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1 INTRODUCTION 

Paget’s disease of bone (PDB) is a disorder characterized by chronic focal rapid 

bone remodeling with the formation of bone structurally abnormal. It was first 

described in 1877 by Sir James Paget as “osteitis deformans”. Paget's disease of 

bone typically results in enlarged and deformed bones in one or more regions of the 

skeleton [1, 2]. This disease is most often asymptomatic but can cause a variety of 

medical complications resulting in considerable morbidity and reduced quality of 

life [3].  

1.1 EPIDEMIOLOGY 

PDB is most common in Caucasian people of European descent, but it also occurs 

in African-Americans, while it is rare in people of Asian descent [4, 5]. Clinical, 

radiological and necropsy data from different countries suggested pronounced 

geographical variations in the prevalence of the disease. The greatest prevalence 

rates were described in Britain, followed by Australia, New Zealand and 

northeastern United States, countries with an high immigration flow of people of 

British descent in the 19
th
 and 20

th
 centuries [4, 5]. Despite the impact of the 

disease on the population, limited information about the epidemiology and the true 

prevalence of PDB in Italy have been available for many years. More recently, the 

establishment of a registry of Italian PDB cases and the conduction of radiological, 

biochemical and bone scan surveys extended the knowledge about prevalence, 

characteristics, genetics and environmental determinants of PDB in Italy.  

The first epidemiological observation of PDB in Italy was a radiological survey 

from Stuart who analyzed more than one-hundred thousand non selected skeletal 

radiographs in Siena (years 1950-1966) and found 94 PDB cases, consistent with 

an overall prevalence of 0.09% [6]. An age related increase in the frequency of 

pagetic cases reaching 0.20% in the 7
th
 decade and a slight male predominance 

were observed. Conversely, only 4 PDB cases (0.018%) were observed among the 

21,777 radiographs from patients under the age of 40. These estimates were 
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comparable to those reported in similar studies from unselected skeletal 

radiographs in different populations and in the same period [7]. A re-analysis of 

selected skeletal radiographs involving pelvis and spine, demonstrated prevalence 

rates above 1.5-2.0% in subjects older than 40 years [6]. More recently, Detheridge 

et al. performed an European study on the prevalence of PDB [8]. The study was 

based on both postal questionnaires and radiological surveys performed in 1982 in 

different European towns, including 2 Italian towns, Milan in northern Italy and 

Palermo in Sicily. The prevalence of PDB was higher in Britain (8.3-2.3%) and 

France (2.0-2.7%) than in any other Western European country. In Italy the 

prevalence of PDB from abdominal radiographs was reported to be 1.0% in Milan 

(1.6% in men and 0.4% in women) and 0.5% in Palermo (0.3% in men and 0.7% in 

women). The sample size, however, was low to obtain a clear picture of the 

prevalence of PDB in Italy. In order to extend epidemiological knowledge, the 

prevalence of PDB has been recently estimated in two Italian towns: the district of 

Siena from radiological, biochemical, and scintigraphic surveys and the city of 

Turin from pelvic radiological surveys of different decades [9]. Siena is a town of 

central Italy, located in a rural region that remained fairly isolated until recent 

times, and with a low immigration flow. In contrast, Turin that is located in 

northwestern Italy, recognized from the Sixties a strong immigration flow from 

other Italian regions (mainly from southern and northeastern, but also from central 

Italian regions); so, only about 50% of actual population was born in this district, 

and Turin population could be considered sufficiently representative of the whole 

Italian population. By these studies, the prevalence of PDB was estimated to be 

within 0.9-2.4% in the general population from the city and the surrounding of 

Siena and within 0.7-1.0% in the general population from the city and the 

surrounding of Turin. Differences in prevalence rates between and within the 2 

towns were mainly due to the different approaches, radiological in Turin and 
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radiological, scintigraphic and biochemical in Siena (Fig. 1). 

 

In particular, the analysis of pelvic radiographs performed between 1999 and 2000 

in Siena showed a radiological prevalence of 16/1778 (0.89%), consistent with an 

estimated overall prevalence of PDB from 0.98% to 1.48%, considering that the 

pelvic involvement is commonly described in 60-90% of PDB patients. Slightly 

lower rates were observed in Turin, with a radiological prevalence of pelvic PDB 

of  41/6609 (0.62%) and an estimated overall prevalence ranging from 0.69 % to 

1.03%. Overall, 296 of the 7449 subjects showed elevated alkaline phosphatase 

(ALP) levels and normal liver enzymes, with a prevalence of “biochemical 

hyperphosphatasia” of 3.97%. Interestingly, 87 (36.8%) of the 236 subjects with 

elevated ALP that accepted to perform a more detailed screening also showed 

increased bone ALP and radiological or scintigraphic diagnosis of PDB. Based on 

the observed 3.97% prevalence of elevated ALP levels and the verified diagnosis 

of PDB in 36.8% of these subjects, the estimated prevalence of PDB from this 

survey was 1.46%. When prevalence was adjusted to take into account that about 

20% of patients with PDB have ALP levels within the normal range the overall 

prevalence of PDB was 1.75%. Moreover, prevalence rates were higher in males 

(1.88%) than in females (1.14%) and increased steadily from the 40-49 year age 

group through the 80-89 year age group. In addition, we also diagnosed PDB in 12 

of the 944 subjects (1.3%) with normal ALP levels that accepted to be further 
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investigated. In those subjects the disease was diagnosed mostly in one bone with 

only 4 subjects having more than one localization. Prevalence estimates from the 

bone scan survey in 7906 scan performed in Siena from 2000-2004 were higher 

(2.4%). Considering these prevalence rates and according to census data (ISTAT, 

2002, http://demo.istat.it/pop2002/index.html), the estimated number of PDB 

patients in Turin and in Siena was 4476 and 1334, respectively. Moreover, even 

though an extrapolation of these results to the entire Italian population may not be 

accurate, it can be estimated that there may be currently from 124,788 to 338,576 

people (considering the radiographic and scintigraphic prevalence rates, 

respectively) potentially affected with PDB in Italy. These data confirm PDB to be 

the most common bone remodeling disorder in elderly people in Italy, excluding 

osteoporosis, with an estimated prevalence of at least 1%, comparable to that 

observed in United States and other European countries but lower than that 

described in high prevalence areas such as Britain, Australia, and New Zealand. 

Data from several countries support the view that there are important secular trends 

in the prevalence and severity of PDB. Recent epidemiological observations 

indicated a decrease in the prevalence of the disease that was particularly evident in 

those populations of British descent where the highest incidence rates of PDB had 

been described. A remarkable example is given by a 1999 radiological survey from 

Cooper et al that replicated a previous study performed in 1974 and showed about a 

3-fold decrease in prevalence rates (from 5.0% to 2.0%) over a 20-years period in 

the same 10 British centres [10]. The decrease was much more marked in the high 

prevalence area of Lancashire than in towns from different regions. Similar results 

were reported in New Zealand [11-12]. Moreover, the annual incidence of new 

cases of PDB declined significantly in Britain and the United States over the past 

20 years [13-14]. In Italy there are not similar studies to confirm this trend. 

