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sponse (169 of176), as compared with 74.3 percent ofpatients receiving risedronate
(U7 of171, P<0.001). Alkaline phosphatase levels noonalized in 88.6 percent ofpatients in the zoledronic acid group and 57.9 percent ofpatients in the risedronate group
(P<0.001). Zoledronic acid was associated with a shorter median time to a first therapeutic response (64 vs. 89 days, P<0.001). Higher response rates in the zoledronic acid
group were consistentacross all demographic, disease-severity, and treatment-history
subgroups and with changes in other bone-turnover markers. The physical-component
summary score of the Medical Outcomes Study 36-item Short-Form General Health
Survey, a measure of the quality of life, increased significantly from baseline at both
three and six months in the zoledronic acid group and differed significantly from those
in the risedronate group at three months. Pain scores improved in both groups. During
post-trial follow-up (median, 190 days), 21 of82 patients in the risedronat.e group had
a loss of therapeutic response, as compared with 1 of113 patients in the zoledronic
acid group (P<0.001).
CONC LUSIONS

A single infusion of zoledronic acid produces more rapid, more complete, and more
sustained responses in Paget's disease than does daily treatment with risedronate.
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AGET'S DISEASE O.F .BONE rs CHARAC-

from North America, Europe, and Australasia. One
t.erized by a dramatic increase in bone turn- study also included patients from South Africa. Alover (both formation and resorption) at one though the trials were independent, each protocol
or more sites. Measurement of biochemical mark- called for pooling ofthe results in a joint analysis.
ers of bone turnover is used to assess disease activityand monitor the response to therapy. About 2 per-- PATIENTS
cent of the U.S population older than 60 years of A total of 357 men and women who were older
age have Paget's disease,1 as do up to 6 or 7 percent than 30 years of age and had radiologically conof the elderly population in western Europe.2 The firmed Paget's disease of bone were studied at 76
bone pain, skeletal defonnity, pathologic fractures, centers in 10 countries. With the exception offour
secondary arthritis, neurologic complications, and patients, all had alkaline phosphatase levels that
deafuess that may accompany this disease contrib- were more than twice the upper limit of normal.
ute to substantial morbidity in the older population. Exclusion criteria included a serum 25-hydroxyvitaBisphosphonate therapy is the most commonly min O level ofless than 15 ng per milliliter (37 nmol
used treatment for Paget's disease, often normaliz- per liter); primary hyperparathyroidism; evidence
ing biochemical markers of bone turnover and re- ofhepatic or renal disease; a history ofuveitis, iritis,
sulting in the replacement ofchaotic woven bone upper gasttointestinal disorders that might interwith nonnaJ Jame liar bone.3 Bisphosphonates may fere with adherence to the protocol, or diabetic nealso reduce bone pain. 4 Currently used oral bis- phropathy or retinopathy; and use oftherapy specifphosphonates require daily oral dosing for two to ically for Paget's disease in the preceding 180 days.
six months, with patients required to &st before The institutional review board of each participatand after tteabnent because of the very low bio- ing center approved the protocol, and all patients
availability of the drugs and to remain upright for gave written informed consent
at least 30 minutes after dosing to reduce the risk of
upper gastrointestinal complications. The intra- TREATMENT
venous bisphosphonate pamidronate is also used Patients were randomly assigned in a double-blind
but is inconvenient for patients because it is usu- fashion through an interactive voice-response sysally given as a series ofslow intravenous infusions tem to receive either a 5-mg infusion ofaoledronic
each lasting a few hours, requiring multiple visits. acid over a 15-minute period followed by placebo
The development of convenient, more effective, tablets or a saline infusion followed by 30 mg of
and longer-lasting agents might address these risedronate per day for 60 days. The volume ofall
problems.
infusions was 105 m1. All patients received 1 g ofcalOfthe bisphosphonates that have entered clini- dum perday and 400 to 1000 U ofcalciferol perday.
cal trials, zoledronic acid was very effective in preclinical modets. 5 •7 Itis administered as a single 15- STUDY END POINTS
minute infusion and has effects on bone mineral The primary end point was the proportion of padensity in postmenopausal women similar to those tients who had a therapeutic response, defined as
afforded by 12 months of oral bisphosphonate nonnalization ofthe alkaline phosphatase level or
therapy. 8 This medication offers the possibility of a red.uction of at least 75 percent in the alkaline
a substantial increase in the convenience oftteat- phosphatase excess (the difference from the midmentand adherence, which together with its great· point of the reference range) at six months. Meaer efficacy, may increase response rates and the du- surements were made byCovance Central Laboratnration of remission. We compared the effects of ry Sew.ices, with the use ofRoche Hitachi analyzers
zoledronic acid with those ofrisedronate, a leading (model 747 or911). The respective midpoints and
bisphosphonate in current use, on biochemical in- upper limits ofthe reference ranges are 71 and 110
dexes ofdisease activity and the quality oflife.
U per liter in patients 58 years of age or younger
and 75 and 115 U per liter in those older than 58

