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ABSTRACT
Bisphosphonates are widely regarded as the treatment of choice for Paget’s disease of bone (PDB) because of their potent inhibitory

effects on bone turnover, but the effects of bisphosphonate therapy on symptoms and complications of PDB have been little studied.

Here we report the results of a randomized trial that compared the effects of symptomatic treatment with intensive bisphosphonate

therapy in a cohort of 1324 patients with PDB who were followed up for a median of 3 years (range 2 to 5 years). The symptomatic

treatment group was treated only if they had pagetic bone pain, for which they were first given analgesics or anti-inflammatory drugs,

followed by bisphosphonates if they did not respond. The intensive group received repeat courses of bisphosphonates irrespective of

symptoms with the aim of reducing and maintaining serum alkaline phosphatase (ALP) levels within the normal range. The endpoints

were fracture, orthopedic surgery, quality of life, bone pain, and hearing thresholds. Serum ALP levels were significantly lower in the

intensive treatment group than in with the symptomatic treatment group within 4 months of commencing treatment and remained

lower throughout the study (p< .001). There was no difference between the groups in quality of life (as assessed by the SF36

questionnaire), in overall bodily pain, or in pagetic bone pain. Hearing thresholds, as assessed by audiometry did not change significantly

and did not differ between the treatment groups. Clinical fractures occurred in 46 of 661 patients (7.0%) in the intensive treatment group

compared with 49 of 663 patients (7.4%) in the symptomatic treatment group, and orthopedic surgery was required in 50 of 661 patients

(7.3%) in the intensive treatment group and in 55 of 663 patients (8.3%) in the symptomatic treatment group. These differences were not

significant. Subgroup analyses of patients with elevated ALP levels at baseline and those who did or did not receive bisphosphonates

during the study yielded similar results to those in the study group as a whole. We conclude that striving to maintain normal ALP levels

with intensive bisphosphonate therapy confers no clinical advantage over symptom-driven management in patients with established

PDB. Neither management strategy had a significant beneficial impact on pain or quality of life (Clinical trial registration number

ISRCTN12989577). � 2010 American Society for Bone and Mineral Research.

KEY WORDS: CLINICAL TRIAL; PAGET’S DISEASE OF BONE; BISPHOSPHONATE; FRACTURE
Introduction

Paget’s disease of bone (PDB) is a common disorder that

affects up to 2% of Caucasians aged over 55 years that is

characterized by increased osteoclastic bone resorption coupled

with increased and disorganized bone formation at one or more

sites throughout the skeleton.(1) Up to 30% of patients develop

complications such as bone deformity, pathologic fracture,

deafness, and secondary osteoarthritis(2) that adversely affect

quality of life.(3,4) Bisphosphonates are considered to be the
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treatment of choice for PDB because they are highly effective at

suppressing the elevated bone turnover that is characteristic of

the disease.(5–7) Many experts believe that bisphosphonate

therapy should be administered with the aim of normalizing

bone turnover in the hope that this will arrest disease

progression and prevent the development of complications.(7,8)

While several potent bisphosphonates are now licensed for the

treatment of PDB,(5,6,9) clinical trials of these agents mainly have

been explanatory studies focusing on highly selected subgroups

of patients who have been evaluated with respect to short-term
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responses of biochemical markers such as alkaline phosphatase

(ALP).(5,6,9–12) Previous studies of bisphosphonate therapy in

PDB have failed to evaluate the effects of treatment on

disease progression or complications, and few investigators

have documented treatment effects on quality of life. Here we

performed a pragmatic clinical trial in which we compared the

effects of intensive bisphosphonate therapy with those of

symptomatic treatment on clinical outcome and complications

of Paget’s disease. Pragmatic trials differ from explanatory trials

in that they measure the effectiveness of interventions in routine

clinical practice because they aim to inform clinicians about the

risks and benefits of different treatment strategies.(13) The aim of

the study was to determine if intensive bisphosphonate therapy

aimed at reducing and/or maintaining ALP levels within the

normal range conferred any clinical benefit over symptom-

driven treatment of patients with PDB.

