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Abstract

Purpose Bisphosphonates are the mainstay of the treatment of Paget’s disease of bone (PDB). Clinical practice guidelines
recommend treatment with intravenous zoledronic acid or high-dose oral nitrogen bisphosphonates (N-BPs). We present our
long-term experience treating PDB patients with lower than recommended oral doses of N-BPs, equivalent to once-weekly
doses used for treating osteoporosis.

Methods PDB patients were seen, between 1990 and 2015 at the endocrine clinic of an academic medical center. Diagnosis
was established according to accepted criteria. Patients were initially treated with alendronate 70 mg/week or risedronate
35 mg/week. Whenever the initial dose failed to produce remission, the dosage was increased to twice a week the respective
dose.

Results Patients were followed for a mean of 11.9 years (range: 1.7-24.8). Out of 96 treatment courses with N-BPs, 89%
were with alendronate and 11% with risedronate. Remission was achieved in 84% of the courses with alendronate 70 mg/
week. 90% of those who did not achieve remission subsequently responded to 140 mg/week. Out of the 8 treatment courses
with risedronate 35 mg/week, 87% achieved remission, and the 2 patients who did not achieve remission subsequently
responded to 70 mg/week. The median duration of remissions following 3-4 months courses of alendronate 70 mg/week or
risedronate 35 mg/week was 8.8 months (IQR: 5.5, 14.8).

Conclusion In a large proportion of “real world” PDB patients, remission can be achieved with once-weekly, “osteoporosis
doses” of alendronate or risedronate.
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Introduction available, and most commonly used, marker for determining

PDB activity [1-3]. Clinical presentation varies from

Paget’s disease of bone (PDB) is a focal, disorder of bone
remodeling consisting of increased bone resorption by
abnormal osteoclasts, resulting in disorganized bone for-
mation at affected skeletal sites. The disease is characterized
by distinct radiographic and scintigraphic features and
increased levels of bone turnover markers, particularly
serum alkaline phosphatase (AP), which is the most readily
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asymptomatic disease to localized bone pain, deformed long
bones, which may lead to secondary osteoarthritis and
nerve-root compression adjacent to affected bone. Hyper-
uricemia, hypercalcemia, high-output heart failure, and
sarcomatous transformation may also occur [1-3].

Current guidelines favor treatment with intravenous
amino-bisphosphonates (N-BPs), particularly zoledronic
acid, for its prolonged effective control of PDB activity, or
high-dose oral N-BPs (46 times the recommended dose for
osteoporosis) [1, 4, 5]. Nevertheless, many clinicians,
including bone experts, settle for considerably lower than
the recommended doses, as low as 5 mg/day of alendronate,
based on their clinical judgment, experience, or constrains
that preclude the use of the recommended regimens [6-9].

N-BPs were gradually introduced in Israel since 1995
and were initially exclusively approved for the treatment of
osteoporosis. Oral N-BPs became widely available in 2000
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and we have used them since to treat our PDB patients,
some of whom were switched from the intermittent, cyclic,
etidronate regimen. The current study summarizes our long-
term experience treating real-world PDB patients with low-
doses of oral N-BPs.

Patients and methods
Patients

Patients were seen (by Y.L.) between 1990 and 2015 at the
Soroka University Medical Center Endocrine Clinic, which
provides secondary and tertiary endocrine care for a
population of ~700,000 in Southern Israel. All PDB
patients treated with N-BPs were included in the study and
no exclusion criteria were applied. None of our patients
received high-dose oral, or intravenous, bisphosphonate
treatment prior to receiving the low-dose regimen. Clinical
data and laboratory results were extracted retrospectively
from paper charts and electronic medical records and
transferred to an electronic worksheet for statistical
analysis.

PDB was often discovered serendipitously due to ele-
vated AP, suggestive X-ray, or bone scintigraphy findings.
The patients suffered from mild to moderate skeletal pain;
none had severe pain or overt complications of PDB. The
diagnosis of PDB was definitively established based on
accepted clinical, radiographic and scintigraphic criteria [3].
Disease activity was determined based on symptoms and
total serum AP, following exclusion of vitamin D deficiency
or other metabolic bone disease. When in doubt regarding
possible confounding hepatobiliary origin of AP, AP iso-
enzymes were determined by electrophoresis, and gamma-
glutamyl-transferase (GGT) was measured. Patients with
active disease were initially prescribed once-weekly, brand-
name bisphosphonate preparations (alendronate 70 mg or
risedronate 35 mg). Brand-name preparations were occa-
sionally switched to generic preparations, as they became
available. We aimed at decreasing and maintaining serum
AP at mid-normal range. Based on results of available
published studies with high-dose N-BPs [1, 4, 5], we
allowed 3—4 month to achieve normalization of AP during
N-BPs treatment to assess response. Dose was modified,
according to the initial response, either increased to twice
“weekly” tablets (140 mg/week or 70 mg/week for alen-
dronate and risedronate, respectively), and occasionally
decreased to a one “weekly” tablet every 2 weeks. None of
our patients was switched between oral bisphosphonates,
except those initially treated with intermittent, cyclic,
courses of etidronate who were switched to N-BPs [10]. All
our patients received regular calcium and vitamin D
supplementations.
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Definitions

