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CLINICAL PRACTICE

Paget’s Disease of Bone

Michael P. Whyte, M.D.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

A 69-year-old man reports increasing pain in the right leg. Physical examination re-
veals warmth and anterolateral bowing of the right shin. The serum alkaline phos-
phatase level is 260 U per liter (normal, 38 to 126 U per liter). A skeletal scintigraphic
scan reveals enhanced uptake in only the deformed tibia, where a radiograph shows
changes indicative of Paget’s disease. His sister, whose alkaline phosphatase level
is 160 U per liter, has asymptomatic Paget’s disease confined to the left iliac wing.
How should their conditions be managed?

THE CLINICAL PROBLEM

Paget’s disease of bone? is a chronic affliction of the adult skeleton featuring one
or more areas of aggressive osteoclast-mediated bone resorption preceding imper-
fect osteoblast-mediated bone repair.>3 This disturbance begins as a wedge of de-
structive osteoclasts at one end of a bone that slowly but relentlessly advances to
disrupt the entire structure.* The deranged skeletal remodeling that follows causes
bone expansion and softening, sometimes with pain, fracture, or deformity, and
— rarely — neoplastic transformation.?3

Paget’s disease typically manifests in middle or advanced age and is slightly
more common in men.?>3 The prevalence is highest in Great Britain, Australia, New
Zealand, North America, and Western Europe.>° In the United States, approximately
1 percent of the population over 40 years of age is affected.® So-called juvenile Paget’s
disease is an extremely rare autosomal recessive condition characterized by child-
hood deafness, fractures, and deformity resulting from generalized, lifelong ac-
celeration of bone turnover, usually due to osteoprotegerin deficiency.”

Paget’s disease typically involves just one bone (monostotic) or a few bones (poly-
ostotic), primarily the skull or pelvis, or a vertebra, femur, or tibia.23 Osteolytic fronts
progress approximately 1 cm yearly* (Fig. 1). Subsequent “mixed-stage” disease fea-
tures cortical thickening (hyperostosis), disorganized coarse trabeculae (osteoscle-
rosis), and bone expansion.® In cases of advanced (“burnt out”) disease, bones are
widened and heterogeneously ossified.® Remarkably, this pagetic process does not
spread spontaneously to adjacent bones,?3 but there is no cure.

Paget’s disease is usually asymptomatic and discovered incidentally.> Most
clinical manifestations are skeletal,® but the prevalence of various signs and symp-
toms and complications is uncertain.'® Skeletal expansion or distortion may be obvi-
ous if the disease involves the skull, jaw, clavicle,? or a long bone of the leg.* Hyper-
vascularity of affected bone may cause palpable warmth.3

Mild-to-moderate, deep, aching bone pain characteristically begins late in the
clinical course, persists throughout the day and at rest, and seems worse at night.>3
Achiness in a weakened femur or tibia often intensifies on weight bearing, espe-
cially if there are osteolytic lesions.

Acute fractures through pagetic lesions can mend rapidly, although fracture
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Figure 1. Lateral Radiograph of the Right Leg

of a 69-Year-Old Man with Paget’s Disease.

A characteristic osteolytic front, forming a “blade

of grass” sign (arrow), has descended the tibia. Subse-
quent disorganized osseous repair has resulted in
bone expansion, a thickened cortex, and patchy areas
of osteosclerosis and relative osteopenia. Arterial
calcification is also obvious.

malunion in the proximal femur is not uncom-
mon.'® Chronic, sometimes painful, fissure frac-
tures may occur along convex surfaces of curved
bones.? Adjacent joints will be damaged if there
is deformity, and osteoarthritis can develop, es-
pecially in hips and knees.>'* Osteosarcomas, or
other skeletal sarcomas, develop in fewer than
1 percent of patients with Paget’s disease but are
more common and aggressive than in age-matched
controls.'? Constant and worsening bone pain
and sometimes a new mass or sudden fracture
should raise concern about malignant transfor-
mation.>?

Neurologic complications — in particular,
hearing loss — may result from skull involve-
ment.*3 Basilar impression (an acquired defor-
mity of the craniocervical region), hydrocephalus
with headache and dizziness, and cranial-nerve
deficits occur rarely.***> An increased prevalence
of depression was reported on the basis of a sur-
vey of members of the Paget Foundation,® but
this increase is controversial and not supported
by other data.”

