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Abstract:  Paget’s disease of bone (PDB) is a chronic bone remodelling disorder characterized 

by increased osteoclast-mediated bone resorption, with subsequent compensatory increases in 

new bone formation, resulting in a disorganized mosaic of woven and lamellar bone at affected 

skeletal sites. This disease is most often asymptomatic but can be associated with bone pain or 

deformity, fractures, secondary arthritis, neurological complications, deafness, contributing to 

substantial morbidity and reduced quality of life. Neoplastic degeneration of pagetic bone is a 

relatively rare event, occurring with an incidence of less than 1%, but has a grave prognosis. 

Specific therapy for PDB is aimed at decreasing the abnormal bone turnover and bisphospho-

nates are currently considered the treatment of choice. These treatments are associated with a 

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

and scintigraphic appearance and with a reduction in bone pain and bone deformity, Recently, 

the availability of newer, more potent nitrogen-containing bisphosphonates has improved 

treatment outcomes, allowing a more effective and convenient management of this debilitating 

disorder.
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Introduction
Paget’s disease of bone (PDB) is a chronic disorder which typically results in enlarged 

and deformed bones in one or more regions of the skeleton.1,2 Excessive bone break-

down and formation can cause the bone to weaken. As a result, bone pain, arthritis, 

noticeable deformities and fractures can occur. It affects both males and females, with 

a slight predominance in males. PDB is most common in white people of European 

descent, but it also occurs in blacks, whereas it is rare in people of Asian descent.3–5 

Clinical, radiological, and necropsy data from different countries suggests pronounced 

geographical variations in the prevalence of the disease, with highest prevalence rates 

in Britain, and other countries with high rates of immigration of people of British 

descent in the 19th and 20th centuries.3,5 A recent UK study in large cohort from 

the General Practice Research Database indicated over the period 1988 to 1999 an 

incidence rate of clinically diagnosed PDB of 5 per 10,000 person-years among men 

and 3 per 10,000 person-years among women 75 years of age.6 Several studies of 

the secular trends in PDB suggest declining rates in both prevalence and severity at 

diagnosis.7–9

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 
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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. How the virus and the genetic 

factors are intertwined in PDB pathogenesis is not yet clear. 

Genetic factors may increase the individual chance of getting 

the disease, and mutations in the SQSTM1 gene have been 

described in sporadic and familial PDB patients.10 Individuals 

with a genetic predisposition to PDB may be more susceptible 

to develop the disorder after exposure to a viral infection. 

Another potential explanation is that the genetic version of 

the disease represents only one group of PDB patients and 

that the other patients have a type of PDB that originates from 

viral exposure or other unknown factors. Moreover, recent 

studies have found that SQSTM1 mutants have enhanced 

bone resorption and this could provide some mechanistic 

understanding of the efficacy of anti-resorptive compounds 

for the treatment of PDB.11,12

The characteristic feature of the disease is an increased 

resorption followed by an increase in bone formation. 

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. Commonly the excessive 

resorption of pagetic bone by osteoclasts is followed closely 

by formation of new bone. During this second phase of the 

disease (“osteoblastic phase”) 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”. 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. 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.

Pain, and namely localized bone pain, is the most common 

symptom that brings a patient with PDB to a physician. Pain 

varies greatly from patient to patient depending on the loca-

tion and extent of the disease. It may arise from increased 

vascularity, from distortion of the periosteum due to disor-

ganized remodeling, or from a focus of mechanical stress. 

Alternatively, another source of pain may be from irritation 

of nerves supplying affected bones. However, many patients 

who have PDB do not know they have it, since the disease may 

be so mild that is not symptomatic. Moreover, the symptoms 

are often confused with arthritis or other skeletal disorders. 

Sometimes, the physician is alerted to the possibility of 

PDB when physical deformities appears (ie, enlargement 

of the skull or bowing of the tibia) or when a blood test 

reveals an elevated level of bone turnover markers. In most 

cases, the diagnosis of PDB is made only after complica-

tions have developed. These complications mainly include 

osteoarthritis, fractures, severe bone deformity, neurological 

syndromes and, rarely, osteosarcoma, which significantly 

affect the morbidity and reduce the quality of life of 

patients. Osteoarthritis is common, affecting up to 50% of 

patients with PDB and can be quite painful.6,13 A variety of 

disturbances and neurological syndromes can be associated 

with PDB of the skull and spinal column as result of pressure 

on the brain, spinal cord or nerves by enlarged pagetic bones.12 

Irreversible hearing loss can occur in 13% of patients.14 

Bowing of weight bearing bones is another common feature 

of PDB.15 It occurs most commonly in the femur and tibia. 

These types of deformities are often associated with stress 

fractures on the convex surface of the bowed bone. Pathologic 

fractures may occur at any stage even though are more 

common in the lytic phase of the disease (Figure 1). Blood 

flow may be markedly increased in extremities involved with 

PDB, leading in some instances to high-output heart failure. 

