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Fibrous dysplasia/McCune-Albright syndrome:
pathogenesis, clinical description and management

Definition 

First described in 1891 by Von Recklinghausen, fibrous 
dysplasia (FD) was only defined as such by Lichtenstein and 
Jaffe in 1938 [1,2]. FD is a skeletal disease that consists of the 
replacement of characteristic bone structure with abnormal fi-
brous connective tissue. This makes the skeleton weak, predis-
posing it to fractures, pain and deformities. FD can occur in a 
single bone (monostotic FD) or in multiple bones (polyostotic 
FD). Monostotic FD is the most common form (80%) and in 
25% of cases it occurs at craniofacial level, in the mandible and 
maxilla. FD can occur as a disease in its own right, but also in 
association with extraskeletal diseases, such as hyperpigmen-
tation of the skin or hyperfunctional endocrinopathies. In the 
latter case, it is called FD/McCune-Albright syndrome (MAS). 

The purpose of this concise review is to provide an updated 
overview of current knowledge about FD/MAS and its clinical 
manifestations in order to find new molecular targets useful for 
the future development of drugs to treat this rare disease.

Prevalence and epidemiology

FD is a rare disease with an incidence of one in 5000-10000 
people and it appears to be equally distributed between males 
and females. It accounts for 2% of all bone tumours and 5-7% 
of benign bone tumours. However, due to its rarity, but also to 
instances of underdiagnosis and overdiagnosis [3], the availa-
ble epidemiological data on it cannot be considered accurate. 
In fact, many asymptomatic patients may never be diagnosed 

with FD, or diagnosed only incidentally, while in a patient with 
monostotic FD the presence of polyostotic lesions or MAS can-
not be studied. The onset of FD is early because it coincides 
with the skeletal growth phase. The monostotic form is gen-
erally diagnosed at between 10 and 30 years of age, while the 
polyostotic form can manifest itself before 10 years of age [4]. 

Genetic aetiology 

FD is caused by a gain-of-function post-zygotic mutation in 
the GNAS gene, located on chromosome 20q13.3 and encoding 
the α subunit of the Gs protein. Gα proteins have an intrin-
sic GTPasic activity, which is inhibited by the mutation in FD. 
This results in ligand-independent activation of adenylyl cy-
clase, unbalanced cyclic AMP production, and thus prolonged 
downstream signalling [5]. 

Most FD-associated mutations occur in exon 8. The most 
common are point substitutions of arginine 201 with histidine 
(R201H) or cysteine (R201C) in codon 201, occurring with a 
frequency of 80.5% and 19.5%, respectively. Rarer mutations 
involve substitution of glutamine with lysine (Q227K) in co-
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don 227 of exon 9 or impairment of other codons [6]. All these 
mutations are non-hereditary. 

Clinical manifestations and the number of tissues affect-
ed by the disease depend on the embryonic stage of develop-
ment in which the mutation occurred [7]. If the mutation de-
velops in the early stages of embryonic development, tissues 
from all three germ layers (endoderm, mesoderm, ectoderm) 
will be compromised; accordingly, the symptomatology of FD 
will be more severe because the mutation will be expressed 
in different cell types (such as osteoblasts, endocrine cells and 
melanocytes). Conversely, if the mutation occurs in later stages 
of development (before gastrulation), the number of cell types 
with mutation that derive from two germ layers will be lower. 
In general, the appearance of the mutation at later stages of 
development is linked to polyostotic FD [8]. 

Overall, the stage of embryonic development in which the 
mutation happens, the number and type of tissues involved, and 
the action of the Gs protein in these tissues are the factors de-
termining the enormous variability of the FD clinical manifes-
tations (cases range from asymptomatic to affected by highly 
disabling disease).

Pathogenesis

The mutation, when present in the osteoprogenitor cells, 
compromises their differentiation into mature osteoblasts 
and osteocytes, but also causes excessive production of the 
extracellular matrix (ECM), resulting in the formation of a 
poor-quality bone matrix. 

In fact, in FD lesions, bone mesenchymal stem cells (BM-
SCs) express high levels of the Runt-related transcription fac-
tor 2 (RUNX2), alkaline phosphatase (ALPL) and collagen 
type 1 (COL1) genes. This results in overproduction of ECM, 
excessive deposition of collagen, and altered differentiation 
into osteoblasts, which remain immature [6]. The excessive syn-
thesis of ECM and the high number of immature osteoblasts 
also contribute to the high production of transforming growth 
factor-β, which is present in fibroblastic cells of FD lesions [9].  