years.

METHODS

Secondaiy and exploratory efficacy variables in1\vo randomized, controlled trials that followed cluded biochemical markers ofbone resorption, as
identical protocols were carried out between Janu- reflected by serum levels of/3C-telopeptide ofeype I
ary 2002 and March 2004, each including patients collagen (Blecsys pcrossLaps kit, Roche) and the
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ratio ofurinazy aC-tdopeptide oftype I collagen to
creatinine9 ; biochemical markers of bone forma·
tion, as reflected by the serum levels ofN-tenninaJ
propeptide of type I collagen (Orion Diagnostica);
and the quality oflife. The quality oflife was mea·
sured with use ofthe Medical Outcomes Study 36item Short-Form General Health Survey (SF-36),
which assesses eight aspects ofhealth st.atus: general and mental health, physical and social function·
ing, physical and emotional roles, pain, and vitality;
scores on each scale can range from O(worst) to
100 (best). 10
BONE MISTOMORPHOMETRY

Transiliac bone biopsies were performed while the
patient was under local anesthesia after having received two courses of tetracycline. To be suitable
for quantitative histomorphometty, biopsysamples
had to contain both cortexes with int.act ttabecu·
larbone.
SAFETV ASSESSMENTS

Physical examinations, hematologic tests, and serum chemical tests were performed regularly

Missing values for the primary efficacy variable were
imputed by canying the last obseivation forward.
Differences between groups in secondary or explomtory efficacy variables were evaluated by means
oflogistic regression, analysis ofcovariance, or Cox
regression, where appropriate. For secondary efficacy variables, a two-sided Pvalue of0.05 was considered to indicate st.atistical significance. A dosed
testing procedure was used to control the type I error
rate of these comparisons. Comparisons within
groups were made with t-tests.
Results are based on pooled data from the two
studies. All parametric models included study as
an explanatory variable. Data are given as means
±SD unless otherwise specified.
The protocol was designed by the sponsor and
reviewed and modified by the investigators. Data
management and statistical analyses were per~
formed by the sponsor. The publications committee (Drs. Reid, Miller, Lyles, Fraser, Brown, aod
Hosking) had full access to and interpreted the
data. Drs. ~id and Miller wrote the article and
vouch for the accuracy and completeness ofthe reported information.

throughout the su•month study. Serum creatinine
and urinary protein were measured 9 to 11 days after
intravenous dosing.

RESULTS
PATIENTS

STATISTICAL ANALYSIS

Each study had a statistical power of80 percent to
demonstrate the noninferiority ofzoledronic acid
relative to risedronatewith respect to the proportion
of patients who had a therapeutic response at six
months. Assuming a dropout rate ofapproximate·
Iy 10 percent per study, we estimated that 88 patients
were needed in each group (176 patients total) to
evaluate noninferiority. Noninferioritywas estab·
lished ifthe one-sided 97.5 percent confidence interval for the absolute difference between zoledronic acid and risedronateexceeded 16 percent In that
case, superiority was evaluated with the use of a
logistic-regression model that included tteatment
and the baseline alkaline phosphatase level as ex·
planatory variables.
All efficacy variables, except the time to a ther·
apeutic response, were analyzed according to the
modified intention·to-tteat principle, which required patients to have a baseline and at least one
post-baseline measurement of alkaline phosphatase. The time to a therapeutic response was
analyzed according to the intention-to-treat principle and therefore included all randomized patients.
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Atotal of182 patients were enrolled in the zoledron·
ic acid group and 175 in the nsedronate group, of
whom 1n and 172 patients, respectively, received
the study drug (Fig. 1). Patients' characteristics at
baseline are shown in Table 1. Adherence exceeded
90 percent in 98.3 percent ofpatients in the risedronate group and 93.2 percent of patients in the
zoledronic acid group, as detmnined by pill counts.
SERUM ALKALINE PHOSPHATASE

