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Abstract

is a rare cause of peripheral puberty.

and gonadotropins.

Background The pineal lesion affecting melatonin is a rare cause of central precocious puberty by decreasing
the inhibition of hypothalamic—pituitary—gonadal axis. Germ cell tumor secreting human chorionic gonadotropin

Case presentation A 5.8-year-old male presented facial hair and phallic growth, deepened voice, and accelerated
growth velocity for 6 months. The elevated human chorionic gonadotropin level with undetectable gonadotropin
levels indicated peripheral precocious puberty. Brain imaging revealed a pineal mass and further pathology indicated
the diagnosis of teratoma. During chemoradiotherapy with operation, the elevated human chorionic gonadotropin
level reduced to normal range, while the levels of gonadotropins and testosterone increased. Subsequently, pro-
gressing precocious puberty was arrested with gonadotrophin-releasing hormone analog therapy. Previous cases

of transition from peripheral precocious puberty to central precocious puberty were reviewed. The transitions were
caused by the suddenly reduced feedback inhibition of sex steroid hormones on gonadotropin releasing hormone

Conclusions For patients with human chorionic gonadotropin-secreting tumors, gonadotropin levels increase prior
to sex steroid decrease, seems a sign of melatonin-related central PP related to melatonin.

Keywords Precocious puberty, Melatonin, Pineal gland, Germ cell tumor

Background

Central nervous system neoplasm is considered as one
of the important etiologies of precocious puberty (PP).
The neoplasm in proximity to the hypothalamic-pituitary
region or intracranial radiotherapy focused on this region
[1] may activate the gonadotrophin releasing hormone
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(GnRH) neuron in advance, causing central PP. Human
chorionic gonadotropin (hCG) secreted by tumors may
mimic luteinizing hormone (LH) to promote the exces-
sively sex steroid production, causing peripheral PP.
In addition, human reproductive cycles are regulated
by melatonin, a central gonadal inhibition hormone
secreted from the pineal gland [2-4]. The pineal lesion
could impact the structure and function of pineal gland,
potentially affecting the level of melatonin and then caus-
ing central PP [5-13]. Consequently, pineal tumors may
present PP via either damging the regulation of pineal
and melatonin or mimicking LH funcion by circulating
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hCG. However, only cases of peripheral PP due to pineal
germ cell tumors have been reported to date. The tran-
sition from peripheral to central PP is often seen after
treatment of the underlying cause. Currently, the loss
of feedback inhibition on the hypothalamus and pitui-
tary has been demonstrated as a crucial trigger. Primary
gonadal or adrenal diseases which featured elevated sex
steroid levels are the most common causes of such loss.
In addition, maturation of the HPG axis after prolonged
exposure to the elevated sex steroids is believed to be a
contributing factor. However, it is unclear whether there
are other mechanisms that induce peripheral PP progress
to central PP. Herein, we proposed that the pineal hCG-
secreting tumor that occurs prior to the expected or nor-
mal pubertal onset age may also induce this transition.
To further discuss the underlying mechanism, reported
cases of central PP secondary to peripheral PP with avail-
able data were also reviewed and summarized.

