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Abstract
Purpose The aims of the current study were to describe clinical and biochemical features of patients with Paget disease of
bone (PDB) followed at our medical center, and to examine the long-term effectiveness of zoledronate.
Methods Retrospective cohort study included consecutive patients≥18 years with a diagnosis of PDB, followed in the Rabin
Medical Center (RMC) Institute of Endocrinology from 1973 to 2023. The cohort comprised two groups: patients treated/not
treated with zoledronic acid (ZOL/NZOL). The primary outcome was the percentage of patients who achieved a biochemical
therapeutic response.
Results Overall, 101 patients with PDB were included, 68 in the ZOL group and 33 in the NZOL group. The mean age was
65.2 ± 10.0 years, and 47% were female. Notably, 77% exhibited monostotic involvement, and only 3% had experienced
fractures attributed to PDB. Mean ALP level at diagnosis was 160 ± 70.6 U/L. The median follow-up duration was 17 years
since PDB diagnosis, comparable between the groups. Primary outcome was more prevalent in the ZOL compared to the
NZOL group [42 patients (88%) VS 11 patients (52%) respectively, P= 0.004]. At the end of follow-up, mean ALP levels in
the NZOL group were significantly higher than the levels in the ZOL group irrespective of the number of infusions received.
Conclusion The majority of patients with PDB experience a mild disease course, marked by monostotic involvement and a
low prevalence of fractures. Zoledronic acid effectively manages PDB, providing sustained biochemical response. The
necessity for multiple zoledronic acid injections remains questionable, often implemented due to osteoporosis.
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Introduction

Paget disease of bone (PDB) is a focal disorder of bone
metabolism characterized by an abnormal, accelerated rate
of bone remodeling at one (monostotic PDB) or more
(polyostotic PDB) skeletal sites [1]. The prevalence of PDB
in the elderly population is estimated to be 1–7% worldwide
[2, 3]. In recent decades, a discernible trend of decreasing
severity and incidence of PDB has emerged [4–7]. This
trend is characterized by the diagnosis of the disease
occurring at an older age, a lower number of affected bones,

and lower alkaline phosphatase (ALP) levels. Additionally,
there has been a decrease in the rate of pathological frac-
tures associated with PDB.

Diagnosis of PDB relies on clinical manifestations,
characteristic imaging findings, and laboratory tests, parti-
cularly serum ALP levels. Due to its low cost and wide-
spread availability, ALP is the bone turnover marker usually
recommended to monitor disease activity [8].

The goal of the treatment in PDB is to alleviate symp-
toms and prevent complications by inhibiting osteoclastic
activity [8, 9]. Calcitonin, a weak antiresorptive medication
with osteoclast-inhibiting properties, was used in the past
[10]. Currently, bisphosphonates, and particularly nitrogen-
containing bisphosphonates, are considered to be the
treatment of choice for PDB [8, 9]. Bisphosphonates often
normalize biochemical markers, may heal lytic bone
lesions [11], and may alleviate disease-induced bone pain
[12]. In the past, intravenous pamidronate was frequently
used to treat active PDB [13]. Subsequently, zoledronic

* Alexander Gorshtein
a_gorshtein@yahoo.com

1 Institute of Endocrinology, Rabin Medical Center, Beilinson
Campus, Petah Tikva, Israel

2 Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-024-03791-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-024-03791-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-024-03791-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12020-024-03791-7&domain=pdf
mailto:a_gorshtein@yahoo.com


acid, a highly potent intravenous bisphosphonate, was
introduced and demonstrated a higher response rate and
longer duration of remission, a decrease in bone markers,
and improvement in quality of life compared to other oral
or intravenous bisphosphonates [14–17]. However, there is
still a debate regarding the optimal treatment strategy in
PDB. While Endocrine Society guidelines recommend
treating most patients with active disease [9], more recent
guidelines advise only treatment for pain relief [8]. A single
infusion of zoledronic acid was found to be effective for up
to 6.5 years [15]; however, limited data is available on the
impact of this treatment in maintaining disease control and
preventing pagetic complications. The aims of the current
study were to characterize a large group of patients with
PDB, assess the long-term efficacy of zoledronic acid, and
determine the indication for repeated administrations of this
treatment.