Method

Study design and power

The Paget’s disease: randomized trial of intensive versus

symptomatic management (PRISM) study was a pragmatic

randomized, controlled trial designed to compare the effects of

two management strategies on fracture, quality of life, bodily

pain, and other common complications of PDB, including the

requirement for orthopedic surgery and hearing loss. Clinical

fractures were chosen as the primary endpoint with which to

power the study because this was the only clinical outcome for

which any prospective data were available in patients with

PDB.(10,14) Secondary outcomes included quality of life, bodily

pain, bone pain, progression of hearing loss, orthopedic surgical

procedures, and serum ALP levels. The study was powered to

detect a 50% relative reduction in fractures in the intensive

treatment group (with 89% power at an alpha of 5%) assuming

that fracture rate would be in the region of 2.4 per 100 patient-

years, as reported previously.(2,15) The reason for choosing this

degree of reduction in fracture rate was that bisphosphonates

have been reported to reduce the incidence of clinical fractures

by about 50% in osteoporosis,(16) and we assumed that the

antifracture effects in PDBmight be similar. The PRISM study was

an event-driven trial. We calculated that 90 fractures would be

required to meet the primary endpoint. To achieve this aim, we

originally planned to enroll 1500 patients and follow them for

2.5 years. During the trial, the actual fracture rate was higher than

expected (2.93 fractures per 100 patient-years). In view of this,

the number of patients was reduced, but the duration of follow-

up increased such that we enrolled 1324 patients and followed

them up for a median of 3 years (range 2 to 4 years) to give a

treatment exposure of 3239 patient-years. A total of 95 fractures

occurred, which gave the study 93.8% power to meet the

primary endpoint. The study had greater than 99% power to

detect a clinically significant (5-point) difference in quality-of-life

scores (as assessed by the Medical Outcomes Study 36 Item

Short-Form Health Survey [SF36]), 88% power to detect a 0.5

standard deviation difference in hearing thresholds (as assessed

by audiometry), and 97% power to detect a 50% reduction in the

requirement for orthopedic surgery.
INTENSIVE VERSUS SYMPTOMATIC BISPHOSPHONATE TREATMENT IN PAGET’S
Recruitment

Recruitment was based in 39 secondary referral centers in the

United Kingdom. Patients were invited to take part in the study if

they were known to have PDB diagnosed by standard clinical

criteria,(17) were considered by the attending clinician to be able

to adhere to the study protocol, and had a life expectancy of

greater than 1 year. No specific exclusion criteria were applied on

the basis of treatment history, baseline serum total ALP levels, or

coexisting disease. In total, 2110 patients with PDBwere assessed

for eligibility between December 2001 and June 2004. Of these

subjects, 149 (7.0%) were ineligible, and 630 (29.8%) were

eligible but were not recruited (Fig. 1). Eligible patients who

were not recruited were slightly older than trial participants

(mean� SD age¼ 78� 9.0 years), and the proportion of males

was slightly lower (n¼ 291, 46.1%) than in the final study

population. The reasons for nonrecruitment were patient declin-

ed (n¼ 533, 84.6%), clinician chose not to recruit (n¼ 21, 3.3%),

patient not approached (n¼ 9, 1.4%), patient leaving the country

(n¼ 4, 0.6%), and other reasons (n¼ 63, 10%).

Randomization and treatment

Patients were assigned to the treatment groups by an integrated

telephone and Web-based randomization system. Treatment

allocation employed minimization(18) to ensure that the

treatment groups were balanced with respect to key prognostic

variables. Minimization criteria were ALP values at baseline

(within normal range, elevated up to twice the upper limit of

normal, or elevated more than twice the upper limit of normal),

previous bisphosphonate treatment (yes or no), presence of

the disease in a weight-bearing lower limb (yes or no), bone

deformity (yes or no), skull involvement (yes or no), and bone

pain (yes or no). The study was not blinded. The attending

clinicians were instructed to follow two distinct management

strategies, as depicted in Fig. 2. In the symptomatic treatment

group, clinicians were instructed to give no treatment for PDB

unless the patient had bone pain. Patients who experienced

pain were treated initially with analgesics or nonsteroidal

anti-inflammatory drugs (NSAID), and antiresorptive therapy

was administered only if the response to these treatments

was inadequate. In this case, clinicians were instructed to use

tiludronate, etidronate, or subcutaneous calcitonin as the

treatments of first choice. Aminobisphosphonates also were

permitted in this group but only when the response to the others

was considered inadequate. Within the intensive treatment

group, clinicians were instructed to give bisphosphonate therapy

irrespective of symptoms, with the aim of restoring or main-

taining ALP levels within the reference range. For patients with

raised ALP levels at baseline, physicians were advised to give

bisphosphonate treatment as required to reduce ALP levels to

normal. For patients with normal ALP levels at baseline, clinicians

were advised to give bisphosphonate treatment if serum ALP

values became elevated during follow-up. Bisphosphonate use

also was permitted as a preemptive measure in patients in whom

serial measurements of ALP had shown a rising trend, and values

were in the upper quartile of the reference range. The use of any

licensed bisphosphonate was permitted, but risedronate was

chosen as the first-line treatment because this was the most
DISEASE Journal of Bone and Mineral Research 21



potent bisphosphonate available at the time when the study

began.(19) Other bisphosphonates were used when risedronate

caused adverse effects, where problems were encountered with

compliance, or where risedronate did not give a satisfactory

biochemical response. In all cases, drug treatments were

administered according to the approved dosing regimens.

Risedronate was given orally in a dose of 30 mg daily for

2 months. In the case of pamidronate, different strategies were

used in the different treatment groups. In the intensive

treatment arm, pamidronate 60 mg was given by intravenous

infusion on three occasions to a total dose of 180 mg. In the

symptomatic treatment arm, a single infusion of 30 mg

pamidronate was administered initially, and further infusions

of 30 mg were given until a response occurred to a maximum of

180mg. Tiludronate was given orally in a dose of 400mg daily for

3 months, and etidronate was given orally in a dose of 400 mg

daily for 3 to 6 months. Calcitonin was given subcutaneously in a

dose of 50 to 100 units daily for up to 3 months. A few patients

were treated with clodronate orally in a dose of 800 mg daily for

3 months or intravenously in a dose of 300 mg daily on three to

five occasions. Within the intensive treatment arm, antiresorptive

treatment was repeated after an interval of 4 months in patients

who had not achieved normalization of ALP. Within the

symptomatic arm, repeated treatment was only given to control

bone pain that was resistant to painkillers.