Case presentation

A 5.8-year-old boy was admitted to our hospital with a
6-month of facial hair and phallic growth, deepen voice
and accelerate growth velocity. The Tanner stage was II
for genital development and II-III for pubic hair. Both
side testicular volumes were 4 mLby Prader. Family his-
tory of PP was denied. The serum sex hormone profile
indicated prepubertal levels of gonadotropins with basal
LH<O0.1IU/L (prepubertal range<0.1-0.3 IU/L) and
basal FSH<below 0.1 IU/L (prepubertal range<0.1-3),
and pubertal testosterone level (4.48 ng/ml, prepubertal:
<0.2-1ng/mL). His height reached 129 c¢cm (+2.4 stand-
ard deviation scores,) with a high serum insulin like
growth factor-1 level (+3.5 standard deviation scores)
in National-specific charts [14]. Other anterior pituitary
hormonal profiles were normal. HCG was detectable
both in serum and in cerebrospinal fluid (CSF), 7.12 and
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15.66 IU/L separately. Bone age (BA) was advanced to 8
years old. Contrast-enhanced brain magnetic resonance
imaging (MRI) revealed a homogeneously enhanced
pineal mass (Fig. 1A). The elevated serum hCG level
and pineal mass on imaging suggested the clinicial diag-
nosis of intracranial germ cell tumor (iGCT) and then
two courses of ICE chemotherapy (ifosfamide, carbopl-
atin and etoposide) were performed. Repeated MRI did
not reflect a significant shrinkage of the pineal lesion
(Fig. 1B) although hCG (<0.1 IU/L, range 0-2.6 IU/L)
has been normalized. Meanwhile, basal serum gonado-
tropin levels (LH 2.96 and FSH 1.86 IU/L, separately)
unexpectedly increased (Fig. 2). Considering the possibil-
ity of mixed germ cell tumor due to elevated hCG level
and poor response to chemotherapy [15, 16], the patient
underwent a neurosurgical operation and the histologi-
cal result revealed a mature teratoma. Subsequently, he
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Fig.2 Gonadal hormone profile and hCG concentration.
According to the therapeutic strategy, the PP of this patient could
be divided into GnRH-independent stage (marked in pink box),
GnRH dependent stage (marked in yellow box) and the transient
stage (marked in the overlap of two boxes). hCG, human chorionic
gonadotropin; LH, luteinizing hormone; FSH, follicle stimulating
hormone; T, testosterone; ICE, ifosfamide,carboplatin and etoposide;
WRBT, whole brain radiation therapy

Fig. 1 Contrast-enhanced brain MRI. (A) Sagittal contrast-enhanced brain MRI at diagnosis, (B) sagittal contrast-enhanced brain MRI after 2
courses of chemotherapy, (C) sagittal contrast-enhanced brain MRI after chemoradiotherapy with additional neurosurgical operation.1A
showed a homogenously enhancing pineal mass (marked in white arrow); 1B showed the similar tumor imaging (marked in white arrow) to 1A
although a mild shrinkage; 1C showed a disorder of pineal structure (marked in white arrow)
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continued to receive two additional courses of ICE chem-
otherapy and the radiotherapy targeting the whole brain
(24 Gy) plus the pineal region boosting (12 Gy). During
this period, his gonadotropin and testosterone levels
were within the normal pubertal range, although with a
transient change (Fig. 2). After operation and chemora-
diotherapy, MRI indicated the morphological disorders
of the pineal gland without an enhanced lesion (Fig. 1C).
The patient’s puberty progressed with the Tanner stage
II for genital development and stage III for pubic hair.
Meanwhile, the patient’s height reached 134 cm (+2.7SD)
with a bone age of 12 years. To postpone epiphyseal clo-
sure and save growth potential, GnRH analogue ther-
apy was started to suppress gonadal activation. This
boy decided to return to the local hospital to continue
GnRH analogs therapy. Through telephone survey after
2 months of GnRH analogue therapy, the patient’s gon-
adotropin levels normalized (LH 0.29 and the FSH 0.13
IU/L) and premature presentations gradually regressed.
After 18 months of regular GnRH analogue therapy, the
patient’s LH and FSH remained undetectable while his
precocious puberty regressed. The growth velocity is
approximately 5 cm per year.