There are also reports suggesting an increased incidence 

of calcific aortic disease or other valve calcifications.6,13,16 

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 0.5% to 1% of pagetic patients develop 

osteosarcoma, an increase in the risk that is several thou-

sand-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.17 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 but rarely occur 

in vertebrae. 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.18 Radiographic and eventually histological appraisal 

of new lesions is essential in the diagnosis, as patients in 

this age group are also at increased risk of developing other 

diseases or bone metastases.
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Indications for treatment in PDB
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 (Table 1). Treat-

ment can be also indicated for PDB patients with orthopedic 

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 manage-

ment 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 reduces the 

risk of later complications, in untreated PDB the progression 

of disease usually occurs with extension of osteolitytic 

changes and bone deformity.19 Conversely, suppression of 

bone turnover with antiresorptive therapy is associated with 

normal lamellar patterns of new bone deposition as seen 

on bone biopsy specimens,20 and there are isolated case 

reports showing improvement of deformity or hearing loss 

after treatment.21,22 A long-term preliminary observation 

of 41 PDB patients who received multiple bisphosphonate 

courses for an average of 12 years evidenced an increased 

prevalence of complications in patients whose bone turnover 

marker levels were lowered but not normalized.20

Treatment options for PDB
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-remodeling 

rates towards normal. Currently, all agents used to treat 

PDB are antiresorptive in nature, and include calcitonin 

and bisphosphonates (Table 2). Even though antiresorp-

tive therapy may reduce bone pain, symptomatic treatment 

with non-steroidal anti-inflammatory compounds could be 

required in some patients to further reduce bone pain due to 

osteoarthritis or nerve compression. In these circumstances, 

patients may also respond to opioid analgesics, acupuncture, 

electrical nerve stimulation or the use of walking aids.23 

Moreover, since new bone formation usually occurs during 

treatment in order to repair pagetic bone, and since hypo-

calcemia 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.

1972 1980 2004

Figure 1 Fracture of a pagetic vertebra occurring in an untreated patient. The presence of Paget’s disease of the bone was evident in the lumbar x-ray performed in 1972 
and 1980.

Table 1 indications for treatment of Paget’s disease of bone

•  Any symptom that is caused by metabolically active Paget’s disease 
(ie, bone pain)

•  involvement of pagetic sites at high risk for complications (even in 
absence of symptoms):

  a) weight-bearing bones

  b) Skull and/or spine

  c) Bone adjacent to major joints such as hip or knee

•  Planned surgery at a metabolically active pagetic site

• immobilization (leading to hypercalcemia)
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Even though calcitonin and different compounds 

(ie, mithramycin and gallium nitrate) have been success-

fully used to treat PDB over past years, bisphosphonates are 

currently considered the treatment of choice.23,24

Calcitonins
Calcitonin was the first antiresorptive agent to be used for 

PDB (generally at daily subcutaneous injections for several 

months) and is still approved for the treatment of PDB. 

The synthetic polypeptide hormone of salmon calcitonin 

is available therapeutically as a formulation for parenteral 

administration, injected subcutaneously or intramuscularly. 

The usual starting dose is 100 U, subcutaneously, initially 

on a daily basis. Symptomatic benefit may be apparent in a 

few weeks, and the biochemical benefit (typically about a 

50% reduction from baseline in serum alkaline phosphatase) 

is usually seen after 3 to 6 months of treatment. After this 

period, many clinicians reduce the dose to 50 to 100 U 

every other day or three times weekly. This agent has been 

associated with normalization of alkaline phosphatase or 

symptom relief in up to 50% of patients,24 but is generally 

less effective than the more potent bisphosphonates, has a 

short-term action on bone, and resistance to treatment can 

develop after different treatment courses. The main side 

effects of parenteral salmon calcitonin include flush, nausea, 

vomiting, diarrhea and pain at the site of injection. Symptom-

atic hypocalcemia is exceptional, as well as hypersensitivity 

to the compound.

The recently developed intranasal calcitonin seems to 

have a lower incidence of the side effects described for 

parental formulations.25 The optimal dose in Paget’s disease 

with intranasal formulation is not known, even though 

anecdotal evidence suggests that, in occasional patients with 

mild disease, the 200-U single spray dose given daily may 

lower biochemical indices and relieve mild symptoms, such 

as increased warmth in a pagetic tibia. However intranasal 

calcitonin is not specifically approved for use in PDB.

Given the effectiveness of bisphosphonates, the use of 

calcitonin in PDB should possibly be reserved for the few 

patients with contraindications to bisphosphonates.

Bisphosphonates
Bisphosphonates are the treatment of choice of patients with 

PDB, as well as of many other conditions characterized 

by increased bone turnover such as osteoporosis and bone 

metastases.

These compounds are synthetic analogues of pyrophos-

phate that bind to hydroxyapatite in bone.

In bisphosphonates, the oxygen molecule that binds 

the two phosphate molecules of pyrophosphate (P-O-P) is 

substituted by a carbon (P-C-P). This substitution renders 

bisphosphonates resistant to biological degradation and 

therefore suitable for clinical use.

The physicochemical effects of many of the bisphospho-

nates are very similar to those of pyrophosphate.26,27 Thus, 

they inhibit the formation, delay the aggregation, and also 

slow down the dissolution of calcium phosphate crystals. All 

these effects are related to the marked affinity of these com-

pounds for solid-phase calcium phosphate, on the surface of 

which they bind strongly. However, bisphosphonates not only 

inhibit the growth and dissolution of calcium crystals but had 

also another action relevant to clinical practice, namely, they 

have particularly high affinity for areas of high bone turnover 

and inhibit osteoclast activity. Both these properties render 

them particularly effective in the treatment of PDB. In fact, 

they are much more potent antiresorptives than calcitonin, 

and their effects on bone turnover may persist after therapy 

discontinuation for months or even years.

