstrate a proper endometrial thickness before prescribing progestin.
MP, administered orally at a dose of 100–200 mg daily for 12–14
every 28 days, is the first choice due to its physiological and safe profile, as previously widely discussed [9]. MPA 5–10 mg daily or Norethisterone 5 mg daily administered 12–14 every 28 days represent
alternatives whenever MP is contraindicated or poorly tolerated [9].
Progestins can be also administered transdermally, as in some
Countries combined patches of 17βE and progestogens are available for
either continuous or sequential administration.
5.2. Hormone therapy in young post-pubertal patients
HT is indicated in all post-pubertal girls and women with a clinical
and biochemical picture of POI. The present paragraph is focused both
on post-pubertal patients for whom pharmacological induction of
puberty had been previously undertaken due to pubertal arrest and
adolescents and young women who achieved menarche spontaneously
but who experienced premature menopause later on, in the setting of
iatrogenic POI.
In order to customize treatment options and to increase the compliance to therapy, patient's individual needs and preferences, such as
route of administration, request of contraception and desire of withdrawal bleeding must be taken into account. In addition, patient's
specific contraindication to HT and metabolic risk factors should be
carefully considered, especially in cancer survivors and transplanted
patients who are known to be at higher risk of metabolic syndrome and
often present with treatment-related complications [76] (Table 2).
Fig. 1 shows the decisional process that should be undertaken when
tailoring treatment decisions on the basis of patient's specific needs.
Table 4 summarizes the suggested treatment protocol for HT in postpubertal patients with iatrogenic POI.
If no contraception is requested, HRT via 17βE-based transdermal
patches or vaginal gel should be strongly recommended as a first line
approach.
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Fig. 1. Decisional algorithm for undertaking hormonal therapy in post-pubertal adolescents/ young adult women with iatrogenic POI – Abbreviations: 17βE: 17βestradiol. COC: Combined Oral Contraceptives.

Firstly, though no studies have systematically investigated the potential advantages of 17βE in young girls with iatrogenic POI, the
higher cardiovascular risk experienced by cancer survivors [82,83]
should be looked at as a pivotal criticism when customizing HT recommendations for this selected cohort and strengthens the indication

of 17βE-based transdermal/vaginal HRT as the first treatment choice
(see previous paragraphs). In addition, as already widely discussed, the
avoidance of the “first-line hepatic effect” and the demonstrated better
profile of transdermal estrogens on bone mass accrual further support
this approach in a population at increased risk of developing liver FNH

Table 4
Systematical approach to hormonal therapy in post-pubertal adolescents and young women with iatrogenic premature ovarian insufficiency: overall proposal for a
pragmatical treatment protocol. Abbreviations: 17βE - 17βEstradiol; MP – micronized progesterone; MPA - medroxyprogesterone acetate.
Contraception not
required

Withdrawal bleeding
accepted

First choice: 17βE
administered transdermally

Transdermal 17βE + transdermal progestin - sequential combined patches: Patches of
17βE alone administered for 2 weeks, followed by patches of combined 17βE and
progestin for 2 additional weeks; 4-weeks courses restarted without interruptions.
Example: Patches releasing 50 μg of 17βE daily for 2 weeks, followed by patches
releasing 50 μg of 17βE and 10 μg of levonorgestrel daily for 2 additional weeks.
Transdermal 17βE + oral/vaginal progestin: Transdermal 17βE administered
continuously and oral/vaginal progestin administered for 12–14 every 28 days.
Example: Patches releasing 50 μg of 17βE daily administered continuously for 28 days;
add oral progestin (i.e. MP 200 mg daily or MPA 10 mg daily) or vaginal progestin (i.e.
MP 200 mg daily) for 12–14 every 28 days.
Oral 17βE + progestin – Sequential combined tablets: Tablets of 17βE alone
administered for 14 days, followed by tablets containing both 17βE and progestin for
12–14 days; 4-weeks courses restarted without interruptions.
Example: Tablets containing 17βE alone (1–2 mg daily) for 2 weeks, followed by
tablets containing both 17βE (1–2 mg daily) and dydrogesterone (10 mg daily) for 2
additional weeks.
Combined patches containing 17βE and progestin administered continuously without
interruptions.
Example: Patches releasing 50 μg of 17βE and 7 μg of levonorgestrel daily administered
continuously without interruptions.
Combined tablets containing 17βE and progestin administered continuously.
Example: Tablets containing 1–2 mg of 17βE and 5 mg of dydrogesterone (or 2 mg of
dienogest) administered continuously without interruptions.