Review of literature

We systematically searched PubMed database with “cen-
tral PP” and “peripheral PP” from inception through July
1st, 2022. No language restrictions were imposed. A hand
search through reference lists of relevant primary and
review articles was also performed for completeness.
Each of the two review authors (HC and C-Y M) inde-
pendently screened articles for inclusion based on title
and abstract and reviewed relevant articles as full text.
Disagreement during the review process was resolved
by consensus through involvement of a third review
author (L-Y Z). A total of 25 original articles involving 51
patients with the transition from peripheral to central PP
were reviewed and summarized (16—41) (Table 1). Most
of the patients were male (M:F=11:6), with a CA range
of 2-9 years and approximate BA advancement of 1-6
years. All patients had significantly elevated sex steroid
levels, with testosterone levels ranging from 196 to 625
ng/dl in males and estradiol levels ranging from 20 to 90
pg/ml in females. Twenty-one patients developed periph-
eral PP due to congenital adrenal hyperplasia (11 males
and 10 females). On admission, CA range and approxi-
mate BA advancement range were 3-8 years and 3-16
years, respectively, with symptom intervals ranging from
3 to 14 months. Central PP occurred approximately 6-36
months after the replacement of glucocorticoid and min-
eralocorticoid for congenital adrenal hyperplasia. Twelve
patients developed peripheral PP due to adrenal tumor
(7 males and 5 females). On admission, CA range and
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approximate BA advancement range were 4.5-8 years and
1.5-6 years, respectively, with symptom intervals ranging
from 3 to 36 months. Central PP occurred approximately
2—-6 months after adrenalectomy for adrenal tumor. Ten
patients developed peripheral PP due to the gonadal
tumors, including 8 males with Leydig cell tumors and
two females with ovary granulosa cell tumors. On admis-
sion, CA range and approximate BA advancement range
were 5-9 years and 2-6 years, respectively, with the
symptom intervals ranging from 6 to 36 months. Cen-
tral PP occurred approximately 3—18 months after the
surgery for tumors. Five male patients developed periph-
eral PP due to familial male-limited PP. On admission,
CA range and approximate BA advancement range were
2-7 years and 3-5 years, respectively. One patient had a
symptom interval of 36 months, while the others’ were
unclear. Antiandrogen drugs were supplied. Central PP
occurred 18 months after antiandrogen treatment in one
patient and the duration from peripheral PP to central PP
of other patients were unclear. The other patients devel-
oped peripheral PP due to McCune-Albright and then
progressed to central PP without further details. Only
one 6-years old boy with pineal teratoma development
peripheral PP and developed central PP at 8 years old,
8 months after his surgery for tumors. Except one male
patient received cyproterone acetate, all patients arrested
their central PP by GnRH analogues.

Discussion

Transition from peripheral PP to central PP is rare, which
means activating GnRH or inhibiting gonadotropin inhibi-
tory hormone after a period of overexposure to steroids.
This transition has been reported in patients with Leydig
cell tumors [17-24], adrenal tumors [25-31], congenital
adrenal hyperplasia [32—35], overy granulosa cell tumors
[36—38], familial male-limited PP [39, 40], McCune-
Albright syndrome [41] and pineal mature teratoma [42],
probably due to the circulating sex steroid hormones’ sud-
denly reduced feedback inhibition on gonadotropin releas-
ing hormone and gonadotropins. In addition to primary
gonadal diseases, only one case of central PP secondary to
extragonadal hCG-secreting iGCT has been reported, and
this patient has long-term exposure to endogenous testos-
terone [42].

In the present study, we describe a young boy with
a pineal germ cell tumor and peripheral PP who later
developed central PP. Initial peripheral PP of the patient
due to serum hCG, which binds to the LH receptor and
then acts on the testicular Leydig cell to excessively pro-
mote testosterone synthesis. The elevated hCG level in
serum and CSF inidicated the diagnosis of iGCT. The
residual in pineal lesion after induction chemotherapy
indicated the diagnosis of mixed iGCT and following