However, the comparison of prevalence estimates from different Italian studies 

performed in different periods does not seem to indicate a clear reduction in 
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prevalence rates over the past 20-30 years. Together with a reduction in prevalence 

rates several studies also demonstrated a decrease in clinical severity of PDB, with 

less extensive skeletal involvement and a reduced incidence of serious 

complications such as osteosarcoma [11, 15, 16]. This secular trend toward milder 

disease seems to be maintained in recent years [17]. The analysis of the 147 Italian 

subjects from Siena did not evidence any significant correlation between birth year 

and extent of bone involvement or skeletal distribution of lesions [18]. Similarly, 

no differences in clinical severity were observed when PDB patients were divided 

into 2 groups according to the birth date cut-off of 1930, that represented the 

median value of this population. Thus, there was no apparent evidence toward a 

decrease of severe PDB in Italy over the last decades. However, skeletal extension 

and the mean number of affected sites were lower with respect to many other 

studies from different countries. This may reflect a reduced clinical severity of 

PDB in Italy. Interestingly, the comparison of clinical characteristics of PDB 

subjects from Siena described by Merlotti et al in 2002-2004 [18] with those 

reported by Stuart in PDB subjects from the same hospital in 1950-1956 [6] 

demonstrates a decrease in the number of affected skeletal sites and a reduction of 

neoplastic degeneration (Table 1). 
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Possibly, the decrease in clinical severity of PDB might be occurred earlier in Italy 

than in other countries and does not seem to be maintained through recent years. 

The geographical distribution of PDB has been shown to differ significantly not 

only between different countries but also within the same country. Areas of 

remarkable high prevalence of disease have been described in Lancashire 

(northwest of England), in northeastern United States, and in some delineated 

territories of central and western Spain [19-22]. Apart the twofold higher 

prevalence of disease observed in Milan than Palermo in the 1982 European study 

from Detheridge et al. [8], mild differences were shown in the more recent 

radiological survey between the towns of Siena and Turin [9]. In addition, two 

different studies suggested a remarkably localized area of high prevalence of PDB 

in the Campania region, especially within the surroundings of Naples, Salerno, 

Avellino and Caserta. In the first study performed in Siena, the analysis of 

demographic and immigration history (familial provenience, and actual or 

childhood place of residence) of 147 consecutive PDB patients as compared to age 

and sex-matched controls, indicated that about 14% of PDB subjects vs. 2% of 

controls reported actual or previous residency in rural districts of Campania [18]. 

Moreover, when the analysis was restricted to subjects living in the administrative 

district of Siena an increased prevalence of PDB was observed within the Chianti 

area, while a reduced prevalence was observed in the urban area [18]. A similar 

preliminary analysis of  75 PDB patients in Turin confirmed an increased 

prevalence of cases with actual or previous residence in Campania with respect to 

age-matched controls [23]. The reasons for these geographic variations in 

prevalence rates of PDB are unknown and may be due to either genetic or 

environmental factors. It was speculated that arsenic pesticide in imported cotton 

might have been a possible environmental factor underlying the increased 

prevalence of the disease in Lancashire cotton mill towns [24]. On the other hand, 

the high prevalence areas located in central and western Spain mainly represent 
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rural regions that remained fairly isolated until recent times [20, 21, 25, 26]. Such 

populations could be strongly influenced by their genetic background and their 

habits of meat consumption without sanitary control [25, 26]. Similarly, the area of 

Chianti near Siena, and the districts of Caserta, Salerno, and Avellino in Campania, 

mainly include rural and fairly isolated places where the possibility of animal 

contacts could be higher than in other parts of Italy. Consumption of unpasteurized 

milk is also particularly frequent in these areas. Future population-based studies 

will be needed to confirm these associations and to explore the possible 

environmental and/or genetic determinants. Indeed, the hypothesis of a high 

prevalence of PDB in the Italian region of Campania was also supported by studies 

from other countries that described this region as a parental place of origin of their 

PDB cases [27-29]. Importantly, a recent study indicated significant differences in 

clinical severity of PDB patients from the high prevalence area of Campania with 

respect to PDB cases from other part of Italy [23]. PDB patients from Campania 

had an earlier onset of disease, an increased skeletal extension, and a higher 

tendency toward neoplastic degeneration than patients from Turin and Siena. 

Together with a case of osteosarcoma, five cases of giant cell tumour were 

observed in the 125 PDB patients living in Campania, consistent with a prevalence 

of 6/125 (4.8%). The latter association represents a particular and quite original 

clinical feature. In fact, the association between PDB and giant cell tumour is rare 

and less than 60 cases have been described worldwide since the first report [30-32]. 

This complication usually occurs in patients with severe polyostotic disease and 

may be multifocal, with up to 27 lesions described in a single patient. Remarkably, 

more than 50% of described PDB cases with giant cell tumour have been observed 

in subjects originary or descending from the region of Campania, and particularly 

from the town of Avellino [28, 33, 34]. Familial clustering has been recently 

described in these subjects [34]. 
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1.2 ETIOPATHOGENESIS 

The cause of PDB remains in large part unknown. Research findings suggest that 

the disorder may be caused by a slow-acting viral infection of bone, a condition 

which is present for many years before symptoms appear. There are also data 

supporting a hereditary hypothesis, since the disease may appear in more than one 

member of a family, and mutations in different genes have been recently associated 

to classical PDB or PDB-related disorders. Current evidence suggests that both 

environmental and genetic factors are involved in classical PDB. 

a) Genetics factors 

Since 1889, two years after the description of the first case of PDB [1], Sir James 

Paget wrote, “I have tried in vain to trace any hereditary tendency to the disease. I 

have not found it twice in the same family.” In the beginning of this century, 

however, the first families with more than one pagetic patient were reported and 

since then several familial cases have been described [35-37]. The possibility that 

heredity might play an important role in the pathogenesis of PDB was first raised in 

the 1949 [38]. In support of a genetic disease etiology is the ethnic difference in 

prevalence of the disease, which persists after migration to other countries [39]. 

Moreover, several observations from the literature clearly demonstrated that PDB 

has an important genetic component, with familial PDB accounting from 10-40% 

of cases in different studies. Familial PDB in Italy has been described since many 

years [6, 40, 41]. However the difficulty in ascertaining the familial distribution of 

the disease (due to the late onset of the symptoms and to the high frequency of 

asymptomatic bony involvement) makes it impossible to obtain a clear estimate of 

familial and sporadic cases. A recent analysis of  147 consecutive Italian PDB 

patients from Siena,  showed clinically confirmed familial aggregation in 15% of 

cases [18]. Pedigree analysis indicated an autosomal dominant pattern of 

inheritance with variable penetrance. No significant differences between familial 

and sporadic cases were observed concerning age of diagnosis, disease extension 
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and male to female ratio even if the disease appeared to be diagnosed earlier in 

familial than sporadic cases, may be due to a better prevention. Similar estimates 

were reported in a survey of 125 pagetic subjects from Campania, showing family 

history of PDB in 23 (18.4%) of patients [42]. In this case, however, an increased 

clinical severity and a preferential involvement of the skull and the spine was 

observed in familial with respect to sporadic PDB. Taken all together, these results 

are in keeping with previous studies from different populations of British descent, 

where the proportion of familial cases ranged from 12% to 20% [27, 43-45]. 

