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Aim: The causes of gonadotropin-independent precocious puberty are diverse, and often have over-
lapping clinical and biochemical features. With the exception of congenital adrenal hyperplasia (CAH),
disorders that cause gonadotropin-independent precocious puberty (GIPP) are uncommon. The liter-
ature is devoid of any large-scale studies on the etiologic distribution of GIPP. The aim of this study was
to determine the frequency of each etiology in a cohort of patients with GIPP (excluding those with
CAH), and to evaluate the clinical and laboratory features of these patients.

Materials and Methods: This multicenter, nationwide web-based study collected data on patients
who presented with non-CAH GIPP in Turkey.

Results: Data were collected for 129 patients (102 girls and 27 boys) from 29 centers. Based on the
data collected, the estimated prevalence of non-CAH GIPP in the studied population was 14 in
1 000 000 children. Functional ovarian cyst was the most common etiology, accounting for 37% of
all cases, followed by McCune-Albright syndrome (MAS) (26%). Among the patients with MAS,
11.7% had fibrous dysplasia, 32.3% had café-au-lait spots, and 52.9% had both. Human chorionic
gonadotrophin-secreting tumors included choriocarcinoma of the liver, hepatoblastoma, and
germ cell tumors of the sellar-suprasellar region and mediastinum. Patients with adrenocortical
tumors presented at an earlier age than those with other etiologies. Ovarian tumors included
mature cystic teratoma, dysgerminoma, juvenile granulosa tumor, and steroid cell tumor. Despite
overlapping features, it was possible to identify some unique clinical and laboratory features
associated with each etiology.

Conclusion: This largest cohort of patients with non-CAH GIPP to date yielded an estimation of the
frequency of non-CAH GIPP in the general pediatric population and showed that girls were af-
fected at a rate 4-fold greater than that of boys owing to functional ovarian cysts and MAS, which
were the two most common etiologies. The data collected also provided some unique character-
istics associated with each etiology. (J Clin Endocrinol Metab 101: 1980-1988, 2016)

recocious puberty (PP) is classified as central PP (CPP)
P or gonadotropin-dependent PP, and peripheral PP or
gonadotropin-independent PP (GIPP). CPP is caused by
early activation of the hypothalamic-pituitary-gonadal
axis, whereas GIPP arises as a result of exposure to exog-
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enous or endogenous sex steroids, independent of hypo-
thalamic-pituitary-gonadal axis activation. The etiologic
spectrum of GIPP is broad and includes congenital adrenal
hyperplasia (CAH), McCune-Albright syndrome (MAS), fa-
milial testotoxicosis PP (FMPP), functional ovarian cysts
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Abbreviations: ACT, adrenocortical tumor; AFP, «-fetoprotein; ABA-CA, Abone age-
chronologic age; CAH, congenital adrenal hyperplasia; CPP, central precocious puberty;
CRF, case recording form; CT, computed tomography; DHEAS, dehydroepiandrosterone;
FMPP, familial testotoxicosis precocious puberty; FOC, functional ovarian cyst; GIPP, go-
nadotropin-independent precocious puberty; hCG, human chorionic gonadotrophin; LCA,
Leydig cell adenoma; MAS, McCune-Albright syndrome; MRI, magnetic resonance imag-
ing; PP, precocious puberty; SDS, standard deviation score.
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(FOC), human chorionic gonadotrophin (hCG)-secreting tu-
mors, sex steroid-producing tumors of the ovaries, testes,
and adrenal glands, aromatase excess syndrome, and hypo-
thyroidism (Van Wyk-Grumbach syndrome). With the ex-
ception of CAH, each etiology is rare and there are few
studies on their frequencies, or the clinical and laboratory
features of each etiology. The present nationwide study
aimed to determine the etiologic spectrum, the frequency of
eachetiology, and the clinical and laboratory features of non-
CAH GIPP in Turkey.

Materials and Methods

This retrospective, multicenter, nationwide web-based study
used a common case recording form (CRF) that was designed by
two physicians (Z.A., A.B.) who are experienced with GIPP and
electronic CRF preparation. The CRF was used to collect the
demographic data and clinical and laboratory findings of the
patients with GIPP. The CRF was uploaded to the FAVOR Web
Registry System website (www.favorsci.org). Data were entered
into the system and checked for consistency by a research assis-
tant (E.Y.). All pediatric endocrinology centers (n = 42) in Tur-
key were asked to enter data of their patients with non-CAH
GIPP using the online FAVOR Registry System. We asked the
participating centers to include patients who, after clinical and
laboratory examinations and follow-up, were diagnosed as hav-
ing of GIPP from one of the following diseases MAS, FMPP,
FOC, hCG-secreting tumors, sex steroid-producing tumors, aro-
matase excess syndrome, and GIPP from exogenous exposure to
sex steroids. Data were registered during a 12-month period
(January 5, 2014-January 5, 2015), after which time the
collected data were entered into a Microsoft Excel database.
Twenty-nine of 42 centers entered a total of 146 patients into the
database. The participation ratio was 69 %. Based on the latest
population statistics in Turkey (1), an estimated coverage of the
total population (relevant to the study criteria) was 70%.
GIPP was defined as Tanner stage of at least 2 breast and/or
pubic hair development before age 8 years and/or menarche be-
fore age 10 years in girls, and stage 2 genitalia and/or testicular
volume of at least 4 ml before age 9 years in boys in whom the
findings are progressive, associated with advanced somatic and
skeletal growth, elevated adrenal/gonadal sex steroids, but ab-
sent hypothalamopituitary activation as assessed using the LH-
releasing hormone test. Breast enlargement was evaluated by
palpation and testicular volume was measured using an or-
chidometer. Ovaries were ultrasonographically evaluated in all
girls. Patients with incomplete (partial/nonprogressive) forms of
precocious puberty were excluded. Patients with CAH were ex-
cluded because CAH is a very common cause of GIPP, especially
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in regions with a high rate of consanguineous marriage such as
Turkey.

