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ABSTRACT

Craniopharyngiomaiis a sellar/suprasellar benign tumor whose
aggressiveness may imply in endocrine disturbances (hypotha-
lamic obesity and hormone deficiencies). Fifty-seven patients
were evaluated according to clinical characteristics, hypotha-
lamic involvement, type of treatment, anthropometric varia-
bles, adiposity indexes (body mass index Z score category at
diagnosis and post-treatment, total body fat, visceral adipose
tissue, and metabolic syndrome components) and analyzed
through multiple regression and logistic models. Patients were
stratified according to growth hormone deficiency and recom-
binant human growth hormone use. Mean ages at diagnosis
and at study evaluation were 9.6 and 16.6 years old, respec-
tively. A set of 43/57 (75.4 %) patients presented with impor-
tant hypothalamic involvement, 24/57 (42.1 %) received sur-
gical treatment and cranial radiotherapy, and 8/57 (14 %)
interferon-a exclusively. Fifty-five patients (96.5 %) were con-
sidered growth hormone deficient, and 26/57 (45.6 %) grew
despite no recombinant human growth hormone replacement
therapy. At diagnosis, 12/57 (21 %) patients were obese, and
33/57(57.9 %) at study evaluation, and after 3.2 years (median)
post first therapy. There was no influence of height Z score on
body mass index Z score. Body mass index Z score at diagnosis
positively influenced body mass index Z score, total body fat,
waist circumference and the presence of the metabolic syn-
drome post-treatment. Replacement of recombinant human
growth hormone decreased total body fat and visceral adipose
tissue. Craniopharyngioma patients worsened body mass index
Z score category 3.2 years (median) after first treatment. Body
mass index Z score increased due to real weight gain, without
height decrease. Replacement of recombinant human growth
hormone had beneficial effect on adiposity.

Introduction

Craniopharyngioma (CP) is a rare and benign tumor of sellar and
suprasellar region with an annual incidence of 0.5-2.0 cases per
million, which represents 1-15 % of all intracranial tumors [1]. Itis
derived from ectodermic cells of Rathke pouch and the most fre-
quent histological type is the adamantinomatous, which is associ-
ated with mutations in CTNNB1 gene [2, 3]. Incomplete resection

* Both authors contributed equally to this work

followed by adjuvant cranial radiation therapy (CRT) and/or local
chemotherapy is the commonly adopted therapy [2]. In conse-
quence of the tumor orits treatment, patients may develop visual,
neurologic, hypothalamic, and endocrine disturbances, such as
hypo/panhypopituitarism and hypothalamic obesity [1, 2,4, 5].
CPis considered an emblematic model for hypothalamic obesity
that is a devastating result of a functional damage of the hypothal-
amus network [6, 7]. To date, treatment for hypothalamic obesity is
difficult with poor response to diet, physical exercises and/or medi-
cations, leading to an importantimpact on quality of life, morbidity
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and mortality [6]. As an important cause of hypothalamic obesity,
CP may also lead to a higher occurrence of the components of the
metabolic syndrome (MS) and consequently increased risk of cardi-
ovascular disease (CVD) [5, 8,9]. Thus, the goal of this study was to
describe the main clinical characteristics of childhood CP patients,
particularly endocrine-metabolic profile, and to evaluate factors that
have possibly influenced adiposity during the follow-up.

Subjects and Methods

Subjects’ characteristics

This was a cross-sectional study of a randomly selected sampling
of CP patients of both sexes from the Pediatric Oncology Institute
-IOP/GRAACC, Federal University of Sdo Paulo - UNIFESP/EPM, ad-
mitted from 1992 to 2014. The study was approved by the Ethics
Research Committee of UNIFESP/EPM (No. 743.617). To participate
in this study, patients or parents, when appropriate, signed an in-
formed consent form. The inclusion criteria comprised minimal
chronological age of two years at study assessment, as well as a
minimal interval of six months after diagnosis, and adequate re-
placement of hormone deficiencies. Characteristics of host/disease
and therapy were assessed from clinical examinations and/or med-
ical records, encompassing: sex, age at diagnosis and assessment,
symptoms, hypothalamic damage according to Puget criteria [10],
histological type, type of treatment, hormone deficiencies, and re-
placement therapy schedule.