Serum allciline phosphat.ase levels (Fig. 2A) showed
a more rapid and marked reduction in the zoledronic acid group than in the risedronate group. After
10 days, the rates of therapeutic response were
consistently higher in the zoledronic acid group
than in the risedronate group, reaching 96.0 percent and 74.3 percent respectively, at six months
{P<0.001) (Fig. 2B). Response rates were similar in
the two studies: 95. 5 percent in the zoledronic acid
group and 75.3 percent in the risedronate group in
one study (P<0.001) and 96.6 percentand 73.2 per·
cent, respectively, in the other study (P<0.001). The
median time to a first therapeutic response was 64
days in the zoledronic acid group and 89 days in the
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688Assessed
for eligibility

357 Und"we11t
randomization

182 Assigned to
zoledronic acid
and placebo

175 Assigned to
rfsedronate
and placebo

5 Did not receive
medication

1---~I

3 Did not receive

medication

177 Received

172 Received

medication

mediation
6 Did not complete

7 Did not complete
follow-up:
2 Had adverse events
3 Withdrew consent
2 Were lost to follow-up

follow-up
3 Had adverse events
l Had a protocol
violation
2 Wlthd,ew consent

171 Completed

165 Completed

follow-up

follow-up

176 Included in

171 Included in

eflkacy analysis
177 Included in
safety analysis

efficacy analysls
172 Included In
safety analysis

Figure 1. Randomization, Treatment, and Ow:.ome.
The populations included in the effk.acy analysis consisted of patiencs who received at least one dose of study medication and had a baseline and at least one post-baseline measurement of alkaline phosphatase.

risedronate group (P<0.001). The higher rates of
response in the zoledronic acid group were independent ofage, sex, baseline alkaline phosphatase
level, and the presence or absence ofprevious ther·
apy for Paget's disease. The rares of normalization
of the alkaline phosphatase level also differed significantly between groups (P<0.001} at all times
from one month onward (Fig. 2C).

probably because the serum level ofthe N·tenninal
propeptide of type I collagen is a more specific index ofosteoblast activity. (Fig. 3A). Bone resorption, assessed in terms of the serum level of the
j:JC-telopeptide oftype I collagen (Fig. 3B) and the
ratio ofurinary aC-telopeptide oftype I collagen to
creatinine (Fig. 3C), showed greater reductions
with zoledronic acid than with risedronate at all
times. Consistent with the osteodast's being the
OTHER BIOCHEMICAL MAllKERS
primaiy target ofbisphosphonates, these markers
OF BONE TURNOVEIII
responded more rapidly than the N-termina.l proSerum levels ofthe N·terrninal propeptide oftype I peptide oftype I collagen or alkaline phosphatase,
collagen, another marker of osteoblast activity, and the very rapid decrease in resorption in reshowed a pattern similar to that ofalkaline phos- sponse to an intravenous bisphosphonate was also
phatase, but the response tended to be greater, evident
N ENCL J MED
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'hble 1. BuetlneCharaderistlcuf'the Patients.*
Charatteristlc
Male sex - no. (%)
Age - yr

Zoledronlc Acid
. (N=ll2)

Risedronate
(Ncl7SJ

124 (68. l)

118 (67.4)

70.8.:1:9.&

70.0±10.7

168 (92.3)

164 (93.7)

9 (4.9)

5 {2.9)

5 (2.7)
77.6:1:14.9

6 (3.4)

Race-no. (%)t

White
Black
Other

\\'7l~lit-kg
Previous therapy for Paget's disease - no. (%)
Risedronate
Alendronate
Qther o rat '11 spho5 phon ates
lntn1venous bisphosphonat~
·. Clodron ate
Calcitonin