“Treatment course”’—the period between initiation and
cessation of bisphosphonate treatment or change in dose;
“Remission”—normalization of serum AP activity
(<130 1U); “Duration of remission”—the time period fol-
lowing discontinuation of a treatment course after achieving
normal AP, until the first occurrence of AP >1301IU, or
until re-initiation of a new treatment course (whenever
treatment was resumed before AP > 130 IU).

Statistical analysis

Results are presented as mean (+SD) for continuous vari-
ables and as percentages for categorical variables. Catego-
rical variables were compared using the chi-square test.
Continuous variables were examined with the Student's #-
test. Continuous variables that were not normally dis-
tributed were reported as median and interquartile range
(IQR) and compared by the Kruskal Wallis or
Mann—Whitney U-test. Statistical analyses were performed
using IBM SPSS version 24 (Chicago, USA). P-values <
0.05 were considered statistically significant.

Results
Patients’ baseline characteristics

The baseline characteristics of the patients are presented in
Table 1. There were 21 patients, 7 women and 14 men, with
a mean age at presentation of 64 +3 years (range 43-87),
who were followed-up for a mean of 11.9 years (range:
1.7-24.8 years).

Active-treatment courses with oral N-BPs

We observed a total of 95 with oral N-BPs: 85 with alen-
dronate (32 of which with generic alendronate), and 11 with
risedronate (6 of which with generic risedronate).

Table 2 presents the treatment outcomes for the various
drugs and dose regimens. Of 85 treatment courses with
alendronate, 71 (83%) were with 70 mg/week, 10 (12%)
with an augmented dose of 70 mg twice a week (140 mg/
week), and 4 (5%) with a reduced alendronate dose of
70 mg every 2 weeks (70 mg/2 weeks).

Out of 11 treatment courses with risedronate, 8 were with
35 mg/week, 2 with an augmented dose of 35 mg twice a
week (140 mg/week), and 1 with a reduced dose of 35 mg
every 2 weeks (35 mg/2 weeks).

Remissions were achieved in 84% of the courses with
alendronate 70 mg/week, and in 90% of courses with
140 mg/week, 7 of which following failure to achieve
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Table 1 Baseline patient’s

Gender Age at presentation Affected skeletal site

AP at presentation (IU) Total follow-up time

characteristics ©) (years)
1 F 88 Pelvis 436 39
2 M 55 Pelvis 175 15.5
3 F 55 Pelvis 165 73
4 M 78 Pelvis, sternum 215 10.5
5 M 83 Pelvis 170 74
6 M 64 Pelvis, spine, humerus 384 11.5
7 M 76 Pelvis, humerus, 418 9.3
calvaria
M 48 Pelvis, spine, tibia 284 13.8
M 44 pelvis 351 22.0
10 F 72 Pelvis, calvaria, tibia 451 18.6
11 M 51 Pelvis 349 24.8
12 M 55 Femur, spine 176 15.6
13 M 70 Pelvis 230 21.3
14 F 80 Pelvis 369 1.7
15 M 53 Pelvis 519 11.3
16 M 69 Pelvis 156 13.0
17 F 59 Pelvis 139 7.2
18 F 57 Calvarium 173 6.8
19 M 71 Pelvis 437 11.1
20 M 52 Calvarium 358 53
21 F 60 Pelvis 235 11.9
Table 2 Outcome of Paget’s disease treatment courses
Bisphosphonate (N) Dose Median Rx Mean serum P value Median time to  Remission Median remission
duration (days) alkaline AP <130 (days) Achieved (N/N) duration (days)
phosphatase
Initial Final
Alendronate (71) 70mg/w 184 (120; 302) 162+80 104+57 <0.001 114 (86; 144) 41/49 (84%) 264 (166; 445)
Alendronate (10) 140 mg/w 159 (125; 349) 220110 110+26 0.011 153 (152; 188)  9/10 (90%) 204 (192; 215)
Alendronate (4) 70 mg/2w 645 (273; 1080) 100+24 133+4 — — 1/4 (25%) —
Risedronate (8) 35mg/W 376 (156; 457) 189+80 107+9 0.016 126 (118; 134)  7/8 (87%) 530 (353; 707)
Risedronate (2) 70mg/W 311 262 98 — 127 2/2 (100%)
Risedronate (1) 35mg/2W 312 105 132 — 121 — —
remission with the 70mg/w dose, and remission was Remissions