This class of antiresorptive agents include several 

compounds that differs for the R1 (the bone hook) and/or 

R2 (the bioactive moiety) side chains that are attached to 

the central (geminal) carbon atom and that are not present 

in pyrophosphate (Figure 2). All the currently used bisphos-

phonates share common pharmacological properties such 

as selective skeletal uptake and binding to hydroxyapatite 

crystals, suppression of osteoclast-mediated bone resorp-

tion, long time retention in the skeleton and unmetabolized 

urinary excretion. However, differences in phosphonate 

groups with R1 are responsible for selective targeting and 

binding of bisphosphonates to bone, while the structure of 

Table 2 Therapeutic agents for Paget’s disease of bone and major 
treatment regimens

Compound  Dose

Calcitonin 50–100 U/day subcutaneously or 3 times a  
week for 6–18 months

etidronate 400 mg/day for 3 months

Tiludronate 400 mg/day for 3 months

Clodronate 400–1600 mg/day orally for 3–6 months or 
300 mg/day intravenously for 5 days

Pamidronate 30–60 mg/day intravenously for 3 days

Alendronate 40 mg/day for 6 months

Risedronate 30 mg/day for 2 months

Zoledronate 5 mg intravenously by a single infusion

Neridronate   200 mg intravenously by a single infusion on 
2 consecutive days
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the R2 is responsible for their potency and their action on 

bone resorption.26

Numerous studies have demonstrated the efficacy of 

bisphosphonates in the management of patients with PDB. 

With the first generation bisphosphonates such as etidronate 

and tiludronate there was only a 10- to 100-fold difference 

between doses that inhibit mineralization compared with 

doses that reduce bone resorption.27 Enhancing this window 

was readily achieved and more potent bisphosphonates have 

been developed and superseded etidronate or tiludronate in 

the treatment of PDB. All these bisphosphonates are charac-

terized by the presence of a basic primary nitrogen atom in the 

R2 side chain and are called amino-bisphosphonates. These 

include alendronate, risedronate, pamidronate, neridronate, 

and, most recently, zoledronic acid.

Nonamino bisphosphonates
Historically, etidronate was the first bisphosphonate to 

be used in the treatment of PDB. At an oral daily dose of 

400 mg for 6 months, with at least a 6-month drug-free 

interval without retreatment, etidronate was associated with 

about 50% reductions in levels of serum alkaline phospha-

tase, the bone formation marker that is most commonly 

used to monitor the effects of treatment on bone turnover. 

However, because of its modest antiresorptive potency and 

inhibition of bone formation leading to a narrow therapeutic 

window, treatment effects were transient and failure was not 

uncommon.28–31 Moreover a consistent portion of patients 

tended to become resistant.30,32 Greater reductions in bone 

turnover were achieved with higher etidronate doses, but this 

is contraindicated because prolonged use or doses higher than 

5 mg/kg/day can induce osteomalacia.29,30

Tiludronate showed a slight increased efficacy with 

the respect to etidronate at the dose of 400 mg daily for 

6 months. In a pivotal US trial, this agent was able to normal-

ize serum alkaline phosphatase levels in 35% of patients,33 

compared to 15% to 17% observed in etidronate trials. With 

tiludronate the likelihood of a mineralization problem was 

largely eliminated.33

Clodronate (clodronic acid, dichloromethylene bisphos-

phonate) is a bisphosphonate which has demonstrated 

efficacy in patients with a variety of diseases of enhanced 

bone resorption including PDB, hypercalcemia of malig-

nancy and osteolytic bone metastases. In addition, early 

reports demonstrated potential efficacy of clodronate in the 

treatment of osteoporosis. Several studies demonstrated 

that longer courses of clodronate given orally (usually 

1600 mg/day for 6 months) effectively reduced bone pain 

HO
HO

HO

OH OH

OH OH OH

O O CO O OP PP

R1

R2

P

Pyrophosphate Bisphosphonate

R2 Chains:
Etidronate:

Tiludronate:

Clodronate:

Alendronate:

Pamidronate:

Risedronate:

Neridronate:

Zoledronate:

-CH3

-CH-S-

-CH-CH-CH-NH2

-CH-CH-CH-CH-CH-NH2

-CH-CH-NH2

-CH-

-OH-CH-

-Cl

-Cl

N

N N

Figure 2 Chemical structure of pyrophosphate and geminal structure of bisphosphonates with functional R1 (bone hook) and R2 (the bioactive moiety) domains.  The structure 
of the R2 side chains of the major bisphosphonates (responsible for their potency and their action on bone resorption) are indicated in the lower panel.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Open Access Rheumatology: Research and Reviews 2009:1112

Merlotti et al Dovepress

submit your manuscript | www.dovepress.com

Dovepress 

and/or improved mobility in most patients with PDB, and 

these effects persisted for up to 12 months after discontinuing 

clodronate.34 Since the response to 400 mg oral clodronate 

appears to be incomplete and relapse occurs more rapidly 

than with higher doses most studies in PDB used oral doses 

between 400 and 3200 mg/day.35–37 Some studies indicated 

that there is relatively little difference in the degree of disease 

suppression achieved with doses between 800 and 1600 mg 

daily given for 3 to 6 months,36 but the duration of remission 

appears to be longer with the higher doses.38 In addition, the 

magnitude of the response and its duration depend on the 

duration of treatment and the total dose administered, so that 

several months of treatment with oral clodronate are usually 

required when a durable response is desired.39 Clodronate is 

also available for intramuscular or short term intravenous 

administration. Intravenous regimens of 300 mg/day for 

5 days demonstrated to suppress disease activity in PDB 

patients with no significant differences between different 

regimens of administration.39

Amino-bisphosphonates
Different aminobisphosphonates are currently available for 

PDB with different oral and intravenous dosing regimens.