Adherence to treatment

Adherence to treatment was assessed directly by collecting

information on the treatment received at each study visit. We

were also able to assess adherence to antiresorptive therapy

indirectly by measurement of serum ALP levels, which are a well-

established biochemical marker of metabolic activity and

response to antiresorptive therapy in PDB.

Study endpoints

The primary endpoint of the study was clinical fracture. Fracture

data were specifically collected on participant case-record forms

at each clinic visit, and visits were scheduled at 4-monthy

intervals during the study. The diagnosis of fracture was

validated by clinicians at the participating centers by examina-

tion of hospital case records, records of general practitioners, and

X-ray films and radiology reports. Secondary endpoints were

quality of life as assessed by several validated instruments (see

below), progression of hearing loss as assessed by audiometry,

and the requirement for orthopedic surgery. Serum total ALP was

measured according to standard techniques, and the values

were normalized to the upper limit of the local laboratories’

reference range so that results could be compared across

centers. Quality of life was assessed by the Stanford Health

Assessment Questionnaire Disability Index(20) (HAQ), the Euro-

QoL questionnaire (EQ-5D), the Medical Outcomes Study 36 Item

Short-Form Health Survey (SF36) questionnaire,(21) and the

arthritis-specific version of the SF36 (ASHI).(22) All individual

domain scores of the SF36 were normalized to a mean of 50, as

described in the SF36 Scoring Manual.(21) The ASHI scores were

calculated from the SF36 data(22) and were not normalized.

Patients with skull involvement were invited to undergo
22 Journal of Bone and Mineral Research
audiometry, and hearing thresholds were established at 0.5, 1,

2, 3, and 4 kHz for each ear at baseline and at the end of the

study. A high pure-tone average for air conduction was

calculated as the arithmetic mean of the pure-tone threshold.

Clinical assessments

The extent of skeletal involvement was assessed by radionuclide

bone scan, which was performed routinely at study entry, unless

a bone scan had been performed within 10 years prior to

enrollment. The attending physician was asked to clinically

assess whether the patient had evidence of bone deformity

using a 3-point scale as follows: 0¼ no deformity; 1¼mild/

moderate deformity; and 2¼ severe deformity. Patients were

asked if they had bone pain or not, and physicians were asked to

assess whether they considered that the bone pain reported was

due to PDB. The most common criteria used by physicians for

assigning bone pain to Paget’s disease were localization of pain

to an affected site, response of pain at that site to previous

treatment with bisphosphonate, pain at rest, and pain at night.

Information was collected on previous bisphosphonate treat-

ment, whether such treatment had been given during the

previous year, previous fracture, orthopedic surgery, and history

of osteosarcoma.

Statistical analysis

Primary statistical analysis was based on the intention-to-treat

principle and included all available data. Descriptive data are

expressed as number and percentages or means� SD as

appropriate unless otherwise stated. Differences between the

intervention groups were assessed by logistic regression,

analysis of covariance, Cox regression, or chi squared test as

appropriate. Estimates of effect sizes are presented with 95%

confidence intervals (CIs). All analyses were adjusted for

minimization variables.

Ethics

All participants gave written informed consent to be included in

the study. The trial was approved by the UKMulticentre Research

Ethics Committee for Scotland (MREC01/0/53), by local ethical

review boards in the participating study centers, and by the

Medicines & Healthcare Products Regulatory Authority (CTA

21583/0002/001-0001). The study was included in the controlled

clinical trials register (www.controlled-trials.com) and assigned

the reference number ISRCTN12989577.

Results

Characteristics of study population

The trial design is shown in Fig. 1, and demographic char-

acteristics are shown in Table 1. The treatment groups were

closely matched at baseline with regard to all relevant clinical

variables. Most participants had polyostotic disease, and use of

a hearing aid was reported at baseline in 22% of participants.

Bone deformity was present in about 36% of participants, 39%

had previously suffered a clinical fracture, 16% had required

orthopedic surgery, and approximately 70% had been treated
LANGSTON ET AL.



2110 assessed for 
eligibility

149 Ineligible but not630 eligible
recruited

1331 
randomised

7 post randomisation 
exclusions

1234 assigned 
to treatment

661 intensive
treatment

663 symptomatic 
treatment 

623 completed 12 months
22 withdrew, 18 died

613 completed 12 months
31 withdrew, 17 died

579 completed 24 months
24 withdrew, 20 died

580 completed 24 months
18 withdrew, 15 diedMinimum duration 

of follow up

319 completed 36 months 
27 withdrew, 21 died

212 did not reach timepoint

315 completed 36 months 
26 withdrew, 27 died

212 did not reach timepoint

72 completed 48 months 
6 withdrew, 6 died

73 completed 48 months 
8 withdrew, 9 died

235 did not reach timepoint 225 did not reach timepoint

486 completed end of 
trial CRF

505 completed end of 
trial CRF

Fig. 1. Randomization, treatment, and outcome.
previously with bisphosphonate therapy. At baseline, ALP levels

were normal in just over half the patients in each treatment

group. During the study, however, biochemical relapse occurred

in 78 of 349 patients (22.3%) in the intensive treatment group and

92 of 358 patients (25.6%) in the symptomatic treatment group in

patients with initially normal ALP levels. As reported previously,(4)

we found no significant association between biochemical control

of PDB (as reflected by baseline levels of ALP) and quality of life

assessed by the SF36 physical summary and mental summary

scores (data not shown).