Methods

Study design

A retrospective cohort study conducted at the Institute of
Endocrinology of RMC, a tertiary hospital in the center of
Israel. The study received approval from the RMC institu-
tional review board (RMC-23-0140).

Study population

All consecutive patients aged ≥ 18 years old with a
diagnosis of PDB, followed at the Institute of Endocri-
nology at RMC from January 1973 to January 2023, were
included. A single patient received a diagnosis in the
seventies, and another in the eighties. The vast majority of
patients were diagnosed with PDB from the nineties
onwards. Excluded from the study were patients with a
bone disease other than PDB and those with PDB who
were lost of follow-up.

The diagnosis of PDB was determined by the treating
endocrinologist based on clinical findings, ALP levels, and
characteristic findings on imaging studies during the diag-
nostic process.

The final cohort comprised two groups: patients treated
with 5 mg zoledronic acid (ZOL) and a group not treated
with zoledronic acid (NZOL). The decision to commence
zoledronic acid treatment relied on the clinical judgment of
the attending endocrinologist, primarily relying on clinical
manifestations such as bone pain and imaging findings
indicative of active disease. Treatment with zoledronic acid
was not given in the presence of contraindications such as
renal failure, drug sensitivity or hypocalcemia.

Data collection, surveillance and follow-up

Data were retrospectively collected from the RMC
computerized system, including demographic details, co-
morbidities, specifically osteoporosis (OP) diagnosis and
treatment, hypertension, diabetes mellitus (DM), dysli-
pidemia and ischemic heart disease (IHD), date of PDB
diagnosis, clinical manifestations such as localized
pain, relevant imaging studies including x-rays and bone
scans and bone biopsy to confirm and evaluate the extent
of the disease. Complications of the disease were also
recorded, including bone fractures, osteosarcoma, hear-
ing loss and heart failure. Laboratory tests, especially
ALP levels, and details of medical therapy for PDB were
recorded, with follow-up duration from diagnosis to last
ALP test and follow-up after zoledronic acid treatment
initiation.

Outcome assessments

The primary outcome was to evaluate the percentage of
patients achieving a therapeutic response, defined as a
composite of ALP levels decreasing to the normal range and
at least a 75% decrease relative to a deviation from the mid-
point of the reference range (Beckman Colter, USA, normal
range 30–120 U/L), as defined in previous studies [14].
Each component of the composite outcome was also ana-
lyzed separately. Outcomes were compared between the
ZOL and NZOL groups as based on the difference between
ALP levels at diagnosis and at the end of follow-up.
Univariate analysis was performed to identify predictive
factors of response to therapy in the ZOL group before
treatment initiation and six months after therapy.

A comparison based on the number of zoledronic acid
infusions was made to identify features of patients receiving
more than one infusion. Mortality among the study groups
was also documented.

Statistical analysis

IBM SPSS version 27.0 (IBM Corp., Armonk, NY) was
used for statistical analysis. Continuous variables were
presented using mean ± SD or median (IQR), as appro-
priate. Categorical variables were presented by (N, %).
Differences between study groups were assessed using the t-
test, Mann–Whitney test, and Chi-square test for normally
distributed continuous, non-normally distributed con-
tinuous, and categorical variables, respectively. ANOVA
was used to compare the values of normally distributed
continuous variables between three study groups. Two-
sided P-values less than 0.05 were considered statistically
significant.