17 (9.3)
13 (7.1)
26 (14.3)
27 (14.8)

None
Serum allc,11line phosphatase - U/Jiter
•Se_iiirri N-terminal propeptjde oftype I <;ollagen ~ µg/li_ier
Serum ,BC-telopeptide of type I colb1gen - nmol/liter
·U~inary aC-telopeptide of type I ~llagen:creatiriinel'g/mmol of creatinine
·
SF-36 score:j:

13 (7,4)
24 (13.7)
26 (14.9)
26 (14.9)

6 (3.3)

2 (1.1)

8 (4.4)

7 (4.0)

85 (46.7)

77 (44:0)

428:t321
453:t835

Phtsical fiincti~rtng.
Physical role
Bodily pain
General health
Vitality
Social functioning
Emotional role
Mental health
:physi~l-<:ompoi',lent summary
Mental-component summary

78.6:1:16.0

42S±312

l3.o.tll.5

422:t462
12.6:1:7.2

3100:t2060

3200d550

56:1:30

60±30

57:t43

63~

57:t27

59:t25
65±20

63:t2l
55±22
78:t27

56:1:20

71:t40

75:1:38

75:tl&

76:1:19
41:tll
52.:1:10

39:tll

52.:1:10

79:t2S

* Plus-minus values are means .:t:5D. There were no significant differences between groups.
t Race was self-reported.

:j: Scores on each SF-36 scale can range from Oto 100, with higher scores indicating a better quality oflife.

scores in the physical-component summary score

QUALITY OF LlfE

In the zoledronic acid group, mean scores for ea.ch at both three and six months, and these chang~
of the eight components of the SF-36 trended up- were significantly greater than those in the risedroward at both three and six months, suggesting im- nate group at three months. Multivariate tests for all

provements in the quality of life, whereas the responses were more mixed in the risedronate group
(Fig. 4). The zoledronic acid group had a significantly greater improvement than the risedronate
group in physical functioning at three months and
general health at six months. The zoledronic acid
group bad a significant improvement from baseline
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components ofthe SF-36 suggested the superiority
ofzoledronic acid.
BONE IIOPS\'

Transiliac bone biopsies were performed in 22 patients, 12 taking zoledronic acid and 10 talcing
risedronate. Bleven biopsy specimens were incom-
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plete, and one included only remnants of iliac
epiphysis, but these showed no abnormality on
qualitative examination. Ofthe 10 biopsy specimens
that could beevaluated, 2 came from sit.es ofPaget's
disease (from one patient in each group) and were
otherwise normal, apart from increased mineralizing surface in the patient in the risedronare group.
The remaining eight biopsy specimens from nonpagetic bone were similar, except that the extent of
the mineralizing surface was below the reference
range in the zoledronic acid group (P=0.04 for the
comparison with the risedronate group}. There was
no evidence ofadynamic bone or qualitative abnormalities ofbone formation in any biopsy specimen.

A
500
P<0.001

~

400

~0.001

...,

300

'--, P<0.001

200

Risedronate
~--------::£

':i;....__._t<0.001

P<O.OOJ

100

Zofedronlc acid

0-t--r--.--- - . . . . - - - - , . - - - - - - - - -.....
0

JO

63

28

182

91

Days

B

ADVERSE l!YENTS

No deaths occurred. The numbers of patients with
adverse even~ (146 in the zoledronic acid group
and 133 in the risedronar.e group) and serious adverse events (9 in the zoledronic acid group and 11
in the risedronate group) were similar in the two
groups. Because there was a marked clustering of
adverse events in the first three days after intrave-nous drug administration, the data were tabulated
separately for this period (Table 2).
In the first three days, the zoledronic acid group
had twice the number ofadverse events as the risedronar.e group (P<0.001), and these were principally
the influenza-like symptoms that are known to oc-cu.r in associadon with the intravenous use ofnitrogen-containing bisphosphonates. These symptoms
were mild t.o moderate in severity (leading to the
overnight hospitalization ofone patient), and most
resolved within four days. Subsequently, the rates
of adverse evenm were similar in the two groups.
The frequencies of gastroin~stinal and renal or
urinary disorders were similar in the two groups.
One patient in lhe risedronate group and one patient in the zoledronic acid group who had preexisting renal impairment had moderate increases in
serum creatinine levels at two months and six
months, respectively. The mean serum creatinine
level had decreased slightly but significantly by day
10 in the zoledronic acid group, as compared with
the risedronate group (- 0.05±0.10 mg per deciliter
(4.4±8.8 µmol per liter] vs. --0.00±0.10 mgper deci·
liter [0.1±8.8 µmol per liter], P<0.001). At subsequent visits, the values were similar and did not
differ significantly between groups.
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P<0.001