Treatment received

The treatment algorithm is shown in Fig. 2. Bisphosphonates

were administered to 500 of 661 patients in the intensive

treatment arm (75.6%) and to 331 of 663 patients (49.9%) in the

symptomatic treatment arm (p< .001). Patients in the intensive

treatment arm who received bisphosphonates during the trial

had higher levels of ALP at baseline (mean� SD¼ 139%� 99%,

where 100% is the upper limit of normal) compared with those

who did not receive bisphosphonates (105%� 119%, p< .001).

Corresponding values in the symptomatic treatment arm were

153%� 154% (received bisphosphonates) compared with
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124%� 127% (never received bisphosphonates, p¼ .008). A

significantly higher proportion of patients in the intensive

treatment group received risedronate (61.9% versus 20.4%,

p< .001), whereas use of tiludronate (15.1% versus 2.9%,

p< .001) and etidronate (4.5% versus 2%, p¼ .008) was

significantly greater in the symptomatic group. Analgesics,

NSAIDs, and treatments for neuropathic pain were used by all

patients at some point in the trial in both treatment groups.

However, certain classes of painkillers were used more

commonly in symptomatic treatment arm. For the individual

drug classes, the proportion of patients in each group who

received at least one prescription was as follows (symptomatic

versus intensive): paracetamol (77.7% versus 73.4%, p¼ .069),

NSAIDs (73.3% versus 61.9%, p< .001), codeine/dihydrocodeine

(50.1% versus 48.0%, p¼ .44), compound analgesics (42.4%

versus 38.4%, p¼ .14), opiates (19.0% versus 15.0%, p¼ .051),

and antineuropathic agents (0.8% versus 1.2%, p¼ .40).

Serum alkaline phosphatase

The response of ALP is shown in Fig. 3. There was a significant

reduction in ALP within 4 months in the intensive treatment

group, and ALP levels remained suppressed throughout the
DISEASE Journal of Bone and Mineral Research 23



Table 1. Baseline Characteristics of Patients

Symptomatic (n¼ 663) Intensive (n¼ 661)

Male 341 (51.4%) 354 (53.5%)

Age at enrolment (years) 74� 8 73� 9

Age at diagnosis (years) 66� 11 66� 11

Monostotic 240 (36.2%) 233 (35.2%)

Affected bones

Skull 157 (23.7%) 155 (23.4%)

Spine 249 (37.6%) 265 (40.1%)

Pelvis 428 (64.6%) 456 (69.0%)

Femur 215 (32.4%) 214 (32.4%)

Tibia 127 (19.2%) 118 (17.9%)

Hearing aid 151 (22.9%) 144 (21.9%)

Normal ALP at baseline 358 (54.0%) 349 (52.8%)

Biochemical relapse during follow-upa 92/347 (26.5%) 78/343 (22.7%)

Serum total ALPb 139� 149 131� 105

Serum creatinine (mmol/L) 95.5� 25.6 95.8� 29.8

Any bone painc 460 (69.4%) 451 (68.2%)

Bone pain owing to Paget’sd 304 (66.1%) 314 (69.6%)

Bone deformity 242 (36.5%) 233 (35.2%)

Previous fracture 268 (40.4%) 250 (37.8%)

Previous surgery for Paget’s disease 113 (17.0%) 99 (15.0%)

Previous bisphosphonate therapy 462 (69.7%) 469 (71.0%)

Bisphosphonates in the last 12 months 195 (29.4%) 191 (28.9%)

Family history of PDB 91 (13.7%) 92 (13.9%)

SF-36 Questionnaire

Physical functioning 34.0� 12.5 35.1� 12.5

Role physical 37.9� 12.2 39.1� 12.3

Bodily pain 39.2� 11.2 40.0� 10.7

General health 42.5� 10.8 42.8� 10.3

Vitality 44.1� 11.5 44.6� 11.2

Social functioning 42.0� 12.9 43.0� 12.8

Role emotional 41.5� 14.6 42.6� 14.5

Mental health 48.5� 11.0 48.6� 10.9

Physical summary 35.8� 11.3 36.7� 11.3

Mental summary 48.6� 11.8 48.7� 11.8

Stanford Health Assessment Questionnaire

Standard Disability Index 0.99� 0.79 0.96� 0.79

Alternative Disability Index 0.77� 0.73 0.76� 0.72

Values are mean� standard deviation or number (%).
aPatients with normal ALP at baseline who developed raised ALP during follow-up. Number of patients who had normal ALP. There was no significant

difference between the groups for any variable.
bSerum total ALP values are expressed as relative to the upper limit of the reference range, which is set at 100%.
cPatient reported bone pain.
dBone pain considered by the clinician to be due to Paget’s disease, expressed as a percentage of those experiencing bone pain.
study. ALP also decreased in the symptomatic treatment arm,

and the difference was significant from 12 months. The

proportion of patients in the intensive treatment group with

ALPwithin the reference range was 83.9% at year 1, 81.0% at year

2, and 78.8% at the end-of-study visit. The proportion of patients

with ALP within the reference range in the symptomatic

treatment arm was 62.4% at year 1, 63.2% at year 2, and 61.2% at

the end-of-study visit.