Differences between these studies may be due to the lack of detailed clinical 

evaluation of the families of affected patients that may reveal more persons with 

asymptomatic PDB. Indeed, in a study from Spain, Morales Piga et al, after 

detailed clinical analysis of 35 PDB patients and their 128 first-degree relatives, 

demonstrated familial PDB in 40% of cases [46]. A similar preliminary observation 

in PDB patients from Turin demonstrated familial aggregation of disease in 26% of 

cases [23]. Moreover, several studies suggested that PDB is a genetically 

heterogeneous disorder with at least 7 genetic loci initially reported to be 

associated to a higher risk to develop the disease. In 2002, two positional cloning 

studies identified mutations in the SQSTM1 gene as the cause of late-onset 5q35-

linked PDB in sporadic and familial cases of British and French-Canadian descent 

[47, 48]. This gene consists of 2870 nucleotides grouped into eight exons (Figure 

6) spanning a 17-kilobase genomic segment [47]. A single P392L mutation at 

nucleotide position 1215 in exon 8 was first identified in 16% and 46% of sporadic 

and familial PDB subjects of French-Canadian origin, respectively. The same 

mutation was also reported by Hocking et al. [48] together with two different 

mutations of SQSTM1 in 18 PDB families predominantly of British descendent 

(P392L in 19.1%, E396X in 5.8%, and a splice donor site mutation in intron 7 in 1 

family). Moreover, the P392L mutation was reported in 8.9% of the sporadic PDB 

cases of British descendent. Following these first reports, SQSTM1 mutations have 
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now been identified as an important cause of PDB by a wide variety of 

investigators in several populations [49-55]. To date, at least 14 different PDB-

associated mutations have been identified in this gene, and all affect the ubiquitin-

associated (UBA) domain of the protein which is involved in noncovalent ubiquitin 

binding (Figure 6 and Table 2). Overall, these mutations have been described in up 

to 50% of familial and 20% of sporadic cases of PDB [56]. The most common 

disease-causing mutation reported in SQSTM1 is the proline-leucine amino acid 

change at nucleotide1215, codon 392 (P392L). Recent studies have suggested that 

this mutation is carried on a common haplotype background in the vast majority of 

PDB patients from British descent (United Kingdom, Australia, and New Zealand) 

[57]. This indicates that P392L is a founder mutation that might explain the high 

incidence of PDB in British migrants to the southern hemisphere. The SQSTM1 

gene encodes for the sequestosome 1 protein, also known as p62. The name 

sequestosome 1 derives from the ability of the protein to form cellular aggregates 

know as ‘‘sequestosomes,’’ which may be sites of intracellular protein degradation. 

The p62 protein is highly conserved through evolution and is composed by 440 

amino acids that form the following conserved domains [58, 59].The molecular 

mechanism by which SQSTM1 mutations enhance osteoclast activity and cause 

PDB are not well understood. Functional studies using protein binding assays show 

that all of the PDB mutations in SQSTM1 gene manifest as loss or alteration of 

ubiquitin binding in vitro [60, 61], indicating that the disease mechanism is likely 

to involve the inability of mutant p62 to establish regulated protein-protein 

interactions with an ubiquitinated osteoclast protein(s). This may lead to over-

stimulation of the NF-κB pathway. Accordingly, osteoclasts derived from 

monocytes from SQSTM1 mutation carrying patients (K378X, truncating) showed 

increased bone resorption in vitro when compared with those derived from control 

monocytes [55], consistent with the activation of NF-κB-dependent responses. The 

SQSTM1 mutations that insert a stop codon (such as A390X, L394X, and E396X) 
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lead to a truncated protein that lacks all or part of the domain binding multi-

ubiquitinated chains [62] and have been associated with the most aggressive cases 

of classical PDB in some studies [54, 62]. Missense mutations (i.e. P392L, P387L, 

G411S and M404V) lead to production of the complete native protein. It has been 

demonstrated that the P392L and G411S mutations modify the secondary structure 

of the UBA domain without affecting the function of the binding domain for multi-

ubiquitinated chains. Selective loss of binding to a specific ubiquitinated substrate, 

rather than overall loss of ubiquitin binding, may explain the pathogenic effect of 

these mutations [54]. For the other missense mutations, the amino-acid 

substitutions may decrease or abolish the ability of the UBA-domain to bind 

ubiquitinated chains [59]. These mutations may also alter the half-life of the p62 

protein or interfere with protein–protein interactions. Moreover, other genetic 

studies revealed a mutation in the TNFRSF11A gene (encoding RANK) in an Asian 

family with early-onset PDB [63, 64]. In a preliminary analysis in Italian PDB 

patients, no mutations in the TNFRSF11A gene were reported [65], consistent with 

other studies in Caucasian populations [66, 67]. In contrast, two different studies 

recently identified 3 different mutations of SQSTM1 gene in Italian PDB patients. 

In a first study the P392L mutation was described in 10% sporadic and 30% 

familial PDB cases [68]. In another similar study in sporadic PDB patients [50], the 

overall prevalence of SQSTM1 mutations was lower (4.8%) and 3 different 

mutations were described (P392L, M404V, and G425R). A more detailed 

investigation of pedigree of the patient with the M404V mutation provided 

evidence for a familial form of PDB and the extension of genetic analysis 

confirmed the mutation in 4 affected subjects and 6 unaffected family members 

[69]. A different study identified the P392L mutation of the SQSTM1 gene in 2 

polyostotic members of a PDB Italian family [70]. 
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b )Environmental factors 

Although the SQSTM1 mutations have been associated to PDB, they are not 

sufficient to cause the disease in all subjects and probably other factors are 

involved in the etiopathogenesis of the disorder such as environmental and 

infective agents, facilitating the expression of the disease in genetically susceptible 

subjects. In fact, some patients with the SQSTM1 mutation do not develop PDB, 

even at older ages, [71] and the P932L SQSTM1 mutation, present in 5–10% of 

PDB subjects, is not sufficient to induce a pagetic phenotype in osteoclasts [72]. 

This may suggest the involvement of a protective mechanism for certain 

individuals or the requirement of a “trigger factor” for the disease. Both 

morphologic and immunocytologic studies also showed the presence of 

paramyxovirus material in pagetic osteoclasts, suggesting that a latent viral 

infection may be involved in the etiopathogenesis of the disease [73-75]. In vitro 

study evidenced that canine distemper virus can infect human osteoclast precursors 

and create dose dependently increases in osteoclast number and size [76]. Similarly 

measles virus nucleocapsid protein transfection in human osteoclast precursors 

induced osteoclast differentiation and activation as well as other typical features of 

pagetic osteoclast cells [77]. In particular, osteoclast precursors of transfected 

animals are not hyper-responsive to RANKL as pagetic osteoclasts. Conversely, 

some other workers have failed to detect paramyxovirus in pagetic bone using in 

situ hybridization– reverse transcription–polymerase chain reaction [78, 79]. 