The maturation phase of osteoblasts is hampered by lower 
expression of the osteopontin (OPN) and increased expression 
of osteonectin (OCN) genes, present in the intermediate and 
late stages of differentiation of osteoblasts, respectively [6]. The 
defect in the mineralization process is further aggravated by 
low or absent expression of the sialoprotein bone (BSP), os-
teocalcin (OC) and sclerostin (SOST) genes [10-12]. This down-
regulation of the expression of BSP, OC and SOST also seems 
to be due to hyperactivation of the Wingless/Int-1/β-catenin 
signalling pathway [13]. 

In addition to the presence of immature osteoblasts, FD le-
sions are characterized by the presence of Sharpey fibres (poor-
ly mineralized fibres of the connective tissue), and by strong 
bundles of collagen fibres, mainly type 1. Lee et al. showed 
an increase in mRNA levels of COL1a1, COL4a1, procolla-
gen-lysine, 2-oxoglutarate 5-dioxygenase 2 and lysyl oxidase 
(all involved in collagen formation) in cells obtained from FD 
lesions [14].

Osteoclastogenesis is also particularly active. This appears 

to be due to the presence of cytokines and factors that pro-
mote osteoclastogenesis and lead to loss of bone microstruc-
ture through autocrine and paracrine mechanisms of action 
[6,15]. In fact, the expression of numerous chemokines, interfer-
ons (IFNs) (i.e., IFNA2, IFNA17) and interleukins (ILs) (i.e., 
IL1B, IL6, IL7, IL13) appears to be upregulated in FD [16-18]. 
Riminucci et al. highlighted the existence of a direct link be-
tween GNAS mutation and the synthesis of IL6 in FD, demon-
strating that mutated stromal cells synthesize a greater (around 
threefold greater) amount of IL6, and do so at a faster rate than 
wild-type cells [19].

Overall, the bone is poorly mineralized, lacks normal mi-
croarchitecture, and shows an abnormal presence of fibrotic 
tissue in place of hematopoietic tissue [20]. Figure 1 summarizes 
the pathogenesis of FD.

Clinical description of FD

The clinical manifestations of FD depend on the locali-
zation and extent of the skeletal lesions, and they can differ 
greatly between patients. In fact, some FD lesions can remain 
silent and be recognized only incidentally, while others can be 
more serious and impair the functionality of the areas involved 
(resulting in auditory and visual impairments, for example) 
[21,22]. The expansion of lesions has been reported to decrease in 
adults, and this has been linked to senescence or death induced 
by apoptosis of mutated BMSCs [20].

Over the years, the appearance of lesions on imaging can 
change. In fact, while in newborns and children they are het-
erogeneous, during adolescence and in adulthood they show a 
“ground glass” appearance, before again appearing more heter-
ogeneous in the elderly [5].

FD lesions in the appendicular skeleton cause pain, bone 
fragility and fractures, resulting in lameness and problems 
with walking. Patients often have differences in limb length 
and show the coxa vara or “shepherd’s crook” deformity of the 
femoral neck [23].

One of the most affected areas is the craniofacial region. 
Lesions in this area develop by 3 years of age. They have a slow 
onset but can result in pain, asymmetry, impaired auditory, na-
sal and visual function, dental problems, aesthetic deformities 
and potentially fatal skull base involvement [21]. Hearing and 
vision loss can occur as a result of damage to the external audi-
tory channels and the optic nerve, respectively. However, these 
are rare occurrences, generally seen in patients with an excess 
of growth hormone (GH) [24,25]. 

In 30-50% of patients with the polyostotic form, FD can 
affect the spine and lead to the onset of scoliosis, which is 
progressive and if left untreated can lead to deformities, but is 
rarely fatal [26,27].

Regardless of the location and extent of the skeletal injury, 
FD involves bone pain, which leads to a deterioration in pa-
tients’ quality of life, and in severe cases is highly disabling. 
Bone pain is widespread among patients and is not yet well 
understood [28]. The appearance of night pain or pain with acute 
onset may be a symptom of an imminent fracture or bleeding 
of a cyst [29]. Bone pain seems to be related to age and its inten-
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sity is greater in adults and the elderly. It can be assessed using 
Wong Baker Faces (in children) and VAS 0-10 and Brief Pain 
Inventory (in adults) [30,31]. 