Page 4 of 8

237

(2023) 23

Chen et al. BMC Endocrine Disorders

Jowiny
K12b1ns 1aye 192
BHYUD S L V/N q(8 syuow ¢ ssaibouid A13bins BipAan 8l L 001 8 4 WL €10C Y eAjIS-solues
Jouny
K1261ns 19y pasealdap 1192
V/N L£1 V/N ql6 YIUOW | SU0IAIS0ISD) Aisbins  BIpAan 89C 1 0S¥ 6 9¢ WLz d4aINIO
uon Jowiny
-e49do sy Joye 192
eHYuD 10T L V/N qCL sypuow ¢ ss21631 A1abins BipAaT il L 0S'S i 1 WL Loz Szuubrn
uon
-elodo ayy Joye Jowny
eHYUD w61 /N 089 syuow ¢ ssalbai Kiobins  |eualpy 81zl S 59 3l N L 6007 AIYSOAIN
Jowny
192 eso)
K196Ins 1a1ye -nueib
BHYUD 0€3 L e syiuow / ssaiboid Aiabins ISENG) 063 V/N ST 4 41 600C 4 seg
Jownl
1|92
BHYUD Ly L Sel LL 1e3h | ssaibal Aizbins BipAaT 450 0€'S L9 4 W1 800C @ adany
9|0ZeuU0D01aY IO
eHYUD V/N V/N V/N V/N V/N 211928 3U0IN0IAAD ddW4  99¢-961 | [VIFSTE LTCFELY V/N W¥  800C  OW eplawly
(1odag SpiweIny ‘suoloe
uoidni)eHyuo sze L €l 9 syauowig| ssaiboid  -jouonds ‘SU01oe[0ISAY dd4 ¥ST L 05§ Sy 9 WL 900C SO eyar
auojoe|jouollds pue
BHYUD V/N Sl s e V/N 2UO0sILIOd0IPAY HYD YT L 06'S ST € WLl  900C v tedfeg
HYH
«— 9)e1aDB JUO Jowiny
-19101dA> ‘suoial K19b1ns 1ae IE=
-saboudAxoipaw vl L V/N 89 syuow ¢ ssaibal Awospiydio Biphan /881 059 S9 L WL 100C Vv 1zeyo
awolp
-UAS
ybuqy
PHYUD 9613 Ll 9 V/N V/N V/N  -SUNDOW V/N V/N V/N V/N ER 8661 HIp1wyds
K1261ns 1aje Jowny
CHYHT 0ced 00°¢ClL 081 syuow ssaibai Awoidsjeusipe  |eusipy el 059 4 9¢ 41l G861  HO Z1A03Sed
Jowny
2101908 K1261ns 19148 K19bIns<«—aie1a0e |19
2u0J101dAD 087 L V/N 05/ syuow 9 ssaubal suoI101dA> BIpAa1  09€-0/7 L 009 9 4 WL 5861 1.0joNasuD
SLFO¥3 q Jeak 3UOSI110D0IpN|) pue
BHYHT  09FP/C1  SEL-S0L  €80%FSL9 8ELFCLT V/N SUOSILIO0IPAY HYD V/N V/N  ¥/0¥88Y V/N JL'WE  ¥861  HOZuA0dsed
(lw/6d) 3
(Jw/Bu) L (s1eak)
auowloy ploia)s  juswadueApe (s1eak) (syuow)
Adeiay] proiais xas ve \"p) awodno Adesay)] ABojong pENN ve \"p) IS
(49puab‘u)
A113gnd snoodaid jenua) .uoneing £113gnd snoiodaud jesaydiiad juaned FLET Joyiny

Auagnd snoipodald [esiuad paiabbui Auagnd snoipodald |elsydiuad Jo sased snoinsld L djgel



Page 5 of 8

237

(2023) 23

Chen et al. BMC Endocrine Disorders

SNo1>0231d pajIwIf-djew |

Auagnd snop0d31d [enusd jo pue Auagnd snopodaid [esayduiad Jo 1asuo abe [e1bojouoiyd ayx ybnoiyy passasse sem uedsawin 3y 4

Auiagnd snopodaid |enyuad 01 Alagnd snoiodaid [esaydiiad ay) wosy uedsawin ay| ,

9|qe|ieAe 10N /N ‘@nbojeue suow.oy buisea|as suowoy buiziuiein bHYHT ‘Asiuobe suowuoy buisesjas uidonopeuon pHyuo ‘Auagnd

we4 dd4 ‘eisejdiadAy jeualpe [enuabuo) Hyd ‘joipesisd 3 {(|/|[oWuy8 188Z°0 = |W/Bu ) 3U0I3)S0IS] | ‘Djewa 4 ‘D[N | Judlied ‘abe auog vg ‘abe |esibojouoiy) v ‘s|eassiul swoidwiAs s