8 -Zoledronti:.aci<!

90 O ,Risillfronate
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C
lOO E Zoledronlcac:ld
90 O Risedronate

P<0.001
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91
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Days

Figure 2. Mean (:tSE) IAYels of'Servm Alkaline Phosphatase (Panel A)
and Percentap of Patients with • Therapeutlt Response (Panel Bl ·
or Normallzatlon ofAlkaline Phosphatase Levels (Panel q .
Thr shaded area in Panel A represents the normal range of serum alkaline
phosphatase (32 to 110 U per liter) in premenopa.usal women.
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Hypocalcemia developed in eight patients in the
zoledronlc acid group and was asymptomatic in six
ofthese patients. The two patients with mild symptoms had not taken their calcium and vita.min D
supplements. One patient in the risedronate group
had severe symptomatic bypocalcemia, despit.e taking calcium and vitamin D suppletnent.s, and required hospitalization and intravenous calcium. All
these events occurred during study days 3 through
13. There were decreases in serum calcium levels in
both groups at day 10, but the decrease was larger
in the zoledronlc acid group than the risedronate
group (-0.80±0.50 mg per deciliter [0.20±0.13
mmol per liter] vs. -0.32±0.50 mg per deciliter
(0,08±0.13 mmol per liter], P<0.001). Calcium returned to baseline levels in both groups by six
months. These changes were reflected by increases in parathyroid hormone levels in both groups
at three months (16±31 pg per milliliter in the
zoledron.ic acid group and 11±19 pg per milliliter
in the risedronate group) and six months (7±15 pg
per milliliter and 2±12 pg per milliliter, respectively), and the changes were significantly greaterat six
months in the zoledronlc acid group (P=0.002).

P<0.001
TRIAi. IHTENSION

0 10

28

63

1&2

91

Days

3600
3000

2400
1$00

\,,
I ---' -:E--- -:E-----------Risedronale
-=
:x.

12QO
600

Zoledronlc acid

P<0.001
P<0.001

Patients who met the definition ofa therapeutic response were eligible to enter a trial extension. A total of113 patienbi in the zoledronlc acid group and
82 in the risedronate group entered an open extension of the study, during which alkaline phosphatase was measured at six-month intervals. Ata
median of190 days after the end of the core study,
21 of82 patients in the risedronate group showed
a loss of therapeutic response (25.6 percent), as
compared with 1 of113 patients in the zoledronic
acid group (0.9 percent), a difference of96.5 per-cent (P<0.001).
DISCUSSION

P<0.001

P<0.001 P<D.001

O+-....----,----r---,----------,
0 10

28

63

182

91

Days

flsi,Nl. Man (zSE) L.Mls«s.um N-Tnllnalflloptptlcleof1n,elCApn
(Panel A) and IJC.Telopeptlcie af'~ I Colllpn (Pilne18J and tti. !trio
of-,lrinary crC.Telopeptide an,pe I Collapttto er.tinlne (Panel q.
The shaded areas represent:the normal ranges ire premenopv.uul women.
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This studydemonstrates the safety and efficacy ofa
single-dose therapy for Paget's disease. A single infusion of5 mg ofz.oledron.ic acid, given over a 15·
minute period, produced changes in a variety of
biochemical markers of djsease activity that appeared to be as great as or greater than the best resulbi achievable with conventional oml therapies,
all of which require daily administration over pe-
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mRisedronate group at ·3 mo

a Risedionate gr9up at 6 mo

D Zolearonk acid group at 3 mo r:rzot{dronii: acid group at 6 mo

Rlsedron:ite

Zoledronic
Acid

%of Patients
Physical functlol'!lng
f.ii~:;:;;;;~-

--iP<0.05 (P<(l.05)