Quality of life

Quality-of-life data were collected by questionnaire at baseline

and annually thereafter. No significant differences were found
24 Journal of Bone and Mineral Research
between the treatment groups in response of the SF36 physical

summary score, mental summary score, and bodily pain (Fig. 4)

or any of the other individual subcategory scores from the SF36

assessment (data not shown). Analysis of the data using other

quality-of-life instruments, including the HAQ score, the EuroQoL

5D, and the ASHI similarly showed no difference between the

intensive and symptomatic treatment groups at any time point

(data not shown).

Fractures and requirement for orthopedic surgery

There was no difference in fracture rate between the groups.

Fractures that occurred in bones affected by PDB were less
LANGSTON ET AL.



Fig. 2. Treatment algorithm in symptomatic and intensive treatment groups. The treatment algorithm is shown in both groups. As indicated, analgesics

and/or NSAIDs were used as an initial measure to control pain before bisphosphonate therapy had been given in the symptomatic treatment group but

also were used after bisphosphonate therapy for pain control. All patients in both groups received painkillers at some point during the study.
common in the intensive treatment group, but these only

accounted for 19% of clinical fractures that occurred during the

study, and the difference between the groups was not significant

(Table 2). A time-to-event analysis with correction for minimiza-

tion variables showed no difference in fracture rates between the

treatment groups (data not shown). During the study, 103

patients (7.7%) required orthopedic surgery, most because of

osteoarthritis of the knee or the hip (see Table 2). There was no

significant difference between the treatment groups in the

proportion of patients who required orthopedic surgery.

Hearing loss

At the baseline visit, 295 of 1324 (22.2%) individuals used a

hearing aid, and the proportion was higher (267 of 991, 26.9%) at

the end of the study (x2¼ 6.7, p¼ 0.01). The proportion of

hearing aid users in the symptomatic treatment group (133 of

486, 27.3%) was not significantly different from the proportion in

the intensive treatment group at the end of the study (134 of

505, 26.5%, p¼ .76). Audiograms were performed in 413 ears

from patients who had skull involvement at baseline, and these
INTENSIVE VERSUS SYMPTOMATIC BISPHOSPHONATE TREATMENT IN PAGET’S
were repeated in 334 ears at the end of the study. Paired

audiograms before and after the study were obtained in 224

ears. Analysis of paired audiogram data showed no significant

decrease in hearing thresholds during the study and no

significant difference between the groups (Fig. 5). The pattern

of hearing loss was predominantly sensorineural. Sensorineural

deafness of moderate severity or worse was detected in 211 ears

(51.8%), pure conductive deafness was found in 3 ears (0.07%),

and mixed conductive and sensorineural deafness was found in

16 ears (3.8%).

Bone pain

The response of bone pain is summarized in Table 3. There was

no significant change in the proportion of patients who

experienced bone pain between baseline and follow-up at 2

years in either group. The proportion of patients with bone pain

attributed to PDB fell significantly between baseline and follow-

up at 2 years in both groups, but there was no difference

between the groups. The fall in prevalence of pagetic bone pain

was counterbalanced by a significant increase in bone pain

attributed to causes other than PDB.
DISEASE Journal of Bone and Mineral Research 25
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Fig. 4. Effects of symptomatic and intensive treatment on quality of life.

(A) Response of physical summary score as assessed by SF36 question-

naire. (B) Response of bodily pain as assessed by SF36 questionnaire. (C)

Response of mental summary score as assessed by SF36 questionnaire.

Values are means, and bars are SEM. There was no significant difference

between the treatment groups at any time point.
Adverse events

A total of 6900 adverse events occurred during the study, but

these were distributed evenly in the two treatment groups (3471

symptomatic versus 3429 intensive). Serious adverse events also

were distributed evenly (359 symptomatic versus 345 intensive).

There was no significant difference in the type or rate of adverse

events according to body systems between the treatment

groups (Table 4), and no cases of osteonecrosis of the jaw were

reported. Cardiac arrhythmia was reported as an adverse event in

7 of 663 patients (1.0%) in the symptomatic treatment group and

in 13 of 661 patients (1.9%) in the intensive treatment group, a

difference that was not significant (x2¼ 1.84, p¼ 0.17).

Subgroup analyses

Since many of the patients enrolled into PRISM study had

advanced disease and had been treated previously with bispho-

sphonates, we performed an exploratory subgroup analysis to

study the effects of intensive and symptomatic treatment on

patients with metabolically active disease. At baseline, 707

patients (53.4%) had elevated ALP values. There was no difference

between the treatment groups in this subgroup of patients with

respect to fractures, requirement for orthopedic surgery, hearing

thresholds, pain, or quality of life (Table 5). Since bisphosphonate

therapywas permitted in both groups, a further subgroup analysis

was performed in which we compared the responses in patients

who had received bisphosphonates during the trial with the

responses of those who did not (Table 6). This showed no

significant difference between the groups, although the rate of

fracture and orthopedic surgery was noted to be slightly higher in

patients who received bisphosphonates.