Patients with PP who had larger than 1 cm ultrasonographi-
cally detected single ovarian cysts with elevated estradiol in the
face of basal LH below the detection limit (<0.1 mIU/ml) and/or
GNRH-stimulated peak LH lower than 5.0 mIU/ml and no skin
or bone findings were classified as having GIPP resulting from
FOC.

MAS was diagnosed in patients with GIPP who had café-au-
lait spots, fibrous dysplasia, and/or an additional endocrine hy-
perfunction. Patients with PP who had adrenocortical tumor
(ACT) demonstrated on computed tomography (CT)/magnetic
resonance imaging (MRI) and proven histopathologically were
included in the ACT group. All patients with Leydig cell tumors,
Sertoli cell tumors, and ovarian tumors were also histopatho-
logically proven. Patients with PP resulting from hCG-secreting
tumors were diagnosed through elevated hCG levels (normal,
0-5 mIU/mL), CT/MRI, and also histopathologic analysis. Pa-
tients who had GIPP resulting from hypothyroidism had low free
T4, high TSH, and all the other causes of GIPP were excluded
through necessary evaluation. FMPP was diagnosed in patients
who had bilateral testicular enlargement, elevated testosterone,
family history of GIPP, CPP excluded with an LH-releasing hor-
mone test, normal hCG levels (0—5 mIU/mL), and/or molecular
genetic analysis of LH receptor. Patients with clinical and labo-
ratory evidence of GIPP but a specific etiology that did not fitinto
previously mentioned diagnostic categories were classified as
having GIPP of undetermined etiology. All centers were using
semiautomated chemiluminescence methods for hormonal mea-
surements; the commercial system and kits that were used dif-
fered among the centers. E2/T values above the reference range
for the age and sex of the child in the assay used were considered
elevated.

In addition to the relevant data, the CRF forms included the
final diagnosis; however, the adequacy of the diagnoses was
reviewed by two of the authors (Z.A., A.B.) for consistency
and accuracy. In total, 129/146 patients formed the material
of this study after excluding 17 patients because of incomp-
lete data or nonconclusive diagnosis of GIPP after our
reevaluation.

Statistical analysis was performed using SPSS v.16.0 for Win-
dows and data are shown as mean (range). Nonparametric ¢ test
was used for comparison of two groups and one-way ANOVA
test was performed for comparison of multiple subgroups for
variance of difference. Written informed consent was obtained
from the patients’ parents and the study protocol was approved
by the Marmara University Ethics Committee.

Results

Demographic and anthropometric features
The study included 129 patients (102 girls, 27 boys)
with a mean age of 5.3 years at the time of final diag-
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nosis (range, 0.3-11.3 years; girls, 5.4; boys, 5.6 years).
Patients with ACT presented at an earlier age (mean, 3.4
years; P = .07) than those with other etiologies for both
girls and boys. However, subgroup analyses by sex
showed a statistical significance only in the girls. The
mean duration of symptoms before diagnosis was 6.7
months (range, 0—68 months; girls, 6.6; boys, 7.6
months). Duration of symptoms before diagnosis was
significantly shorter in patients with FOC (mean: 1.8 *
3.7 months; P = .005). The mean height standard de-
viation score (SDS) of the cohort at presentation was
0.75 = 1.73 (girls,0.57 = 1.68; boys, 1.39 = 1.78). The
height SDS at presentation was lower in patients with
GIPP because of hypothyroidism (girls, —0.85; boys,
—-0.56). ABone age-chronologic age (ABA-CA) of the
total cohort was 1.3 * 2.05 years (girls: 1.0; boys: 2.1
year). Bone age was retarded in patients with GIPP from
hypothyroidism (ABA-CA, 1.7 years; girls, —1.3; boys,
-2.7). Bone age advancement was less noticeable in pa-
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tients with FOC, but was readily apparent in those with
Leydig cell tumors and testotoxicosis. (Table 1)
(Table 2).

In all, 9/102 girls (8.8%) and 4/27 boys (14.8%) had
heterosexual PP. The etiology in the girls with heterosex-
ual PP was adrenocortical tumors (n = 7) and ovarian
tumors (n = 2) vs Sertoli cell tumors (n = 3) and adreno-
cortical tumor (n = 1) in the boys.