Physical role

P<0.05
P<O.OS

Gene,al health

P<O.OS (P<0.05)
Vitality

P<0.05
Sotial functioni~g
Emotional role

P<0.05
P<O.OS

_,
Menial health

-s

0

Physical-component
summary
Ment.al,component

43

26

28

37

50 (P<0.05)

31

39

40

49

28

28

16

23

27

28

21

27

21

27

P<0.05

Bodily pain

svmmary

34

•I
I

-1

5

f

10

P<0.05 (P<0.<>5)
IP<O~OS

' :.1=:

'i
I

0

2

Change~ BaselinaSc:ote

Figure 4. Mean {:tSE} Changes from Baseline In the Eiaftt Domains Assusecl by the Sf'•H and the Summa,y Scores
for the .Physiul and Mental Component,.
Data were analyzed by an analysls,of-(ovariance model with treatment. study. and1>ase.line ~co~ as explanatory variables.
Oiff'ersnces within gr01.1p, were analyzed by a one•sample t-test No adjustments were made for m1:1ltiple comparisons.
Multivariate testing (WIiies' lambda multivariate F-test) across the domains suggested the superiority,ofzofed(onic atid
(P-0.0S), as did similar testing across the two summa,y scores {P-0.04). Aflve-point imp(ovement is generally c<msideA!d to be dlnically signific:1r1t, and the percentage of patients wlth at least this dtange at six months. i:s shown on the
right for the gro11pJ. P values on the graph indicate significant differences from baseline, and P values ln parenthe.ses
indicate significant differences between groups.

riods of up t.o six months. Unlike studies ofother
therapies for Paget's disease, we compared zoledronic acid directly with a bisphosphonate currently used as a standard therapy. Although our study
was intended t.o demonstrate the noninferiority of
zoledronic acid as compared with the conventional
therapy, in fact, zoledronic acid appeared t.o be superior in terms of the degree of disease suppression, the rat:e ofonset ofeffect, and (on the basis of
preliminaiy data) the persistence of these effects
beyond the six-month trial period.
For comparison, a single 5-mg dose of zole-
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dronic acid resulted in an 80 percentdecrease in alkaline phosphat.ase levels at six months> with nor·
malization of this index in 89 percent ofsubjects,
where.as six months' therapy with daily oral alendronate results in a decrease in alkaline phosphat.ase levels of73 to 79 percent atsix months,3 , 11
with normalization ofthis index in 48 to 63 percent
ofpatients. Other trials of risedronate have shown
a decrease in alkaline phosphatase levels of69 t.o
77 percent at six months, with normalization of
this index in up t.o 73 percent of patients. 4 ,12 Tiludronate reduces alkaline phosphatase levels by
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lllble 2. Tlmi111 and Rates ofAA<rene Events.•
Zoledronic Acid

Rlsedronate
(N=l72)

PValue

Variable

(N=l77)

Days 1...3

95 (53.7)

43 (25.0)

Influenza-like illness

17 (9.6)

7 (4.1)

0.06

My~lgi~

13 (7.3)

6 (3.5)

0.16

Pyrttia

13 (7.3)

l (0.6)

<0.01

F(!tigue

12 (6.8)

-4 (2.~}

0.07

Headache
Rigor~

12 (6.8)

7 (4.1)

0.3S

12 (6.8)

l (0.6}

<0.01

Nausea

11 (6.2)

3 (l.7)

0.05

9 (S.l)

2(P)

0.06

117 (66.1)

126 (73.3)

0.16

13 (7.3)

p (7.0)

0.99

9 (5.1)

19 (11.0J

9 (5.1)

5 (2.9)

0.05
0.41

9 (5.1)

14 {8.1)

0.29

8 (4.S)

0.81

7 (4.0)

9 (~_.2)
10 {S.8)

0.46

4 (2.3)

12 (7.0)

0.04

no. ofpatients {%)

Bone pain

After study day 3
Pain in an arm or leg
Arthralgia
Dizziness
Nasopharyngitis
Diarrhea
Headache
Back pain

<0.01

* Events that occurred in more than 5 percent of patients in either group are
shown. Only patients who received at least one dose of 5tudy drug were included in the analysis.

