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ABSTRACT

Endocrine disorders after pediatric hematopoietic stem cell transplantation are the conse-
quence of the interaction between the underlying disease, host characteristics, and treat-
ment, including exposure to pre- and peri-transplantation agents (chemotherapy and radio-
therapy). Moreover, post-transplantation factors comprising graft versus host disease and
its treatment, especially glucocorticoids, also contribute to hormone deficiencies or endo-
crine diseases. Endocrinological changes may be divided into six major groups: 1) Growth
disorders; 2) Thyroid diseases; 3) Gonadal dysfunction; 4) Adrenal failure; 5) Bone mineral
density deficit; 6) Metabolic syndrome. The goal of this paper is to define screening recom-
mendations for diverse endocrine diseases and management approaches, addressing the
following important issues: define populations at risk for a particular endocrine disturbance,
recommendations during follow-up, and management strategies for treatment focusing on
controversial remarks.

KEYWORDS: bone marrow transplantation; graft vs host disease; glucocorticoids; growth
disorders; adrenal insufficiency; thyroid gland/radiation effects; gonads/drug effects; adi-
posity; atherosclerosis; bone and bones/metabolism.

INTRODUCTION dysfunction; 4) Adrenal failure; 5) Bone mineral den-

Endocrinological changes post-hematopoietic stem
cell transplantation (HSCT) may be interpreted as
a result of the synergistic interaction between the
underlying disease, host characteristics, exposure
to pre- and peri-HSCT factors (chemotherapeutic
agents, conditioning regimen and radiotherapy, RT),
and post-HSCT factors, including graft versus host
disease (GVHD). Endocrinopathies are among the
most frequent late effects associated with pediat-
ric HSCT, affecting nearly 60% of subjects receiving
HSCT before 10 years of age, and with the onset be-
tween 0.8 to 9.5 years after HSCT."?

Endocrine abnormalities changes in patients af-
ter HSCT may be divided into six major groups: 1)
Growth disorders; 2) Thyroid diseases; 3) Gonadal

sity deficit; 6) Metabolic syndrome. The goal of this
paper is to define populations at risk for a particular
endocrine disturbance, propose recommendations
during follow-up, and management strategies for
treatment focusing on controversial remarks.®*!

METHODS

These recommendations were carried out by a group
of experts in the field of late effects and endocrino-
logical complications after HSCT, and are not based
on evidence derived from randomized controlled tri-
als (scarce or nonexistent), but are supported by ret-
rospective studies and international guidelines that
have identified late endocrine complications, and
their associated risk-factors. When those studies are
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not available, strategies are based on knowledge de-
rived from non-transplant patients. The recommen-
dations should not be interpreted as mandatory for
all recipients; good medical practice and judgment
dictate that certain recommendations may not be
applicable in individual patients.>*?!

GROWTH DISORDERS

Growth is usually one of the most disturbed events
among children treated for cancer, and it may be
also adversely affected by HSCT, especially depend-
ing on the disease pre-HSCT and other factors, par-
ticularly cranial RT in doses > 18 Gy at younger ages,
and less frequently due to chemotherapy. Total body
irradiation (TBI) at a single fraction dose of 10 Gy ora
fractionated dose of 12 Gy may lead to growth hor-
mone (GH) deficiency. Those patients exposed to a

dose of cranial RT > 30 Gy are at a higher risk for GH
deficiency. Growth may be additionally affected by
severe illness, malnutrition, GVHD, prolonged glu-
cocorticoids, other hormonal deficiencies, including
hypothyroidism, and hypogonadism.>®”

HSCT recipients treated with recombinant human
GH (rhGH) may still grow poorly after TBI due to end
organ resistance. Early pubertal onset (more com-
mon after cranial RT) may accelerate growth and ini-
tially mask GH insufficiency.” Concerns have been
raised among original cancer recurrence and second
neoplasms in pediatric patients treated with rhGH.
Studies have not supported recurrence while data
among second neoplasms showed an initial 3-fold
increase, however with decline over time, with no
risk associated with subsequent brain tumors.>”°

GROWTH DISORDERS RECOMMENDATIONS

« HSCT recipients who had not attained final height should be evaluated every
6 months regarding height, weight, body mass index (BMI), growth velocity and

pubertal stage (Tanner).

« Patients subjected to cranial RT = 30 Gy should have pituitary hormones routinely

assessed, including GH axis.

« Survivors growing poorly should have thyroid function evaluated.

« Consider risks versus benefits of rhGH replacement therapy.