Another clinical manifestation of FD/MAS is increased 
synthesis of fibroblast growth factor 23 (FGF23). This ap-
pears to be due to the presence of the mutation in immature 
osteocytes in bone lesions, and it leads to phosphate loss [32]. 
Severe hypophosphataemia is rare and generally occurs in pa-
tients with severe FD; indeed, overproduction of FGF23 is di-
rectly related to the severity of the disease [17,33]. Unlike other 
clinical manifestations of FD, overproduction of FGF23 can 
increase or decrease over time and is generally more severe 
during childhood and adolescence (two phases in which there 
is greater demand for phosphate), subsequently becoming less 
complex with age. Hypophosphataemia complicates the skele-
tal morbidity of FD and is associated with abnormalities in the 
skull base, a greater number of fractures, pain and worsening 
of scoliosis [27,34]. 

Although the malignant transformation of FD lesions into 
bone tumours is a rare occurrence (whose incidence is difficult 
to determine accurately due to the lack of precise epidemiolog-
ical studies), chondrosarcoma, osteosarcoma, fibrohistiocyto-

ma and fibrosarcoma can all arise in these patients [35]. Warning 
signs are acute expansion of a new injury and the appearance 
of pain. The predisposing factors for the development of bone 
cancer in FD are excess GH and therapeutic external radiother-
apy (albeit now an obsolete practice) [36,37].

The presence of café-au-lait macules, which affect about 
2/3 of patients, is a typical clinical manifestation of FD/MAS. 
In patients with this manifestation, they are usually present at 
birth or develop shortly afterwards, and can therefore be an 
alarm bell allowing early diagnosis [38]. In the affected areas an 
increase in melanin synthesis occurs due to cutaneous activa-
tion of Gα and constitutive melanocyte-stimulating hormone 
receptor signalling [39]. These macules have jagged edges and 
develop along the midline of the body, as a result of the migra-
tion of the first embryonic cells. The localization of pigmented 
macules shows no direct correlation with bone lesions or with 
the severity of FD [7].

The following are extraskeletal manifestations that can 
arise in FD/MAS: 
•  Production of gonadotropin-independent sex steroids. This 

affects about 85% of girls and women, who develop recurrent 
cysts with intermittent estrogen production [38]. In girls this 

Palmini G. et al.

Figure 1 Pathogenesis of FD. The figure schematizes the pathogenetic mechanisms underlying FD (this image was created with BioRender software). 
Abbreviations: BMSCs: bone mesenchymal stem cells; OPN: osteopontin; BSP: sialoprotein bone; OC: osteocalcin; SOST: sclerostin; RUNX2: Runt-related 
transcription factor 2; ALP: alkaline phosphatase; COL1: collagen type 1; ECM: extracellular matrix; TGF-β: transforming growth factor-β; IFNs: interferons; 
ILs: interleukins. 
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leads to acceleration of growth, vaginal bleeding and rapid 
breast development, while in adult women it causes irregular-
ities in the menstrual cycle.

•  Testicular lesions. About 85% of boys and men with FD/
MAS suffer from testicular lesions (hyperplasia of Leydig 
and Sertoli cells), which manifests as unilateral or bilateral 
macro-orchidism. Early puberty in boys, which is uncommon 
(about 15%), is due to autonomous production of testosterone 
resulting in androgenization [39].

•  Thyroid lesions with or without non-autoimmune hyperthy-
roidism. About 2/3 of patients are affected, half of whom de-
velop hyperthyroidism, with tachycardia and sleep disorders 
[40]. In thyroid tissue, the GNAS mutation results in ligand-in-
dependent activation of the TSH/G protein/cAMP pathway 
(which can cause both hyperplasia and hyperfunction) and 
increased thyroxine (T4) to triiodothyronine (T3) conversion 
(which accounts for the T3-dominant biochemical phenotype 
of MAS patients with hyperthyroidism) [41,42]. If hyperthyroid-
ism is neglected, it can manifest itself with fractures, advanc-
ing bone age and high bone turnover.