874 Endocrine (2024) 85:873–882



Results

Study population

In total, 101 patients were included in the final analysis,
with 68 in the ZOL group, and 33 in the NZOL group. The
median overall follow-up period for the study cohort was 17
years since PDB diagnosis, and this duration was similar

between the two groups (16 VS 18 years in the ZOL and
NZOL groups, respectively, p= 0.41). The baseline char-
acteristics of the study cohort are detailed in Table 1. The
mean age at diagnosis was 65.2 ± 10.0 years (range, 30–88),
and there were 47 females (47%). The most prevalent
chronic comorbidities were hypertension and dyslipidemia
(60% and 62%, respectively). Chronic renal failure was
documented in 13 patients (13%) and was more prevalent in

Table 1 Baseline characteristics of the study cohort, treatment with zoledronic acid, and follow-up

Zoledronic acid treatment (n= 68) No zoledronic acid treatment (n= 33) P value

Age at diagnosis (years) 64.6 ± 10.6 66.6 ± 8.4 0.35

Mean ± SD (min,max) (30, 84) (49, 88)

Gender – female n (%) 33 (49) 14 (42) 0.67

Clinical manifestations

Bone involvement

Monoostotic 51 (75) 27 (82) 0.61

Polyostotic 17 (25) 6 (18) 0.61

Pelvis and sacrum 46 (68) 24 (73) 0.65

Vertebral 10 (15) 3 (9) 0.54

Femur 15 (22) 4 (12) 0.29

Cranial 10 (15) 3 (9) 0.54

Humerus 4 (6) 4 (12) 0.43

Localized pain n (%) 59 (87) 22 (67) 0.03

Diagnostic tests

Plain X-ray 65 (96) 32 (97) 1.00

Bone scan 67 (99) 32 (97) 0.55

Bone biopsy n (%) 3 (4%) 2 (6%) 0.66

Treatment before zoledronic acid

Calcitonin 2 (3) 2 (6) 0.60
aAny bisphosphonate before zoledronic acid 39 (57) 23 (70) 0.28

Pamidronate n (%) 33 (49) 17 (52) 1.00

Treatment with zoledronic acid 68 (100) 0 (0) < 0.001

Single injection 42 (62)

Two or more injections n (%) 26 (38)

Comorbidities

Chronic renal failure 4 (6) 9 (27) 0.008

Calculated GFR (mL/min/1.73 m²) 51.9 ± 5.8 36.0 ± 5.9

Mean ± SD

Diabetes mellitus 24 (35) 13 (39) 0.83

Ischemic heart disease 14 (21) 8 (24) 0.80

Congestive heart failure 4 (6) 2 (6) 1.00

Hypertension 41 (60) 19 (58) 0.83

Dyslipidemia 42 (62) 21 (64) 1.00

Smoking 2 (3) 4 (12) 0.09

Osteoporosis n (%) 24 (35) 11 (33) 1.00
bFollow-up duration (years)

median (IQR) 16 (11, 24) 18 (14.5, 24) 0.41

(min, max) (2, 49) (4, 42)
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the NZOL compared to the ZOL group (27% VS 6%,
respectively, P= 0.008). Additionally, the NZOL group
exhibited a lower mean calculated glomerular filtration rate
(GFR) compared to the ZOL group (36.0 ± 5.9 VS 51.9 ±
5.8 mL/min/1.73 m², respectively).

Paget’s disease characteristics

The most common clinical manifestation at diagnosis was
localized pain in 81 patients (80%), significantly more
common in the ZOL group compared to the NZOL group
(87% VS 67% respectively, P= 0.03). Monoostotic pre-
sentation was more common than polyostotic [78 patients
(77%) VS 23 patients (23%) respectively]. Bone invol-
vement included the pelvis and sacrum in 70 patients
(69%), femur in 19 patients (19%), and less commonly
vertebral, cranial and humerus involvement (Table 1). The
mean ALP at diagnosis was 160.0 ± 70.6 U/L. Treatment
prior to zoledronic acid included calcitonin in four
patients and bisphosphonates other than zoledronic acid,
in 62 patients, 39/68 in the ZOL group received other
bisphosphonates before zoledronate, and 23/33 received
any bisphosphonate other than zoledronate in the NZOL
group, without significant difference between the two
groups (Table 1). Pamidronate emerged as the non-
zoledronic acid predominant bisphosphonate utilized,
with approximately 50% of patients in both groups
receiving this treatment.