Alendronate sodium is approved for the treatment of 

PDB at a dose of 40 mg/day for 6 months. At this treatment 

regimen, this compound was generally well tolerated and was 

effective in suppressing disease activity and improving lytic 

bone lesions on radiographs in most patients with PDB.40–42 

A majority of subjects in clinical trials (70%) achieved 

normalization of total alkaline phosphatase (ALP) levels after 

a 6-mo course, and many of these remained in biochemical 

remission for the next 12 to 18 months.34 Recently, a weekly 

dose of 280 mg (seven times the daily 40 mg dose) has been 

tested in PDB. Preclinical studies indicated that this dose 

is unlikely to pose significant safety concerns if dosed in 

a solution at neutral pH, and the oral weekly dosing may 

have the potential for better upper gastro-intestinal safety 

and tolerability.43,44 However, despite a similar efficacy, the 

280 mg weekly dosage formulation seems to be less well 

tolerated than the 40 mg/day tablet. Both treatment regimens 

showed a similar incidence of non-serious adverse experi-

ences, but more patients in the alendronate 280 mg/week 

group discontinued therapy due to adverse events.45 Another 

oral amino-bisphosphonate, risedronate, is available for 

PDB at a daily dose of 30 mg for 2 months. In the pivotal 

clinical trial, 80% of the patients achieved a normal ALP 

level 6 months after initiation of treatment, with a period of 

subsequent disease suppression (18 months) similar to that 

achieved with alendronate or pamidronate.46 Both alendronate 

and risedronate have been extensively used in different 

countries, in patients with moderate to severe PDB showing 

normalization of ALP levels in 60% to 70% of subjects after 

a course of treatment, and maintenance of biochemical remis-

sion for one year or longer in several patients.40,47 Retreatment 

with both these compounds is generally recommended once 

normal levels of ALP rise again above normal or when nadir 

levels (if normal levels are not achieved with the first treat-

ment course) rise by 25% or more.24 The main adverse effects 

seen with these compounds given as oral regimens were 

esophageal irritation and upper gastrointestinal discomfort.

Pamidronate disodium has been the first amino-

bisphosphonate to be used as intravenous regimen in PDB.48 

Overall, this second generation bisphosphonate, has been 

found to be safe as well as effective in the treatment of this 

disorder. Pamidronate requires a 2- to 3-hour prolonged 

infusion time (30 to 90 mg per infusion) and has been admin-

istered in a wide range of dosing schedules, most commonly 

60 to 90 mg every 3 months, 6 months or annually.24,49 How-

ever, optimum dose or number of doses regimens have yet to 

be defined. The interval between treatment courses widely 

ranges from 1 month to more than 1 year.49 Moreover, one to 

two doses a week on nonconsecutive days or a dose weekly 

for 2 to 3 weeks or more have been also used to deliver a total 

projected dose between 180 and 360 mg. Individual response 

to pamidronate treatment differs based on the extent of dis-

ease and activity of the pagetic process. In many cases of 

moderate to severe disease, three to four 60- to 90-mg doses 

will bring indices of turnover to normal or near normal, and 

year-long remissions are not unusual.24 Normalization of 

serum ALP levels is generally seen in up to 50% of patients, 

depending on the series and the dose regimens. In studies on 

patients who had not previously received bisphosphonates, 

the response could be higher, with biochemical normaliza-

tion in up to 85% of PDB patients with moderate disease.50–52 

Pamidronate therapy has also been reported to improve pag-

etic pain and overall mobility in symptomatic patients.53–55 

A study comparing a same total dose of intravenous pami-

dronate (180 mg for 1 year, given as 30 mg weekly for the 

first 6 weeks or 45 mg every 3 months) with an higher dose 

(360 mg for 1 year, given as 30 mg weekly for the first 

6 weeks and a further 60 mg weekly for other 3 weeks) 

demonstrated a dose response effect, with the more severely 

affected patients requiring a higher total dose for disease 

suppression.56 Other studies confirmed this observation,57–60 

and higher cumulative dosages of pamidronate have been 

used in patients with severe PDB, with contrasting results. 
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Similar to etidronate and clodronate, reduced effectiveness 

with repeated treatments (tachyphylaxis or acquired 

resistance) has also been reported with pamidronate.26,53,61–63 

In different studies, biochemical relapse was dependent on 

initial disease severity as assessed by total ALP and on pre-

vious bisphosphonate treatment. Importantly, even though 

some observations have shown an adequate response to high 

doses of pamidronate in patients thought to be resistant to 

treatment,62 a narrow therapeutic range between resorption 

inhibition and mineralization defects has been also described 

for this compound.64–66 Cumulative doses of 180 to 360 mg 

during 6 or 9 weeks have been associated with osteomalacia 

and increased osteoid thickness on bone biopsy in up to 40% 

of patients.64,65 Thus, repeated courses with high pamidronate 

doses over short infusion courses should be administered with 

caution and cannot be considered as a treatment of choice 

for long term remission of severe PDB.