In the spine, compression or ischemia (“vas-
cular steal”) may cause pain, dysesthesias, or
paralysis.** However, symptoms resulting from
spinal stenosis are uncommon.?3# Hypercalce-
mia is rare, occurring primarily with active,
polyostotic disease and immobilization or dehy-
dration; when it is diagnosed, concomitant pri-
mary hyperparathyroidism should be ruled out.?3
Although cardiac output may increase according
to the extent and activity of Paget’s disease, heart
failure is atypical.*® Compression of blood vessels
occasionally complicates skeletal expansion. Aor-
tic-valve, endocardial, and arterial calcification;
nephrolithiasis; and Peyronie’s disease have been
associated with Paget’s disease, but the mecha-
nisms remain unclear.

The cause of Paget’s disease is uncertain.?3
Evidence indicates both genetic and environmen-
tal influences. Five to 40 percent of patients re-
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port that first-degree relatives have the disor-
der.2%21 Heterozygous mutations affecting either
of two genes have been documented in Paget’s
disease. One type of mutation disrupts a single
domain of sequestosome 1/p62 and is found
especially in French-Canadian patients but also
in some familial and sporadic cases in other
populations.?122 The other type consists of do-
main-specific defects within valosin-containing
protein that predispose to Paget’s disease in a
rare syndrome also associated with late-onset
inclusion-body myopathy and dementia.?? Viral
infection has also been suggested as having a role
in the pathogenesis?* on the basis of observations
of particles resembling paramyxovirus nucleo-
capsids, as well as antigens and nucleic acid se-
quences of measles virus, canine distemper virus,
or respiratory syncytial virus?>2° in the nuclei and
cytoplasm of pagetic osteoclasts. However, this
remains controversial, since these observations
have not always been replicated and viruses have
not been isolated from lesional tissue.?”

STRATEGIES AND EVIDENCE

EVALUATION
Paget’s disease is frequently discovered because
of elevation in serum alkaline phosphatase levels
not explained by aberrations of mineral homeo-
stasis or other skeletal or hepatobiliary distur-
bances. The disease typically can be diagnosed
with plain radiography (Fig. 1) and, in many cases,
is first identified on radiographs (often ordered
for an unrelated indication).

Most untreated patients have elevated serum
total alkaline phosphatase levels,2® which reflect
both the extent and the activity of the disease.??
This measurement usually suffices for biochem-
ical assessment and follow-up, unless a coexisting
hepatobiliary disturbance requires assaying the
bone-specific isoform.>2® Measuring serum cal-
cium and 25-hydroxyvitamin D levels is reason-
able to rule out primary hyperparathyroidism
and vitamin D deficiency in the face of an elevat-
ed bone alkaline phosphatase level.2° Markers of
bone resorption (e.g., urinary deoxypyridinoline
and cross-linked N-telopeptide of type I collagen)
are more expensive and perform less well.2® How-
ever, alkaline phosphatase levels can be normal
when there is only a small focus of Paget’s dis-
ease or after successful medical treatment.

Bone scintigraphy (Fig. 2) followed by radiog-
raphy of the “hot spots” establishes the skeletal
distribution and burden of Paget’s disease.>® En-
hanced radionuclide uptake represents increased
bone formation and blood flow and may appear
before radiographic changes. However, mature
lesions are sometimes not apparent on scanning
because pagetic activity has subsided. Uptake may
be further increased, or decreased, if sarcoma de-
velops; plain radiographs may reveal destructive
lesions. Further assessment, if malignancy is sus-
pected, includes either computed tomography? or
magnetic resonance imaging,3! as well as biopsy.

Figure 2. Skeletal Scintigram of a 67-Year-Old Woman
with Paget’s Disease.

Shown are typical features of polyostotic Paget’s disease,
including focally enhanced radionuclide uptake that
shows partial, as well as complete, bone involvement.
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Positron-emission tomography for identifying
malignant conditions may be falsely positive in
cases of Paget’s disease.3?

If there is uncertainty about the diagnosis of
Paget’s disease (e.g., if metastatic disease is a
possible alternative), a biopsy can be diagnostic,
revealing characteristic histopathology (Fig. 3).
However, a biopsy is rarely needed, and perform-
ing biopsies of weight-bearing lesions could cause
fracture.

In some patients with Paget’s disease, it is
unclear whether pain is due to the bone disorder
or to associated osteoarthritis. The response to
intraarticular injection of an anesthetic or to a trial
of antiresorptive therapy may be informative in
such cases.