CP patients were treated with a combination of different proce-
dures, as follows: total or partial tumor resection (surgery), frac-
tionated CRT with a mean dosage of 54 Gy, and intratumoral injec-
tion of interferon-a (IFN-a). IFN-o was administered to the predom-
inantly cystic CP through an Ommaya reservoir comprising weekly
sessions of 3 MU each at a total of 12 MU to compose a cycle, either
alone or in combination with adjuvant therapies, such as surgery
and/or CRT. Adjuvant therapies were occasionally necessary when
tumor relapsed [11].

Hormone deficiencies were defined according to the respective
replacement therapy, comprising glucocorticoids (central hypoco-
rtisolism), levothyroxine sodium (central hypothyroidism), sexual
steroids (hypogonadotropic hypogonadism), and/or desmopres-
sin (diabetes insipidus). Growth hormone deficiency (GHD) was
evaluated, and diagnosed according to the following criteria: short
stature (height Z score, Z height<-2.0 standard deviation, SD) and/
or Z height<1.0SD below target height, growth velocity less than
the 25th percentile for sex and age, negative response to growth
hormone (GH) stimulation tests (insulin and/or clonidine) (GH
peak <5pg/l) and/or decreased insulin-like growth factor-1 (IGF-
1) [12-14]. All the patients presenting poor growth velocity with
predicted height below target height were considered for replace-
ment therapy with recombinant human GH (rhGH). Patients show-
ing normal Z height and adequate growth velocity despite nega-
tive response to GH stimulation tests and/or decreased IGF-1 did
not receive rhGH replacement therapy. All GHD patients (except
for two who were Non-GHD) were classified according to rhGH
treatment in four different groups (so-called GH group): 1) Non-rh-
GH: patients with normal growth (despite GHD), and no rhGH re-
placement therapy; 2) rhGH-p: treated with rhGH previously to this

study assessment; 3) rhGH-c: in current use of rhGH; and 4) Non-
rhGH-to date: patients not treated with rhGH, thus far.

Adiposity indexes

Body mass index (BMI), calculated as the weight in kilograms divid-
ed by height in meters squared (kg/m2), was converted into Z
scores (Z BMI), based on the World Health Organization (WHO) ref-
erences [12, 13]. Subjects were classified into categories of Z BMI,
as follows: normal (Z BMI<1.0SD), overweight (1.0<Z
BMI<2.0SD), obese (Z BMI>2.0SD), and extremely obese (Z
BMI>3.0SD), at diagnosis and at study evaluation (post-treat-
ment).

Total body fat in percentage ( %TBF) was assessed using dual-en-
ergy X-ray absorptiometry (DXA), GE-Lunar Radiation corporation
(iDXA, USA model), according to the standard protocol for analysis
and acquisition, following the International Society for Clinical Den-
sitometry and Brazilian Association for Evaluation of Bone Health
and Osteometabolism (ABRASSO) [15, 16].

Fat distribution indexes

Waist circumference (WC) and abdominal adipose tissue, encom-
passing total adipose tissue (TAT) and its two layers: visceral adi-
pose tissue (VAT) and subcutaneous adipose tissue (SAT), were
measured according to the method described elsewhere [17,18].
The following WC cut-offs were considered for adults (over 16 years
old): males at or above 94 cm and females at or above 80 cm [19].
The cut-offs were modified for children and adolescents (at or
below 16 years of age), as follows: WC at or above the 90th percen-
tile, according to the International Diabetes Federation (IDF) [20].
Data by Freedman et al. from the Bogalusa Study [21] were used to
generate the WC percentiles.

Blood pressure

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) (in
mmHg) were both measured with the patient in the sitting posi-
tion after five minutes of rest in a tranquil environment, by auscul-
tation, average of three outlets in the right arm (Tycos®). Hyper-
tension was considered in adults (= 18 years) if SBP>130mmHg
and/or DBP2=85mmHg or use of antihypertensive drug [19]; and
for children and adolescents (<18 years) if SBP and/or DBP were at
or above the 95th percentile, according to height, sex and age, fol-
lowing the indications of the National High Blood Pressure Educa-
tion Program Working Group on High Blood Pressure in Children
and Adolescents [22].