Functional ovarian cysts and MAS

FOC was the most common etiology, constituting 37 %
of all cases (46% of all cases among the girls) (Figure 1).
In total, 11/47 patients with FOC presented with vaginal
bleeding in addition to breast enlargement vs 36 with
breast enlargement alone. All 47 patients with FOC had
single, unilateral cysts, and 55% were located in the right
ovary. The mean cyst size was 37.0 = 13.7 mm (range,
10.0-88.0 mm). There was no correlation between cyst
size and estradiol levels (r =-0.013, P = .94). Twenty-one

Table 1. Clinical and Laboratory Features in Girls With GIPP
Ovarian Adrenocortical Ovarian P
Diagnosis Cyst MAS Hypothyroidism Tumor Tumor Unknown Value
Number 47 34 5 7 5 4
% 46 333 4.9 6.9 4.9 3.9
Age? 54 52 6.4 34 7.3 43 .037
Min-max 0.4-10.1 0.8-9.6 2.8-96 0.8-6.1 4-11.3 3.3-6.5
95% ClI 4.7-5.9 4.4-6.0 4.8-84 1.6-5.2 3.7-11.0 2.8-5.8
Duration of symptoms 1.8 12.4 2.8 7.4 15.8 4.6 .005
(months) 0-18 0-68 0.2-5 1-28 0.2-60 0.2-8
0.7-2.9 6.3-18.7 0.5-5.1 —1.6t016.5 —31.1t062.7 -0.6t09.7
Height SDS 0.55 0.76 -0.85 0.90 —=0.11 1.18 .34
—1.72t0 3.11 —4.01t05.97 —4.47t0 2.88 —1.54t03.30 —0.66 to 1.02 0.50-1.73
0.19-0.91 0.05-1.48 —4.67 t02.98 —0.81t0 2.60 —1.05t0 0.81 0.37-1.99
BA-CA (y) 0.6 1.6 -1.3 1.9 1.6 3 .0004
—2.0t04.9 —2.8t04.5 —-29t0 1.4 —-0.5t05.6 0-5.7 0.5-4.5
0.1-1.0 1.0-2.2 —3.4100.8 —0.11t03.8 —1.41t04.5 0.06-5.88
Basal FSH (mIU/ml) 0.56 0.68 4.99 0.39 1.50 0.19 <.0001
0.01-3.60 0.01-3.10 1.60-11.70 0.17-0.70 0.10-4.76 0.01-0.68
0.31-0.81 0.36-1.01 —0.1t0 10.08 0.17-0.61 —0.96 t0 3.97 —0.32t00.71
Basal LH (mIU/ml) 0.11 0.11 0.09 0.15 0.97 0.06 .0015
0.01-0.72 0.01-0.65 0.01-0.23 0.10-0.58 0.10-4.38 0.01-0.15
0.08-0.14 0.07-0.15 0.01-0.16 —0.07 to 0.37 —1.38t03.33 —0.04t00.16
E2 (pg/ml) 211 193.5 80.5 15.6 28.4 74.6 65
6.2-879 5-2792 40.7-164 10-25 20-48 30-170.4
138.2-283.7 20-367 20.1-140.8 9.8-26.3 13.1-43.7 —282t0177.5
Peak LH (mIU/ml) 0.58 0.90 .34
0.07-4.90 0.01-4.90
0.14-1.02 0.35-1.45
Peak FSH (mIU/ml) 2.07 3.84 A3
0.20-8.07 0.11-16.62
1.0-3.15 1.54-6.16
T (ng/ml) 4.8 1.7 .06
1.1-8.7 0.1-4.4
2.3-7.2 —1.4t04.7
DHEAS (ug/dl) 823.9
30-1543
370.5-1277
Free T4 (ng/dl) 0.4
0.3-0.8
0.2-0.7
TSH (ulU/ml) 172.2
36-500
—61.1t0405.5

Abbreviations: Cl, confidence interval; E2, Estradiol; min-max, minimum-maximum.