Treatment with zoledronic acid

In total, 68 patients received zoledronic acid, with 42
patients receiving only one infusion and 26 patients receiv-
ing two or more infusions. The median follow-up duration
following zoledronic acid initiation was seven years. In the
ZOL group, the mean ALP before zoledronic acid initiation
was 144.7 U/L, after six months of treatment 72.8 U/L, and
at the end of follow-up 86.2 U/L. The last ALP during the
follow-up was higher in the NZOL group compared to the
ZOL group (109.7 U/L VS 86.2 U/L, respectively, P= 0.03)
(Table 1). Hypocalcemia following zoledronic acid treat-
ment was not observed in any of the patients.

Paget’s disease complications

Out of 101 patients, a total of eight (8%) experienced bone
fractures. Among these, only three fractures were directly
linked to Paget’s disease of bone (one femoral, one lumbar
spine, and one radius fracture), while the remaining five
were classified as osteoporotic fractures. All three pagetic
fractures occurred in the ZOL group around the time of
diagnosis, prior to the initiation of treatment. From the five
osteoporotic fractures, three occurred in the ZOL group, and
two in the NZOL group. None of the patients in our cohort
had osteosarcoma, three patients had hearing loss and six
had heart failure. According to our retrospective impression,
disease relapse after treatment initiation was very rare.

Table 1 (continued)

Zoledronic acid treatment (n= 68) No zoledronic acid treatment (n= 33) P value

Follow-up duration after zoledronic acid initiation (years)

median (IQR) 7 (4,10) N/A

(min, max) (0.5,13)
cALP at diagnosis (U/L) 158.8 ± 57.2 162.8 ± 96.6 0.83

Mean ± SD (78, 318) (69, 484)

(min, max) (n = 48) (n = 21)

ALP before zoledronic acid initiation (U/L) 144.7 ± 53.0 N/A

Mean ± SD (51, 351)

(min, max) (n = 64)

ALP six months after zoledronic acid initiation (U/L) 72.8 ± 19.9 N/A

Mean ± SD (24, 142)

(min, max) (n = 63)

SD standard deviation, ALP alkaline phosphatase (normal range 30–120 U/L), IQR interquartile range, GFR Glomerular Filtration Rate (the
calculation was performed using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation)
aAny bisphosphonate before zoledronic acid – number of patients treated with bisphosphonates before zoledronic acid in the zoledronic acid group,
or during the follow-up period in the non-zoledronic acid group
bLast follow-up was defined as date of last ALP level
cThe main reason for missing values is that data was not available at the beginning of follow-up before it was entered into the computerized
systems
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Study’s outcomes

The study’s outcomes are presented in Table 2. ALP nor-
malization was not significantly different in the ZOL and
NZOL groups [32 patients (67%) VS nine patients (43%)
respectively, P= 0.109]. A decrease of at least 75% in the
ALP levels relative to a deviation of ALP from the mid-
point of the reference range was more prevalent in the ZOL
group compared to the NZOL group [34 patients (71%) VS
seven patients (33%) respectively, P= 0.007]. The com-
posite outcome of ALP normalization and a decrease of at
least 75% in the ALP levels relative to a deviation of ALP
from the mid-point of the reference range was also more
prevalent in the ZOL group compared to the NZOL group
[42 patients (88%) VS 11 patients (52%) respectively,
P= 0.004].

Table 3 represents a univariate analysis for the occur-
rence of the primary outcome of, a composite of ALP
normalization and a decrease of at least 75% in the ALP
levels relative to a deviation of ALP from the mid-point of
the reference range, in the zoledronic acid-treated patients,
before treatment initiation and after six months of therapy.
Cranial involvement was associated with a significantly

Table 2 Clinical outcomes of ALP reduction in patients treated with zoledronic acid and in the non-zoledronic acid group

Zoledronic acid treatment
(n= 48a)

No zoledronic acid
treatment (n= 21a)

P value

ALP normalization n (%) 32 (67) 9 (43) 0.109

Decrease of at least 75% in the ALP levels relative to a deviation of ALP
from the mid-point of the reference range (%)

34 (71) 7 (33) 0.007

Composite of ALP normalization and decrease in ALP levels of at least 75%
compared to deviation of ALP from the mid-point of the reference range
n (%)

