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ABSTRACT
Introduction. McCune-Albright syndrome 
(MAS) is a genetic disorder defined by fibrous 
dysplasia of bone, café-au-lait skin spots, and 
autonomous hyperfunction of one or more 
endocrine organs. MAS is caused by activating 
mutations of the GNAS1 gene. The most 
frequent type of endocrinopathy is gonadal 
endocrinopathy in the form of peripheral 
precocious puberty.
Objective. To describe the clinical characteristics, 
laboratory and imaging tests at the time of 
diagnosis and over the course of the disease, 
focusing on the classical triad of MAS.
Population and methods. Observational, 
descriptive, retrospective clinical study of 
patients with MAS seen at the Department of 
Endocrinology of Hospital de Niños Ricardo 
Gutiérrez between 1974 and 2019. 
Results. Twelve girls are described, all of whom 
developed peripheral precocious puberty (PPP) 
secondary to functional ovarian cysts. Their 
age at presentation was early (2.6 ± 1.3 years). 
Gonadotropin levels were suppressed or in the 
prepubertal range with generally high estradiol 
levels. Ten girls had café-au-lait skin spots since 
birth. During the course of disease, polyostotic 
fibrous dysplasia was detected in all patients. 
The treatments used to reduce ovarian cyst 
recurrence and hyperestrogenism effects showed 
varied effectiveness.
Conclusions. In this series, the onset of PPP 
helped to make an early diagnosis of MAS 
and was difficult to treat. The course of disease 
showed persistent gonadal hyperfunction and 
worsening of bone injuries.
Key words: McCune-Albright syndrome, precocious 
puberty, fibrous dysplasia of bone.
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Acronyms and abbreviations
CPP: central precocious puberty.
E2: estradiol.
FDB: fibrous dysplasia of bone. 
FSH: follicle-stimulating hormone.
GH: growth hormone.
GnRH: gonadotropin-releasing 
hormone.
IFMA: immunofluorometric assay.
LH: luteinizing hormone.
MAS: McCune-Albright syndrome.
MPH: midparental height.
PP: precocious puberty.
PPP: peripheral precocious puberty.
RIA: radioimmunoassay.

INTRODUCTION
Precoc ious  puber ty  in  g i r l s 

is defined as the onset of pubertal 
development before 8 years of age.1 
Two types of precocious puberty 
(PP) have been established based 
on their originating mechanism: 
central precocious puberty (CPP), 
caused by  the  ear ly  ac t ivat ion 
of  the  hypothalamic-pitui tary-
gonadal (HPG) axis, and peripheral 
precocious puberty (PPP), caused by 
an autonomous gonadal activity. One 
of the etiologies of PPP is McCune-
Albright syndrome (MAS), which is 
accompanied by the involvement of 
different organs and systems.

MAS was first described in 1936 
by Donovan McCune2 and in 1937 by 
Fuller Albright.3 The association of 
precocious puberty, fibrous dysplasia 
of bone (FDB), and café-au-lait skin 
spots is currently known as the typical 
MAS triad.4-6 It may be associated with 
different endocrinopathies and other 
organ involvement.6-8 MAS prevalence 
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ranges from 1/100 000 to 1/1 000 000 in the 
general population.4 It is a sporadic disorder 
caused by a postzygotic activating mutation of the 
GNAS1 gene that codes the stimulatory G protein 
α-subunit (Gsα), leading to constitutive activation 
of adenylyl cyclase with unrestricted production 
and excess intracellular cAMP, hyperplasia, and 
uncontrolled secretion of cell products.9,10

The most frequent type of endocrinopathy 
is gonadal endocrinopathy in the form of PPP. 
Although male and female children may be 
affected, a significantly higher prevalence has 
been described in girls, with a 9:1 ratio.11-14 The 
autonomous activation of the ovary leads to 
the intermittent development of follicular cysts, 
which cause varying levels of estradiol and 
clinical signs of hyperestrogenism. Some girls 
may secondarily develop CPP.