achieved in all but one patient (Fig. 1). Similarly, 87% of
those treated with risedronate 35 mg/week achieved remis-
sion, and the 2 patients who did not achieve remission with
the 35 mg/week, achieved remission with 35 mg/twice a
week (70 mg/week). In patients treated with N-BPs who
achieved remission, the median time to reach normal AP
was 3—4 months, irrespective of drug.

Figure 2 provides an illustration of long-term manage-
ment in a patient treated with intermittent oral alendronate,
70 mg/week.

We observed a total of 60 documented remission periods in
patients following oral N-BPs (Table 2). The remissions’
duration was highly variable with a median of 7-9.5 months
(note: since re-institution of treatment was often initiated
while AP still within normal range, the results reflect
minimal estimates of remission duration).

Following alendronate courses the median increase rate
of AP during no-treatment periods was 6.1 IlU/month (IQR
3.9, 10.7). The AP increase rate following risedronate was
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Fig. 1 Individual responses of serum alkaline phosphatase to alen-
dronate, 70 mg/week, and an augmented, 140 mg/week dose. The
horizontal dashed line indicates the upper limit of the normal for serum
alkaline phosphatase. The one patient (asterisk) who failed to respond
to the augmented oral dose subsequently achieved long-term remission
with iv zoledronic acid
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Fig. 2 Long-term intermittent treatment with alendronate, 70 mg/week
(patient #15). Black blocks above the x-axis indicate active-treatment
courses. The horizontal dashed line indicates the upper limit of the
normal for serum alkaline phosphatase

9.7 U/month (IQR 5.7, 14.8); the difference between the
drugs did not reach significance.

We observed a slight, non-significant, positive correla-
tion (r=0.24) between the length of the preceding treat-
ment courses and the duration of subsequent remissions.

Maintenance of remission with continuous oral N-
BPs treatment

Twenty one treatment courses with alendronate 70 mg/week

and 1 with risedronate 35 mg/week treatment started while
patients were still in remission (AP < 130). AP remained
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normal in 18 (86%) and increased above normal range in 3
(14%) of the alendronate courses and remained normal in
the one continuous risedronate treatment course.

Effect of further reduced dose of alendronate

There were 4 treatment courses with alendronate 70 mg/
2 weeks. Three courses which were started during remis-
sion, resulted in relapse. One which started with AP > 130
resulted in remission.

Adverse events

Low-dose oral N-BPs were well tolerated. None of our
patients discontinued oral bisphosphonate treatment or
reported bisphosphonate-related adverse effects.

Discussion

Our results indicate that in a population of PDB patients
with mild to moderately active disease, disease activity
could be controlled for very-long periods of time with once-
weekly preparations of either alendronate (70 mg/week) or
risedronate (35 mg/week), originally intended for osteo-
porosis treatment. These dose regimens are considerably
lower than the 40 mg/day and 30 mg/day recommended in
clinical practice guidelines for alendronate and risedronate,
respectively [4, 5]. Most of our patients who did not achieve
remission with the “once-weekly osteoporosis dose” sub-
sequently responded to an increase to twice a week the
“weekly” dose (Fig. 1), yet still considerably lower than the
currently recommended doses. While higher doses of oral
alendronate were associated with adverse effects and with-
drawal from treatment [11-13], our results with low-dose
N-BPs revealed comparable success rates with no appreci-
able adverse effects and no withdrawal from treatment.

Few others have referred to the efficacy of lower than the
recommended doses of N-BPs, as low as 5 mg/day (35 mg/
week) of alendronate, in “real-world” patients [6-9, 14].
Some disparities between doses deemed effective in seminal
controlled studies and reports from ‘“real-world” settings,
could be due to more extensive disease in patients partici-
pating in controlled studies conducted in referral centers vs.
patients treated in “real-world” settings [15, 16].