42 (88) 11 (52) 0.004

ALP alkaline phosphatase (normal range 30–120 U/L)
aThe outcome analysis includes only 69 patients because of missing data regarding to ALP levels at diagnosis

Table 3 Univariate analysis for occurrence of the primary outcome of
a composite of ALP normalization and decrease of at least 75% in the
ALP levels relative to a deviation of ALP from the mid-point of the
reference range, in the zoledronic acid treated patients, before
treatment initiation and after six months of therapy

Composite outcome
occurred (n = 53)

P value

Age at diagnosis
(years)
Mean ± SD

64.4 ± 10.8 0.727

Clinical manifestations

Bone involvement

Monoostotic 39 (74) 1.00

Polyostotic 14 (26) 1.00

Pelvis and sacrum 37 (70) 0.28

Vertebral 9 (17) 0.33

Femur 9 (17) 0.19

Cranial 5 (9) 0.03

Humerus 3 (6) 1.00

Localized pain n (%) 45 (85) 0.34

Diagnostic tests

Plain X-ray 50 (94) 1.00

Bone scan 52 (98) 1.00

Bone biopsy n (%) 1 (2) 0.29

Treatment before zoledronic acid

Calcitonin 2 (4) 1.00
aAny bisphosphonate before
zoledronic acid

28 (53) 0.17

Pamidronate n (%) 24 (46) (n = 52) 0.30

Treatment with zoledronic acid

Single injection 35 (66) 0.48

Two or more injections n (%) 18 (34) 0.48

Comorbidities

Chronic renal failure 3 (6) 0.51

Diabetes mellitus 16 (30) 0.28

Ischemic heart disease 12 (23) 0.67

Congestive heart failure 1 (2) 0.29

Hypertension 35 (66) 0.16

Dyslipidemia 36 (68) 0.15

Smoking 1 (2) 1.00

Osteoporosis n (%) 17 (32) 0.30
bFollow-up duration (years) 16 (12, 28) 0.917

median (IQR) (2, 49)

(min, max) (n = 52)

Table 3 (continued)

Composite outcome
occurred (n = 53)

P value

cALP before zoledronic acid initiation (U/L)

Mean ± SD 154.4 ± 51.2 < 0.001

SD standard deviation, ALP alkaline phosphatase (normal range
30–120 U/L), IQR interquartile range
aAny bisphosphonate before zoledronic acid – number of patients
treated with bisphosphonates before zoledronic acid in the zoledronic
acid group, or during the follow-up period in the non-zoledronic acid
group
bLast follow-up was defined as date of last ALP level
cThe main reason for missing values is that data was not available at
the beginning of follow-up before it was entered into the computerized
systems
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lower rate of response to therapy (P= 0.03). ALP levels
before zoledronic acid initiation were significantly higher in
patients who responded to treatment compared to non-
responders (154.4 ± 51.2 U/L VS 95.5 ± 34.5 U/L,
P < 0.001). Since there were no clear parameters influencing
the response to therapy, a multivariate analysis was not
completed.

Comparison between single and multiple infusions
of zoledronic acid

When comparing ALP levels at diagnosis and at the end of
follow-up according to the number of zoledronic acid infu-
sions (Fig. 1), mean ALP levels at diagnosis were found to
be similar between patients treated with zoledronic acid with
a single or more than one infusion and the NZOL group.
However, at the end of follow-up, mean ALP levels in the
NZOL group were significantly higher than the levels in the
treated groups, regardless of the number of infusions (119 U/
L VS 83 U/L and 83 U/L in the NZOL group, the ZOL
group with a single infusion and the ZOL group with mul-
tiple infusions, respectively, p= 0.007). There was no dif-
ference in mean ALP levels at the end of follow-up between
the group that was treated with one infusion and the group
that received two or more infusions. The reported indications
for more than one zoledronic acid infusions were osteo-
porosis in 16 patients and Paget’s disease in 10 patients and
were based on clinical judgment of the treating physician.

When comparing characteristics of patients treated with
one infusion and those treated with two or more infusions,
female gender, cranial involvement, and a prior diagnosis of
osteoporosis were the only parameters that were different
between the two groups. Osteoporosis and female gender
were more common in the group that was treated with two
or more infusions. Cranial involvement was also more
common in the multiple infusions group (Table 4).