@ For each parameter, the first, second, and third rows represent mean, minimum and maximum values, and 95% Cl limits, respectively.
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Table 2. Clinical and Laboratory Features in Boys With GIPP
Adrenocortical HCG Secreting Leydig Cell Sertoli Cell P
Diagnosis Testotoxicosis Hypothyroidism? Tumor Tumor Tumor Tumor? Value
Number (n = 27) 5 2 5 7 5 3
% 18.5 7.4 18.5 259 18.5 1.1
Age® 4.1 7.6 3.4 7 6.1 6.1
Min-max 1.4-8.3 7.4-7.6 1.2-7.7 0.3-10.6 46-8.8 4.6-7.2 24
95% Cl 0.0/8.2 0.2-6.7 3.5-10.6 4.2-8.1
Duration of symptoms (months) 8.6 18 9.2 6.5 3.6 53
1-12 18-18 1-27 1-24 1-6 1-12 27
2.9-143 —-3.41t021.9 —2.7t015.7 0.7-6.5
Height SDS 3.06 —0.56 0.92 1.11 1.69 0.90
0.90-6.26 —1.03to - 0.1 —0.65t0 3.66 —0.18 t0 4.68 —0.41t03.96 0.03-1.40 16
0.3-5.77 —1.10t0 2.96 —0.43 t0 2.65 —0.30t0 3.68
BA-CA (y) 3.1 =27 1.3 2.2 4.1 0.7
1.8-4.6 —34t0o—19 0.3-2.4 0.2-5.4 0.1-9.2 —0.2to 1.5 .02
1.4-4.6 0.2-2.4 0.3-4.1 —0.7108.8
Basal FSH (mIU/ml) 0.38 1.60 0.20 0.20 0.46 0.12
0.05-1.03 0.30-2.90 0.09-0.31 0.05-0.56 0.10-0.75 0.1-0.15 .02
—0.10t0 0.87 0.02-0.38 0.04-0.35 0.12-0.81
Basal LH (mIU/ml) 0.11 0.16 0.10 0.11 0.15 0.08
0.07-0.2 0.10-0.23 0.05-0.20 0.01-0.22 0.10-0.21 0.05-0.1 .50
0.04-0.17 0.03-0.17 0.04-0.17 0.08-0.21
E2 (pg/ml) 425 29
11-73.9 9-48 .65
Peak LH (mIU/ml) 1.83
0.44-2.70
0.79-2.87
Peak FSH (mIU/ml) 4.39
1-6.69
1.52-7.26
T (ng/ml) 15.6 0.52 37 10.9 4.7 0.1
2.7-32.0 0.2-0.84 1.6-5.1 0.1-23.9 0.9-16 0.03-0.2 .05
—1.41032.6 1.7-5.7 3.6-18.1 —3.21t012.6
DHEAS (ng/d)) 94.2
206-1500
364.4-1518
T4 (ng/dl) 0.22
0.14-0.30
TSH (ulU/ml) 417.5
75-760
HCG (mIU/ml) 149
27-604
—87 to 385

Abbreviations: Cl, confidence interval; E2, Estradiol; min-max, minimum-maximum.

@ Because of the small number of patients, only mean, minimum, and maximum of values are given.

b For each parameter, the first, second, and third rows represent mean, minimum and maximum values, and 95% Cl limits, respectively.

In the ACT group, two patients had estradiol levels.

of 47 patients with FOC who had recurrent cysts were
evaluated using bone scintigraphy, all of which were nor-
mal. MAS was the second most common etiology, ac-
counting for 26 % of the cohort, all of which were in girls.
Some 52.9% (18/34) of the patients with MAS had the
classic triad with both café-au-lait spots and fibrous dys-
plasia, 32.3% (11/34) and 11.7% (4/34) had café-au-lait
and fibrous dysplasia alone, respectively. Among the 34
patients with MAS, 10 presented with vaginal bleeding (2
with no breast enlargement). Overall, 59% (20/34) of the
patients with MAS had vaginal bleeding. Hyperthyroid-
ism was the sole additional endocrine hyperfunction ob-
served in 20.5% (7/34) of the patients with MAS.
Estradiol levels did not differ between patients with
FOC and MAS (P = .83). Pelvic ultrasonography showed
asymmetric ovarian enlargement in 19 of the 34 patients
with MAS, of which 12 had a single ovarian cyst (6 in the

right ovary and 6 in the left ovary). The mean single cyst
size in the patients with MAS was 27.9 = 9.07 mm (range,
16.0-43.0 mm), which was significantly smaller than
those in patients with functional ovarian cysts (mean,
37.0 £13.7 mm;range, 10.0-88.0 mm) (P =.018). In the
remaining 15 patients with MAS, there was no significant
difference in right and left ovary size; 5 of these 15 patients
had bilateral slightly enlarged ovaries. The mean uterine
volume (7.3 = 6.0 ml) and mean uterine length (42.6 =
11.3 mm) in patients with FOC did not differ from those
of patients with MAS (6.1 = 4.6 ml and 40.4 = 11.5 mm,
respectively).

Tumoral causes

Inall, seven patients had hCG-secreting tumors, including
choriocarcinoma of the liver, hepatoblastoma, and germ cell
tumors of the sellar-suprasellar region and mediastinum.
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Hypothyroidism

(n=7) 5.5%

Testotoxicosis
(n=5) 4%

\
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Undetermined (n=4) 3%

Ovarian cyst
(n=47) 37%

Figure 1. Etiologic spectrum of patients with GIPP.

Patients with ACT presented with a significantly
elevated dehydroepiandrosterone (DHEAS) (median
DHEAS: 998 ug/dl; range, 30-1543 pg/dl), with the ex-
ception of one patient who had a DHEAS level of 30 ug/dl.
Testosterone and A4-A levels were high in all patients with
ACT. 17-OH progesterone was also elevated in 9 of 12
patients with ACT (mean, 9.6 ng/mL; range, 0.5-40.4
ng/mL). Among the 12 patients with ACT, 10 had carci-
nomas and both adrenals were affected equally. The ACTs
were large (mean, 57.6 = 30.7 mm). Ovarian tumors in-
cluded mature cystic teratomas, dysgerminomas, juvenile
granulosa cell tumors, and steroid cell tumors.