ewou|w
dessyioipes  -19b pue
pue Adesaylowayd snoyew
K12b1ns 19je «A19bINS«— 3|0z -01e491
BHYUD W/N W/N 008 syiuow g ssaiboid  -onseue puespiweinfedlq  ainjew 689 v/N 9 14 WL zzo v luoned
Jowny
||92 eso|
K12bins 1oy Adesayy -nuelb
eHYuD 13 L / syiuow g| V/N -owayp pue A1abins A13n0 1ze3 VN S o¢ 41 20T Wdpemyien
Jouwny
K12b1ns 19y |19
eHYuUD 787 1 W/N ql9 SAPIM ssaibal Aiabins BipAa €62 1 009 9 9 WL zeor  deueybus
syjuow syuow
Adesayrolpel 1o padueApe gy >¢ 8y >9
Adesayiowayd yim Jowny 10N | syjuow syuow
(W L4 7)eHYuUD V/N V/N V/N V/N V/N pauiqwod Ai9bins - jeusipy 18 L pasueApy § 83y 8729 WEYY  6L07 4N IUIY2d3IS
K12b1ns 1aye Jowny
eHyuD 6CL L v/N qS'L syiuow 9 ssaibal Aiebins  Jeuaipy 0611 L 009 L 8 WL 6l0C v [efoD
2UOsIIod0IPNY pue
eHYUD v/N V/N TLFLY v/N W/N 2UOSI1I00IPAY HYD V/N CLFTE  ¥L0¥F9€ vl W14t 8l0C alefeq
K19b1ns 1oy Jouwny /91
BHYUD ozl 050l 9 syuow 7 ssaiboid Aisbins euaipy 9v¢ 3 00'S 4 4 i1 /107 g Aosi3
eHYH o6 1L 4! §9 v/N W/N SUOSI1I020IPAY HYD v/N v/N v/N 7S WL 9loz d euetjes
Jowny
K1261ns 1a1je IE=
BHYUD  01T'8/L L zL'sel 088/ syuow ssaibai A1bans BipAa ‘8SL L €EeT LLSL 9Y WCT  SlOT W 111019/
uon
-esado ay) Uaye Jowny
BHYUD vee L Y/N 8 syiuow ¢ ssaibai A1ebins  jeuaipy 78€ L 0S'L 8 € WL slog S Wiy
L'0b-02 23
sJeak pI02111020|e SC9-1TL
eHYuD VN LLFCLL 8LF8L9 #S0FC80 V/N  -Jauiuw 'auosi0301pAy HYD 1 ELFESY  LTF8LY v/N 45'WSs  Sloz 'Y U9AND
(1w/6d) 3
(Jw/Bu) L (s4eak)
auowloy ploia)s  juswadueApe (s1eak) (syjuow)
>Qm‘_wr_._. p1043}s Xas veg YD 2wodlnQ >Qm‘_wr_._. >m0_0_um X3S veg YD IS
(49puab‘u)
A113gnd snoodaid jenua) euoneing A113gnd snoiodauid jessydiiad juaned Jeap Joyiny

(panupuOd) | 3jqey



Chen et al. BMC Endocrine Disorders (2023) 23:237

histological results indicated the teratoma component.
During the initial 2 courses of chemotherapy, although
the hCG level returned to normal range, the patient’s LH
and FSH levels increased synchronously with the stably
elevated testosterone. Compared to previous cases where
patients’ central PP commonly developed after months
or even years of peripheral PP regression, the abnor-
mal change in gonadotropin and sex steroid hormone
of this patient suggested a probable mechanism differ-
ent from loss of negative feedback to the gonadotropins
(Fig. 3). In our opinion, the transition from peripheral
PP to central PP in the present study is likely associated
with the destruction of the pineal gland and the impair-
ment of melatonin function (1). Patient’s gonadotropin
levels began to increase following the chemotherapy in
parallel with a decline of hCG and sex steroid level. The
change in the level of circulating sex steroids seems insuf-
ficient to regulate hythalamic inhibition during this short
peroid (2). The patient received surgery and multidrug
therapy for tumor at the age of 5. During this period,
the inhibitory role of melatonin in gonadotropin release
was usually strong and crucial [43]. The annual rhythm
of melatonin during this period may act as a regula-
tor of pubertal onset (3). Most of the published cases of