Different treatments have been used to 
manage MAS, aimed at reducing the recurrence 
of ovarian cysts, counteracting the manifestations 
of estrogen excess, and stopping the advancement 
of bone injuries.13

The objective of this study was to describe the 
clinical characteristics and supplementary tests 
in a cohort of girls with MAS, the effectiveness 
of different treatments, and the long-term course 
of patients.

POPULATION AND METHODS
This was an observational, descriptive, 

retrospective clinical study carried out at the 
Department of Endocrinology of Hospital de 
Niños Ricardo Gutiérrez (HNRG). The medical 
records of girls with MAS seen between 1974 
and 2019 were analyzed, at the time of diagnosis 
and over the course of their condition until 
adolescence. Inclusion criteria: MAS showing the 
triad of PPP, café-au-lait skin spots, and FDB or 
MAS with only two manifestations. Exclusion 
criteria: Girls with recurrent ovarian cysts, with 
no other syndrome components.

The following were analyzed: age at onset of 
the first sign of puberty, vaginal bleeding (VB), 
café-au-lait skin spots, anthropometric data, 
age at menarche, menstrual cycle alterations, 
bone alterations, and final height compared to 
midparental height (MPH). Lab tests, estradiol 
(E2), FSH, and LH at baseline and after GnRH 
stimulation were done using a RIA until 1994 
and an IFMA thereafter. A serum E2 level 
≥ 14 pg/mL15 with both methods was considered 
indicative of puberty.16 Gonadotropin levels 
assessed by RIA or IFMA were considered 

inhibited if the baseline and/or post-GnRH 
stimulation values were < 2 standard deviations 
(SD) of the normal pre-pubertal values for the 
assay used.17,18

The molecular analysis to detect the GNAS1 
gene mutation was done in DNA from peripheral 
blood and tissue using the allele-specific 
polymerase chain reaction (AS-PCR).19

The following imaging tests were done: pelvic 
ultrasound, x-ray for bone age (BA), bone scan, 
others (bone x-rays, CAT scan, MRI) based on 
clinical data.

Results are expressed as mean and SD or 
median (Me) and range. Wilcoxon’s test was 
used for paired samples to assess treatment 
outcomes. Auxological data were unified by 
translating them into a SD score (SDS) based on 
the Argentine reference tables by Lejarraga et al.20

The study was approved by the Research 
Ethics Committee (REC approval no.: 14.48) and 
the Research and Teaching Committee of HNRG. 
The principles established in the World Medical 
Association’s Declaration of Helsinki and Law 
3301/09 for the Protection of the Rights of Health 
Research Subjects of the Autonomous City of 
Buenos Aires were met.

RESULTS
Ten patients showed the typical MAS triad, 

while 2 had MAS with 2 manifestations (Table 1).

Diagnosis and management
In all patients, the first manifestation of 

disease was precocious puberty at an onset age 
(mean ± SD) of 1.8 ± 1.3 years. Chronological age 
(CA) at diagnosis was 2.3 ± 1.3 years, while BA 
was 3.7 ± 1.6 years. BA was advanced in 6 girls, 
whereas the rest had a BA that matched their 
CA. The first sign was simultaneous breast 
development (thelarche) and vaginal bleeding in 
9/12 patients (Table 2). In 8/12 patients, unilateral 
ovarian cysts with a diameter between 29 and 

Table 1. Clinical manifestations

Clinical manifestations n: 12

Fibrous dysplasia of bone 12
Precocious puberty 12
Café-au-lait skin spots 10
Hyperthyroidism 2
Growth hormone hypersecretion 2
Hyperprolactinemia 2
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53 mm were observed. E2 and gonadotropin 
levels are shown in Table 3. Serum E2 values 
ranged between undetectable (< 10 pg/ml) and 
90 pg/ml. In 3 patients whose ultrasound did 
not show ovarian cysts, high E2 levels were 
observed. In 9 girls, serum gonadotropins were 
determined after GnRH stimulation and the 
value was prepubertal or inhibited, whereas only 
baseline levels were determined in 3 girls, who 
had an inhibited value, thus confirming their PPP 
diagnosis. Six patients had a molecular analysis 
done in peripheral blood samples; the mutation 
was detected in 2 girls who had the typical MAS 

triad. In 1 of them, several samples were obtained 
for surgery and the mutation was found in her 
skin, muscle, bone, and thyroid tissue.