Testicular size and T levels

Testicular enlargement was bilateral in patients with
Grumbach syndrome, testotoxicosis, and hCG-secreting
tumors, and in one of the patients with a Sertoli cell tumor
vs unilateral in patients with Leydig cell adenomas and in
two patients with Sertoli cell tumors. Mean testicular vol-
ume did not differ significantly between the patients with
testotoxicosis (4.0 = 1.6 ml) and hCG-secreting tumors
(5.9 = 2.1 ml), (P = .113). The mean volume of unilat-
erally enlarged testes was 8.8 = 6.8 ml in patents with
Leydig cell tumors. There was no significant difference in
the mean T levels between patients with testotoxicosis

(15.6 = 13.7 ng/ml) and hCG-secreting tumors (10.9 *+
7.8 ng/ml).

Discussion

With the exception of CAH, disorders that cause GIPP are
uncommon and the literature is devoid of any studies on
the frequency or etiologic distribution of GIPP in a large
cohort. We included a national cohort of 129 children
with non-CAH GIPP from among a population of nearly
16 million (covering 70 % of the country’s children). Based
on these data, the prevalence of this condition was esti-
mated to be 14 in 1 000 000 in the general pediatric
population studied. Because no other researchers have re-
ported the frequency of GIPP, a comparison with the pres-
ent findings was not possible. To the best of our knowl-
edge, the present study is the first to investigate all
etiologies of GIPP in detail and includes the largest cohort
of any study on GIPP.

The frequency of GIPP among all PPs varies according
to genetic and ethnic characteristics of the studied popu-
lation. As with CPP, more girls than boys have GIPP (2).
In the present study, girls constituted 79.8% of the pa-
tients with GIPP, which was most likely due to the exclu-
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sion of patients with CAH. Whereas ovarian disorders are
the most common etiology of GIPP in girls, adrenal prob-
lems, specifically CAH, are the predominant etiology in
boys with GIPP (2).

Age at the time of diagnosis in patients with GIPP dif-
fered according to etiology in our subjects. Lee et al. (3)
reported that girls with GIPP presented at a mean age of
3.9 * 2.3 years, whereas this was 5.3 = 2.4 years in the
present study, which is still significantly younger than the
mean age of idiopathic CPP (7.5 years) (4). Our patients
with ACT and FMPP presented earlier (mean age, 3.4 and
4.1 years, respectively), than those with other etiologies.
This is consistent with previous reports, which docu-
mented 3.3 years for ACT (5) and younger than 4 years for
EMPP (6).

The etiologic spectrum of GIPP is highly heterogeneous. A
Taiwanese study reported that only 7% of patients with PP
had GIPP and FOC was the most common etiology (34 %) of
the girls (3). A Chinese study reported that FOC was the most
common etiology (26.3%), followed by CAH (22%) (2). In
the present study, FOC was the most common etiologic di-
agnosis, accounting for 37% of all patients with GIPP. Al-
though ovarian cysts are common in prepubertal girls, oc-
curring in 2-5% of this population, hormonally active cysts
comprise only 5% of those with ovarian cysts (7). Cysts as-
sociated with GIPP are generally large. A recent literature
review of FOC reported that the median cyst size in 26 pa-
tientswas41.5 mm (8). The mean cystsize in our patients was
37.0 mm (median, 44.3 mm). Estradiol levels were markedly
elevated in almost all of our patients and were not correlated
with cyst size. Despite the observed high E2, bone-age ad-
vancement was not remarkable, which suggested a short du-
ration of exposure to elevated E2 (1.8 months).

The second most common etiology of GIPP in our co-
hort was MAS (n = 34). In addition to its classic form,
characterized by the triad of café-au-lait spots, GIPP, and
fibrous dysplasia of bone, atypical/incomplete forms that
manifest with one or two of the classic symptoms also
occur. The classic triad was reported in 50% (n = 16/32)
of patients with MAS (9). In the present study, the classic
triad was present in 52.9% of the patients, café-au-lait
spots + GIPP was observed in 32.3%, and fibrous dys-
plasia + GIPP was present in 11.7%. In total, 85.2% of
our patients with MAS had café-au-lait spots and 64.6%
had fibrous dysplasia. In a National Institutes of Health
cohort of fibrous dysplasia/MAS; café-au-lait spots, GIPP,
and thyroid abnormalities were reported in 66 %, 50%,
and 66 % of patients, respectively (10). Hyperthyroidism
with multinodular goiter was the only associated finding
in one of our patients with MAS, which highlighted the
need to carefully screen patients with GIPP for incomplete
forms of MAS. In fact, GIPP can be the only manifestation
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in a girl who is mosaic for the activating mutation of Gs-
alpha, which is noted in blood samples in 25-33% of
patients with isolated GIPP or exaggerated thelarche
(11, 12).

Some patients with MAS may have a large solitary ovar-
ian cyst, as did 12 of our patients. Although the mean cyst
size was smaller in patients with MAS who had solitary
cysts than those with FOC (27.9 vs 37.0 mm, respectively,
P = .014), there was some overlap between these two
etiologies in this regard. Furthermore, uterine volume and
length were also similar in both conditions; therefore, pa-
tients with a presumptive diagnosis of FOC should be
thoroughly screened for features of MAS (Figure 2). The
clinical signs of PP in patients with MAS can occur as early
asthe firstyear of life (9). In the present study, the youngest
patient presented at 0.8 years. Breast enlargement is not
always readily apparent and vaginal bleeding can occur in
the absence of breast tissue, as occurred in two patients in
the present study.