Neridronate, or neridronic acid, is an aminohexane-

bisphosphonate, officially registered in some European 

countries for the treatment of osteogenesis imperfecta and 

more recently for PDB. In in vitro studies this compound 

showed potent inhibition of bone resorption by direct effects 

on osteoclasts or other bone cells in the immediate microen-

vironment of the osteoclasts.67 Preliminary observation also 

demonstrated a direct effect of this aminobisphosphonate 

in enhancing the differentiation of cultured osteoblasts in 

mature bone-forming cells.68 Clinically, neridronate, given 

as intravenous, intramuscular or oral regimens, has shown 

remarkable efficacy in different skeletal disorders, including 

postmenopausal osteoporosis,69 osteogenesis imperfecta,70 

as well as in the suppression of bone turnover in androgen 

deprivation-treated prostatic carcinoma71 or multiple 

myeloma.72 Moreover, this compound has been also used 

in PDB. Initial studies carried out 20 years ago neridro-

nate, administered either intravenously (mostly 50 mg/day 

over 4–5 days) or orally (400 mg daily for 1 to 3 months), 

demonstrated comparable efficacy in suppressing bone 

turnover markers in patients with PDB.73–76 In subsequent 

short-term studies single intravenous infusions of neridronate 

were well tolerated and effective in decreasing bone turnover 

markers in a dose-related manner (from 25 to 200 mg), in 

patients with active PDB.77,78 The dosage of 200 mg gave 

consistently good results, even in cases in which the disease 

was most active leading to normalization of ALP levels 

in more than 60% of patients.77,78 Moreover, in contrast to 

pamidronate, no correlation was found between response to 

treatment and basal bone turnover, and patients who had had 

significantly higher basal values of bone resorption markers 

nevertheless had biochemical responses similar to patients 

with lower values.77 A consistent reduction in bone pain at 

the end of these studies was also registered, and the analge-

sic effect was usually more pronounced in patients who had 

entered remission.77 Neridronate has also been also success-

fully used in PDB patients with acquired resistance to either 

etidronate, clodronate, or pamidronate treatment.63,73,74,77 In 

all the intravenous studies, neridronate infusion was safe 

and well tolerated, without adverse effects on mineraliza-

tion nor long-term adverse reactions such as impairment 

of renal function or hematological abnormalities. A slight, 

short-lived inflammatory acute phase reaction was observed 

in 20% of patients.

The recent development of the newer and more 

potent intravenous amino-bisphosphonate zoledronic 

acid has make possible to produce even more pro-

found suppression of disease activity, especially in 

patients with severe PDB. Zoledronate, or zoledronic acid 

[1-hydroxy-2(1H-imidazol-1-yl) ethylidene bisphosphonate], 

is a third-generation imidazole ring containing bisphospho-

nate. This compound binds strongly to hydroxyapatite79 

so that it is more likely to be retained in bone during the 

remodeling cycle because of reattachment of bisphosphonate 

released during resorption. In addition, its increased potency 

over the other bisphosphonates in inhibiting osteoclastic bone 

resorption (through an increased action on the key enzyme 

farnesyl diphosphate synthase with respect to the other amino 

bisphosphonates) allows the use of smaller doses to maintain 

normal bone turnover in a focal area of PDB.80,81 Preclinical 

studies suggested that zoledronate was 100–850 times more 

potent than pamidronate in vitro and in vivo test systems, 

and could be administered intravenously for a brief period 

(15 to 30 minutes) in an ambulatory setting.82 Preclinical trials 

suggested that zoledronic acid is also safer than pamidronate 

in terms of renal toxicity, and confirmed its improved efficacy 

in suppressing bone resorption for a sustained period.83,84 

Moreover, with antiresorptive dose levels in these studies 

there have been no detectable impairments of either bone 

formation or mineralization.83,84

The first human trial of zoledronate was performed in 

16 patients with active PDB in a 2-week study interval.85 

Different doses of zoledronate (24, 72, 216, and 400 µg) were 

infused in 60 ml normal saline over 60 minutes. A significant 

reduction in bone-resorption markers (24-hour urinary 

hydroxyproline/creatinine excretion (OHP) and 24-hour urinary 

calcium/creatinine excretion) was observed with the 216 µg 

and 400 µg doses (20% to 50% in the urinary OHP and 40% 

to 70% for urinary calcium/creatinine). Not surprisingly, there 
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were no changes in the levels of  bone formation markers 

(total or bone specific ALP). In fact, as has been reported with 

other bisphosphonates, the initial effect of these compounds 

is an inhibition of osteoclast-mediated bone resorption; while 

reductions in the coupled increases in osteoblast-mediated 

bone formation generally lag behind by several weeks.28 

Following this preliminary observation a larger dose ranging 

study was performed over 3 months in 176 PDB patients, 

randomized to receive a single intravenous infusion with 50, 

100, 200, or 400 µg zoledronate.86 A dose-response relation-

ship was observed concerning the proportion of responders. 