Second choice: 17βE
administered orally

Avoiding of withdrawal
bleeding required

First choice: 17βE
administered transdermally
Second choice: 17βE
administered orally

Contraception required

First choice: 17βE-based combined oral contraceptives.

- 17βE+ acetate nomegestrol
- 17βE + dienogest
Second choice: ethinylestradiol-based combined oral contraceptives.
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and low BMD.
In post-pubertal adolescent/young adult childhood cancer survivors
with POI, 17βE can be administered either transdermally via patches
releasing 50 to 100 μg 24 hourly (to be changed twice a week or weekly
according to the specific instructions provided for each brand), or via
vaginal gel, with doses ranging from 0.5 to 1 mg daily.
In order to improve compliance to treatment, we recommend the
use of combined 17βE and progestin patches as a first choice (i.e.
17βE + levonorgestrel, available in different Countries). Both sequential combined (17βE administered continuously and progestogen
administered cyclically for 2 every 4 weeks) and continuous combined
(17βE and progestogen administered continuously) patches are available, respectively inducing or avoiding withdrawal bleeding, as per
patient's request.
If combined 17βE and progestin patches are not available, transdermal 17βE can be administered continuously and oral (or vaginal)
progestin can be added cyclically for 12–14 every 28 days. Adult doses
of oral progestin depend on the doses of estrogen administered.
Sequential regimens require 200 mg of oral (or vaginal) MP for 12–14
every 28 days or 10 mg of MPA for 12–14 days per month, or 10 mg of
dydrogesterone for 12–14 days per month. Continuous regimens require a minimum of 1 mg of oral norethisterone, 2.5 mg of oral MPA
and 5 mg of oral dydrogesterone daily.
Among progestins, MP is the first choice; indeed recent studies have
reported that, if taken with cyclical administration, MP is associated
with a lower risk of cardiovascular disease and venous thromboembolism and it determines endometrial protection (see previous paragraphs)
[33]. Second choices are MPA, dydrogesterone or norethisterone.
Systematic analyses have demonstrated that patients with iatrogenic
POI may suffer from diminished libido or impaired sexual function as a
consequence of low circulating testosterone levels [84]. As a consequence, progestins with an anti-androgenic effect could worsen hypoandrogenism and should be therefore avoided in this specific cohort
of patients.
When transdermal administration is contraindicated (i.e. diffuse
cutaneous disorders, such as chronic skin GvHD) or refused by the
patient, the second choice of treatment should be represented by oral
17βE, administered at adult doses of 1–2 mg daily. Combined oral HRT
containing 1–2 mg of 17βE and progestin are available in several
Countries (i.e 17βE + dydrogesterone, 17βE + MPA). Again, both
sequential combined and continuous combined formulations are
available (See Table 4 for additional details).
The dose of 17βE should be adjusted according to each woman's
tolerance and feeling of wellbeing.
HRT in cancer survivors with POI should be continued until the
average age of spontaneous menopause (45–55 years). Afterwards, the
decision to stop or continue HRT must be weighed on individual risks,
family history, personal feelings and relevance of menopausal symptoms. Lower post-menopausal doses of HRT have been associated with
an advantageous risks-benefit ratio [29].
When either the request for contraception or its better social acceptance leads the clinician to prescribe COC instead of HRT, the specific choice should be guided by a risk assessment as set out by the
Faculty of Sexual & Reproductive Healthcare [85]. As already debated,
17βE-based COC could be preferred to pills containing EE, though no
double-blinded studies have systematically compared these two formulations yet.
Finally, it is worthy of remark that women who undergo TBI as
conditioning for bone marrow transplantation or women who survived
Hodgkin lymphoma show an increased incidence of breast cancer
[86,87]. A strict follow-up is fundamental in patients on treatment with
HT, and a reasonable approach includes promotion of breast self-examination and annual imaging from the age of 25 years onwards [86].
In young patients, like those included in the present analysis, high
density breast tissue may affect the diagnostic accuracy of screening
mammography. Breast MRI has been proved to remarkably increase the