Discussion

PDB is a common condition that negatively affects quality of

life(3,4) owing to the occurrence of various complications such as
26 Journal of Bone and Mineral Research
bone deformity, bone pain, osteoarthritis, hearing loss, and

fracture.(2,23) Bisphosphonates have been investigated widely in

the treatment of PDB,(24) but virtually all studies have been short

term and have used serum ALP levels as the primary outcome

measure rather than clinical endpoints.(5,6,12,14,25) While ALP
LANGSTON ET AL.



Table 2. Effects on Fracture and Requirement for Orthopedic Surgery

Symptomatic (n¼ 663) Intensive (n¼ 661) Effect size (95% CI)

Participants with fracturea 49 (7.4%) 46 (7.0%) 0.97 (0.65–1.46)

Total fracturesb 55 51 0.93 (0.62–1.39)

Fracture through pagetic boneb 13 8 0.62 (0.22–1.60)

Clinical vertebral fractureb 12 10 0.83 (0.32–2.10)

Participants requiring orthopedic surgerya 55 (8.3%) 48 (7.3%) 0.86 (0.57–1.32)

Number of proceduresb 63 50 0.79 (0.54–1.17)

Knee arthroplastyb 16 12 0.75 (0.32–1.69)

Hip arthroplastyb 24 24 1.00 (0.55–1.84)

Othersb 23 14 0.61 (0.29–1.24)

Values are numbers and percentages. Effect sizes are hazard ratios or rate ratios and 95% CIs for individual outcomes based on the number events that

occurred during the study.
aHazard ratio from Cox regression.
bIncidence-rate ratio based on 1621 person-years of follow-up in the symptomatic arm and 1618 person-years in the intensive arm.
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Fig. 5. Effects of treatment on hearing thresholds. (A) Paired audiometry

data before and after the study from the left ear. (B) Data from the right

ear. Columns are means, and bars are SEM. There was no significant

difference in hearing threshold between the treatment groups.
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levels are a recognized marker of metabolic activity in PDB, there

is no evidence that patients with lower levels of ALP have a more

favorable clinical outcome.(4)

The effects of bisphosphonates on complications of PDB have

been little studied. Untreated patients with PDB can go on to

develop progressive bone deformity,(26) but PDB also has been

reported to progress in about one-third of patients despite

treatment with etidronate.(27) Etidronate seldom normalizes

bone turnover in PDB, however,(1) and over recent years, more

potent bisphosphonates have been developed that can normal-

ize bone turnover in a high proportion of patients.(28–30) This

has raised the hope that these new drugs might be more

effective in arresting disease progression of PDB and in

preventing complications,(7,8) but the long-term effects of these

agents on clinical outcome of PDB have not been studied

adequately.

The aim of the PRISM study was to determine whether

suppression of metabolic activity with bisphosphonate therapy

offers any clinical advantage over symptom-directed treatment

in patients with established PDB. As expected, intensive

bisphosphonate therapy was significantly more effective at

suppressing ALP levels than symptomatic treatment, but this was

not accompanied by a difference in pain control between the

treatment groups. These observations are consistent with the

results of previous smaller studies that have shown a poor

correlation between the reduction in ALP levels and the response

of pain in PDB. For example, risedronate and alendronate both

have been shown to be more effective than etidronate at

suppressing ALP levels in PDB, but they give similar responses in

terms of bone pain.(5,6) In another study, alendronate was highly

effective at reducing ALP levels in PDB but was no more effective

than placebo at controlling pain.(12) This might be due to the fact

that pain in PDB sometimes occurs as the result of increased

bone turnover but also can be caused by complications of the

disease such as osteoarthritis, bone deformity, and nerve

compression syndromes that do not respond well to bispho-

sphonate therapy. Although there was no significant difference

in bodily pain or pagetic pain between the treatment groups, the

use of NSAIDs was slightly but significantly higher in the

symptomatic treatment group. This suggests that intensive

bisphosphonate therapy probably does have a beneficial effect
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Table 3. Effects of Treatment on Bone Pain

Symptomatic Intensive x2, p value

Any bone pain (Baseline) 460/663 (69.7%) 451/661 (68.2%) 0.2, .65

Any bone pain (2 years) 311/422 (73.7%) 295/423 (69.7%) 1.6, .20

Pagetic bone pain (baseline) 304/460 (66.1%) 314/451 (69.6%) 1.3, .25

Pagetic bone pain (2 years) 96/311 (30.8%)� 78/295 (26.4%)� 1.45, .22

Nonpagetic bone pain (baseline) 156/460 (33.9%) 137/451 (30.4%) 1.25, .25

Nonpagetic bone pain (2 years) 215/311 (69.1%)� 217/295 (73.5%)� 1.45, .22

�p< .0001 significantly different from baseline (assessed by chi-squared test). The x2 and p values refer to the comparison between treatment groups at
each time point.

