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Abstract 

Introduction: GNAS mutations have been reported in both McCune-Albright syndrome 
(MAS) and juvenile granulosa cell tumors (JGCT) but have never been reported simul-
taneously in the same patient.
Case Presentation: A 15-year-old girl developed secondary oligomenorrhea. Laboratory 
studies revealed suppressed gonadotropin levels with markedly elevated estradiol and 
inhibin B levels. Pelvic ultrasound showed a 12-cm heterogeneous right adnexal mass; 
pelvic magnetic resonance imaging to further characterize the mass displayed heteroge-
neous bilateral femoral bone lesions initially concerning for metastatic disease. Positron 
emission tomography/computed tomography showed minimal 18F-fluorodeoxyglucose 
(FDG) uptake in the pelvic mass but unexpectedly revealed FDG uptake throughout the 
skeleton, concerning for polyostotic fibrous dysplasia in the context of MAS. The ad-
nexal mass was excised and pathology confirmed a JGCT. The patient’s affected bone 
and JGCT tissue revealed the same pathogenic GNAS p.R201C mutation, while her per-
ipheral blood contained wild-type arginine at codon 201.
Conclusion: This mutation has been previously reported in cases of MAS and JGCT 
but never simultaneously in the same patient. This demonstration of a GNAS mutation 
underlying both JGCT and MAS in the same patient raises questions about appropriate 
surveillance for patients with these conditions.
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The differential diagnosis for secondary oligomenorrhea is 
broad. However, the etiology can often be established when fol-
lowing an algorithmic approach for further diagnostic testing. 
In this case, the patient was found to have both McCune-
Albright syndrome (MAS) and a juvenile granulosa cell 
tumor (JGCT). MAS is characterized by mosaicism, wherein 
a GNAS mutation arising early in embryonic development 
causes the MAS phenotype. Somatic GNAS mutations are 
also reported in several different types of tumors, including 
JGCTs. This is the first report wherein a patient with MAS 
was found to have a JGCT with sequencing demonstrating 
the same GNAS mutation in each affected tissue. This obser-
vation introduces new challenges for long-term surveillance in 
patients with MAS or JGCT. 

Case Report/Case Presentation

Patient Presentation

Written assent from the patient and consent from a parent 
to publish her case, including images, were obtained. The 
patient was diagnosed with overt hypothyroidism due to 
Hashimoto thyroiditis at age 13 years, 10 months. During 
routine endocrine follow-up at 14 years, 4 months of age, 
she reported that her menstrual periods had become ir-
regular over the preceding 4  months, although they had 
previously been regular since menarche at 12  years, 
8  months of age. Her review of systems was otherwise 
negative. Thyroid function was normal on levothyroxine 
replacement. After being asked to track her menses, she re-
turned to care at 15 years, 4 months of age reporting up to 
2 months without any vaginal bleeding followed by periods 
of heavy bleeding lasting up to 2 weeks. Family history was 
notable for maternal hypothyroidism but no other auto-
immune conditions, infertility, or first-degree relatives with 
breast, ovarian, uterine, or colon cancer.

On physical examination, her height was 165.8  cm 
[+0.8 SD score (SDS)], her weight was 79.2 kg (+1.9 SDS), 
and her BMI was at the 95th percentile (+1.9 SDS). Her 
vital signs were normal for age, and her physical examin-
ation was normal apart from symmetric thyromegaly ap-
proximately 1.5 times normal size. She did not have any 
café-au-lait spots.

Laboratory and Imaging Studies

As part of her evaluation, luteinizing hormone (LH) and 
follicle-stimulating hormone (FSH) levels were obtained 
to rule out premature ovarian insufficiency but returned 
suppressed (see Table 1 for lab values). She was also noted 
to have hyperprolactinemia (56.67  ng/mL), which was 
consistently elevated with serial dilutions and prompted 

additional studies to evaluate the hypothalamic-pituitary 
axis. She was found to have a low insulin-like growth 
factor-I (IGF-I) level for age and pubertal status. A morning 
cortisol level was normal. A  brain magnetic resonance 
imaging (MRI) to evaluate the hypothalamus and pitu-
itary was normal. As part of the evaluation for polycystic 
ovarian disease, a free testosterone level was obtained and 
was normal, but sex hormone-binding globulin was mark-
edly elevated (175.7 nmol/L). An estradiol level determined 
by immunoassay was 1074 pg/mL (3943 pmol/L) and then 
was still significantly elevated at 969 pg/mL (3558 pmol/L) 
when repeated by tandem mass spectrometry to rule out 
heterophile antibody interference. An inhibin B level was 
above the upper limit of the assay at >4325 pg/mL, thus 
raising concern for an ovarian tumor.