The median duration of active N-BPs treatment courses
for patients treated with either oral alendronate or rise-
dronate who started treatment courses with AP > 130 was
between 8 months and a year. The time required to achieve
remission was variable, with a median of 3—-4 months,
comparable to the observed response with a much higher
dose of alendronate, 40 mg/day [12]. Remissions’ lengths
were also of variable duration and lasted for a median of
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7—-17 months. It should be noted that since laboratory test-
ing was not performed regularly, the recorded times to
achieve remission reflect maximal estimates, while the
recorded remissions duration, occasionally interrupted by
re-initiation of treatment, reflect minimal estimates. It has
previously been suggested that the duration of remission
was related to the duration of treatment and to the nadir
levels of AP [13, 17, 18]. Our data revealed a slight, non-
significant, correlation between treatment length and
remission duration. The variable response of individual
patients could be attributed to the extent of bone involve-
ment, the degree of disease activity, the particular bispho-
sphonate used, the compliance rate, and the bioavailability
of the oral bisphosphonates in individual patients. The
maintenance of long-term efficacy of low-dose oral N-BPs
in our PDB patients is remarkable, given the relatively high
rate of treatment failure observed by us in long-term oral N-
BPs treated osteoporotic women [19]. We observed no
difference in the rate of remissions achieved with either
alendronate or risedronate, and we observed no appreciable
difference in response to brand-name and generic N-BPs
preparations (data not shown).

Our study has limitation: it is observational, retro-
spective, and reflects a single institute experience. Patients
suffered from mild to moderately active disease. Treatment
of mildly symptomatic patients is still a controversial issue
[2, 9, 16, 20], despite investigative attempts to settle it [21,
22]. Our choice was to treat all PBD patients with active
disease. Our results cannot be necessarily generalized to
patients with extensive disease.

The number of risedronate treatment courses was small.
We used only AP as marker for determining disease
activity, because of its availability and proven utility, and
unavailability of modern bone turnover markers (e.g.,
PINP, CTx, NTx) during the study period. However, the
new markers have been suggested as ancillary to AP
assessment mainly in patients with concurrent hepatobiliary
disease [4], but otherwise, their use in routine practice is not
recommended or controversial [2, 23]. Due to the well-
established correlation between AP and bone scan [23], we
did not repeat bone scans in asymptomatic patients. Finally,
we did not use formal assessment tools to evaluate pain in
our routine clinic, but we were attentive to patients’
complaints.

The study’s strength is that it reflects a less-conventional,
but effective, “real-world” approach to treatment PBD
patients. It included all PDB patients treated in our clinic
during the respective period following the introduction of
N-BPs and thus faithfully reflects outcomes of treatment
during short and very-long follow-ups in “real-world” PBD
patients. Despite limitations, our results are both clinically
and statistically highly significant.

Our results indicate that whenever the use of the
recommended standard of care for controlling active PDB,
i.e., single intravenous infusion of zoledronic acid, is pre-
cluded, oral N-BPs, at doses equal or twice those recom-
mended for osteoporosis treatment, can be extremely
efficacious in controlling disease activity in a large pro-
portion of “real-world” patients. Other parenteral alter-
natives, such as s.c. or intranasal Salmon calcitonin or
intravenous pamidronate were not used in our clinic during
the present study time-frame, due to previous somewhat-
disappointing clinical outcomes. Other intravenous treat-
ment options besides zoledronate, such as ibandronate or
neridronate were never available in Israel. We show that
4-6 months on an oral N-BP treatment can provide pro-
longed subsequent remissions in a very large proportion of
“real-world” patients. Given the linear rate of AP increase
following treatment courses [13], the approximate timing
for re-initiation of treatment, to maintain continuous control
of the disease activity, can be predicted. In our study the
median AP increase rates were 6.3 and 9.7 IU/months for
alendronate and risedronate, respectively. The difference
between the two drugs could possibly reflect the higher
affinity of alendronate to bone and its longer residual effect,
as previously demonstrated in osteoporotic patients
[24-26].

Despite reports that alendronate at doses as low as
5 mg/day could provide long-term control of PDB activity,
[7, 14], our results suggest that its efficacy is limited.

Conclusions

We provide a strong proof of concept that low-dose oral
amino-bisphosphonates are highly effective in controlling
Paget’s disease of bone in a large proportion of “real-world”
patients, and could be considered as reasonable therapeutic
alternative, particularly in the present era of decreasing
prevalence and decreasing severity of the disease [27].
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