Data related to PPP treatment are shown in 
Figure 1. The first line of treatment in all girls 
were weekly medroxyprogesterone acetate 
(MPA) injections for 6.1 ± 2.6 years. Tamoxifen 
was administered to 3 patients for 1.2 to 2.4 years. 
With the emergence of aromatase inhibitors, MPA 
was interrupted in 2 girls and treatment with 
testolactone for 8 and 15 months, respectively, 
was started; this was later interrupted due to 
unavailability of the drug and MPA was restarted. 

Figure 1. Course of precocious puberty with different treatments

MPA: medroxyprogesterone acetate.

Vaginal bleeding
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Table 2. Stage of precocious puberty diagnosis: Clinical characteristics

Patient 1st sign CA at 1st sign CA at 1st visit BA-CA Tanner Vaginal Café-au-lait Fibrous 
  (years) (years) (years) stage bleeding skin spots dysplasia

1 Thelarche + VB 1.5 4 2 B3 PH1 + - +
2 Thelarche + VB 1.2 1.3 1.3 B3 PH1 + + +
3 VB 0.5 4.3 1.6 B3 PH1 + - +
4 Thelarche + VB 0.8 1.3 1.3 B3 PH1 + + +
5 Thelarche + VB 0.5 1 1.5 B3 PH1 + + +
6 Thelarche + VB 0.8 0.8 0.1 B3 PH1 + + +
7 VB 1 2.2 1.7 B3 PH1 + + +
8 Thelarche + VB 2 2.1 1.3 B3 PH1 + + +
9 Thelarche + VB 4.1 4.1 1.7 B3 PH1 + + +
10 Thelarche 4.5 4.5 0.5 B3 PH2 - + +
11 Thelarche + VB 2.3 2.6 0.1 B3 PH1 + + +
12 Thelarche + VB 3.1 3.1 0.4 B3 PH2 + + +

 Mean 1.8 2.6 1.1    
 SD 1.3 1.3 0.6    

VB: vaginal bleeding, CA: chronological age, BA: bone age, SD: standard deviation, B: breast, PH: pubic hair.

MPA

Tamoxifen
Letrozole, aromatase inhibitor
Testolactone, aromatase inhibitor
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Four patients received a third-generation 
inhibitor, letrozole, for 1.5 to 5 years.

Out of the 12 girls, 6 did not have VB while 
treated with MPA, 2/3 had VB while receiving 
tamoxifen, and 2/4, while taking letrozole. 
Among those with VB while being treated, 
ovarian cysts were observed by ultrasound at 
that time. Two girls underwent a laparoscopic 
cystectomy. One patient had a unilateral 
oophorectomy at 1 year old due to large ovary 
size, abdominal pain, and risk for torsion. Later, 
she developed recurrent cysts in the remaining 
ovary. Two patients progressed to CPP and 
started treatment with a GnRH analog for 2 and 
4.3 years, respectively.

All patients showed evidence of polyostotic 
FDB. Repeated pathological fractures were 
reported in 9 girls between 2 and 9 years old, 
and skull compromise with hyperostotic injuries 
involving the skull base. As a result of cranial nerve 
compression, 1 girl showed hearing involvement 
and 1, visual compromise. FDB affected only the 
limbs in 3 girls, evidenced as hypostotic, cystic 
or ground-glass lesions. Seven girls required 
surgical treatment and 2, decompression surgery 
of craniofacial injuries and plastic surgery due to 
severe facial asymmetry.