•  Excess GH levels. This feature, recorded in 15% of patients 
with FD/MAS, is due to the presence of GNAS mutations in 
the anterior pituitary. It leads to acceleration of linear growth 
and acromegaly [37,38]. If untreated, it is associated with cran-
iofacial FD expansion with an increased risk of vision and 
hearing loss [25,43,44].

•  Neonatal hypercortisolism. Hypercortisolism, due to auton-
omous hypersecretion by the adrenal gland, is the rarest ex-
traskeletal manifestation. It develops exclusively in the first 
year of life, and if not recognized and treated promptly it can 
even lead to death. However, if infants survive, spontaneous 
remission may occur [45,46].

Diagnosis and management  

The clinical diagnosis of FD/MAS is made following care-
ful evaluation of skeletal, dermatological, endocrine and soft 
tissue manifestations [47,48]. On conventional radiography FD/
MAS presents with a ground-glass appearance; radiolucent, 
cystic and sclerotic or only sclerotic lesions; expanded lesions; 
defined margins [29]. For the diagnosis of FD, the presence of 
two lesions in association with extraskeletal manifestations of 
MAS is sufficient. However, molecular testing is suggested 
when a diagnosis cannot be made on the basis of clinical, radi-
ological and histological analyses, as in the case of monostotic 
lesions without extraskeletal manifestations. Diagnostic biopsy 
is performed on fresh material, even frozen, or paraffin-embed-
ded specimens (although this carries an increased likelihood 
of false negatives) [49]. The use of the latest generation of se-
quencing, as opposed to Sanger sequencing, makes it possible 
to reduce the number of false negatives and distinguish osteo-
sarcomas from FD/MAS, and to date no false positives have 
been recorded [50].

To date, there is no approved cure and treatment for FD. For 
this reason, patients should be informed about the disease and 
urged to follow a lifestyle aimed at ensuring good bone health 
(25-OH vitamin D levels, adequate calcium intake, weight 

control, regular physical activity, dental checkups, and possible 
psychological support or intervention by a social worker) [29].

In the early stages, drug treatment involves addressing vita-
min D deficiency and hypophosphataemia (due to FGF23-stim-
ulated phosphate loss in the kidney) through supplementation 
with active metabolite or a vitamin D analogue.

For pain management, the first-line drugs are acetami-
nophen/acetomiphene. For moderate to severe persistent pain, 
bisphosphonates are recommended. However, there is no evi-
dence either that bisphosphonates reduce the size or progres-
sion of FD lesions, or that they increase the bone density of 
lesioned areas [29]. 

In FD the use of denosumab is suggested only within spe-
cialist facilities because of the lack of data on dosage, efficacy 
and safety [51,52].

FD/MAS endocrinopathies should be appropriately treated. 
In girls, the first-line treatment of precocious puberty is letro-
zole and, if necessary, tamoxifen or fulvestrant as adjuvants [53]. 
In boys, treatment of precocious puberty involves combining 
a testosterone receptor blocker with an aromatase inhibitor. 
Annual testing of testicular lesions is strongly recommended, 
especially in cases with palpable lesions [40].

Hyperthyroidism is treated with methimazole or carbima-
zole; alternatively, thyroidectomy or radioablation may be used 
in patients with hyperthyroidism for more than 5 years [54].

Excess GH is treated with somatostatin analogues, while 
total hypophysectomy is used in treatment-resistant patients [29].

The first-line drug for hypercortisolism is metirapone, but 
bilateral adrenectomy is necessary in most cases [29].

The pharmacological treatment of FD/MAS is very com-
plex and requires the intervention of a multidisciplinary team.

Conclusions

FD is a rare disease caused by a post-zygotic mutation in 
the GNAS gene. In FD, normal bone structure is replaced by 
abnormal fibrous tissue, which predisposes the bone to frac-
tures and deformities. The presence of the mutation in osteo-
progenitor cells alters their differentiation. In addition to skele-
tal lesions, FD can be accompanied by debilitating and in some 
cases fatal extraskeletal manifestations.

To date, however, no treatment has been approved for the 
pharmacological management of FD lesions. Given the many 
gaps in our understanding of FD, scientific research has an ex-
tremely important role to play in increasing our knowledge so 
that we might identify new therapeutic targets useful for the 
development of new drugs.
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