Mortality

During the follow-up, thirty-one patients passed away, with
16 patients (24%) in the ZOL group and 15 patients (46%)
in the NZOL group, yielding a significant difference
P= 0.038. The mean age at the time of death was 85.9 ±
8.4 for the ZOL group and 88.8 ± 7.4 years for the NZOL
group, with no significant difference observed, P= 0.311.
The median follow-up of for the 11 patients who died after a
single zoledronic acid infusion was 5 years (IQR 2–8 years),
while the median follow-up for the five patients who
received two or more infusions of zoledronic acid was 8
years (IQR 6–10 years). We did not have access to death
certificates to ascertain the cause of death.

Discussion

In our retrospective study of patients with PDB, the
majority had mild disease with predominantly monostotic
involvement and a low prevalence of complications. The
biochemical response to zoledronic acid persisted for up to
13 years following the initial infusion.

Our findings align with prior research on the effective-
ness of zoledronic acid in managing PDB, further sub-
stantiateing the prolonged duration of efficacy of this
medication. A study by Reid and colleagues in 2005 [14]
found that a solitary administration of zoledronic acid
results in quicker, more comprehensive, and longer-lasting
improvements in individuals with Paget’s disease compared
to using risedronate for treatment. In a study of Merlotti
et al. [16], a single zoledronate infusion effectively achieved
biochemical remission in as many as 90% of patients who
did not respond to pamidronate, and therapeutic response
was maintained in most patients for up to 15 months. In a
study assessing long-term follow-up following a single

Fig. 1 ALP levels at diagnosis
and at the end of follow-up
according to number of
zoledronic acid infusions. ALP
alkaline phosphatase
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Table 4 Comparison between characteristics of patients treated with one infusion and two or more infusions of zoledronic acid

Zoledronic acid treatment – single
infusion (n = 42)

+Zoledronic acid treatment – two
or more infusions (n = 26)

P value

Age at diagnosis (years)
Mean ± SD

64.7 ± 10.8 64.4 ± 10.5 0.91

Gender – female n (%) 16 (38) 17 (65) 0.045

Clinical manifestations

Bone involvement

Monoostotic 33 (79) 18 (69) 0.40

Polyostotic 9 (21) 8 (31) 0.40

Pelvis and sacrum 28 (67) 18 (69) 1.00

Vertebral 7 (17) 3 (12) 0.73

Femural 8 (19) 7 (27) 0.55

Cranial 3 (7) 7 (27) 0.04

Humerus 2 (5) 2 (8) 0.63

Localized pain n (%) 37 (88) 22 (85) 0.72

Treatment before zoledronic acid

Calcitonin 2 (5) 0 (0) 0.52
aAny bisphosphonate before zoledronic acid 21 (50) 18 (69) 0.14

Pamidronate n (%) 19 (45) 14 (54) 0.62

Comorbidities

Chronic renal failure 3 (7) 1 (4) 1.00

Diabetes mellitus 16 (38) 8 (31) 0.61

Ischemic heart disease 10 (24) 4 (15) 0.54

Congestive heart failure 3 (7) 1 (4) 1.00

Hypertension 24 (57) 17 (65) 0.61

Dyslipidemia 26 (62) 16 (62) 1.00

Smoking 2 (5) 0 (0) 0.52

Osteoporosis n (%) 9 (21) 15 (58) 0.004
bFollow-up duration (years)

median (IQR) 12 (7, 17) 12.5 (11, 19) 0.15

(min, max) (2, 49) (6,29)
cALP levels at diagnosis (U/L) 156.9 ± 44.7 153.4 ± 71.6 0.87

Mean ± SD (78, 266) (80, 318)

(min, max) (n = 33) (n = 15)

ALP before zoledronic acid initiation (U/L) 150.8 ± 54.3 133.8 ± 49.8 0.21

Mean ± SD (66,351) (51, 254)

(min, max) (n = 41) (n = 23)

ALP six months after zoledronic acid initiation (U/L) 71.6 ± 18.9 74.9 ± 21.9 0.55