A pelvic ultrasound showed a heterogeneous, predom-
inantly solid 11 × 12 × 8 cm right adnexal mass (Fig. 1A) 
without other abnormalities (Fig. 1B). A pelvic MRI (Fig. 
1C and 1D) showed multiple heterogeneous foci of ab-
normal, enhancing bone marrow signal in the proximal 

Table 1. Laboratory values and reference ranges obtained 

during diagnostic work-up

Patient’s value Reference range

Luteinizing hormone <0.10 IU/L Follicular: 2.1-12.2 
IU/L

Mid-cycle: 18.1-71.8 
IU/L

Luteal: 0.7-16.8 IU/L
Follicle-stimulating 

hormone
<0.10 IU/L Follicular: 3.0-11.3 

IU/L
Mid-cycle: 4.8-34.2 

IU/L
Luteal: 0.9-9.7 IU/L

Prolactin 56.67 ng/mL <26 ng/mL
Thyroid-stimulating 

hormone
3.310 mcunit/

mL
0.7-5.7 mcunit/mL

Free thyroxine 1.13 ng/dL 0.80-1.90 ng/dL
Insulin-like growth 

factor-I
182.0 ng/mL 208.0-444.0 ng/mL

Free testosterone 2.6 pg/mL 1.2-7.5 pg/mL
Cortisol 19.2 mcg/dL 5.0-25.0 mcg/dL
Sex hormone binding 

globulin
175.7 nmol/L 11.0-120.0 nmol/L

Estradiol 
(immunoassay)

1074.0 pg/mL Follicular: 30-500 pg/
mL

Luteal: 100-300 pg/mL
Estradiol (tandem mass 

spectrometry)
1030.0 pg/mL 9.0-249.0 pg/mL

Inhibin B >4325 pg/mL 50-475 pg/mL
Beta-human chorionic 

gonadotropin
<0.1 mIU/mL 0-5.0 mIU/mL

Alpha fetoprotein 1.0 ng/mL 0-15.0 ng/mL
Cancer antigen 125 14 unit/mL 0-35 unit/mL
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femurs bilaterally with expansion of the marrow space, 
cortical thinning, and a linear abnormality across the right 
femoral neck concerning for fracture (Fig. D, arrows). 
These lesions on MRI and radiographs (Fig. 2) were ini-
tially concerning for metastatic disease. The patient had not 
reported any bone pain and was physically active.

Based on these results, an 18F-fluorodeoxyglucose (FDG) 
positron emission tomography (PET)/computed tom-
ography was obtained for staging of a possible primary 
ovarian tumor with metastatic spread. The PET imaging 
showed intense multifocal FDG uptake throughout the 
axial and appendicular skeleton. The right adnexal mass 
showed very low level FDG uptake (Fig. 2A). Consistent 
with the earlier pelvic radiograph (Fig. 2B), the CT portion 
of the PET examination (Fig. 2C) revealed extensive os-
seous abnormalities characterized by expansile lytic lesions, 
endosteal cortical thinning, expansion of the medullary 
cavity, and a diffuse pattern of groundglass attenuation, 
all of which were associated with intense FDG uptake in a 

pattern characteristic of polyostotic fibrous dysplasia. This 
finding suggested the possibility of MAS.

A right tibial bone biopsy was performed to further 
elucidate the diagnosis of fibrous dysplasia vs metastatic 
lesions. The pathology was equivocal, showing reactive 
bony trabeculae with focal associated osteoblasts and 
intervening stroma composed of bland spindle cells. This 
was reported as benign, although findings at the margin 
were suggestive of a fibro-osseous lesion secondary to fi-
brous dysplasia. Genetic testing from this biopsy was also 
sent (see following discussion).

The question arose as to whether the ovarian mass re-
flected ovarian hyperstimulation, a manifestation of MAS, 
or an ovarian tumor. Despite the low level of FDG-avidity 
in the ovarian mass, the large size, significant solid com-
ponent, and markedly elevated inhibin B level was most 
suspicious for malignancy. After multidisciplinary discus-
sion, the decision was taken to undergo primary treatment 
for a likely ovarian tumor via exploratory laparotomy and 

Figure 1. (A) Ultrasound image showing a heterogeneous, predominantly solid mass with scattered cystic areas (arrows). (B) Normal postpubertal 
sonographic appearance of the uterus and endometrium (*). (C, D) Pelvic MRI with coronal fat-suppressed T2-weighted (C) and postgadolinium en-
hanced fat-suppressed T1-weighted (D) images show the cystic/solid pelvic mass (*) and a normal left ovary (C, arrow) with heterogeneous enhance-
ment and mass effect upon the uterus (D, arrow). Also evident is abnormal enhancement and expansion of the bone marrow space (D, dashed arrow) 
with linear disruption of the right femoral neck cortex, concerning for pathologic fracture (D, open arrow).
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surgical resection. Upon entering the peritoneal cavity, a 
large pelvic mass arising from the right adnexa was noted. 
Peritoneal fluid suspicious for mass rupture was noted and 
pelvic washings were sent for cytology. The fallopian tubes, 
left adnexa, uterus, bladder, mesentery, and peritoneum ap-
peared normal, and no implants or lymphadenopathy were 
identified. Intraoperative frozen section from the mass 
demonstrated sheets of monotonous cells with abundant 
eosinophilic cytoplasm, likely of sex cord stromal origin. 
A  right salpingo-oophorectomy was performed, and the 
patient underwent an uncomplicated postoperative course.