Conceivably, viral proteins may have to interact with mutated forms of 

SQSTM1/p62 to induce the expression of the full pagetic phenotype. Importantly, 

the remarkable geographical distribution of PDB and the referred association with 

animal-related factors in some studies (i.e., maintaining pets or ingestion of 

contaminated bovine meat) points also to a consistent influence of the environment. 

Interestingly, the analysis of PDB patients from the Italian Registry evidenced a 

significant association between PDB and contacts with animals in rural districts 
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(OR=2.22; p=0.001; Chi-squared test) [18]. In particular, previous or current 

contact with animals such as pigs, rabbits, and cattle appeared to represent a 

predisposing factor for the disease. In contrast no significant association with dog 

or cat ownership was observed, even though when analyses were limited to 

subjects living in rural areas an increased prevalence of the disease was also 

present in subjects who had contacts with cats and dogs (67% vs. 44%, PDB vs. 

controls, respectively). These associations are partly different from those 

previously reported in PDB populations from other countries, where an increased 

risk due to dog or cat ownership was clearly indicated [25, 80, 81]. Conversely, the 

described association with exposure to cattle was also observed in PDB cases from 

Spain [25]. All these findings are in keeping with an important role of the 

environment in the pathogenesis of PDB, maybe facilitating the expression of the 

disease in genetically susceptible subjects. Thus, different infective agents may be 

involved in the pathogenesis of PDB, probably canine distemper virus and measles 

virus [5, 82]. However, newly recognized paramyxoviruses have been associated 

with disease status in several animal species, including horses and swine, and 

limited information is actually available on the public health risk of many of these 

infective agents [83, 84]. Importantly, while cats and dogs are commonly 

vaccinated against most of the common paramyxovirus infections such as 

distemper virus [85], swine and cattle are often unvaccinated in rural areas from 

Italy and might represent a vehicle for virus transmission to humans. Probably a 

latent viral infection may be involved in the aetiology of PDB and that different 

viral agents, infecting distinct animal species in different geographical areas or 

similar viral agents infecting different hosts could account for the observed 

discrepancies. Importantly,  both a current and a previous contact with the host 

appeared equally effective in conferring susceptibility to the disease. 
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1.3 CLINICAL CHARACTERISTICS 

Paget’s disease of bone  may be monostotic, affecting only a single bone or a 

proportion of a bone, or may be polyostotic, involving two or more bones. Sites of 

disease are often asymmetric. In most instances, sites affected with Paget’s disease 

at the time of diagnosis are the only ones that will show pagetic change over time. 

Although progression of disease within a given bone may occur, the sudden 

appearance of new sites of involvement some years after the initial diagnosis is 

uncommon. Generally the evolution of the disease follows three major phases. In 

the early phase, termed "osteolytic phase" bone resorption predominates and there 

is a concomitant increased vascularity of involved bones. In this phase body 

calcium balance may be negative and the typical radiological picture is represented 

by an “advancing lytic wedge” or "blade of grass" lesion in a long bone (i.e. femur 

or tibia) or by “osteoporosis circumscripta”, as seen in the skull. Commonly the 

excessive resorption of pagetic bone is followed closely by formation of new bone. 

During this second phase of the disease the new bone that is made is structurally 

abnormal, presumably because of the accelerated nature of the remodeling process. 

Newly deposed collagen fibers are laid down in a disorganized rather than a linear 

fashion, creating the so called "woven bone" (Fig. 2). Such a woven-pattern is not 

specific for PDB but it just reflects a high rate of bone turnover. With the time, the 

hypercellularity at the affected bone may diminish leading to development of a 

sclerotic, less vascular pagetic mosaic without evidence of active bone turnover. 
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This is the so-called "sclerotic" or "burned-out" phase of PDB. Typically all these 

three phases of the disease can be seen at the same time at different sites in a single 

pagetic patient. Many patients who have PDB do not know they have it, since the 

disease may be so mild that is not detected. Sometimes, the patient’s doctor is 

alerted to the possibility of PDB when physical deformities appears (i.e. 

enlargement of the skull or bowing of the tibia) or when a blood test reveals an 

elevated level of alkaline phosphatase In other cases, the diagnosis is made only 

after complications have developed. Possible complications of the disease include 

bone deformities, nerve compression syndromes, bowing limbs, fractures, hearing 

loss, secondary osteoarthritis, cardiovascular manifestations (i.e., high output 

failure, valvular and blood vessel calcifications), and in rare occasions, 

osteosarcoma. Pain, and namely localized bone pain, is the most common symptom 

that brings a patient with PDB to a physician. The first phase of PDB involves 
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thinning of the bone, which is being aggressively resorbed away; this is called 

“lytic disease”. This process can cause small breaks (microfractures) in the bone 

that are painful, especially when they involve weight-bearing bone. Alternatively, 

another source of pain may be from irritation of nerves covering affected bones. 

Osteoarthritis is common among patient with PDB and can be quite painful [13, 

18]. Pathologic fractures may occur at any stage even though are more common in 

the lytic phase of the disease. They particularly involve long bones with active area 

of advancing lytic disease (i.e. the femoral shaft or the subtrocanteric area) and 

may occur spontaneously or follow slight trauma. One of the most serious 

complications of PDB is neoplastic degeneration of pagetic bone with an increased 

incidence of sarcomas, especially in polyostotic cases of the disease. The majority 

of these tumors are classified as osteosarcomas, although fibrosarcomas and 

condrosarcomas may be also seen. Approximately 1% of pagetic patients develop 

osteosarcoma, an increase in the risk that is several thousand-fold higher than in the 

general population. It has been estimated that 20% of the patients with 

osteosarcoma over the age of 60 have PDB as a predisposing condition [86]. This 

significantly contributes to the mortality and morbility of PDB patients. The 

sarcomas most frequently arise in the femur, tibia, humerus, skull, mandibula, and 

pelvis while rarely occur in vertebrae. Typically pagetic osteosarcoma is osteolytic 

in contrast to the sclerotic appearance of radiation-induced osteosarcomas. Death 

from massive local extension or from pulmonary metastases occurs in the majority 

of cases in 1 to 3 years. Benign giant-cell tumor also may occur in pagetic bone 

[28]. Radiographic evaluation of lesion as well as bone biopsy may be useful in the 

diagnosis. For the biochemical point of view, PDB is characteristically associated 

with an increase in bone turnover but normal concentrations of serum calcium, 

phosphate, parathyroid hormone, and vitamin D metabolites. Over the past years 

various markers of bone turnover have been indicated for the diagnosis of PDB. 

Among those, bone specific alkaline phosphatase seems to have the best diagnostic 
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accuracy as a measure of increased bone turnover of pagetic bone. Considering its 

simplicity and low cost, total serum alkaline phosphatase concentration is still a 

valid alternative. Other markers of bone formation, such as the aminoterminal 

(PINP) and carboxyterminal (PICP) extension peptides of type I collagen that are 

released into circulation during the conversion of type I procollagen into collagen 

have proved to be differently sensitive in PDB. Among the various biochemical 

markers of bone resorption, the most sensitive ones in PDB are collagen type I 

related peptides [87, 88]. In extensive and active disease most markers of bone 

turnover will be abnormal and the choice of resorption marker can then be based on 

cost and availability. In addition to their use in diagnosis, all these measurements 

are important tools for monitoring a patient’s response to treatment for PDB. PDB 

is diagnosed primarily by radiological examination [89]. Radiographs of painful or 

deformed bones usually show the characteristic mixed appearance of areas of lysis 

due to increased osteoclastic resorption with sclerosis from excessive osteoblastic 

bone formation. A characteristic appearance that distinguishes PDB from other 

conditions is the increased diameter of affected bones, particularly those of the 

spine (Fig. 3) or the shafts of long bones.  