early detection of cancer in young patients with negative mammography and should therefore be taken into account when assessing highrisk young women [88].
6. Conclusions
Survivors after cancer and/or HSCT occurring during childhood or
adolescence are nowadays up to 0.5% of the general population, thanks
to the advances in cancer treatment allowing progressively increased
survival.
Young women with iatrogenic POI are at major risk of subsequent
onset of late effects due to chronic estrogen deprivation. The shared
skills of gynecologists, pediatricians, endocrinologists, dietitians and
psychologists are crucial to provide adequate long-term follow-up and
improve the quality of life of these patients. The protocol hereby presented, resulting from the collaboration of a multidisciplinary team,
may help the clinician in tailoring hormonal therapy according to patient's medical and psychological needs, in order to maximize safety,
efficacy and compliance to treatment.
7. Future considerations
Given the outstanding improvements in pediatric oncology during
the last decades, cancer survivorship-related burden of long-term effects represents a new world-wide challenge. In addition, HSCT has
become the standard-of-care of a growing body of non-malignant disorders. As a consequence, tailored patient- and disease-specific protocols dealing with the management of pubertal induction and HT in
patients with POI due to different indications should represent the focus
of future analyses.
In addition, due to the increasing awareness of the detrimental role
played by traditional chemotherapeutic agents on ovarian function, less
gonadotoxic treatment protocols and drugs have been developed. As a
consequence, systematic multidisciplinary teamwork involving endocrinologists, gynecologists and oncologists will become pivotal to
tailor the most suitable diagnostic and therapeutic approach to patients
treated with new-generation antineoplastic agents.
Practice points
- More than in otherwise healthy patients, young cancer survivors and
transplanted patients with ovarian insufficiency should be regarded
as a highly peculiar cohort; thus, hormonal therapy should be
carefully tailored according to patient's individual needs and comorbidities.
- Unless contraception is regarded as a paramount, transdermal
17βEstradiol-based hormonal replacement therapy should represent
the first choice in terms of safety profile in patients with cancerrelated late effects.
- Combined oral contraceptives should be prescribed only in patients
deeming contraception as a priority.
- Favorite route of administration, desire of avoiding periodical
withdrawal bleeding and the hormonal treatment undertaken for
pubertal induction are some of the additional criteria that clinicians
should take into account when choosing among the available formulations.
Research agenda
- A double-blind randomized study comparing combined oral contraceptives versus 17βEstradiol-based transdermal hormonal replacement therapy in a selected cohort of young cancer survivors
with iatrogenic POI could finally either confirm or reject the hypothesis of a safer and most effective profile of the latter drawn from
the elder population.
- The effectiveness and safety profile of micronized progesterone in
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the setting of hormonal replacement therapy in patients with iatrogenic POI still needs to be defined.
- The suggested age for starting pubertal induction is drawn from
studies performed on patients with Turner syndrome, but the most
suitable age in girls with iatrogenic ovarian insufficiency still needs
to be clarified.
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Appendix 1
CED can be calculated according to the following equation:
CED (mg/m2) = 1.0 x (cumulative cyclophosphamide dose [mg/
m2]) + 0.244 x (cumulative ifosfamide dose [mg/m2]) + 0.857 x
(cumulative procarbazine dose [mg/m2]) + 14.286 x (cumulative
chlorambucil dose [mg/m2]) + 15.0 x (cumulative carmustine dose
[mg/m2]) + 16.0 x (cumulative lomustine dose [mg/m2]) + 40 x
(cumulative melphalan dose [mg/m2]) + 50 x (cumulative Thiotepa
dose [mg/m2]) + 100 x (cumulative nitrogen mustard dose [mg/
m2]) + 8.823 x (cumulative busulfan dose [mg/m2].
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