SUPPORTIVE THERAPY
Asymptomatic Paget’s disease diagnosed on the
basis of incidental findings often does not require
treatment.>3 However, randomized trials of thera-
py are relatively short-term and have not assessed
late complications'®; many aspects of treatment
are currently guided by clinical experience.>?
Difficulties from bowing of the lower limbs,
gait disturbances, or spinal stenosis can be helped
by shoe lifts, canes, orthotics, or physical thera-
py-2>33 Occasional bone or joint aches are likely
to respond to acetaminophen or nonsteroidal an-
tiinflammatory drugs. Counseling regarding the
prevention of falls and fractures (including avoid-
ing heavy lifting for patients with vertebral in-
volvement) and weight control in obese patients
(to reduce pain related to weight bearing) may
be useful. Long-bone fractures often require in-
ternal fixation that can accelerate a patient’s re-
turn to ambulation.?* Complete immobilization
may precipitate hypercalcemia, and it should be
avoided. Tibial osteotomy to realign the knee may
decrease mechanical pain.3* Total joint arthro-
plasty (usually of the hip3%) for osteoarthritis
often diminishes joint pain that is unresponsive
to medical treatments. Associated spinal steno-
sis may require neurosurgical intervention.?3The
not-for-profit Paget Foundation is an excellent re-
source for patient education (Www.paget.org).

PHARMACOLOGIC THERAPY
Clinical manifestations of Paget’s disease in which
pharmacologic therapy is recommended are sum-
marized in Table 1.23:1%3¢ Symptomatic disease
is the most common indication for pharmacother-

Figure 3. Histopathology of Paget’s Disease.

The active phase (Panel A) features disorganized bone
architecture with clusters of numerous, large, “hyper-
multinucleated” osteoclasts (arrowhead) adjacent to
many osteoblasts (arrow), which synthesize matrix so
rapidly that collagen forms an immature woven or la-
mellar pattern with faint cement lines. The stroma is
vascular and fibrous (hematoxylin and eosin). In Panel
B, the late phase features thick trabeculae with a mosa-
ic pattern of prominent, hematoxyphilic, cement lines
at the interfaces of the numerous past episodes of
bone resorption followed by formation. Osteoblast ac-
tivity (arrow) remains apparent with pale osteoid depo-
sition (arrowhead) (hematoxylin and eosin).

apy. Randomized trials show that pharmacother-
apy can reduce or resolve pagetic pain and eleva-
tions in the levels of biochemical markers, improve
skeletal scintigraphy, and sometimes heal osteo-
lytic disease and restore normal histologic pat-
terns of bone remodeling.?* Pharmacotherapy is
also used with the goal of preventing or mini-
mizing complications in patients at risk, such as
those with active, polyostotic disease near neuro-
vascular structures or major joints, and especial-
ly those who are young or who await skeletal sur-
gery. It should be recognized, however, that the
efficacy of pharmacotherapy for these indications
has not been established in randomized trials.
Drugs for Paget’s disease include various bisphos-
phonates and salmon calcitonin (Table 2).
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Bisphosphonates

Bisphosphonates are synthetic analogues of inor-
ganic pyrophosphate that are not biodegradable,
have skeletal half-lives measured in years, and
adhere to mineralized surfaces.?” They are ingest-
ed selectively by osteoclasts and disrupt energy
metabolism or specific enzymatic pathways.3” Cur-
rently, five bisphosphonates have been approved
by the Food and Drug Administration (FDA) for
the treatment of Paget’s disease (Table 2). All are
taken orally except pamidronate, which is ad-
ministered intravenously. In general, these agents
are not recommended when the glomerular fil-
tration rate is below 30 to 35 ml per minute per
1.73 m? of body-surface area.

In randomized trials with a duration of less
than two years, etidronate or tiludronate normal-
ized elevated alkaline phosphatase levels in ap-
proximately one third of patients after initial
courses, and reduced the levels by at least 50 per-
cent in most patients.>®3° Because etidronate may
cause osteomalacia,*® this agent is best avoided
when osteolytic fronts threaten weight-bearing
bones.2>

As compared with etidronate and tiludronate,
alendronate and risedronate are more potent for
inhibiting bone turnover and induce more rapid,
complete, and sustained biochemical respons-
es.*1"44 After a first course of treatment, these
agents normalize markers of bone turnover in
most patients with moderate-to-severe Paget’s
disease, and most patients report relief of pain.*-+4
Biochemical remission or nadir can persist for
6 to 18 months and sometimes longer after a
single course. Upper gastrointestinal irritation,
usually mild and nonspecific, is the major side
effect of bisphosphonates, but esophageal ulcers
may occur. Etidronate and toludronate are less
likely to cause these side effects than more po-
tent oral agents.*> To minimize complications,
patients should not recline or exercise for a half
hour after dosing. Delayed esophageal empty-
ing is a contraindication to the use of bisphos-
phonates.