Scintigraphy is a sensitive but non-specific method of detecting areas of skeletal 

abnormality and is the best way for assessing the skeletal distribution of PDB (Fig. 

4). Although some sites may be asymptomatic, it is important that they are 
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identified because they may be susceptible to complications, such as fracture. 

Newer imaging modalities such as CT and MRI have improved the ability to 

evaluate neurologic symptoms in the context of PDB. They can also result useful to 

establish the extent and the character of the neoplastic degeneration of pagetic 

tissue.  

 

1.4 THERAPY 

The primary goal of PDB treatment is to restore normal bone turnover in order to 

relieve symptoms such as bone pain and prevent complications that result from the 

abnormal resorption and overgrowth of pagetic bone. Treatment can be also 

indicated for PDB patients with orthopaedic complications, undergoing elective 

surgery at affected bone sites. In this case the normalization of bone turnover is 

able to reduce blood flow in pagetic bone and thus decrease blood loss during 

surgery. In elderly polyostotic patients with advanced disease, treatment is also 

indicated for the management of immobilization hypercalcemia. However, almost 

any patient (particularly those with the involvement of the skull, weight bearing 

bones, and bones adjacent to major joints) may benefit from antiresorptive 

treatment, even if there are no symptoms, because of the potential to reduce disease 

progression, bone deformity and related complications. Indeed, even though it has 

not been proven conclusively that restoring normal bone turnover effectively 
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reduces the risk of later complications, in untreated PDB the progression of disease 

usually occurs with extension of osteolitytic changes and bone deformity [90]. 

Conversely, suppression of bone turnover with antiresorptive therapy is associated 

with normal lamellar patterns of new bone deposition as seen on bone biopsy 

specimens [91], and there are isolated case reports showing improvement of 

deformity or hearing loss after treatment, immobilization (leading to 

hypercalcemia) [92, 93]. Since in PDB the increased activity of osteoclasts leading 

to increased bone resorption remains coupled to a parallel increase in osteoblast 

activity and bone formation, it is sufficient to treat the osteoclast to restore bone-

remodelling rates towards normal. Currently, all agents used to treat PDB are 

antiresorptive in nature, and include calcitonin and bisphosphonates (Table 2). 

Moreover, since new bone formation usually occurs during treatment in order to 

repair pagetic bone, and since hypocalcemia and hyperparathyroidism are common 

after the suppression of bone turnover, daily supplements of calcium and vitamin D 

should be also recommended to PDB patients in addition to antiresorptive therapy. 

Bisphosphonates are the treatment of choice of PDB, as well as of many other 

conditions characterized by increased bone resorption such as osteoporosis and 
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bone metastases. Numerous studies have shown the efficacy of bisphosphonates in 

the management of patients with PDB. These treatments are associated with a 

reduction in plasma alkaline phosphatase (ALP) activity and an improvement in 

radiological and scintigraphic appearance [94]. In addition to improvement in bone 

turnover, bisphosphonate therapy has also been associated with a reduction in bone 

pain and bone deformity, whereas the effects of treatment on the development or 

progression of other complications are poorly understood. Recently, the availability 

of newer, more potent nitrogen containing bisphosphonates has improved treatment 

outcomes. These compounds have a greater binding affinity to hydroxyapatite and 

increased potency in terms of inhibition of bone resorption[95, 96]. Their ability to 

achieve optimal control of bone turnover at lower doses than the previous 

compounds has opened the way to intravenous administration regimens. Moreover 

their greater binding affinity offers the potential for sustained remission. However, 

there have been few head to head randomized trials comparing these intravenous 

bisphosphonate regimens, and it is not shown if these drugs differ in therapeutic 

efficacy. During the last decades, the development of potent amino-

bisphosphonates such as alendronate and risedronate has led to substantial 

improvement in clinical management of patients with PDB [94, 97-101]. However, 

these drugs require daily oral dosing for up to 6 mo, with patients required to fast 

before and after treatment because of the very low bioavailability of these 

compounds and to remain upright for at least 30 min after dosing to reduce the risk 

of upper gastrointestinal complications. All these aspects significantly affect 

compliance of PDB patients. Similarly, available intravenous regimens, such as 

pamidronate, can also be inconvenient for patients because they are usually given 

as a series of slow intravenous infusions each lasting a few hours, thus requiring 

multiple visits and treatment courses. Moreover, pamidronate resistance has been 

described in a substantial proportion of patients [102-105]. The recent development 

of more potent intravenous aminobisphosphonates might address these problems, 
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allowing a more effective and convenient management of PDB. In a recent 

randomized trial, a single infusion of zoledronic acid (5 mg) showed a greater and 

long-lasting effect than oral risedronate [106, 107]. In short-term studies, 

intravenous neridronate was well tolerated and effective in decreasing bone 

turnover markers in a dose-related manner (from 25 to 200 mg) in patients with 

active PDB [108-110].  

We performed a 15 months randomized study specifically to compare different 

intravenous bisphosphonate regimens in 90 subjects with active PDB [111]. At 

baseline, patients were randomly assigned to receive pamidronate (30 mg, i.v., for 

2 consecutive days every 3 months) or zoledronate (4 mg, i.v.). After 6 months, 

non-responders patients to pamidronate were crossed over to zoledronate (4 mg, 

i.v.) or neridronate (100 mg, i.v., for 2 consecutive days). Among non-responders 

patients to pamidronate, a single treatment course with either neridronate or 

zoledronate led to the achievement of therapeutic response in more than 90% of 

subjects (Fig. 5). Normalization of alkaline phosphatase levels was observed after 6 

months in 80% and 83% of patients treated with neridronate or zoledronate, 

respectively and was maintained in most patients at 9 months. A slightly increased 

efficacy on the reduction of bone pain was described with both zoledronate and 

neridronate over pamidronate [111]. 
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All nitrogen-containing bisphosphonates administered intravenously can induce an 

acute phase reaction with fever, musculoskeletal pain and other flu-like symptoms. 