The 400 µg dose was far superior to 50 µg, 100 µg, 200 µg, 

and placebo and was associated with normalization of ALP 

levels in 20% and therapeutic response (defined as normaliza-

tion or at least 50% reduction in baseline ALP levels following 

treatment ) in 46% of patients. It was concluded, however, 

that the maximum effective dose for PDB was probably not 

achieved in this trial.

The results from a pivotal double-blinded, randomized 

clinical study using zoledronic acid in comparison to rise-

dronate in patients with active PDB were released in 2005.87 

The study design combined two identical, 6-month trials 

with patients either receiving one iv infusion of zoledronic 

acid 5 mg over 15 minutes (n = 177) or risedronate 30 mg 

daily for 2 months (n = 172). The primary endpoint was the 

proportion of patients who achieved a therapeutic response, 

defined as normalization of ALP or a reduction of at least 

75% from baseline in ALP excess (the difference between 

the measured level and the midpoint to the reference range) 

at 6 months. Interestingly, rates of therapeutic response were 

higher in zoledronate than risedronate at all time-points 

after 10 days, reaching 96% for zoledronate and 74% for 

risedronate at 6 months. The median time to a first therapeu-

tic response was also significantly lower in the zoledronate 

(64 days) than risedronate (89 days) group. Normalization 

rates of alkaline phosphatase also showed differences between 

groups at all time-points from 1 month onward. At 6 months 

normalization was observed in 88.6% of zoledronate treated 

patients and in 57.9% of patients in the risedronate group. 

Moreover, the greater response rates with zoledronate were 

independent of age, sex, baseline alkaline phosphatase, and 

previous therapy for PDB. Pain scores improved in both 

treatment groups, while improvement in quality of life were 

generally higher with zoledronate than risedronate. It might 

be argued, however, that the superiority of zoledronic acid 

observed in this study might be simply a dose-related effect. 

In fact, considering the differences in potency between the 

2 bisphosphonates, risedronate 30 mg/day given for 60 days 

(for 60 days) cannot be compared with zoledronic acid 5 mg 

intravenously, because the latter represents a higher effective 

dose. It is likely that longer courses of oral risedronate could be 

expected to produce high rates of normalization of bone turn-

over markers, as well as a longer persistence of the therapeutic 

effect in this comparative trial with zoledronate. At the same 

time, a single intravenous administration of zoledronate at 

longer intervals (probably more than 1 year for most PDB 

patients) is more likely to be tolerated and to induce a better 

compliance compared with oral aminobishosphonates that 

have to be taken daily while fasting and for several months. 

A follow-up extension trial in 267 patients of the latter study 

confirmed the increased and sustained efficacy of single 

zoledronate 5 mg infusion over risedronate, given 30 mg/day 

for 60 days.88 A sustained therapeutic response at 24 months 

from treatment was noted in 98% of patients treated with 

zoledronic acid compared with 57% of those treated with rise-

dronate. Interestingly, patients treated with risedronate who 

had experienced prior bisphosphonate therapy seemed more 

vulnerable to relapse than those who were treatment naive. 

This trend was not seen in those treated with zoledronate, 

confirming the efficacy of this compound also in patients who 

developed a resistance to other bisphosphonate regimens. This 

latter point has been confirmed and extended in a 15 months 

study that compared the effects of intravenous infusions of 

pamidronate, zoledronate and neridronate in 90 subjects with 

active PDB.63 In the first part of the study, PDB patients were 

randomly assigned to receive pamidronate (30 mg, IV, for 2 

consecutive days every 3 months; n = 60) or zoledronate (4 mg, 

n = 30). After 6 months, non-responders to pamidronate were 

crossed over to zoledronate 4 mg or neridronate (100 mg, 

for 2 consecutive days) (Figure 2). The primary efficacy 

endpoint was the same of the previous trial comparing zole-

dronate to risedronate. At 6 months, 97% of patients receiving 

zoledronate had a therapeutic response compared with 45% 

of patients receiving pamidronate. Normalization of alkaline 

phosphatase was achieved in 93% of patients in the zoledro-

nate group and in 35% of patients in the pamidronate group 

and was maintained in 79% and 65% of zoledronate-treated 

patients after 12 and 15 months from infusion. Moreover, 

both neridronate and zoledronate were able to achieve 

therapeutic response in 93% and 94% of patients that were 

non-responders to pamidronate after 6 months. Interestingly, 

all three bisphosphonate regimens were effective in decreasing 

pain in a consistent group of patients (from 63% to 76%), with 

a slightly increased efficacy of zoledronate and neridronate 

over pamidronate. Consistent with the previous findings, the 

response to both neridronate and zoledronate did not seem to 
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be significantly affected by age, number of pagetic skeletal 

sites, or ALP levels. Overall, the long-term normalization rates 

of zoledronate observed in this study were lower than in the 

previous trial, possibly because of the lower zoledronate dose 

used (4 mg instead of 5 mg). Taken together, these results 

from long-term comparative studies strongly support the 

use of single intravenous infusions of zoledronate as a cost-

effective and, may-be, first-line treatment option in patients 

with active PDB.

In a preliminary study on 26 patients with active PDB, 

a single intravenous injection of zoledronate (200 or 400 

mcg) not only reduced bone turnover but also directly 

decreased type II collagen degradation (whose expression 

is restricted to cartilage, not bone), suggesting a potential 

chondroprotective effect.89 These data are consistent with 

experimental observations (rabbit model of inflammatory 

arthritis) showing that subcutaneous zoledronate injection 

partially protects articular cartilage from degradation,90 and 

may provide an additional rationale for the use of zoledronate 

in PDB, given the increased prevalence of cartilage damage 

and osteoarthritis described in this disorder.