Intravenous administration of pamidronate
averts gastrointestinal toxicity and, therefore, is
useful for patients who cannot tolerate oral
bisphosphonates. In patients who have not pre-
viously been treated for Paget’s disease, pamidro-
nate and alendronate have similar efficacy for
achieving a biochemical remission.** Approximate-
ly one third of patients treated with pamidronate

Disease of Bone.

Table 1. Recommended Indications for Antiresorptive Treatment of Paget’s

Symptoms resulting from active bone lesions
Bone pain
Headache with skull involvement
Back pain due to pagetic radiculopathy or arthropathy
Other neurologic syndromes

Fissure fractures

Hypercalcemia resulting from immobilization

Elective surgery planned for a pagetic site (e.g., hip replacement)

Prophylaxis, even in asymptomatic patients, when affected sites and their meta-
bolic hyperactivity suggest risk from progression and complications,
such as fracture in weight-bearing long bones or nerve compression

have brief, mild, flu-like symptoms (fever, myal-
gias, headache, and malaise) that are responsive
to analgesics and antipyretics. Transient iritis
develops in some patients and can also occur,
rarely, with other nitrogen-containing bisphos-
phonates.?3 For moderate-to-severe Paget’s dis-
ease, the FDA-approved regimen of pamidronate
is 30 mg given on three consecutive days for a
total dose of 90 mg, although for mild Paget’s
disease some physicians prescribe one or two
60-mg doses. An intravenous bisphosphonate
such as pamidronate may be useful to diminish
the vascularity of lesions for untreated patients
who will soon undergo elective orthopedic sur-
gery. Because transient hypocalcemia is possible,
giving calcium orally at the time of infusions is
prudent.?® Extended calcium supplementation may
help in healing pagetic lesions, although this has
not been rigorously studied.

Intravenous bisphosphonates such as zole-
dronic acid and olpadronate are still more potent
and are being evaluated.’” The FDA has approved
zoledronic acid for hypercalcemia of cancer and
disease that metastasizes to the skeleton, and
off-label use of the agent for Paget’s disease is
increasing. Especially rapid and prolonged sup-
pression of markers of bone turnover has been
documented, as has improved quality of life, as
compared with an oral bisphosphonate.” Com-
parisons of the bisphosphonates are complicated
by the use of different doses and durations, which
contribute to apparent differences in efficacies.

Extensive and active Paget’s disease may re-
quire higher doses or more frequent courses of
a particular bisphosphonate.3%4® Acquired resis-
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Table 2. Medications Approved by the Food and Drug Administration for Treatment of Paget’s Disease of Bone.

Drug

Bisphosphonates

Etidronate disodium (Didronel)

Alendronate sodium (Fosamax)
Tiludronate disodium (Skelid)
Risedronate sodium (Actonel)

Pamidronate disodium (Aredia)§

Salmon calcitonin (Miacalcin)9|

Recommended Dose and Administration

One 200-t0-400-mg tablet orally once daily for 6 mo
on the basis of 5 mg/kg of body weight/day*7
Course should not exceed 6 mo; repeated courses
can be given after rest periods of 6 mo or longer
One 40-mg tablet orally once daily for 6 mo*i:
Two 200-mg tablets orally once daily for 3 mo*7
One 30-mg tablet orally once daily for 2 mo*3:

30 mg intravenously over a 4-hr period on 3 con-
secutive days; the course may be readminis-
tered as needed; single infusions of a higher
dose are often used instead

A subcutaneous or intramuscular injection of 50 to
100 U daily or three times a week for 6 to 18 mo

Side Effects and Cautions

Not recommended if the glomerular filtration rate
is below 30 to 35 ml/min; contraindicated if
delayed gastric emptying

May cause gastroesophageal irritation including
esophagitis (with alendronate or risedronate),
osteomalacia (with etidronate), osteonecrosis
of the jaw, and iritis (rarely)

Brief, mild, influenza-like symptoms such as fever,
myalgias, headache, and malaise; transient hy-
pocalcemia; and short-lived iritis and bone pain

Risk of osteonecrosis of the jaw

Transient nausea and facial flushing, as well as
tachyphylaxis

* Oral bisphosphonates should be taken with 6 to 8 oz of plain water.

T The stomach should be empty for two hours before and for two hours after dosing.

1 The drug should be taken after an overnight fast. After taking the tablet, the patient should not lie down for at least 30 minutes and should
wait at least 30 minutes before eating or drinking anything other than tap water or taking any other medication.

§ Pamidronate is available in 30-mg and 90-mg vials.