THYROID DISEASES

Thyroid dysfunctions are recognized as one of the
major endocrine complications after HSCT and in-
clude subclinical hypothyroidism, overt hypothy-
roidism, hyperthyroidism (rare), autoimmune thy-
roiditis, and thyroid nodules (thyroid cancer).®>'"
Thyroid gland is particularly sensitive to the effects
of RT especially at a very young age, in females, cu-
mulative doses of RT = 20 Gy, with prolonged in-
terval since exposure, and GHVD. Notably, thyroid
cancer risk decreases at RT doses > 30 Gy, in which
there is both ablation and fibrosis of thyroid tissue.
Single-dose ablative TBI is the major risk factor as-
sociated with a 50% of incidence of overt hypothy-
roidism, whereas fractionated TBI is associated with
an incidence of 15% at a median 4 years after HSCT.
Nonetheless, isolated chemotherapy (busulfan and
cyclophosphamide) may lead to hypothyroidism,

frequently transient, in 11% of patients. Treatments
given prior to HSCT are also important factors, such
as neck and/or cranial RT.2,12 The transfer of auto-
immunity from graft donors may cause autoimmune
thyroid disease, comprising hypothyroidism or hy-
perthyroidism.>*

Subclinical hypothyroidismis the most frequent type
of thyroid dysfunction, occurs in 7-15% of patients in
the first year after HSCT, in which thyroid-stimulating
hormone (TSH) is between ' mIU/L and a normal
free thyroxine (FT4). There are no recommendations
in patients exposed to RT so treatment should be
individualized."*'®’ Overt hypothyroidism is another
scenario, with TSH >10 mIU/L, low-normal FT4 levels,
and clinical symptoms. In this case, sodium levothy-
roxine is strongly indicated."’
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Thyroid nodules are usually present approximately
10 years after exposure to RT and are very likely to

be malignant, being considered a second neoplasm.
[13,14,16]

As a consequence of the high prevalence of thyroid
disease in the general population, patients should
have their thyroid assessed before undergoing
HSCT. It is not suggested to evaluate thyroid func-
tion immediately after HSCT, because dysfunctions
among this period are usually due to sick euthyroid

syndrome, an entity that does not need treatment."”
Thyroid antibodies help differentiate RT-induced hy-
pothyroidism from autoimmune causes. Cervical ul-
trasound should be performed in those with altered
thyroid palpation. Thyroid nodules should be care-
fully evaluated and, depending on the ultrasound
imaging, a fine-needle aspiration biopsy should be
performed. The management of thyroid cancer sec-
ondary to neck RT follows the same guidelines as in
the primary disease.?*>131416]

THYROID DISEASES RECOMMENDATIONS

« Survivors with any neck RT should have TSH and FT4 performed one year after HSCT,
and yearly thereafter, unless clinical symptoms (e.g., poor growth velocity).

- Palpation of thyroid gland should be performed in every clinical examination.

« The role of cervical ultrasound in screening thyroid nodules is still controversial.

GONADAL DYSFUNCTION

Gonadal dysfunction is highly prevalent in HSCT re-
cipients, generally higher in women (99% in females,
and 92% in males). The conditioning regimens for
HSCT, comprising chemotherapy alone (alkylating
and platinum-based agents) or associated with TBI
may lead to a high prevalence of gonadal damage,
which manifests as delayed puberty, post-pubertal
gonadal insufficiency, or impaired fertility. Gonad-
otropins comprising luteinizing hormone (LH) and
follicle stimulating hormone (FSH) may also be com-
promised by cranial RT > 30 Gy administered prior to
TCTH.>?

MALES

In male patients, chemotherapy may damage sper-
matogenesis (Sertoli cells), particularly at cumulative
doses of cyclophosphamide > 7.5 gm/m? leading to
oligospermia and/or azoospermia. Leydig cells (tes-
tosterone producing) appear to be more resistant to
the toxic effects of drugs than Sertoli cells, and man-
ifest dysfunction at doses = 20 gm/m?2 of cyclophos-
phamide. Concerning RT, germ cells are also more
sensitive, with permanent azoospermia likely after
191Gy, while testosterone insufficiency occurs only at

doses > 20 Gy. There is a synergistic effect between
cytostatic drugs and RT leading to azoospermia,
but testosterone secretion generally unimpaired so
that most patients complete puberty at an expect-
ed time.”>'®2% GVHD has also been responsible
for transitory changes in the germinal epithelium
leading to azoospermia in patients not exposed to
RT.2%21 Sperm cryopreservation should be indicated
prior to treatment if possible. Sex hormone replace-
ment therapy follows similar guidelines as in other
non-cancer populations.*2%