Diagnosis and Treatment

Gross examination of the right ovary demonstrated a 
14.5  cm, encapsulated, lobulated, tan-white mass. The 
right fallopian tube appeared normal. Sections of the mass 
revealed focally hemorrhagic, solid and cystic, tan-yellow 

surfaces with multifocal necrostic and gelatinous areas. 
Small cuboidal and polygonal cells with scant cytoplasm 
and coffee-bean nuclei were noted, consistent with a 
low-grade malignant neoplasm originating from granulosa 
cells. Immunohistochemistry of the ovarian mass was 
positive for inhibin, calretinin, and steroidogenic factor 
1, confirming the diagnosis of a JGCT. Cytology from 
pelvic washings was negative, and there was no lymph 
node involvement. The JGCT was sent for a targeted 
next-generation sequencing cancer panel at Brigham and 
Women’s Hospital that surveys exonic DNA sequences 
of 447 cancer genes and 191 regions across 60 genes for 
rearrangement. A  pathogenic, Tier 1 mutation in GNAS 
c.601C>T (p.R201C variant) was found in 42% of 478 
reads without other Tier 1, 2, or 3 mutations or copy 
number variants found. This GNAS mutation has pre-
viously been associated with MAS and separately with 
JGCT [1,2]. A bone biopsy from the right tibia was sent 
to Washington University in St. Louis for targeted next-
generation sequencing of the GNAS gene, which demon-
strated the same GNAS p.R201C variant. Peripheral blood 
was sent to Prevention Genetics for Sanger sequencing 
analysis of the GNAS gene and demonstrated wild-type 
arginine at codon 201, consistent with the mosaic distribu-
tion of this mutation.

Due to the finding of tumor rupture at the time of resec-
tion, the JGCT was classified as International Federation of 
Gynecology and Obstetrics Stage Ic2. While observation is 
recommended for International Federation of Gynecology 
and Obstetrics Stage Ia and Ib JGCTs that have been com-
pletely resected, Stage Ic tumors with preoperative or 
intraoperative rupture require systemic chemotherapy given 
that rupture may confer inferior outcomes [3]. As such, the 
patient was treated with 4 cycles of bleomycin, cisplatin, 
and etoposide [4,5]. At the end of therapy, the patient’s in-
hibin B, FSH, LH, and estradiol levels normalized, and she 
remains in remission 16 months following therapy.

Discussion/Conclusion

MAS occurs due to somatic activating mutations in Gsα, 
the alpha subunit of the G protein coupled receptor of the 
GNAS complex located on the long arm of chromosome 20 
[1]. Given the mutation arises early during embryonic de-
velopment, it manifests as a mosaic phenomenon whereby 
the phenotype depends on which tissues have the GNAS 
mutation. MAS is typically, but not always, characterized 
by the triad of café-au-lait spots, fibrous dysplasia, and per-
ipheral precocious puberty [6]. As many hormone receptors 
contain Gsα, patients with MAS can also present with vari-
able presentation of hyperthyroidism, growth hormone-
secreting pituitary adenomas, and Cushing syndrome with 

Figure 2. (A) Whole body PET maximum intensity projection image from 
18F-fluorodeoxyglucose (FDG) positron emission tomography (PET)/com-
puted tomography (CT) examination with intense multifocal sites of FDG 
uptake (arrows), including the entire right femur, right tibia, proximal 
left femur, right ileum, acetabula, and right forearm. Pelvic radiograph 
(B) and coronal thick slap minimum intensity projection CT image of the 
lower extremities, reconstructed from the attenuation correction CT com-
ponent of the PET/CT exam (C) show lytic lesions (B, arrow), endosteal 
cortical thinning and expansion of the medullary cavity (dashed arrows), 
and a diffuse pattern of ground-glass attenuation (open arrows), all cor-
responding to the sites of FDG uptake on the PET scan.
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variable presentation due to somatic mosaicism [7-10]. 
Within the bone marrow, constitutive activation of Gsα in 
the stromal cells results in fibrous dysplasia [11]. Depending 
on age of onset, LH receptor-activating mutations seen in 
girls with MAS may manifest as precocious puberty, ab-
normal uterine bleeding, or primary or secondary amenor-
rhea [12,13]. Ovarian involvement is usually asymmetric 
due to mosaicism and characterized by large ovarian cysts, 
most typically unilateral with mixed cystic and solid com-
ponents. Ovarian malignancies are not a commonly rec-
ognized component of the phenotype of MAS. In one of 
the largest series of patients with signs of MAS, 40 of 113 
patients had ovarian cysts, ovarian tissue, or fluid sampled, 
but none had JGCT [14].