Tolerability and safety of aminobisphosphonates
The use of aminobisphosphonates significantly reduced 

the risk of focal osteomalacia, observed with high dose 

regimens with previous bisphosphonates such as etidronate 

and consistently improved patient adherence to treatment. 

These aminobisphosphonates given either orally or 

intravenously are generally well tolerated. Oral regimens 

can be associated with esophageal irritation and upper 

gastrointestinal discomfort that can be generally more fre-

quent than in oral regimens used to treat osteoporosis due to 

the cumulative higher dosages. Moreover, patient compliance 

can be impaired since oral assumption requires to fast before 

and after treatment because of their very low oral bioavail-

ability and to remain upright for at least 30 minutes after 

dosing. All these aspects may affect compliance patients, 

so that oral formulations could be no appropriate for severe 

forms of PDB, in which a prompt suppression of disease 

activity is warranted and repeated treatment courses are 

often required. Intravenous bisphosphonate regimens have 

partially overcome these problems.

All nitrogen-containing bisphosphonates administered 

intravenously can induce an acute phase reaction with 

fever, musculoskeletal pain and other flu-like symptoms 

which occur after the first dose in approximately 33% of 

patients with a decline to approximately 6% with a second 

dose and 3% with a third dose.91 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.92 This adverse event 

seems to be related to the accumulation of isopentenyl 

diphosphate (IPP), the metabolite immediately upstream of 

farnesyl pyrophosphate (FPP) synthase in the mevalonate 

pathway by cells (most likely monocytes) in peripheral 

Pamidronate (non-responders)
Pamidronate (responders)
Zoledronate (group1)
Zoledronate (group2)
Neridronate

600
550

450

350

250

150

500

400

300

200

100
50

0
0 1 3 6 9 12 15

Time (Months)

*p < 0.05 Zoledronate (G2) and Neridronate vs Pamidronate (responders)

To
ta

l A
lk

al
in

e 
Ph

os
ph

at
as

e 
(U

I/L
)

∗ ∗ ∗

Figure 3 Mean serum alkaline phosphatase (ALP) during a 15-month study comparing intravenous neridronate and zoledronate treatment in Paget’s disease of the bone 
patients resistant to pamidronate. The shaded area represents the normal range of serum ALP.  Adapted from J Bone Miner Res. 2007;22:1510–1517,63 with permission of the 
American Society for Bone and Mineral Research.
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blood, due to the inhibition of FPP synthase by nitrogen 

bisphosphonates. IPP is known to be a ligand for the most 

common subset of γ δ-T cells in humans, Vγ9Vδ2 T cells.93 

Although the precise mechanism by which IPP is released 

or “presented” to these γ δ-T cells remains unknown, their 

activation perhaps via a selective receptor, causes the release 

of TNF-α and thereby initiates the proinflammatory acute-

phase response. Interestingly, the activation of γδ-T cells by 

nitrogen bisphosphonates can be completely overcome in 

vitro by cotreating cells with statins, which prevent the accu-

mulation of IPP.94 Use of acetaminophen or a nonsteroidal 

anti-inflammatory drug is very helpful in ameliorating the 

self-limited flu-like symptoms.

Some reports have documented hypocalcemia, espe-

cially occurring in patients treated with intravenous 

amino-bisphosphonates. This complication is generally 

asymptomatic and mostly occurs if patients do not take 

their calcium and vitamin D supplements. In trials using 

the most potent intravenous bisphosphonates, zoledronate, 

mild hypocalcemia, defined as ionized calcium concentra-

tion 1.21 mM occurred in 2% to 6% of patients, while only 

few cases experienced symptomatic hypocalcemia.63, 87 Thus, 

any pre-existing hypocalcemia or condition that may impair 

calcium balance should be treated before treatment with zole-

dronic acid or other intravenous aminobisphosphonates.