These effects are transient and occur predominantly on first exposure to the drug in 

most patients who has not previously been exposed to a nitrogen-containing 

bisphosphonate. In fact, previous treatment with a bisphosphonate appears to 

provide some protection from acute phase reactions with zoledronic acid or other 

aminobisphosphonates [112]. Some reports have documented hypocalcemia 

occurring in patients treated with intravenous amino-bisphosphonates. This 

complication is generally asymptomatic and mostly occurs if patients do not take 

calcium and vitamin D supplements. Osteonecrosis of the jaw (ONJ) has been 

identified as a potential complication, particularly with long-term, high dose 

intravenous bisphosphonate therapy in malignant diseases [113]. However this 

complication seems extremely rare in patients with PDB treated with a 

bisphosphonate (with less than 10 cases reported to date). Moreover, the efficacy 

and safety demonstrated in the recent trials with neridronate and zoledronate in 

PDB constitutes a real progress and a cost-effective approach. Their rapid 

suppression of bone turnover, ease of administration, long-term effects on disease 

remission, as well as their good tolerance currently support the use of these 

aminobisphosphonates as a first-line therapeutic option in patients suffering from 

PDB, and particularly in those with severe polyostotic disease. 
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2. AIMS OF THE STUDY 

Based on our previous epidemiological and clinical observations [9, 18, 23, 65, 68, 

111], and the recruitment of a large cohort of familial and sporadic PDB subjects 

from the Italian Registry of PDB patients, the aims of our research have been the 

following: 

1) to perform a genetic screening of SQSTM1 mutations in Italian PDB 

patients and to explore possible interactions with environmental factors; 

2) to identify new susceptibility genesi and to explore their potential 

interaction with SQSTM1 on PDB phenotype; 

3) to identify a new susceptibility gene causing giant cell tumour in PDB 

patients; 

4) to investigate the long term efficacy of bisphosphonate treatment in PDB 

and the possible pharmacogenetic implications. 
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3. MATERIALS AND METHODS 

The Italian cohort of PDB patients of the Italian Registry analyzed in our research 

projects consisted of 654 unrelated and consecutive PDB patients from different 

Italian regions recruited at the Bone Disease Units of Turin, Siena, and Naples. 

These are the three main national centres for the diagnosis and treatment of PDB, 

located, respectively, in northern, central, and southern Italy 

(www.pagetitalia.com). All patients were born in Italy, and all but three patients 

were of Italian origin (as assessed from parental history). Diagnosis of PDB was 

based on biochemical evaluation, bone scintigraphy, and subsequent X-ray 

examination of areas of increased isotope uptake. For all subjects, a detailed 

medical history was obtained, including family history, place of birth, place of 

residence during childhood, occupation, age at diagnosis, skeletal extent, 

complications, age at onset of PDB symptoms, dietary habits, and animal contacts. 

When available, clinical data were collected to evaluate the presence of PDB 

complications. In particular, the presence of neoplastic degeneration, cranial nerve 

disorders, hearing loss, hip or knee replacements, osteoarthritis, fractures, back 

pain, hypertensive disease, hyperparathyroidism, renal stones, or heart failure was 

recorded. The study was approved by local ethical committees, and all subjects had 

given informed consent to being included. All data were collected through common 

questionnaires shared by all participating centres.  

Detailed description of methods and techniques concerning the clinical, genetic and 

statistical analyses for each study  are indicated in each specific publication 

attached in the results section . 
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4 RESULTS 

STUDY AIM #1 

Genetic screening of SQSTM1 mutations in Italian PDB patients and possible 

interactions with environmental factors 

Eleven different mutations (Y383X, P387L, P392L, E396X, M401V, M404V, 

G411S,D423X, G425E, G425R, and A427D) were observed in 34 of 92 (37%) and 

43 of 441 (10%) of familial and sporadic PDB patients, respectively.  

Among the population of PDB patients, we identified a subset of patients who 

developed giant cells lesions at one or more pagetic sites. All patients with giant 

cell tumor were negative for SQSTM1 mutations. Evidence of possible gene-

environment interaction was also observed. In fact, patients reporting animal 

contacts showed an increased number of affected sites (2.54±2.0 versus 2.19±1.9, 

p<.05) over patients without animal contacts. This difference also was evidenced in 

the subgroup of patients with SQSTM1 mutations (3.84±2.5 versus 2.76±2.2, 

p<.05). Overall, these data suggest that animal-related factors may be important in 

the etiology of PDB and may interact with SQSTM1 mutations in influencing 

disease severity (publication A). 

 

Moreover, we performed a small epidemiologic and SQSTM1 genetic screening in 

a different population of cases from a rural area of Calabria: In that area, the crude 

radiographic prevalence of pelvic PDB was 0.74% (8/1068; male:female 5:3, mean 

age 71.6±13.1 yr) leading to an estimated overall prevalence of PDB between 

0.82% and 1.21%. PDB patients from Calabria showed clinical characteristics 

similar to those reported in patients from Campania. The disease was also 

frequently complicated by osteoarthritis and the right side of the body was more 

affected than the left. The SQSTM1 gene analysis revealed the presence of a novel 

missense mutation (M401V) in exon 8 in one subject with a familial and aggressive 

form of PDB (publication B). 
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Publication A 
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Publication B 
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STUDY AIM # 2: 

New susceptibility genes and their potential interaction with SQSTM1 on PDB 

phenotype 

We identified two non synonymous single nucleotide polymorphisms (SNPs) 

(C421T, H141Y and T575C, V192A) in the TNFRSF11A gene, associated with 

PDB and with the severity of phenotype in a large population of 654 unrelated 

patients that were previously screened for SQSTM1 gene mutations. The largest 

effect was found for the T575C variant, yielding an odds ratio of 1.29 (p=0.003), 

with the C allele as the risk allele. Moreover, an even more significant p-value 

(p=0.0002) was observed in the subgroup of patients with SQSTM1 mutation, with 

an odds ratio of 1.71. Interestingly, patients with the C allele also showed an 

increased prevalence of polyostotic disease (68%, 53%, and 51% in patients with 

CC, CT, and TT genotypes, respectively; p=0.01), as well as an increased number 

of affected skeletal sites. These differences increased when analyses were restricted 

to cases with SQSTM1 mutation. In human cell lines, cotrasfection with mutated 

SQSTM1 and TNFRSF11AA192 produced a level of activation of NFkB signaling 

greater than cotrasfection with wild-type SQSTM1 and TNFRSF11AV192, 

confirming our genetic and clinical evidences. Overall, these results provide the 

first evidence that genetic variation within the OPG/RANK/RANKL system 

influences the severity of PBD in synergistic action with SQSTM1 gene mutations 

(Publication C). These result were also presented as an oral communication at the 

32
nd

 Annual Meeting of the American Society for Bone and Mineral Research in 

Toronto in 2010 [D Merlotti, F Gianfrancesco, L Gennari, D Rendina, M Di 

Stefano, G Mossetti, S Gallone, T Esposito, S Magliocca, D Formicola, A 

Mingione, P Fenoglio, A Criasia, R Muscariello, P Strazzullo, G Isaia, R Nuti. 

TNFRSF11A gene allelic variants are associated with Paget's Disease of bone and 

interact with SQSTM1 mutations to cause the severity of the disorder. 32nd Annual 
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Meeting of the American Society for Bone and Mineral Research, Toronto, 

Canada, 15-19 October 2010. Abstract 1033. J.BoneMinerRes 25 (Suppl.1)]. 