Table 4. Adverse Events and Serious Adverse Events

Symptomatic Intensive

Total adverse events 3471 3429

Serious adverse events 359 345

Musculoskeletal 734 691

Sensory 196 203

Gastrointestinal 157 172

Cardiovascular 327 360

Cancer 47 55

Renal 78 98

Other 1932 1850

Number of events in each major category is shown. There was no

significant difference in adverse event or serious adverse event profile in

patients treated with intensive and symptomatic therapy.
at controlling pain owing to PDB but that similar results can be

obtained by increased use of analgesics supplemented with on-

demand bisphosphonate therapy in patients who do not

respond adequately.

An interesting finding to emerge from this study is that the

prevalence of pagetic bone pain as defined by physicians fell in

both groups during the study, whereas the prevalence of

nonpagetic bone pain increased. We believe that the most likely

explanation for this is the fact that physicians commonly use

response to bisphosphonate therapy as one of the markers of

pagetic bone pain. Since the PRISM study was not blinded, and

since many patients in both groups received bisphosphonates, it
Table 5. Subgroup Analysis According to Baseline Alkaline Phosphat

Symptomatic

Normal ALP Ra

Bodily pain n¼ 358

Baseline 38.0� 10.4 40

þ12 months 38.6� 10.0 41

þ24 months 38.8� 10.4 41

þ36 months 37.8� 9.2 41

Physical summary score

Baseline 34.6� 10.7 37

þ12 months 34.4� 10.2 36

þ24 months 34.9� 10.5 36

þ36 months 34.1� 10.5 36

Fracture 28 (8.9%) 2

Orthopedic surgery 32 (7.8%) 2

The values are means� standard deviation for the SF36 bodily pain score and

orthopedic surgery. There was no significant difference between the subgrou
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could be that any reductions in pain that did occur were deemed

to due to bisphosphonate therapy. Although this raises the

possibility that the beneficial effects on pagetic bone pain

observed in the symptomatic group also were attributable to

bisphosphonate therapy, against this is that fact that we

observed no difference in pain control overall in subgroup

analysis of patients who received bisphosphonates as compared

with those who did not. The increased frequency of nonpagetic

bone pain that occurred in both groups is intriguing, but the

underlying reasons are unclear. A possible explanation could be

the occurrence of bisphosphonate-induced musculoskeletal

pain, which is a recognized adverse effect of bisphosphonate

therapy.(31,32) However, other possible reasons would be

progression of preexisting problems such as osteoarthritis and

bone deformity.

We found no significant difference between the treatment

groups in occurrence of clinical fractures overall or in the

requirement for orthopedic surgery. While this excludes the

possibility that intensive bisphosphonate therapy reduces

fracture rate and the requirement for surgery by 50% in PDB

when compared with symptomatic treatment, lesser reductions

cannot be confidently excluded. There was a trend in favor of a

reduction in rates of pagetic fracture, but this was not statistically

significant. However, it should be acknowledged that pagetic

fractures were uncommon, and the power to detect a treatment

effect was limited. The observations presented here indicate that

a study of 5000 patients followed for 3 years would be required
ase Values

Intensive

ised ALP Normal ALP Raised ALP

n¼ 305 n¼ 349 n¼ 312

.7� 12.0 40.0� 10.3 40.1� 11.1

.2� 11.2 40.0� 10.0 40.1� 10.6

.4� 11.0 40.1� 10.8 40.6� 10.5

.7� 11.0 39.6� 10.9 40.6� 10.4

.3� 11.8 36.9� 10.37 36.5� 12.0

.4� 11.3 35.9� 10.5 37.0� 11.3

.6� 11.6 36.4� 10.9 36.5� 11.2

.5� 10.9 36.5� 11.0 36.1� 10.8

1 (7.5%) 28 (6.6%) 18 (8.0%)

3 (6.9%) 23 (8.0%) 25 (5.8%)

physical summary score and numbers and percentages for fractures and

ps at any time point for any variable.
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Table 6. Subgroup Analysis According to Use of

Bisphosphonate Therapy

No bisphosphonate Bisphosphonate

Bodily pain n¼ 493 n¼ 831

Baseline 40.7� 11.4 38.9� 12.0

þ12 months 41.5� 10.8 39.1� 11.2

þ24 months 41.6� 11.1 39.3� 11.0

þ36 months 40.6� 11.2 39.4� 11.0

Physical summary score

Baseline 37.6� 11.6 35.3� 11.0

þ12 months 37.2� 10.8 35.1� 11.7

þ24 months 37.9� 11.3 34.9� 10.8

þ36 months 37.5� 11.5 34.9� 10.4

Fracture 28 (5.0%) 67 (8.8%)

Orthopedic surgery 34 (6.1%) 69 (9.0%)

The values are means� standard deviation for the SF36 bodily pain

score and physical summary score and numbers and percentages for

fractures and orthopedic surgery. There was no significant difference
between the subgroups at any time point for any variable.
to detect a significant effect of intensive treatment on pagetic

fractures, assuming that such an effect exists. Although there are

few prospective data on fracture rates in PDB, it is of interest that

the frequency of clinical fractures that we observed in the PRISM

study is similar to that reported in epidemiologic studies(2,23) and

in a previous placebo-controlled study of patients with PDB.(10)

Deafness is an important complication of PDB, and the

presence of disease in the skull is considered by many experts to

be an indication for antiresorptive therapy in the hope that this

might prevent progression of hearing loss.(7) However, the

effects of bisphosphonate therapy on progression of hearing loss

have not been studied previously. In the PRISM trial, hearing

thresholds remained relatively stable during follow-up, with no

difference between the treatment groups. Although hearing aid

use increased overall during the study, this could have been the

result simply of the fact that the study population was aging.