FEMALES

In contrast to males, the ovary has no difference be-
tween gonadotoxic effect on hormonal production
or fertility (oocyte production), being both sections
equally damaged (premature ovarian failure). Older
age (> 10 years), and pubertal status at the time of
exposure increase the risk of ovarian dysfunction,
being associated with lower doses of RT among pu-
bertal (5-10 Gy) versus prepubertal girls (10-15 Gy).
TBI leads to definitive gonadal failure in almost all
patients who were already pubertal at the time of
HSCT.5'#22 The association of cyclophosphamide
and busulfan in HSCT conditioning regimens may
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also lead to delayed pubertal development and/
or permanent damage to ovarian function, even
though dose thresholds are less well-established.
623 Patients who recovered ovarian function years
after HSCT may later lead to early menopause.*”
Cryopreservation of ovarian cortical tissue before
treatment may be a source of oocytes, and a pos-

sibility for reproductive purposes.””’ Sex hormone
replacement therapy follows similar guidelines as in
other non-cancer populations. Nonetheless, if there
is an increased thrombotic risk, transdermal estro-
gen should be preferred. Replacement therapy does
not increase the risk of breast cancer secondary to
RT, and/or the recurrence of primary disease.”***!

GONADAL DYSFUNCTION RECOMMENDATIONS

- Periodic monitoring of pubertal development, sexual and reproductive function after high doses

of alkylating, TBI, and/or cranial RT.

- In at-risk males (exposed to alkylating doses and/or TBI): periodically assess testicular volume that
may be a sign of impairment of germinal epithelium. Monitor total testosterone, LH, and FSH after

age 13-14. Consider semen analysis if desired.

« In at-risk females: periodic follow-up with estradiol, LH, and FSH at age 12-13.
« Discuss with patient and/or guardians the possibility of infertility.
- Encourage patients who want to preserve their fertility to seek for specialized services.

ADRENAL FAILURE

Therapy with glucocorticoids in high doses or during
a prolonged period may suppress the pituitary-adre-
nal axis and cortisol secretion. Cranial RT = 30 Gy may
rarely compromise adrenocorticotropic hormone
(ACTH) secretion. Chronic fatigue, weakness, anorex-
ia, nausea, vomiting, weight loss, postural hypoten-
sion, hyponatremia, hypokalemia and hypoglycemia
occasionally are signs and symptoms of primary or
secondary adrenal failure. Function usually recovers
gradually once exogenous glucocorticoid therapy is
discontinued, although retrieval time is quite vari-
able, from days to months, and ACTH suppression
may persist one year after therapy withdrawal.”**

The adrenal gland is radioresistant. Even though
referred incidence of adrenal failure in HSCT recipi-
ents is usually low, certainly many cases remain un-
diagnosed and the recommended main approach
is prevention. Patients with prolonged exposure to
glucocorticoids (e.g., in GVHD) should have adrenal
axis evaluated after exposure ends, particularly if
suspicious symptoms of hypoadrenalism are pres-
ent. Consider the possibility of adrenal insufficiency
and “stress doses” in patients receiving long-term
glucocorticoids who develop acute illness**

ADRENAL FAILURE RECOMMENDATIONS

« In patients with chronic GHVD after prolonged glucocorticoid, therapy withdrawal

should be gradual.

« Patients withdrawing from prolonged glucocorticoids should have “stress doses”

during acute illness.

BONE MINERAL DENSITY DEFICIT

Another potential endocrine complication of HSCT
is bone loss, characterized by low bone mineral den-
sity (BMD), presented in 24-48 % of patients, usually
B12'months after HSCT. Bone fragility is multifactori-
al and depends on a complex interaction between
pre, peri-and post-transplant treatments. Preferen-

tial differentiation of mesenchymal stem cells to-
wards adipogenesis, rather than osteogenesis is a
suggested additional mechanism for BMD deficit.
526291 All survivors of HSCT are at risk for bone loss,
possibly due to the following risk factors: advanced
and younger age at HSCT (due to reduced bone ac-
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quisition during puberty), Caucasian ethnicity, fe-
male sex, low weight/ BMI, TBI, cranial RT, untreated
endocrinopathies (hypogonadism, GH deficiency or
hyperthyroidism), granulocyte colony-stimulating
factor (G-CSF) treatment, renal dysfunction, calcium
and vitamin D deficiency, GHVD, and its treatment
with prolonged glucocorticoids (particularly dexa-
methasone), methotrexate, and calcineurin inhib-
itors (cyclosporine, and tacrolimus).*?’2° An initial
evaluation of serum calcium, phosphorous, para-
thyroid hormone, renal function, and 250H vitamin
D is usually recommended. Bone turnover markers
may be assessed, but their value in clinical practice
is limited, especially in growing children and adoles-
cents.27 Dual-energy X-ray absorptiometry (DXA) is

used for evaluation of BMD. In adults, a T-score < -2.5
indicates osteoporosis and between -1.0 and -2.5
means osteopenia.k" In children, the whole body
(without head) and lumbar spine (L1-L4) are the sites
for assessing bone mass. A Z-score < -2.0 indicates a
low BMD for age, and preferably should be adjusted
for height.*? A T-score < -2.5 in adults or a Z-score <
-2.0 in children should be considered for treatment
with bisphosphonates.*?”