Intravenous bisphosphonates have been associated with 

adverse renal effects that are primarily related to dose and 

infusion time, with the risk increasing with higher dose 

and faster infusion time,95 especially in treating patients 

with malignant bone disease. To date, no major long-term 

effects on renal function were reported with pamidronate, 

neridronate, and zoledronate in PDB patients with normal 

renal function at baseline.63 However, the possibility of renal 

toxicity of these compounds should be borne in mind.96

Osteonecrosis of the jaw (ONJ) has been identified as 

a potential complication, particularly with long-term, high 

dose intravenous bisphosphonate therapy in malignant 

diseases.97 This is a rare disorder of the oral cavity that has 

recently been defined as the presence of exposed bone in 

the maxillofacial region that does not heal within 8 weeks 

after identification by a health care provider.98 To date, most 

cases of bisphosphonate-related ONJ (about 94%) have 

been reported in patients who receive monthly intravenous 

bisphosphonates such as pamidronate or zoledronate for the 

treatment of malignancies, particularly multiple myeloma 

and metastatic cancer.99 Conversely, this complication seems 

extremely rare in patients with PDB treated with a bisphos-

phonate. The etiology of ONJ is unknown and relevant 

prospective clinical trials to study pathogenic mechanisms 

are not available. Potential risk factors include long duration 

of exposure to bisphosphonate treatment, glucocorticoid use, 

recent dental extraction, invasive oral bone surgery, poorly 

fitting dental appliances and/or intraoral trauma, pre-existing 

dental or periodontal disease, cancer, anti-cancer therapy, and 

alcohol/tobacco abuse.98 Based on current findings, the risk 

of ONJ in bisphosphonate-treated patients for osteoporosis 

or PDB is low (an estimated prevalence of less than one in 

100,000 patient-years in noncancer patients), and in these 

conditions the benefits of therapy generally far outweighs 

the risk. Thus healthy patients receiving bisphosphonates 

for PDB do not require any special dental treatment beyond 

routine care and standard procedures.100 It is probably 

prudent for clinicians to do a routine oral examination before 

prescribing a bisphosphonate and to consider appropriate 

preventive dental care prior to treatment in patients with a 

history of ONJ risk factors.

There have been concerns about whether bone strength 

is impaired by the use of prolonged high doses of amino-

bisphosphonates. In particular, some concerns about the 

consequences of oversuppression of bone turnover from 

bisphosphonates have been recently raised101,102 and a 

case report of bisphosphonate-induced osteopetrosis was 

published.103 However, there are many animal studies that 

indicate that bisphosphonates maintain bone strength. 

Moreover, a recent study looking at comparable dosing of 

zoledronate vs alendronate in a cohort of patients with osteo-

porosis did not evidence oversuppression of bone forma-

tion or impaired mineralization in biopsies from 23 patients.92 

To date only few transiliac bone biopsies from sites of PDB 

after treatment with zoledronate were performed. There was 

no evidence of adynamic bone or qualitative abnormalities 

of bone formation in any of these biopsies.104 A recent study 

evidenced unusual effects of long term alendronate treat-

ment on bone cells in some patients, namely an increase 

in the number of osteoclasts including distinctive giant, 

hypernucleated, detached osteoclasts undergoing protracted 

apoptosis.105 This issue deserves further investigation with 

the inclusion of the other amino bisphosphonates.

Recent studies had also described additional potential 

risks related to the use of bisphosphonates such as severe 

musculoskeletal pain106 and a potential relationship to 

esophageal cancer with oral bisphosphonates use107 while 

others evidenced the lack of any clear relationship to the 

development of atrial fibrillation.106

The safety profile of intravenous zoledronate has been 

further demonstrated in subjects with postmenopausal 
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osteoporosis.91,108 Of interest, in these studies, patients 

treated with zoledronic acid had a 28% lower risk of all-

cause mortality than those receiving placebo (9.6% vs 

13.3%, P = 0.01).

Other treatment options
Although antiresorptive therapy is highly effective at 

improving bone pain that is due to increased metabolic 

activity of the disease, patients with established PDB often 

have complications such as bone deformity and osteoarthritis 

which do not respond well to antiresorptive therapy. In these 

circumstances analgesic drugs and anti-inflammatory drugs 

are frequently needed for adequate symptom control.109 

Other nonpharmacological approaches such as acupuncture, 

physiotherapy, hydrotherapy, and transcutaneous electrical 

nerve stimulation can also be used for pain control, and 

specific problems such as limb shortening and deformity 

can be helped by aids and devices such as walking sticks 

and shoe raises. The effectiveness of these strategies has not 

been specifically assessed in patients with Paget’s disease of 

bone, but aids and devices were associated with substantially 

improved health-related indices of quality of life in partici-

pants of the PRISM study.109 Sometimes, surgical interven-

tion is required for the management of complications due to 

PDB. The most common indication for surgical treatment is 

joint replacement for osteoarthritis, but others include frac-

ture fixation, osteotomy to correct bone deformity, surgery to 

correct spinal stenosis, and prophylactic surgery in patients 

with painful pseudofractures.110 The operative fixation of 

pagetic fractures can be technically challenging because 

of bony enlargement, deformity, hard bone, and increased 

vascularity, although operative treatment for PDB is gener-

ally very useful in improving quality of life for people with 

the disorder, especially those with advanced osteoarthritis.111 

Bisphosphonate treatment is frequently given before elective 

orthopedic surgery to try to reduce operative blood loss, but 

the effects of bisphosphonate therapy on blood loss have 

never been studied in a controlled trial. Orthopedic surgery 

might also be needed in patients who develop osteosarcoma, 

but the prognosis is poor even with aggressive operative treat-

ment, with an overall 5-year survival of about 6%.112–115

Conclusions
Since the discovery of the profound effects of the bisphos-

phonates on calcium metabolism, the treatment of PDB has 

evolved remarkably over the last several decades, from using 

drugs simply to reduce bone pain to using others designed to 

induce remission and prevent deformity and possibly other 

long-term complications. The overall therapeutic utility of a 

bisphosphonate depends upon the potency of the anti-bone 

resorbing properties and the dose at which the unwanted 

impairment of mineralization and osteomalacia occurs. This 

issue is particularly consistent in the treatment of PDB, where 

high cumulative doses are often required to achieve normal 

bone turnover and biochemical remission.

With the development of new intravenous bisphos-

phonates that have higher potency in farnesyl diphosphate 

synthase inhibition and longer-term retention in bone, there is 

now the potential for treating such conditions with intermittent 

dosing over longer intervals and sustained clinical remission. 

These approaches also present consistent advantages with 

regard to patient adherence to treatment.
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