Metabolic profile and growth factor

Blood samples were collected after a 12-h overnight fast, to assess
the metabolic profile. Fasting glucose was assayed using an auto-
mated method and insulin levels in duplicate using ACTIVE® Insu-
lin ELISA DSL-10-1600 (Diagnostics Systems Laboratories, Inc.,
Webster, Texas, USA), having an intra- and inter-assay coefficient
of variability (CV) of 2% and 5 %, respectively, minimum detection
limit of 2.08 pmol/l, and specificity of 100 %. Altered glucose level
was defined according to Genuth et al. [23]. To determine insulin
sensitivity, glucose and insulin levels were assessed to calculate the
homeostatic model assessment - insulin resistance (HOMA1-IR)
[24]. With the aim of defining insulin resistance, cut-off values for
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HOMAT1-IR were assigned as: adults (> 18 years) > 2.7 [25], and chil-
dren and adolescents (<18 years)>3.4[26].

Total cholesterol, high-density lipoprotein-cholesterol (HDL-c),
and triglycerides (TG) were determined using a colorimetric enzy-
matic method. Low-density lipoprotein-cholesterol (LDL-c) was
calculated by the formula described by Friedewald et al. [27]. Con-
cerning HDL-c and TG levels, the following cut-offs were considered
as dyslipidemia: HDL-c < 1.04 mmol/l (for adults, > 19 years)
and<1.17 mmol/l (for children and adolescents, <19 years);
TG>2.26 mmol/l and 21.47 mmol/l, for adults and children and
adolescents, respectively [28,29].

IGF-1 (in nmol/l) was analyzed by a sandwich assay, one-step
chemiluminescence using coated magnetic microparticles (LIAI-
SON®IGF-1 0S-313, 231, Gruppe Biomedica, Inc., Vienna, Austria),
whose intra- and inter-assay CV were, respectively, 3.7 % and 4.6 %,
minimum detection limit of 0.39 nmol/l and 100 % of specificity.

Metabolic syndrome

The IDF criteria were considered for evaluation. Subjects at and
above 10 years old were included in the analysis following the lim-
itations of the consensus [ 19, 20]. The following variables were ana-
lyzed, as determined in the conditions: WC (cm), HDL-c (mmol/l),
TG (mmol/l), SBP, DBP (mmHg), and glucose (mmol/l).

Statistical analyses

Means and SDs were used to summarize the numerical variables
and frequency counts and percentages to describe the categorical
variables. A linear mixed effect model was used to study the effect
of Z height on Z BMI over time. The normal distribution of data was
verified by the Kolmogorov-Smirnov test.

A multiple linear regression was utilized to analyze the simulta-
neous effects of the variables in each of the dependent variables (Z
BMI, %TBF and VAT). For the initial model, variables considered sig-
nificant at the 10% level were selected and/or those that appear to
have a better fit. Initially, all predictive variables selected were in-
cluded. Afterward, variables not significant at the 5 % level were ex-
cluded one by one in a backward method. Pearson correlation was
performed in order to select numerical variables. This test verifies
the linear association between variables (age, number and type of
treatment, hormone replacement and Z BMI at diagnosis). Addi-
tionally, to select categorical variables, Student’s t-test for inde-
pendent samples or one-way analysis of variance (ANOVA) were
used to compare means between two or more groups, respective-
ly (sex, GH group, and Z BMI category at diagnosis). The normal
distribution of data was verified by the Kolmogorov-Smirnov test.
In case of violation of the normality supposition, the non-paramet-
ric Mann-Whitney test or the Kruskal-Wallis test were alternative-
ly utilized to compare two or more means, respectively. When
mean differences were detected, the following post-tests were per-
formed: Duncan multiple comparison and Dunn-Bonferroni, with
5% of significance global level.

Logistic regression was utilized to simultaneously evaluate the
effects of the following variables: sex, age at diagnosis, GH group,
and Z BMI category at diagnosis for each dependent variable (WC
cut-offs and the presence of MS). Initially, all predictive variables
were included in the model. Afterward, variables not significant at
the 5% level were excluded one by one in a backward method. Hos-

mer and Lemeshow tests were utilized to verify the adequacy ad-
justment of the model. In order to select numerical variables (age
at diagnosis, time since diagnosis, number and type of treatment
and hormone replacement) a Student’s t-test forindependent sam-
ples was initially utilized. This test has as assumption the normality
in the distribution of data and homocedasticity, verified by Kolmog-
orov-Smirnov and Levene tests, respectively. In case of violation of
the normality supposition, the non-parametric Mann-Whitney test
was used. In case of supposition of violation of homocedasticity,
Brown-Forsythe correction was used. In addition, to select cate-
gorical variables (sex, age group at diagnosis, hormone replace-
ment, Z BMI category at diagnosis and post-treatment, and GH
group) Chi-square or Fisher test was utilized.