 

Within specific aim 2, we recently initiated a collaboration to perform a genome 

wide association study in a large PDB cohort of cases from different Countries 

worldwide (Genetic Determinants of Paget’s Disease Consortium). In a first 

analysis we identified three new loci and confirmed their association with PDB in 

2,215 affected individuals (cases) and 4,370 controls from seven independent 

populations. The new associations were with rs5742915 within PML on 15q24 

(odds ratio (OR) = 1.34, P = 1.6 × 10(-14)), rs10498635 within RIN3 on 14q32 

(OR = 1.44, P = 2.55 × 10(-11)) and rs4294134 within NUP205 on 7q33 (OR = 

1.45, P = 8.45 × 10(-10)). These data also confirmed a previous association of 

TM7SF4 (rs2458413, OR = 1.40, P = 7.38 × 10(-17)) with PDB.  

The previous associations between variants at the CSF1, OPTN and TNFRSF11A 

loci and PDB  were also confirmed by the meta-analysis of the combined dataset 

for these loci (Fig. 6). 
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Overall, these seven loci explained 13% of the familial risk of PDB. (Publication 

D). 

 

Since the results from this recent genome-wide-association study evidenced a 

particularly higher association between a polymorphic variation (rs1561570) in 

OPTN gene (Fig. 7) and PDB in 2 different replication cohorts of patients from 

Italy we performed an additional study in a larger cohort 680 Italian cases 

previously screened for SQSTM1 mutations of Italian PDB cases . 200 age and sex-

matched controls were also genotyped for comparison.  

The potential interactions with the TNFRSF11A polymorphism (rs1805034) 

previously associated with PDB severity were also explored. In the overall 

population we observed an increased prevalence of rs1561570 “T” allele in PDB 

patients than in controls (OR 1.6; p<0.01). This association was higher in sporadic 

(OR 1.8) than in familial cases (OR 1.5), while became non-significant in familial 

PDB cases without SQSTM1 mutation (Fig.8).  
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In contrast to the TNFRSF11A “C” variant, which was associated with increased 

disease severity in both SQSTM1 negative or positive patients, the OPTN variant 

did not appear to interact with SQSTM1. In fact, the presence of the OPTN risk 

allele (T) was significantly associated with an early onset and an increased number 

of affected sites only in SQSTM1 negative patients, and particularly in sporadic 

cases (Table 3).  

 

Of interest, we observed a particularly higher prevalence of haplotype CC-TT 

(containing the homozygous risk alleles for both TNFRSF11A and OPTN, 

respectively) in sporadic than familial cases or controls (49% vs. 33% vs. 3% in 

sporadic, familial PDB and controls, respectively; p<0.01) (Fig. 9).  
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Moreover, sporadic SQSTM1-negative cases with CC-TT haplotype showed a 

higher number of affected sites and an earlier age at diagnosis than SQSTM1-

negative cases with the other haplotypes (Fig. 10-11). 
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In summary, this study provides evidence that this OPTN variant affects the 

susceptibility to develop PDB and interacts with rs1805034 polymorphism in 

TNFRSF11A to cause the severity of the disorder in sporadic cases. A different 

susceptibility gene is probably involved in SQSTM1 negative families. These 

results have been recently presented as poster presentation at the ASBMR 2012 

Meeting in Minneapolis [Merlotti D, Gianfrancesco F, Gennari L, Rendina D, Di 

Stefano M, Gallone S, Esposito T, Magliocca S, Formicola D, Mingione A, 

Muscariello R, Strazzullo P, Isaia G, Nuti R. Interaction Between OPTN and 

TNFRSF11A gene variants in sporadic Paget’s Disease Of Bone. ASBMR 2012 

Annual Meeting, 12-15 October 2012 Minneapolis, Minnesota, USA, Abstract 

MO0420] 
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Publication C 
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Publication D 
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STUDY AIM #3 

 

New susceptibility gene causing giant cell tumour in PDB patients 

A large pedigree with 14 affected members of whom 4 developed giant cell tumors 

at pagetic sites was further characterized from both the clinical and the genetic 

point of view. Of interest all the affected members had polyostotic PDB, but 

subjects developing giant cell tumors showed an increased disease severity with a 

reduced clinical response to bisphosphonate treatment and an increased prevalence 

of bone pain, deformities, and fractures. Together with an increased occurrence of 

common pagetic complications, affected patients of this pedigree also evidenced a 

5-fold higher prevalence of coronary artery disease with respect to either the 

unaffected family  members or a comparative cohort of 150 unrelated PDB cases 

from the same geographical area. This association was further enhanced in the 4 

cases with PDB and giant cell tumors, all of them developing coronary artery 

disease before 60 years of age. Despite the early onset and the severe phenotype, 

PDB patients from this pedigree were negative for the presence of SQSTM1 or 

TNFRSF11A mutations, previously associated with enhanced disease severity. 

Genome-wide linkage analysis identified 6 possible candidate regions on 

chromosomes 1, 5, 6, 8, 10, and 20. Since the chromosome 8 and 10 loci were next 

to the TNFRSF11B and OPTN genes we extended the genetic screening to these 2 

genes but we failed to identify any causative mutation at both genomic and 

transcription level, suggesting that a different genetic defect is associated with PDB 

and potentially giant cell tumor of bone in this pedigree. Thus we have planned to 

apply a next generation sequencing approach to this pedigree in order to identify a 

new susceptibility gene (Publication E). 

These results have been presented also as poster presentation at the ASBMR 2011 

Meeting in San Diego [D Merlotti, F Gianfrancesco, D Rendina, T Esposito, A 

Mingione, D Formicola, R Muscariello, P Strazzullo, R Nuti, L Gennari. 

Identification of Susceptibility Loci to Giant Cell Tumor and Paget's Disease of 
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Bone. 2011 ASBMR Annual Meeting, San Diego 16-20 September 2011, abstract 

MO0163]. 

 

Publication E 
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STUDY AIM #4 

Long term efficacy of bisphosphonate treatment in PDB and possible 

pharmacogenetic implications. 

To fulfil this aim, we performed a pilot study, analyzing SQSTM1 mutations in 90 

patients with active PDB involved in a comparative trial with intravenous amino-

bisphosphonates [111]. At baseline, patients were randomly assigned to receive 

pamidronate (30 mg, iv, for 2 consecutive days every 3 months; n=60) or 

zoledronate (4 mg, iv; n=30). After 6 months, 33/60 patients in pamidronate group 

did not respond to treatment and were crossed over to zoledronate 4 mg (n=18) or 

neridronate (100 mg, iv, for 2 consecutive days, n=15). Follow-up analysis has 

been extended to 36 months in all treatment groups. No bisphosphonate was given 

during the extension study (12 to 36 months) except in case of relapse. SQSTM1 

gene analysis revealed the presence of 4 different mutations (Y383X, P392L, 

E396X, M404V) in 18/90 patients. At baseline, patients with SQSTM1 mutation 

showed an increased severity of disease with a higher number of affected skeletal 

sites and higher alkaline phosphatase levels than patients without mutation. 

Interestingly, an increased proportion of patients with SQSTM1 mutation showed 

resistance to pamidronate at 6 months (11/13, 85% vs. 22/47, 47% in patients 

without mutation, p=0.02) (Fig.12).  
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Conversely there was no significant difference in the response to zoledronate 

between patients with or without mutation at all time points from 6 to 36 months. 

Overall, therapeutic response to zoledronate was achieved in 97%, 83% and 69% 

of patients at 12, 24, and 36 months from infusion, respectively (Fig.13).  