First described in 1960 by Van Wyk and Grumbach
(13), severe primary hypothyroidism is also a rare cause of
GIPP. Although the mechanism of such is not clearly un-
derstood, an FSH-mediated process seems plausible.
Markedly elevated TSH might exert FSH-like action on
gonadal FSH receptors, causing testicular enlargement
with selective tubular hyperplasia in the presence of rela-
tively low T and little virilization in boys, and prema-
ture thelarche and/or vaginal bleeding with multicystic
large ovaries in girls (14). As a second mechanism, an
increase in prolactin levels that reduces GnRH pulsatility,
which in turn increases FSH expression and suppresses LH
expression has been proposed (14). In such patients, as
seen in the present study, FSH levels are normal to high
compared with patients with other forms of GIPP who
have suppressed FSH/LH. Prolactin was high in three of
seven of our patients with Van Wyk-Grumbach syndrome;
as the prolactin level increased, so did the FSH (in one
patient, prolactin was 109 ng/mL and FSH was 11.9 mIU/
mL), which supports the second pathophysiology mech-
anism. On the other hand, four of seven of our patients had
normoprolactinemia, which suggests that the former
mechanism or perhaps yet unidentified mechanisms may
be operational in such cases. In general, as the severity of
hypothyroidism increases the probability of developing PP
increases. Cabrera et al (15) studied 33 children with
Hashimoto thyroiditis with initial TSH greater than 100
mlIU/mL, and reported that 24% (n = 8) had evidence of
PP; however, three of our seven patients with hypothy-
roidism had TSH lower than 100 mIU/mL, of which 1 had
TSH of 36 mIU/mL, which indicates that mild hypothy-
roidism could also cause GIPP and such patients should be
evaluated carefully with regard to PP. As expected, our
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| Diagnostic algorithm in girls with GIPP (with low/supressed gonadotropins) ‘

boys, except one with gynecomastia,

Thelarche/menarche

™~

had isosexual PP. Adrenocortical car-
cinoma was more common in the pres-
ent study than previously reported;
Chen et al (5) reported that 56% of

‘ No history of estrogen exposure ‘

| No history of androgen exposure |

children with adrenocortical tumors

v |

) had adenoma. A marked elevation in

I 17-OHP, 11-DOC ‘

DHEAS could be a clinical clue for the
I DHEAS ‘

Pelvic USG
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diagnosis of ACT because 95% of
DHEAS is secreted by the adrenals;
however, normal DHEAS levels do
not completely eliminate the diagnosis
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Figure 2. Diagnostic algorithm in girls with GIPP. 11-DOC, 11-deoxycortisol; 170HP,

17-hydroxyprogesterone.

patients who had GIPP resulting from hypothyroidism
had significantly lower height-SDS and retarded bone age,
as compared with patients with GIPP from other etiolo-
gies, which provides a clinical clue for diagnosis.

In the present study, patients who had GIPP resulting
from ACT presented at the youngest age. Adrenocortical tu-
mors are very rare in children, with a prevalence of just 0.3
cases/million/year (16). Consistent with the literature, the
present study comprised girls predominantly. All of the girls
in the present study had heterosexual PP, whereas all the

l ACT, Chen et al (5) observed that

84.6% (11/13) of patients had ele-

vated DHEAS. All of our patients had
significantly elevated DHEAS levels
(median DHEAS, 998 ug/dl), with
the exception of one girl with Adreno-
cortical adenom who had normal
DHEAS but elevated T, 4-A, and
17-OH progesterone. An increase in
17-OH progesterone also occurs in patients with ACT, as
noted in nine of our patients, of which two had a level greater
than 20 ng/mL, which resulted in an initial diagnosis of CAH.
Subsequent adrenal imaging in those patients yielded the cor-
rect diagnosis of adrenocortical tumor; therefore, it is essen-
tial to perform adrenal CT/MRI in patients with elevated
androgens, even if 17-OH progesterone is also elevated.
Testotoxicosis is caused by germline-activating muta-
tions in the LH/hCG receptor of Leydig cells and usually
presents before the age 4 years (6).

| Diagnostic algorithm in boys with GIPP (with low/supressed gonadotropins) |

However, two patients in our cohort
presented at age 7 and 8 years. The

e S

patients with testotoxicosis had bi-

Testes enlarged

‘ Testes not enlarged ‘

lateral mild testicular enlargement

« N

(mean testicular volume, 4.0 ml),
with a markedly high T level and had

exposure

No history of androgen

remarkably advanced bone age at
presentation. Leydig cell adenoma

I O\ |

| Elevated Leydig cell tumor
TART
l l Sertoli cell tumor

Germ cell tumor

‘ ‘Normal ‘

FMPP
Hypothyroidism

Cranial

Mediastinal

Abdominal

Testes MRI

Figure 3. Diagnostic algorithm in boys with GIPP.TART, testicular adrenal rest tumor.