The significance level was set at 0.050. Statistical analyses were per-
formed using SPSS 20.0 (SPSS, Inc., Chicago, IL, USA) and Stata 12.5.

Results

Subjects’ characteristics

The selected sample consisted of 57 childhood CP patients, cho-
sen from 108 medical records, 35/57 (61.4%) males. The age at
study assessment and at diagnosis was respectively [mean (SD)]
16.6(6.3) and 9.6 (4.2) years. At diagnosis, 51/57 (89.5 %) patients
had neurological and visual disturbances, 4/57 (7 %) presented with
short stature and 5/57 (8.8 %) with diabetes insipidus. Forty-three
out of 57 (75.4 %) were categorized as grade 2 of hypothalamicin-
volvement. All patients were classified as adamantinomatous his-
tological type (> Table 1).

Surgery followed by CRT was the most frequent type of therapy
in 24/57 (42.1 %). Eight out of 57 (14 %) patients received IFN-a as
monotherapy. Regarding hormone replacement, 54/57 (94.7 %)
received at least two hormones (excluding rhGH). In relation to GH
group, 26/57 (45.6 %) CP subjects were classified as Non-rhGH, and
14/57 (24.6 %) were classified as rhGH-c (> Table 1).

Adiposity indexes and fat distribution

Concerning Z BMI, 12/57 (21 %) and 33/57 (57.9 %) CP patients
were considered obese at diagnosis and at study assessment, re-
spectively, with a median interval of 3.2 years to worse Z BMI
category. In relation to WC cut-off points, 39/57 (68.4 %) patients
presented with increased WC (> Table 2).

Metabolic variables

No patient had either glucose intolerance or diabetes, while HO-
MAT-IR was above normal limits in 25/55 (45.4 %) patients. Lipid
profile showed high levels of LDL-c in 14/57 (24.5%), low levels of
HDL-c in 28/57 (49.1 %), and high levels of TG in 23/57 (40.3 %) of
CP patients (> Table 2).

Metabolic syndrome

Twenty-two out of 50 CP patients who were above 10 years of age
(44 %) were classified as having MS, being 11/22 (50 %) males. In
children and adolescents (10-16 years), the components of MS
were TG + HDL-c + WC (40 %), while in adults (> 16 years) the most
important parameters were TG + HDL-c + blood pressure (33 %).
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»Table 1 Subjects’ characteristics, including hypothalamic involve-
ment, therapy, and hormone deficits of 57 patients with craniophar-
yngioma.

Variables Total %
Sex

n 57 100
Male 35 61.4
Female 22 38.6

Hypothalamic involvement at diagnosis

n 57 100
Grade 0 0 0
Grade 1 3 5.3
Grade 2 43 75.4
Not available 11 19.3
Type of treatment

n 57 100
Surgery 6 10.5
CRT 1 1.7
IFN-a 8 14
Surgery + CRT +IFN-a 12 21.2
Surgery +IFN-o@ 5 8.8
Surgery + CRTP 24 42.1
None 1 1.7

Hormone replacement

n 57 100
GC+ LT, +E,/testosterone + desmopressin 24 42.1
GC+LT,+desmopressin 19 333
GC+LT,+E,/testosterone 5 8.8
GC+LT, 3 5.3
GC+ E;/testosterone + desmopressin 1 1.7
LT, +desmopressin 2 3.5
None 3 53
GH group

n 57 100
Non-rhGH 26 45.6
rhGH-p 8 14.0
rhGH-c 14 24.6
Non-rhGH-to date 7 12.3
Non-GHD 2 3.5

CRT: Cranial radiation therapy; IFN-a: Interferon-a; GC: Glucocorticoid;
LT,: Levothyroxine sodium; E: Estrogen; GH: Growth hormone; rhGH:
Recombinant human growth hormone; rhGH-p: Previous use of rhGH;
rhGH-c: Current use of rhGH; 2 1 patient also received intratumoral
bleomycin; b 2 patients also received intratumoral bleomycin.