Due to persistent pain, 6 patients were treated 
with pamidronate, which relieved pain, but 
had no effect on bone disease progression. Four 
patients developed lower limb shortening and 
bowing with final height compromise.

Skin spots were observed in 10/12 girls since 
birth. Skin spots had rough borders, corresponding 
to the “coast of Maine” pattern, and did not change 
in terms of number or characteristics over time.

Long-term follow-up
In spite of their treatment for PPP, 2 girls 

developed recurrent ovarian cysts and progressed 
to secondary CPP. Patients interrupted their 
treatment for PPP at a CA (Me) of 9.8 years 
(8.5-11.9). Ten girls had menarche at a CA 
(Me) of 11.1 years and 1.3 years after treatment 
discontinuation (Table 4). Patient 12 is still 
receiving letrozole. The median adult height 
was 150.5 cm (122-174 cm), significantly lower 
than MPH (p < 0.05). Six patients did not reach 
MPH. In the case of patient 2, her shortest final 
height was related to severe FDB associated with 
multiple fractures and lower limb deformities 
(Table 4).

Five patients had persistent  irregular 
menstrual cycles after 3 years of gynecological 
age (polymenorrhea, oligomenorrhea, and 
secondary amenorrhea). Recurrent ovarian cysts 
after menarche were observed in 4 patients in 
association with inhibited gonadotropin values, 
indicative of persistent autonomous ovarian 
activity. Cysts disappeared spontaneously, as 
confirmed by gynecological ultrasound.

All patients showed progressive worsening of 
bone injuries.

Table 3. Stage of diagnosis: Ovarian cyst and serum hormone levels at baseline and after GnRH stimulation

 GnRH stimulation test

Patient Cyst Estradiol Baseline LH Max. LH Baseline FSH Max. FSH Gonadotropin 
 Largest diameter (pg/ml) (mIU/ml) (mIU/ml) (mIU/ml) (mIU/ml) assay 

1 No 70 2 13.6 3.1 10.4 RIA 
2 LO 32 mm 30 6 5.2 1.3 1.9 RIA 
3 RO 31 mm 45 < 2 -- < 1 -- RIA 
4 LO 52 mm 11 2.4 4.2 12 21 RIA 
5 No 60 3.3 3.9 1.2 3.5 RIA 
6 LO 29 mm 90 < 1 < 1 < 1 < 1 RIA 
7 Micro-multifollicular 60 < 1 14.5 < 1 13.1 RIA 
8 RO 30 mm 44 0.05 0.54 0.8 3.8 IFMA 
9 LO 30.4 mm 33 0.1  0.27  IFMA 
10 RO 36 mm 28.4 0.1 1.65 0.37 3.76 IFMA 
11 RO 18 mm 28 < 0.1 1 0.27 2.74 IFMA 
12 RO 36 mm 29 0.1  0.15  IFMA 

GnRH: gonadotropin-releasing hormone, RIA: radioimmunoassay, IFMA: immunofluorometric assay, RO: right ovary, LO: left ovary.
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DISCUSSION
PP and FDB are the most common alterations 

observed in MAS.2-5,13,21

PPP is caused by autonomous gonadal 
hyperfunction, with typical clinical manifestations 
different from those of CPP. Whereas, in the case 
of CPP, the age at onset is usually closer to that 
of normal puberty and development progresses 
similarly, in PPP the age at the onset of the first 
sign is very early, usually VB, which may occur 
before or at the same time as thelarche, with little 
acceleration of growth rate and BA as a result of 
the fast onset of PP.4,6,12 Ultrasound observation 
of ovarian cysts, which disappear spontaneously, 
and their recurrence accompanied by repeated 
clinical signs guide diagnosis, as in the case of 
all the patients in this study. The confirmation 
of the peripheral nature of PP is done based on 
gonadotropin levels at baseline or after GnRH 