(LCA) has also been reported to har-
bor activating mutations of the LH
receptor. The difference is that the
mutation in LCA is somatic. Age at
presentation is higher in LCA (7
years) in the literature (17) and 6.1
years in the present study. Unilat-

Adrenal tumor
Adrenal CT

eral testicular enlargement in boys
with isosexual GIPP supports the
diagnosis of LCA (Figure 3).
Neoplastic causes of GIPP other
than ACT and Leydig cell tumors in-
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clude hCG-secreting tumors, ovarian tumors, and Sertoli
cell tumors of the testes. Wendt et al (18) reported that the
most common tumors that cause GIPP are pineal germ cell
tumors and hepatoblastomas, all of which secrete hCG. In
the present study, locations of the hCG-secreting tumors
were sellar-suprasellar (n = 4), hepatic (n = 2, one hepa-
toblastoma and one choriocarcinoma) and mediastinal
(n = 1). The mean testicular volume in our patients with
hCG-secreting tumors was 5.9 ml, which did not differ
significantly from that in patients with testotoxicosis (4.0
ml). The mean testosterone level was very high in both
groups (15.6 and 10.9 ng/ml, respectively), and did not
differ significantly. Elevated hCG was the clue that led to
the differential diagnosis between these two conditions
(Figure 3). In addition to hCG, a-fetoprotein (AFP) was
also elevated in two of the four patients with intracranial
germ cell tumors, and in the patients with hepatoblastoma
and choriocarcinoma. The highest AFP level was in the
patient with hepatoblastoma, as expected, because the pri-
mary tumor marker of hepatoblastoma is AFP.

Ovarian tumors can manifest as iso- or heterosexual
PP, depending on the type of hormone secreted. In the
present study, three patients with ovarian tumors (mature
cystic teratoma, n = 2; dysgerminoma, n = 1) had iso-
sexual PP, whereas one patient (steroid cell tumor) pre-
sented as heterosexual PP. One patient with a juvenile
granulosa cell tumor had breast and pubic hair develop-
ment, a slightly elevated E2 level, and very high T level.

Sertoli cell tumors are rare, accounting for 0.4-1.5% of
all testicular malignancies (19). Only 11-25% of reported
cases had an elevated E2 level that resulted in gynecomas-
tia. The present study included 3 boys with GIPP with
Sertoli cell tumors, and all presented with testicular en-
largement and gynecomastia. One of these patients had
Peutz-Jeghers syndrome with bilateral testicular involve-
ment (testicular volume, 6 ml); the other two had unilat-
eral involvement of the left testis (testicular volume, 5 and
6 ml). The E2 level was elevated (30 and 48 pg/ml) in two
patients with Sertoli cell tumors and was relatively lower
(9 pg/ml) in the third. Based on these findings, we think
that Sertoli cell tumors should be a consideration in all
prepubertal boys with gynecomastia.

In conclusion, the present study included the largest
cohort of patients with non-CAH GIPP, and is the first to
estimate its frequency in a general pediatric population
and to determine the distribution of GIPP etiologies. We
found that non-CAH GIPP is more common in girls owing
to FOC and MAS being the two most common etiologies,
which can exhibit overlapping features. It is important to
note that solitary ovarian cysts could be a component of
MAS; therefore, evaluation of skin for café-au-lait spots,
bone X-rays/scintigraphy, and hormonal profiles for en-
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docrine hyperfunction are necessary before diagnosing
functional ovarian cysts. Primary hypothyroidism should
be considered in GIPP, with a low height SDS, retarded
bone age, and nonsuppressed FSH. ACTs, specifically car-
cinomas, are the most common neoplastic causes and pres-
ent at earlier ages. A very high DHEAS level is the rule, but
there are exceptional cases with normal DHEAS levels.
Gonadal tumors that present with GIPP have many his-
topathologic subtypes. hCG-secreting tumors produce an
anthropometric and hormonal picture similar to that of
testotoxicosis. Hepatoblastoma, as an extragonadal and
extra-adrenal malignancy, deserves a specific mention.
The clinical and laboratory findings reported herein for
this large cohort will improve our understanding and man-
agement of children with GIPP.

Acknowledgments

We thank the FAVOR Web-based registry system and its staff
and the Turkish Society of Endocrinology and Diabetes for tech-
nical support and the following doctors for providing patient
data: Ali Kemal Topaloglu, Ay¢ca Torel, Bahar Ozcabi, Belma
Haliloglu, Cemil Kocyigit, Durmug Doganlar, Enver Simsek,
Fatma Dursun, Heves Kirmizibekmez, Thsan Esen, Mehmet Nuri
Ozbek, Olcay Evliyaoglu, Ozgur Pirgon, Pinar Isguven, Saygin
Abali, and Sibel Kinik.

Address all correspondence and requests for reprints to: Abdul-
lah Bereket, MD, Marmara University Pendik Research Hospital,
Fevzi Cakmak Mh, Mimar Sinan Cad. No: 41, Istanbul, Turkey,
PC: 34899. E-mail: abdullahbereket@gmail.com.