Regression models

Alinear-mixed effect model, which considered Z BMl and Z height
at diagnosis was not significant (p=0.770). The final models for all
the following parameters are presented here (> Table 3).

Z BMI

Only Z BMI at diagnosis positively determined Z BMI at study as-
sessment (B=0.36; p=0.005).

%TBF

The following parameters positively determined %TBF: female sex
(B=5.56; p=0.005) and Z BMI at diagnosis (3=2.01; p<0.001),
while rhGH-c patients presented with a decrease in %TBF (3=-6.58;
p=0.002).

VAT

Age at study evaluation positively influenced VAT (B=10.7;
p<0.001), while rhGH-c patients presented with a decrease in VAT
(B=-75.21;p=0.038).

wWC

The following parameters positively determined WC: female sex
(OR=9.67; p=0.042), age at diagnosis (Odds ratio, OR=1.36;
p=0.039), and Z BMI category at diagnosis (ORgyerweight = 23.28;
p=0.013 and ORypese =37.23; p=0.019).

Presence of MS

Female sex (OR=4.14; p=0.038) and Z BMI category at diagnosis
(ORypese=6.11; p=0.031) positively determined the presence of MS.

Discussion

This study focused on the principal characteristics of CP patients
and the consequences of the disease and its treatment that could
have influenced adiposity. The main finding was that Z BMI at diag-
nosis positively influenced post-treatment variables related to ad-
iposity and metabolic changes (Z BMI at study assessment,
WC, %TBF, and the presence of MS).

Some presenting symptoms, such as polyuria and polydipsia,
short stature and weight gain were less frequent, than described
by other authors [1,30]. However, it was not possible to precisely
establish the percentage of patients with hormone deficiencies, as
few CP patients had this evaluation at diagnosis. According to lit-
erature, 40-87 % of patients may have at least one hormone defi-
ciency at diagnosis [30]. Nonetheless, the great variety of results
suggests that, similarly to this study, other groups are not able to
make routinely hormone dosages previously to treatment. During
the post-treatment period, nearly 95 % of CP subjects had two or
more hormone deficiencies (excluding rhGH), being approximate-
ly 80 % with permanent diabetes insipidus [10,31-33]. In relation
to GH, near the totality of patients (96.5 %) had GHD, which is com-
parable to the literature. The non-rhGH group comprised 45.6 %,
which is comparable to some authors [8], while increased com-
pared to other authors, varying from 15-66 % [34, 35]. This group
mentioned above comprised the so-called “growth without GH”,
which is a phenomenon described more than five decades ago, not
completely understood, being some hormones, such as leptin and/
orinsulin, playing the main role in the process [30].

The percentage of obese patients at diagnosis and at study as-
sessment was 21 and 57.9%, respectively, which is in accordance
with previous studies [31,36]. Itisimportant to emphasize that the
increase in BMI occurred due to real weight gain, with no influence
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»Table 2 Anthropometric characteristics, adiposity indexes, and fat distribution of 57 patients with craniopharyngioma.

Variables At diagnosis
Mean SD Min
Weight Z score -0.15 1.51 -3.77
Height Z score -0.99 1.45 -4.63
BMI (kg/m?) 19.8 5.3 9.0
BMI Z score 0.80 1.70 -5.50
WC (cm) - - -
%TBF - - -
VAT (cm?3) - - -
SAT (cm?3) - - -
Glucose (mmol/l) - - -
HOMAT-IR - - -

LDL-c (mmol/l) - - -
HDL-c (mmol/l) - - -
TG (mmol/l) - - -
SBP (mmHg) - - -
DBP (mmHg) - - -
IGF-1 (nmol/l) - - -

Total (n=57)
At study evaluation

Max Mean SD Min Max
2.89 1.00 1.56 -3.58 3.12
2.34 -1.08 1.21 -3.85 2.83
31.7 29.1 8.3 13.5 50.6
4.80 2.10 1.70 -2.00 7.10
- 97.3 18.7 56.0 133.0

- 42.8 7.8 18.2 57.1

- 291.0 555.0 15.6 4221.0

- 616.0 361.0 73.9 1478.0
- 4.35 0.48 2.44 5.44
- 3.76 2.95 0.20 15.20
- 2.88 0.91 0.67 5.26
- 1.05 0.32 0.26 2.18
- 1.73 0.96 0.36 4.84