\
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transition from peripheral PP to central PP are adrenal or
gonadal diseases, rather than extragonadal diseases. Nev-
ertheless, before central PP activates, adrenal or gonadal
diseases manifested long-term and high-level exposure
to sex steroid hormone. But for extragonadal diseases,
the exposure time is commonly shorter, and level lower.
Besides, there was only one case of pineal teratoma that
has been reported to developed central PP after periph-
eral PP. The differences between previous case and oue
case are also significant. Firstly, the peak elevated testos-
terone level in our case seems not high enough to play
a crucial role in the hypothalamic threshold. That may
be why patients with transition from peripheral to cen-
tral precocious puberty had adrenal or gonadal disease,
or other disease secreting sufficient sex steroid hormone.
Additionally, our case developed central precocious
puberty immediately after normalizing the hCG, while
previous cases always had a time span from peripheral to
central precocious puberty. Finally, the symptom inter-
val of the present patient was only six months so that the
exposure time is not a long-standing period [4]. Other
causes triggering GnRH-dependent puberty, like radio-
therapy, co-existence of other lesions in hypothalamus-
pituitary region, injury or infection of the central nervous

GnRH neuron activated
CNS lesion
Cranial radiotherapy
Traumatic brain injury
Others

Suppression weakened
®  Feedback of androgens loss
®  Melatonin deficiency
®  Others

Coincidentally

Transition

Sex steroid increased
® Congenital adrenal hyperplasia
Sex steroid-secreting adrenal/
testis/ovaries tumors
HCG-secreting tumors
Exogenous sex steroid therapy
McCune Albright syndrome
Gonadotropin-receptor activating
mutation
® Others

Fig. 3 Probably mechanisms of the transition from peripheral to central precocious puberty
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system have been carefully excluded. However, all these
presumptions are based on the strong evidence of physi-
ological and the neuroendocrine functions of the pineal
gland and melatonin, related to the clinical manifesta-
tions and the changes in sex hormones. At present, the
clinical assessment of the role of melatonin in precocious
puberty remains difficult and thus there is very little data
on melatonin levels in peripheral or in the CNS. The dif-
ficulties are as follows. First, melatonin samples should
be collected under dim light conditions throughout the
night after controlling potential risk factors for oxidative
stress and inflammation. It seems difficult for malignancy
children to collect melatonin sample during their crucial
anti-cancer therapies. Next, the reference range of mela-
tonin matched for gender, age, and ethnicity in healthy
individuals remain controversial so that interpretation
of results may not be straightforward. Finally, in future
research, the evaluation in puberty of patients with pineal
hCG-secreting tumors should be highlighted, although
the hCG-induced PP of most cases would spontaneously
regress together with tumor elimination. If possible, col-
lecting the melatonin level at baseline and after therapy
should be recommended.

Conclusion

Clinicians caring for young patients with pineal hCG-
secreting tumors should be alert to the secondary central
PP, although most hCG-induced peripheral PP would
regress after the tumor was eliminated. Gonadotropin
levels increasing prior to sex steroid suppression may
be a a sign of melatonin-related central PP. It is highly
recommended to assess the function of hypothalamic—
pituitary—gonadal axis by testing hormones during the
treatment period of pineal hCG-secreting tumors.

Abbreviations
PP Precocious puberty

GnRH  Gonadotrophin releasing hormone
hCG Human chorionic gonadotropin
LH Luteinizing hormone

FSH Follicle stimulating hormone

CSF Cerebrospinal fluid

iGCT  Intracranial germ cell tumor
BA Bone age
MRI Magnetic resonance imaging

CA Chronological age
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