stimulation, which are low or inhibited, and 
serum estradiol levels, with varying values, as 
observed in this study. With the resolution of 
ovarian cysts, estradiol levels decrease rapidly, 
whereas gonadotropin inhibition may last; this 
may be the reason for the disagreement observed 
in some cases.22 PPP usually has an intermittent 
course with long remission periods; however, 
some patients have rapid progression, accelerated 
growth, and skeletal maturation, affecting their 
final height.5,6,12 As a result of sustained or 
repeated exposure to high estradiol levels from 
follicular cysts, CPP may develop secondary 
to the early activation of the HPG axis,4,11,12 as 
observed in 2 girls from our series. The diagnosis 
of PPP in relation to MAS is clinical when the 
typical triad of symptoms is observed. In the 
case of apparent absence of bone alterations, a 
bone scan with Tc99 is recommended, as done 

Table 4. Long-term follow-up of patients with PPP due to MAS

Patient (n) Age at CA at tx BA-CA Height at CA at tx BA-CA at tx Menarche Final height MPH 
 diagnosis initiation for years at tx initiation interruption interruption years cm cm 
 of PP years  PP years  tx initiation  cm (SD)  years years  (SD)  (SD)

1 4 4.5 1.3 107 9.6 1.3 10.5 144.8 157
    (0.8)    (-2.6) (-0.6)
2 1.4 2.5 1.53 90 11.7 1.3 12.9 122 157.5
    (0.1)    (-6.3) (-0.52)
3 4.4 6.0 1.37 128.7 9 1.4 11.9 174 171.7
    (2.9)    (2.1) (1.81)
4 1.4 5.2 1.54 118.1 9.0 1.5 9.9 148 161
    (0.8)    (-2) (0.04)
5 1 1.0 3 79 9.4 1.4 12.0 151 168.5
    (1.1)    (-1.5) (1.27)
6 0.8 2.1 1.9 92 8.5 1.35 10 157.5 157.5
    (1.5)    (-0.5) (-0.52)
7 2.3 3.1 1.25 106 10 1.2 10.8 150 161.5
    (2.8)    (-1.7) (0.13)
8 2.2 2.1 1.59 89.5 12 1.1 15.5 142 159
    (0.7)    (-3) (0.27)
9 4.2 4.9 1.1 113.5 12.5 2.4 11.1 158.5 162.5
    (1.8)    (-0.3) (0.29)
10 4.9 6.7 2 124.7 10.9 1.3 -- 153.5 163
    (0.2)    (-1.1) (0.3)
11 2.9 3.9 1 100.1 11.9 1.4 11.6 153 159
    (0.4)    (-1.2) (0.27)

Median 2.2 3.5 1.45 103 9.8 1.3 11.1 150.5 160
Range (0.8-4.9) (1.0-6.7) (1-3) (79-124.7) (8.5-11.9) (1.1-1.5) (10-15.5) (122-174) (157-171.7)

PPP: peripheral precocious puberty, MAS: McCune-Albright syndrome, BA: bone age, CA: chronological age,  
SD: standard deviation, MPH: midparental height.



McCune-Albright syndrome, a rare form of precocious puberty: diagnosis, treatment, and follow-up  /  e425

in all our patients. If increased uptake areas are 
observed, a localized x-ray of the area should be 
done to accurately establish the injury. In case of 
an uncertain diagnosis, a molecular analysis may 
be done for the mutation. In this study, it was 
not possible to perform a molecular analysis in 
all patients. The mutation is found in more than 
90 % of analyses performed in affected tissues, 
regardless of the clinical presentation. However, 
when done in peripheral blood samples, detection 
is much lower, and even lower if the patient does 
not show the typical MAS triad.10