A healthy lifestyle with an adequate dietary calcium
intake, physical activity, and sun exposure (if possi-
ble), while avoiding smoking and alcohol or carbon-
ated beverages should be encouraged. If 250H vita-
min D levels are under 30 ng/mL, supplementation
is indicated.”

BONE MINERAL DENSITY DEFICIT RECOMMENDATIONS

- All survivors are encouraged to have a healthy lifestyle with adequate calcium intake, regular

physical activity, and sun exposure.

« All survivors should undergo a BMD evaluation through DXA one year post-transplant.

Longitudinal data indicate patients at risk, and repeated evaluations depend on previous results.

+ A Z-score < -2.0 in children with multiple fractures should be considered for bisphosphonates
therapy, even though the optimal schedule is not determined so far.

METABOLIC SYNDROME

The components of the metabolic syndrome (MetS),
known as the risk factors for cardiovascular disease
(CVD) are, as follows: abdominal obesity, insulin re-
sistance (IR), diabetes mellitus (DM), dyslipidemia,
and hypertension.**

All survivors of pediatric HSCT experience compo-
nents of the MetS at a higher rate than in the gen-
eral population, possibly due to host factors, such
as obesity and family history, in addition to cranial
RT, TBI and transplant complications (i.e., GVHD, liv-
er disease, and hormonal deficits). It is well known
that prolonged treatment with immunosuppres-
sive drugs, such as glucocorticoids and calcineurin
inhibitors (tacrolimus) affect beta cell function, but
survivors who were off immunosuppressive treat-
ment may also experience metabolic derangements.

Conditioning with TBI damages pancreatic islet cell,
leading to impaired glucose metabolism, associated
with changes in body composition known as the sar-
copenic obesity, characterized by increased fatness
and decreased lean mass.”***° Other factors may
contribute to persistent metabolic derangements
after HSCT such as: immune system dysfunction,
inflammatory mechanisms, leptin resistance and
changes in microbiome composition."

Accelerated atherosclerosis and premature CVD are
one of the most important causes of morbidity and
mortality among long-term survivors after HSCT,
and are related either to the allo-reaction or to the
early appearance of the components of the MetS.
The most frequent cardiovascular events are coro-
nary heart disease and cerebrovascular accidents,
with an incidence of 7.5% in 15 years, and 22% over
25 yearS.H,Z,41,421
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It is recommended to initiate surveillance of asymp-
tomatic individuals one year after HSCT, screening
recipients treated with abdominal RT, including TBI,
by measuring body weight, and metabolic profile.
11235 Non-pharmacologic lifestyle modifications re-
main the first step in the management of metabolic

derangements in HSCT survivors. Insulin-sensitizers
(metformin) are not recommended to IR so far. There
is also no specific guidance in the management of
dyslipidemia in HSCT survivors treated during child-
hood. &9

METABOLIC SYNDROME RECOMMENDATIONS

« Routine clinical assessment of BMI, waist-to-height ratio, and blood pressure for all HSCT
recipients one year and yearly after, especially if RT exposure.

- Survivors treated with any abdominal RT should be screened with fasting glucose (and
glycated hemoglobin, HbA1c), insulin, homeostatic model assessment (HOMA1-IR), and
lipids every 2 years. In those with lab alterations, follow-up must be individualized.

- Counseling on a healthy lifestyle with diet and physical exercise.

- Appropriate drug therapy of CVD risk factors should be performed based on specific

published guidelines.

CONCLUSIONS

Survivors of pediatric HSCT are a heterogeneous
population as they are exposed to different under-
lying diseases, and various pre-transplant treatment
options. The transplantation itself is quite diverse,
and comprises multiple conditioning regimens, and
important post-transplant adverse effects. Thus,
they are vulnerable to late-onset endocrine effects,
which may exacerbate adverse general health out-
comes. The better understanding of the epidemiol-
ogy and risk factors of the endocrine dysfunctions,
the importance of longitudinal follow-up for early
diagnosis and management, and the development
of strategies in order to minimize worsened general
health outcomes may possibly increase the quality
of life in this particular group of patients.
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