While we cannot exclude the possibility that intensive treatment

could have an effect on progression of deafness in the long term,

there is certainly no evidence for a beneficial effect in the

medium term.

Quality of life is substantially reduced in patients with PDB

who are being treated in a secondary-care setting,(4) and in this

study, the baseline SF36 physical summary scores were about 15

points below those expected in the general population. Neither

intensive therapy nor symptomatic therapy had a significant

impact on quality of life during the study, and there was no

significant difference between the treatment groups. These

results differ somewhat from those in the HORIZON study, where

zoledronic acid was found to be superior to risedronate at

improving some aspects of quality of life in PDB, including bodily

pain.(9) The individual changes in the HORIZON study were

modest, however, and were generally below the 5-point

threshold that is considered clinically significant. It is possible

that the greater potency of zoledronic acid may have

contributed to this difference because in the PRISM study we

were able to normalize ALP levels in only 80% of patients, which

was similar to that achieved in the risedronate arm of the
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HORIZON study.(9) It also should be noted, however, that

HORIZON was a short-term study, and it remains unclear if the

early beneficial effects of zoledronic acid on quality of life were

maintained beyond the initial 6-month period of follow-up.

Our ability to detect a difference between the treatment

strategies could have been limited by the fact that patients with

normal ALP values were included in the study and because

bisphosphonates were prescribed to some patients in the

symptomatic treatment group. Subgroup analyses were per-

formed in order to address this issue, but these showed no

difference in response when patients were stratified according to

baseline ALP levels or according to whether bisphosphonates

were administered or not. Furthermore, the intention-to-treat

analysis also failed to show a difference between the treatment

strategies, and this took into account the fact that many patients

had normal baseline ALP levels.

It also might be argued that intensive treatment was not

appropriate in patients with normal ALP levels at baseline.

Although we acknowledge that immediate bisphosphonate

therapy was not necessary in these patients, intensive treatment

was required subsequently in 22% because of biochemical

relapse, whereas in the symptomatic treatment group, bio-

chemical relapse was not actively treated without adverse

clinical consequences.

While the PRISM study provided no evidence to support the

view that intensive bisphosphonate treatment improves clinical

outcome in established PDB, this does not exclude the possibility

that benefits may exist in certain subgroups of patients. The

duration of follow-up in the PRISM study is longer than in any

previous trial of bisphosphonate therapy in PDB, but we

acknowledge that complications develop slowly,(26) and the

duration of follow-up may have been too short to observe

benefit. Another limitation is that that most patients had

advanced disease. It could be that intensive treatment is more

likely to be effective in bisphosphonate-naive subjects or in

patients with early disease, and this is an area that merits further

study. An important strength of PRISM is that it is the only trial

that was specifically designed to examine the effects of

treatment on complications and quality of life in PDB and is

about 10 times larger than the next biggest study.(33)

The only significant difference in clinical outcome to emerge

was that patients in the symptomatic treatment arm had a

significantly greater requirement for NSAID than patients in the

intensive treatment arm. This might be considered advanta-

geous because of the potential for adverse events in association

with increased NSAID use, but we observed no difference in type

or number of adverse events between the treatment groups.

There is also the potential for adverse effects such as

osteonecrosis of the jaw,(34) cardiac arrhythmia,(35,36) and

subtrochanteric fractures(37) to occur in association with the

high doses of bisphosphonates that were used in the intensive

treatment arm, but we did not observe any of these

complications in this study. The incidence of cardiac arrhythmia

in the intensive treatment group was double that of the

symptomatic treatment group, but the total number of events

was small, and the difference between the groups was not

significant. In view of this, it looks as though the risks and

benefits of the two therapeutic approaches used in this study are
DISEASE Journal of Bone and Mineral Research 29



�Principal investigators at each center.
roughly equivalent, at least over the time frame used in this

study. Longer-term follow-up will be required to evaluate if

differences eventually might emerge between the treatment

strategies groups, and the PRISM study is currently being

extended for a further three years to address this issue.

Clinical guidelines for the management of PDB have drawn

attention to the fact that the evidence base is inadequate with

regard to the effects of treatment on complications and long-

term clinical outcome.(17) The results of the PRISM study

highlight the fact that current approaches to management

have a very limited impact on quality of life, hearing loss, and

pain. This highlights the need for further studies to rigorously

examine the effects of bisphosphonates in patients with early

PDB to evaluate whether the impressive effects of these agents

on accelerated bone turnover and osteolytic lesions(12) can be

translated into clinical benefits for patients.
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