- 102.4 16.7 80.0 157.0

- 71.2 12.6 47.0 110.0
- 16.10 17.24 0.39 81.22

SD: Standard deviation; Min: Minimum; Max: Maximum; BMI: Body mass index; WC: Waist circumference; TBF: Total body fat; VAT: Visceral adipose tissue;
SAT: Subcutaneous adipose tissue; HOMAT-IR: Homeostasis model assessment - insulin resistance; LDL-c: Low-density lipoprotein-cholesterol; HDL-c:
High-density lipoprotein-cholesterol; TG: Triglycerides; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; IGF-1: Insulin-like growth factor-1.

of Z height. Different factors could have influenced weight gain
process, as follows: size and location of the tumor, invasion of su-
pra-sellar region and hypothalamus, hypothalamic damage, dose
of CRT, and genetic predisposition [6, 7, 37]. In this study, hypotha-
lamic damage at diagnosis was not identified as a factor that could
have distinguished patients, and postsurgical damage was not as-
sessed, so far [10]. In relation to CRT, a mean dosage of 54 Gy (frac-
tionated doses) was part of the treatment in 73.8 % of CP patients,
and may have contributed to the increase of obesity rate in this
sample. One may speculate if obesity may be a consequence of
therapeutic procedures worsened by genetic predisposition or
tumor aggressiveness. Itis difficult to establish the real effect of the
tumor itself or of the treatment on weight gain process. Neverthe-
less, it was not possible to determine a cause and effect relation-
ship between obesity and CRT, so far [6, 36].

As regards Z BMI at diagnosis, this index was important to influ-
ence many post-treatment variables, such as Z BMI at study assess-
ment, WC, %TBF, and the presence of MS. The relation between Z
BMI at diagnosis and post-treatment was also observed in other
studies in which the authors believed that the pathogenic mecha-
nisms for obesity were present in the early course of the disease,
and related with anterior and/or posterior hypothalamic involve-
ment [1,32, 38]. Correspondingly, female sex positively deter-

mined WC, %TBF, and the occurrence of MS, whichisin accordance
with previous studies that confirm this sexual dimorphism [5].

The rhGH-c group presented a decrease in %TBF and VAT, which
is in accordance with previous data that showed a decline in adi-
posity or even that rhGH replacement may prevent additional fat
gain. Nonetheless, the beneficial effect of rhGH therapy on adipos-
ity was not confirmed by some authors possibly due to a decreased
sensitivity to rhGH actions along with a tendency to accumulate
fat mass [8,9,33,39].

As regards metabolic parameters, no patient had altered fast-
ing glucose levels, even though 45.4 % presented with altered HO-
MAT-IR. In relation to lipid profile, in this study, LDL-c was increased
by 24.5%, TG by 40.3 %, and HDL-c was decreased by 49.1 %. In the
study of Nogueira et al. [32], the frequency of abnormal LDL-c was
higher when compared to the present study (70 % vs. 24.5%).

Concerning the presence of MS, 44 % of CP patients above 10
years of age presented with MS itself, which concurs with previous
studies [8,40]. Srinivasan et al. [8] was the first to demonstrate the
occurrence of MS in CP patients and to correlate this finding with
abdominal fat and adverse lipid profile. It is also important to em-
phasize that the high rate of MS among this population is a warn-
ing about the high risk of CVD, which may be worsened by the hy-
pothalamic damage and resulting hormone deficiencies [40].
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The limitations of the present study encompass the lack of ini-
tial endocrine evaluation, the absence of a clear differentiation of
the grade of hypothalamic damage pre- and post-treatment, the
limited size of this sample, and the great heterogeneity based on
different treatment approaches, and long recruitment period.

As final considerations, the majority of childhood CP patients
developed obesity after treatment. Z BMI at diagnosis influenced
post-treatment variables, such as Z BMI at study assessment,
WC, %TBF and the presence of MS, while rhGH replacement de-
creased %TBF and VAT. CP subjects may have serious endo-
crine-metabolic consequences leading to higher CVD risk. Efforts
should be done in order to make a more precocious diagnosis and
to perform less invasive therapies to maximize the hypothalam-
ic-pituitary integrity, and consequently to avoid devastating long-
term endocrine-metabolic adverse effects.
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