Mean ± SD (24, 142) (38, 138)

(min, max) (n = 40) (n = 23)

ALP levels at the end of follow-up (U/L) 83.3 ± 22.7 91.2 ± 37.1 0.29

Mean ± SD (45, 142) (50, 239)

(min, max) (n = 24)

SD standard deviation, ALP alkaline phosphatase (normal range 30–120 U/L), IQR interquartile range
aAny bisphosphonate before zoledronic acid – number of patients treated with bisphosphonates before zoledronic acid in the zoledronic acid group,
or during the follow-up period in the non-zoledronic acid group
bLast follow-up was defined as date of last ALP level
cThe main reason for missing values is that data was not available at the beginning of follow-up before it was entered into the computerized systems

+The reported indications for more than one zoledronic acid infusions were osteoporosis in 16 patients and Paget’s disease in ten patients, and
were based on clinical judgment of the treating physician
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infusion of zoledronic acid in Paget’s disease patients,
remission duration of 6.5 years was demonstrated [15].
However, these studies focused on a single infusion of
zoledronic acid with a shorter follow-up period than the
follow-up in our study (six months plus 190 days of
extension [14], 15 months [16] and 6.5 years [15],
respectively). Our study extends prior research by empha-
sizing the enduring effectiveness of zoledronic acid. The
overall follow-up period in our study was a median of 17
years, with a median follow-up of seven years after
zoledronic acid treatment initiation and maximum follow-
up of 13 years under treatment, highlighting the durability
of zoledronic acid’s benefits.

The majority of patients in our study had mild disease
predominantly involving a single bone in more than 75%.
Localized pain was the most common clinical manifesta-
tion, significantly more common in the ZOL group com-
pared to the NZOL group, likely serving as an incentives for
treatment. Our study noted a low rate of skeletal compli-
cations, with only a small fraction of patients experiencing
pathological fractures before starting treatment. This
observation aligns with a global trend of decreasing PDB
severity and incidence [4–7]. Pathological fracture rate was
also low in a previous British cohort [18]. A systematic
review reported a decline in the prevalance of fractures as a
presenting feature of PDB over recent decades, but regional
differences in referral patterns, missing data and reporting
bias were noted [18]. The reduction in the clinical severity
of PDB may be associated with environmental factors,
though their specific nature remains unidentified [4]. Over
the past three decades, bisphosphonates have become
widely utilized, primarily for the treatment of osteoporosis.
Their application for alternative purposes may contributes
to alleviate the clinical manifestations of PDB.

In our cohort, approximately 70% of patients in the
NZOL group recieved bisphosphonate treatment other than
zoledronate, predominantly pamidronate. This may have
mitigated the biochemical and clinical characteristics of
PDB. Similarly, in the ZOL group, 57% of patients had
previously received other bisphosphonates before transi-
tioning to zoledronate, which may have affected the effec-
tiveness of zoledronic acid.

Chronic renal failure was the only chronic condition that
exhibited a significant difference between the two groups,
being more prevalent in the NZOL group. Additionally, the
NZOL group exhibited a lower mean calculated GFR
compared to the ZOL group. This finding might cause
prescription bias related to renal failure, such that this var-
iance likely influenced the decision to avoid administering
zoledronic acid treatment to these patients.

The Endocrine Society guidelines from 2014 recommend
treatment of all patients with active PDB at risk of com-
plications, termed intensive treatment strategy [9].

However, more recent guidelines from 2019 suggest treat-
ing symptomatic patients primarily for pain relief [8]. In a
recent retrospective study, metabolically active patients
with PDB treated with intensive zoledronic acid therapy had
a negligible risk of complications and long-term disease
control [19]. In a large prospective trial comparing intensive
versus symptom control strategy, complications and bone
pain didn’t differ after 3 years of follow-up between study
groups [20]. In a 3-years extension study [21], zoledronic
acid was implemented with similar strategies, and patients
in the intensive treatment group had a non-significant
increase in fractures and orthopedic procedures.