Different treatments have been used to 
reduce ovarian cyst development and the effects 
of hyperestrogenism, with varying degrees 
of effectiveness. Although MPA may inhibit 
VB, it has not demonstrated an effect on bone 
maturation.23,24 Tamoxifen, a selective estrogen 
receptor modulator, was administered to 25 girls 
and showed a reduction in VB events and 
an adequate control of growth rate and bone 
maturation, although it had no effect on ovarian 
volume and uterine size.24 Another study carried 
out in 8 girls treated for 3-8 years achieved the 
interruption of VB, the stabilization of skeletal 
maturation, and an improved prediction of 
final height.25 Letrozole, a third-generation 
aromatase inhibitor, is considered useful in the 
treatment of PPP. A study conducted in 9 girls 
reduced the rate of VB, the growth rate, and the 
advancement of BA. Only 1 patient developed 
an ovarian cyst under treatment.26 Estrada et al. 
published a long-term, retrospective study with 
letrozole administered to 28 girls. The treatment 
was effective to reduce the growth and skeletal 
maturation rates and to improve adult height 
prediction.27 For girls who fail to respond to drug 
treatment, surgical resection of persistent ovarian 
cysts by laparoscopic cystectomy may help to 
control PPP.28 All our patients received MPA, 
which was the only treatment available until 
1987. They had a favorable response in relation 
to the number of VB events, probably due to the 
anti-estrogenic activity of this progestin on the 
endometrium,23 but did not show a slowdown of 
BA. It is not possible to draw conclusions about 
the new treatment initiated in our series due to 
the reduced number of treated patients.

There is little information about the course 
of ovarian function during adolescence and 
adulthood. As observed in our patients, ovarian 
autonomy episodes may persist, manifested by 
menstrual cycle disorders, cyst development, 
and high estradiol levels with pre-pubertal or 

inhibited gonadotropin values.29,30 Sotomayor 
et al. found a significantly lower proportion of 
ovulatory cycles in patients with MAS compared 
to normal controls.31

FDB is usually unilateral and generally 
polyostotic.32,33 The skull base and long bones 
are more frequently affected. X-rays show cystic 
or lytic lesions, and “ground-glass” lesions are 
typical in children.21,32 Pathological fractures and 
deformities may also be observed, e.g., in the 
femur (“shepherd’s crook”).21 Initial manifestations 
include pain, limb claudication or pathological 
fracture. The incidence is higher between 5 and 10 
years old.19,33 Pamidronate has been used in cases of 
severe pain, administered orally to 4 patients and 
intravenously to 2 patients.34,35 When the long bones 
are affected, surgery with intramedullary implants 
is recommended.21,33 All our patients developed 
FDB; most of them had fractures and many 
required surgery. Lumps in the face and skull or 
facial asymmetry are observed. Excess GH levels 
are associated with fibrous dysplasia in the skull 
base8,21 and reduced visual and hearing acuity due 
to cranial nerve compression.

Café-au-lait skin spots are very common 
and typical of MAS and are present since birth, 
although they are not considered pathological 
until other MAS features develop,4 as observed in 
our patients, who sought care due to PPP signs. 
Café-au-lait skin spots are caused by melanocytic 
proliferation, are benign and lack the potential 
to progress to malignancy,5,36 appear in varying 
numbers and shapes, almost always have rough 
borders (“coast of Maine”), and become more 
evident with exposure to sunlight. They are 
limited to one side of the body, in general do not 
cross the midline of the body, and do not change 
over the course of disease, as observed in our 
patients. Café-au-lait skin spots are distributed 
following Blaschko’s lines, which account for the 
migration pattern of ectodermal cells during the 
embryonic stage.5,36

PPP associated to MAS is an uncommon 
condition. In general, it is diagnosed during 
childhood, but the onset of other syndrome 
features, such as bone dysplasia and other types 
of endocrine hyperfunction, usually occurs later 
and in a progressive manner, so it is necessary 
for these patients to be under continuous clinical 
surveillance.

CONCLUSIONS
In our patients, the onset of PPP helped 

to make an early diagnosis of MAS and was 
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difficult to manage with the different treatments 
in place. In the long term, persistent gonadal 
hyperfunction and worsening of bone injuries 
were confirmed. Given its complexity, MAS 
requires a multidisciplinary approach. n
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