9 Because of insufficient potency, a calcitonin nasal spray has not been approved by the Food and Drug Administration for Paget’s disease.
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tance to an individual compound is possible but
may be overcome by using an alternative bisphos-
phonate.*

Salmon Calcitonin

The use of salmon calcitonin (administered by
subcutaneous injection) for Paget’s disease has
been largely supplanted by the use of bisphos-
phonates,?” although treatment with salmon cal-
citonin remains an option if bisphosphonates are
not tolerated or contraindicated. Salmon calcito-
nin typically decreases elevated markers of skel-
etal turnover by 50 percent, often decreases bone
pain and warmth, sometimes improves neuro-
logic complications (including “vascular steal”
syndromes), and can heal osteolytic lesions.?3
However, disease reactivation is likely soon after
cessation of therapy, acquired resistance occurs
in about 25 percent of patients, and bothersome
side effects, including nausea and flushing, are
common.?3

ASSESSING PHARMACOLOGIC TREATMENT

Serum alkaline phosphatase levels typically de-
crease within a few months of initiating therapy.
Many clinicians treat with the aim of correcting
this marker, although data are lacking to support

a precise target level.13¢ Unless osteolysis is ap-
parent, radiographic follow-up is not considered
useful, given the heterogeneous appearance of
Paget’s disease.*® Quantitative bone scans may be
helpful in assessing small pagetic areas when bio-
chemical indexes of skeletal turnover are unremark-
able, but such scans are not widely available.3°

Treatment is typically repeated if there is a re-
turn of symptoms or a rise in serum alkaline
phosphatase levels?3 (typically assessed every
two to three months at first, and then every six
months).?34” When alkaline phosphatase values
have stabilized near normal levels, some clinicians
consider a rise by 25 percent or more to warrant
repeated therapy,3® although data are lacking that
show that treating such biochemical elevations
in the absence of symptoms is beneficial.®

AREAS OF UNCERTAINTY

Studies from New Zealand and the United King-
dom suggest a decline in the incidence and sever-
ity of Paget’s disease of bone,>° although the ex-
planation is uncertain.

Because of a lack of long-term, placebo-con-
trolled trials, it is unknown whether aggressive
antiresorptive treatment reduces complications
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of Paget’s disease; therefore, its use for the preven-
tion of complications remains controversial.'®
Whether maintenance doses of bisphosphonates
after a course of therapy might suppress the activ-
ity of Paget’s disease and improve outcomes re-
quires study. Clinicians often aim to normalize
markers of bone remodeling in patients with
Paget’s disease,?® but it is not known whether this
is the optimal target.1®

It is uncertain whether treatment with bisphos-
phonates should be withheld until acute frac-
tures have healed. Longer-term data are needed
to make a better evaluation of the possible risks
of prolonged bisphosphonate therapy (e.g., gas-
troesophageal irritation or potential skeletal tox-
icities at pagetic sites or elsewhere). One such pos-
sible toxicity is “osteonecrosis” of the jaw, which
has been described in case reports and series, most
in association with prolonged intravenous bisphos-
phonate therapy for disease that is metastatic to
the skeleton, but a few in relation to patients with
Paget’s disease treated with pamidronate.*®

GUIDELINES

There are no published guidelines for the man-
agement of Paget’s disease from American medi-
cal societies, but recommendations have come
from consensus panels in the United States and
Canada.*>° Formal recommendations in the Unit-
ed Kingdom note deficiencies in data and focus
on evidence-based interventions; thus, these guide-
lines do not advocate the use of bisphosphonates
for the purposes of preventing complications of
Paget’s disease.!®

CONCLUSIONS AND
RECOMMENDATIONS

The diagnosis of Paget’s disease of bone is often
suspected on the basis of an elevated serum alka-
line phosphatase level and confirmed by radio-
graphic assessment. There is no cure, but random-
ized trials indicate that antiresorptive treatment
reduces associated pain and lowers elevated lev-
els of alkaline phosphatase, a useful marker of
disease extent and activity. Therapy with bisphos-
phonates is used with the goal of preventing com-
plications of Paget’s disease (e.g., bowing of the
limbs and fracture), although such benefits are
unproven.

I would treat the man described in the vignette
with a course of oral aminobisphosphonate, and
then I would monitor his symptoms and alkaline
phosphatase levels to assess whether further ther-
apy is needed. Intravenous bisphosphonate ther-
apy is another option, particularly if oral agents
are not well tolerated. I would not recommend
antiresorptive therapy for the sister, since she is
asymptomatic and has Paget’s disease in a bone
that is not likely to have symptoms or complica-
tions of the disease.
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