This work was supported by the Turkish Pediatric Endocri-
nology and Diabetes Society (No: 052014).

Disclosure Summary: The authors have nothing to disclose.

References

1. Turkish Statistics Foundation. http://www.tuik.gov.tr/Prelstatistik
Tablo.do?istab_id=945%E2%80%8E. Accessed February 10,
2016.

2. Zou CC, Liang L, Dong GP, Zhao ZY. Peripheral precocious pu-
berty: a retrospective study for six years in Hangzhou, China.
] Paediatr Child Health. 2008;44:415-418.

3. Lee CT, Tung YC, Tsai WY. Etiology and clinical features of iso-
sexual precocious puberty in Taiwanese girls: twenty-three years’
experience in National Taiwan University Hospital. | Pediatr En-
docrinol Metab. 2009;22:947-953.

4. GiabicaniE, Allali S, Durand A, Sommet J, Couto-Silva AC, Brauner
R. Presentation of 493 consecutive girls with idiopathic central pre-
cocious puberty: a single-center study. PLoS One. 2013;8:¢70931.

5. Chen QL, Su Z, Li YH, Ma HM, Chen HS, Du ML. Clinical char-
acteristics of adrenocortical tumors in children. | Pediatr Endocrinol
Metab. 2011;24:535-541.

6. Reiter EO, Norjavaara E. Testotoxicosis: current viewpoint. Pediatr
Endocrinol Rev. 2005;3:77-86.

7. Millar DM, Blake JM, Stringer DA, Hara H, Babiak C. Prepubertal

2202 UdJe|\ SO uo Jesn Ausiaaiun esewle Aq 5/+4082/0861/S/1.0 L /o[onie/waol/woo dno-olwspeoe)/:sdiy Wol) papeojumod


mailto:abdullahbereket@gmail.com
http://www.tuik.gov.tr/PreIstatistikTablo.do?istab_id=945%E2%80%8E
http://www.tuik.gov.tr/PreIstatistikTablo.do?istab_id=945%E2%80%8E

1988

10.

11.

12.

13.

Atay et al Evaluation of Peripheral Precocious Puberty

ovarian cyst formation: 5 years experience. Obstet Gynecol. 1993;
81:434-438.

. Papanikolaou A, Michala L. Autonomous ovarian cysts in prepu-

bertal girls. How aggressive should we be? A review of the literature.
J Pediatr Adolesc Gynecol. 2015;28:292-296.

. de Sanctis C, Lala R, Matarazzo P, et al. McCune-Albright syn-

drome: a longitudinal clinical study of 32 patients. | Pediatr Endo-
crinol Metab. 1999;12:817-826.

Collins MT, Singer FR, Eugster E. McCune-Albright syndrome and
the extraskeletal manifestations of fibrous dysplasia. Orphanet |
Rare Dis. 2012;7(Suppl 1):54.

Roman R, Johnson MC, Codner E, Boric MA, aVila A, Cassorla F.
Activating GNAS1 gene mutations in patients with premature the-
larche. | Pediatr. 2004;145:218-222.

Lumbroso S, Paris F, Sultan C. European Collaborative Study. Ac-
tivating Gsalpha mutations: analysis of 113 patients with signs of
McCune-Albright syndrome-a European Collaborative Study.
J Clin Endocrinol Metab. 2004;89:2107-2113.

Van Wyk JJ, Grumbach MM. Syndrome of precocious menstruation

14.

15.

16.

17.

18.

19.

J Clin Endocrinol Metab, May 2016, 101(5):1980-1988

and galactorrhoea in juvenile hypothyroidism: an example of hor-
monal overlap in pituitary feedback. | Pediatr. 1960;57:416-435.
Anasti JN, Flack MR, Froehlich J, Nelson LM, Nisula BC. A po-
tential novel mechanism for precocious puberty in juvenile hypo-
thyroidism. | Clin Endocrinol Metab. 1995;80:276-279.

Cabrera SM, DiMeglio LA, Eugster EA. Incidence and characteris-
tics of pseudoprecocious puberty because of severe primary hypo-
thyroidism. | Pediatr. 2013;162:637-639.

Lalli E, Figueiredo BC. Pediatric adrenocortical tumors: what they
can tell us on adrenal development and comparison with adult ad-
renal tumors. Front Endocrinol (Lausanne). 2015;6:23.
Sangkhathat S, Kanngurn S, Jaruratanasirikul S, et al. Peripheral
precocious puberty in a male caused by Leydig cell adenoma har-
boring a somatic mutation of the LHR gene: report of a case. | Med
Assoc Thai. 2010;93:1093-1097.

Wendt S, Shelso J, Wright K, Furman W. Neoplastic causes of ab-
normal puberty. Pediatr Blood Cancer. 2014;61:664-671.
Coleman S, Barazani Y, Roma AA, Sabanegh E Jr. Testicular scle-
rosing Sertoli cell tumor: a case report and review of the literature.
Rev Urol. 2014;16:191-193.

2202 UdJe|\ SO uo Jesn Ausiaaiun esewle Aq 5/+4082/0861/S/1.0 L /o[onie/waol/woo dno-olwspeoe)/:sdiy Wol) papeojumod