 

Patients with recurrence of disease were treated with a new zoledronate 4 mg 

infusion, and all achieved therapeutic response. Among non-responders patients to 

pamidronate, 93% in the neridronate group and 94% in the zoledronate group 

achieved therapeutic response after 6 months from cross-over. Response was 

maintained in 82%, 53% and 41% of patients with neridronate and in 94%, 83% 

and 67% of patients with zoledronate at 12, 24 and 30 months from cross-over, 

respectively. All the 3 patients with SQSTM1 mutation sustained clinical relapse 

between 24 and 30 months from cross-over to neridronate. These results suggest 

that PDB patients with SQSTM1 mutation may require a more aggressive treatment 

regimen for disease remission. We are actually collecting the available 

retrospective clinical information from all cases of the Italian PDB Registry in 

order to confirm these preliminary and interesting observations.The results from 

the pilot study were presented as an oral communication at the  ASBMR 31
st
 

Annual Meeting in 2009 [D Merlotti, L Gennari, F Gianfrancesco, G Mossetti, D 

Rendina, T Esposito, G Martini, P Strazzullo, R Nuti. Long term effects of 
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intravenous bisphosphonates in Paget's Disease of bone and interaction with 

SQSTM1 mutations. ASBMR 31
st
 Annual Meeting, Denver 11-15 September 2009, 

abstract 1031]. 

 

Following the positive indications of the comparative study on different 

intravenous regimens we decided to perform a small trial aimed to evaluate the 

long term efficacy of an intramuscular neridronate regimen, given with an identical 

cumulative dosage (200 mg) of the intravenous dosage, but in 8 weekly 

administrations. Briefly, 56 patients with active PDB were randomized to receive 

neridronate as intravenous (100-mg infusion for 2 consecutive days) or 

intramuscular (25-mg injection weekly for 2 months) regimen, and followed for 36 

months. All patients were advised to receive calcium plus vitamin D 

supplementation throughout the study period. At 6 months, 92.6% and 96.5% of 

patients receiving intravenous and intramuscular neridronate, respectively, 

achieved a therapeutic response [defined as normalization of alkaline phosphatase 

(ALP) levels or a reduction of at least 75% in total ALP excess]. The response to 

treatment was significantly correlated with baseline ALP and 25-hydroxyvitamin D 

[25(OH)D] levels at 6 months. The decrease in ALP levels was highest in patients 

with higher baseline total or bone specific ALP levels and with higher 25(OH)D 

levels at 6 months. Response rates were maintained at 12 months but decreased 

progressively at 24 and 36 months without significant differences between the two 

neridronate regimens. Both regimens were well tolerated. The only relevant side 

effect was an acute-phase response occurring in 14% of the patients. (Publication 

F). 
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Publication F 
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5. SUMMARY AND CONCLUSIONS 

In summary, our prospective analysis of a large and well characterized sample of 

patients with PDB has provided novel and interesting insights on the pathogenesis 

and management of this invalidating disorder. 

As first we evidenced the presence of different SQSTM1 mutations in 37% and 

10% of familial and sporadic PDB patients, respectively. Together with an 

additional study in a smaller Italian cohort [50], 15 different SQSTM1 mutations 

have been described in Italian PDB cases. This heterogeneity is higher than what 

observed in populations of British descent or in other European populations and 

might reflect the complex history of Italy as well as the several foreign invasions 

and dominations that occurred between sixth and nineteenth centuries. To this 

regard, a single SQSTM1 mutation has been demonstrated in the French-Canadian 

population [47]. Interestingly, the highest prevalence and heterogeneity of 

mutations was observed in southern Italy than in central and northern Italy, 

explaining at least in part the increased disease severity and the early onset of PDB 

frequently described in patients from this area [9, 23, 42]. Consistent with other 

reports we also demonstrated that subjects with SQSTM1 mutation have an 

increased disease extension. Moreover, we also demonstrated the presence of gene-

environment and gene-gene interactions on the severity of PDB phenotype. In fact 

PDB was more severe and occurred earlier in those cases reporting animal contacts 

(suggesting the exposure to viral infections) and in those bearing a particular 

polymorphic variant of the gene encoding RANK, the receptor of RANKL (the 

major factor stimulating osteoclastogenesis and osteoclast activity). Following our 

results from in vitro analyses and the data reported from other groups [71, 74, 77] 

we can hypothesize that either the presence of the predisposing RANK variant or 

the contact with viral infections (i.e. paramixoviruses) may facilitate the occurrence 

and the skeletal diffusion of PDB, particularly in subjects with mutations in 

SQSTM1 gene. Conversely, a particular polymorphic variant of OPTN gene, 
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encoding for optineurin seems to act as a predisposing factor in sporadic PDB 

cases, while it is likely that the effect of this gene is overcome in SQSTM1 positive 

cases as well as in familial cases without SQSTM1 mutation. This latter evidence 

also suggests that at least one additional gene is involved in the pathogenesis of 

familial PDB in those pedigrees negative for SQSTM1 mutation. In order to 

uncover new genes predisposing to PDB we performed a collaborative genome-

wide association study in SQSTM1 negative cases and we extended clinical and 

genetic analyses in a particular pedigree with 14 affected members (associated with 

the occurrence of giant cell tumours at the affected skeletal sites). 

In the first collaborative analysis we confirmed the association of PDB with 

variations in TNFSRF11A (encoding RANK) or OPTN genes, but we also 

demonstrated that at least 5 additional genes (CSF1, TM7SF4, PML, RIN3, 

NUP205) are associated with PDB in SQSTM1 negative patients. In the second 

study we further characterized the clinical phenotype of the PDB-giant cell tumour 

pedigree demonstrating that affected subjects also show and increased prevalence 

of cardiovascular complications with respect to unaffected family members and to 

a comparative cohort of 150 unrelated PDB cases from the same geographical area 

[Publication E]. An initial linkage analysis in this pedigree evidenced some 

interesting loci that are actually under investigation in order to uncover the 

causative gene. According to all the above evidences a likely pathogenetic model 

for PDB is summarized in Fig.14. 
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Finally, we provided interesting insight on the long term treatment of PDB. In a 

first study we demonstrated that that in addition to the oral and intravenous 

regimens with different bisphosphonates (commonly used in different countries), 

the suppression of disease activity either in monostotic or polyostotic cases can be 

also achieved by the use of intravenous neridronate administration, given at the 

same cumulative dosage than the intravenous regimen [Publication F]. This might 

be of particular value for patients intolerant to oral bisphosphonates (i.e. due to 

gastro-esophageal irritation) and unwilling or unable to undergo intravenous 

infusions (that in our Country can be administered only in hospital services). 

In a second preliminary analysis we evidenced important pharmacogenomic 

implications demonstrating that patients bearing the SQSTM1 mutation may require 

a more aggressive and intensive treatment regimen for disease remission. This 

analysis will be extended to all cases of the Italian PDB Registry and integrated 

with the genetic information concerning polymorphic variation in the other PDB 

predisposing genes in order to extend the knowledge about the pharmacogenetic of 

bisphosphonate treatment in PDB.  
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