Interestingly, ALP levels before zoledronic acid initia-
tion were significantly higher in patients who responded to
treatment compared to non-responders. This finding is not
in line with literature and clinical practice, as patients with
higher ALP pre-treatment values are generally more at risk
for disease persistence after Zol [15].

When comparing ALP levels at diagnosis and at the end
of follow-up according to number of zoledronic acid infu-
sions, we found a similar level of ALP at diagnosis in all
groups. However, at the end of follow-up, mean ALP levels
in the group that was not treated with zoledronic acid were
significantly higher than the levels in the treated groups
with single or multiple infusions, emphasizing the effec-
tiveness of zoledronic acid treatment on the biochemical
response. Nevertheless, the statistically-significant differ-
ence in ALP levels between the NZOL and the ZOL groups
at the end of follow-up may not necessarily translate into
clinical significance, especially as the values in the NZOL
group remains within the reference range and data regarding
clinical symptoms at the end of follow-up are lacking. The
comparable levels of ALP at the end of follow-up between
single or multiple injections is in line with previous studies
assessing a single infusion of zoledronic acid [14–16] and
does not support an added value of repeated treatments.
Similarly, a study examining the durability of response to
zoledronate treatment showed that the majority of elderly
patients with Paget’s disease responded to a single intra-
venous infusion of zoledronate with indefinite disease
suppression [22]. At the same time, Reid et al. reported a
beneficial effect of re-treatment for the rare situation of
relapsed Paget’s disease [23]. The results of our study align
with the widely accepted approach of a single administra-
tion of zoledronic acid for disease control. It is important to
note that most of our patients (16/26) who received more
than one infusion of zoledronic acid, received it for the
indication of osteoporosis and not for PDB. An alternative
explanation for the need for multiple infusions to achieve a
therapeutic response, rather than treating osteoporosis,
could be more severe phenotype characteristics of PDB.
However, upon comparing patients who underwent a single
infusion with those who received two or more infusions,
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there were no discernible differences in factors such as age,
extent of disease, local pain, type of treatment before
zoledronic acid, comorbidities (except osteoporosis) and
ALP levels at diagnosis and before treatment initiation
between the two groups. Therefore, it seems less likely to
assume that patients who received more than one infusion
had a more severe form of the disease. Unfortunately,
information related to genetic tests, such as the presence of
SQSTM1 mutation, which often necessitate additional
infusions, was not available.

The administration of zoledronate proved to be safe in
our patients diagnosed with PDB, as no instances of
hypocalcemia were observed.

Our study documented a considerable mortality rate, with
approximately one-third of patients succumbing during
follow-up, primarily at an advanced age. It is worth noting
that mortality was more prevalent in the NZOL group,
possibly attributed to a higher incidence of chronic kidney
disease. However, this difference may not be clinically
significant, given the exceptionally advanced age at which
these deaths occurred.

The study has several limitations. Firstly, there are
missing data of ALP levels at diagnosis, resulting in the
inclusion of only 69 patients in the outcome analysis.
Although we considered using ALP levels obtained at a
different time point from the initial diagnosis, we opted
against it because of the potential impact of other treatments
these patients might have received, which could have
influenced their ALP levels. Secondly, subjective clinical
improvement was not specified as an outcome measure.
Instead, we focused on using biochemical response as the
primary outcome because it is more objective and can be
easily quantified. Lastly, the retrospective nature of this
study is another limitation; the patients were not randomly
assigned to receive zoledronic acid or placebo, and the
treatment and follow-up were therefore not standardized.
Several expert endocrinologists participated in the medical
care of the patients and since there is a lack of standardized
criteria for initiation timing and number of injections of
zoledronate, decisions were largely made based on indivi-
dual practice or on the recommendation of our
multidisciplinary team.

Conclusion

The majority of patients with PDB in this cohort exhibited a
mild disease course, characterized by monostotic involve-
ment and a low prevalence of complications. Our study
underscores the enduring efficacy of zoledronic acid,
revealing sustained biochemical response for up to 13 years
following the initial infusion in PDB patients. Our findings
suggest that a single infusion may suffice for most patients,

with additional infusions primarily warranted for concurrent
osteoporosis.
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