JGCTs constitute only 5% of all pediatric ovarian tu-
mors [14]. In adults, the gold standard for both staging and 
primary treatment of early-stage ovarian cancers is surgical 
cytoreduction with bilateral salpingo-oophorectomy, hys-
terectomy, and both pelvic and para-aortic lymph node 
dissection. In children and in adults wishing to preserve 
fertility, however, the optimal treatment is less clear [3,15]. 
In this setting, fertility-sparing surgery via resection of the 
affected ovary and ipsilateral fallopian tube may be appro-
priate [16]. As previously stated, the decision to treat with 
systemic chemotherapy was due to preoperative tumor rup-
ture, which can confer inferior outcomes with observation 
alone [3].

Greater than 60% of JGCTs have in-frame duplications 
in the AKT1 gene, which encodes for a kinase involved in 
ovarian mitogenic signaling [17]. Kalfa et  al reported a 
series of 30 patients with JGCT in which 30% had muta-
tions in codon 201 of the GNAS gene (arginine to cysteine 
or arginine to histidine). None of these patients had signs 
or symptoms of MAS [18]. GNAS mutations, particularly 
in codon 201, have also been identified in other tumors, 
including pituitary adenomas and Leydig cell tumors, as 
well as thyroid, adrenocortical, and colorectal carcinomas 
[19]. Although the role of GNAS mutations in tumori-
genesis has not been fully elucidated, codon 201 GNAS 
mutations lead to increased activation of Gsα, which 
then drives adenylyl cyclase and increased synthesis of 
3′,5′-cyclic adenosine 5′-monophosphate (cAMP) [20-22]. 
cAMP-dependent protein kinase A  (PKA) is the mediator 
of cAMP signaling, and abnormalities in the PKA signaling 
pathway have been linked to tumor formation in endocrine 
tissues, both as a result of activating mutations in GNAS 
and inactivating mutations of regulatory subunits of PKA 
(PRKAR1A mutations in the example of the multiple neo-
plasia syndrome Carney complex) [23]. However, the ap-
parent infrequency of JGCT in patients with MAS suggests 
that GNAS mutations result in relatively weak oncogenes 
and that ovarian stromal cells require other cooperating 

mutations to initiate tumorigenesis. For example, work in 
other cancers has suggested that activating GNAS muta-
tions can cooperate with APC inactivation in colorectal 
tumorigenesis [20] or with KRAS mutations in pancreatic 
neoplasms [24].

While GNAS mutations underlie both MAS and JGCT, 
to date there has not been a case reported wherein a pa-
tient was found to have both MAS and JGCT with analysis 
of both tissues showing the same GNAS mutation. Kalfa 
et al have speculated about the relationship between MAS 
and JGCT, calling the link between the 2 “an open ques-
tion” given the mutual pathophysiological mechanism yet 
the absence of reported cases of a patient harboring the 2 
entities [18].

Furthermore, this case highlights the impact of markedly 
elevated estradiol levels on other hormones. The patient’s 
suppressed IGF-I levels were likely due to hepatic resistance 
to growth hormone from markedly elevated estradiol [25]. 
Although MAS has been associated with hyperprolactinemia 
due to somatolactroph hyperplasia, the patient’s pro-
lactin normalized after treatment, which suggests that 
hyperprolactinemia was likely caused by increased estradiol 
binding to the estrogen response element on the prolactin 
genes in the lactroph cells [26].

This case raises important questions as to the manage-
ment of children with MAS or JGCT. For a patient with 
MAS and ovarian abnormalities, should tumor markers 
be assessed given their risk of developing a JGCT? 
Fundamentally, should these patients be considered to have 
a cancer-predisposition syndrome? Despite growing lit-
erature documenting GNAS-positive cancers of the ovary, 
breast, pancreas, liver, and smooth muscle, the most recent 
best practice management guidelines issued by the Fibrous 
Dysplasia/McCune-Albright International Consortium in 
2019 recommend adherence to general cancer screening 
programs without any disease specific modifications 
[19,27-30]. Similarly, in a patient with a JGCT where 
a GNAS mutation is found, what should be their subse-
quent endocrine work-up and surveillance? Although the 
incidence of overlap between MAS and JGCT is rare, the 
findings presented here suggest that for patients diagnosed 
with either JGCT or MAS, investigating for the presence of 
the other disorder may be prudent and, in some cases, may 
significantly impact clinical management. 
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