49 to 59 percent at six months, with normalization
of the level in 11 to 44 percent of patients. 1 n s
Ibandronate, an intravenous agent still in development, reduces alkaline phosphat.aselevels by70 percent after one or two doses.16
When Paget's disease is being treatrd with bisphosphonates, the dumtion ofremission is strongly
detffln.ined by the bone-turnover nadir, so the greater efficacy and longer duration ofeffect with zoledronic acid suggest that the interval between treatments is likely to be much greater with this agent
This could yield dividends to patients in terms of
convenience and may even mfl.uence the risk of
long-term complications, such as degenerativejoint

disease.

It is encouraging that the marlred biochemical
effects ofzoledronic acid appeared to be accompanied by significant improvements in indexes of the
quality oflifc, including physical .functioning, pain,
general health, vitality, and emotional welJ.being.
The improvements in some ofthese indexes in the
zoledconic acid group were significantly greater
than those in the risedronate group. Although there
is an issue regarding the use of multiple statistical
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t.ests on these numerous quality-of-life end points,
it should be noted that all the domains showed a
trend toward improvement with zoledronic acid
therapy, which was not so for risedronate, suggesting that the significant results are not merely a statistical artifact. This suggests that the benefits observed in biochemical end points will ultimately
result in greater clinical dividends among patients
with Paget'sdiseasc, who may sometimes have substantial disability. In contrast, the currently used
agents have not been d_emonstrated to yield signif..
icant difrerences between groups in quality-of-life
measures in randomized, controlled trials,J,4,11
even though the agents used for comparison wece
placebo or the weak bisphosphonare etidronate.
Zoledronic acid has previously been studied in
two preliminary trials involving patients with Paget's
disease. In one, doses of24 to 400 µg were administered and biochemical end points followed for
two weeks.17The highest ofthese doses e1used reductions in hydroxyproline of almost 50 percent,
though, as expected, there was no effect on alkaline phosphatase levels during this briefperiod. A
second study,1•18 showed a halving of bone tumover markers 90 days after an infusion of 400 µg of
zoledronic acid, with lesser responses to lower doses. Our findings confirm the efficacy ofzoledronic
acid in patients with Paget's disease and add sub-'
stantiallyto the available data by demonstrating that
prolonged remissions can be achieved, accompanied by improvements in the quality of life.
The magnitude and time course of the effect o f
zoledronic acid are likely to result from its singledose administration, the drug's high affinity for
bone mineral, and its potent inhibition of the putative target ofnitrogen-containing bisphosphonates,
the enzyme f.lrnesyl diphosphat.e syntbase.1 9-22 The
persistence ofits effect makes it a particularly suitable agent for the management of Paget's disease,
in which the need for frequent re--treatment is a
major clinical problem. Influenza-like symptorn,s
are common after the intravenous administration
of nitrogen-containing bisphosphonates, being reported in two thirds ofpatients receiving pamidronate for Paget's disease. 2 3,24
Our .findings confirm the apparent renal safety
of zoledronic acid in patients with non-neoplastic
bone disease,8 though it should be not.ed that only
those with a baseline creatinine clearance great.er
than 30 ml per minute were eligible, consistent with
current dosing recommendations for oral bisphos·
phonates. Asymptomatic hypocalcemia is common
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after the use ofintravenous bisphosphonates in pa·
tients with Paget's disease23,24 and seldom requires
intervention, but patients with preexisting hypo·
calcemia or vitamin D deficiency must be tteated
before receiving these agents. 2 s Our results suggest that the use ofcalcium supplements is impor·
tant in minimizing symptomatic hypocalcemia.
In conclusion, we found thata single infusion of
zoledronic acid can produce rapid and sustained
remissions, which appear to be accompanied by
improvements in the quality oflife. The long dura·
tion ofr~mission may result in more complete conttol of disease activity than has previously been
possible.
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