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Abstract The aim of this study was to assess the long-
term efficacy and safety of i.v. neridronate in the treatment
of osteogenesis imperfecta (OI). One hundred and four-
teen patients affected by OI were included in the study.
Neridronate was administered by i.v. infusion at the dos-
age of 2 mg/kg, up to a maximum of 100 mg at three-
month intervals for 3 years. Dual X-ray absorptiometry of
the lumbar spine, hip, and ultradistal and proximal radius
were evaluated every 6 months. Blood calcium, phosphate,
albumin, fasting urinary calcium/creatinine ratio, total
serum alkaline phosphatase, and bone alkaline phosphatase
were obtained at baseline and every 3 months. The mean
lumbar spine and total hip BMD significantly increased
from baseline to any time point (p<0.001). The mean
ultradistal radius BMD significantly increased from base-
line only at month 18 (p=0.026), 30 (p=0.046), and 36
(p=0.013), respectively. The mean proximal radius BMD
did not change during the whole observation. The lev-
els of bone turnover markers significantly decreased from
baseline to any post-baseline observation time. The study
was not able to find any statistically significant effect on
fracture risk (p=0.185). The percentage of patients with
fractures was unaltered during treatment as compared
to the 3-year period before treatment. The most common
AEs were fragility fractures, back pain, arthralgia, fever,
and joint sprain. An acute phase reaction was reported
in 26 (22.8%) patients. None of the reported SAEs were
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considered as treatment-related. Long-term treatment with
i.v. neridronate has positive effects on BMD and bone turn-
over markers with a good safety profile, although no sig-
nificant effect on the risk of fracture was observed.
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Introduction

Osteogenesis Imperfecta (OI) is a generalized connective
tissue disease and represents a fairly common disorder (one
in 15-20,000 births). The main features are skeletal fragil-
ity and substantial growth deficiency [1-3]. Other relevant
findings are often non-skeletal features, including blue
sclerae, hearing loss, dentinogenesis imperfecta, impaired
pulmonary function, and cardiac valvular regurgitation.
Different types of OI have been identified, based on clinical
and hereditarily characteristics and on biochemical defects
[1-3].

The bone histomorphometric picture is usually charac-
terized by the presence of an excessive number of osteo-
blasts with impaired activity and a consequent defective
bone matrix deposition. The trabecular skeletal turnover
is roughly increased, at least up until maturity [4]. These
histomorphometric features have been confirmed by the
detection of an increase in bone turnover markers, such as
serum osteocalcin, collagen peptide cross-links (N-telopep-
tide), and calcium urinary excretion [5-9].

Several therapies have been suggested for the treatment
of O, including calcitonin [10], growth hormone alone or
in combination with other treatments [11, 12], teripara-
tide [13, 14] and bone marrow transplantation [15]. The
increase of bone turnover markers is a hallmark of the
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disease and represents the rational for therapy with antire-
sorptive agents such as bisphosphonates or denosumab [16,
17]. To date, bisphosphonates showed to increase bone
mineral density (BMD). A positive effect on prevention
of fractures both in adults and in children is reported by
some studies [17-19], but generally data are inconsistent as
shown by a recent metanalysis by Hald et al. [20]. In par-
ticular, neridronate has been approved in Italy for the treat-
ment of OI. The aim of this study was to assess the long-
term efficacy and safety of i.v. neridronate in the treatment
of OL.

Methods
Population

The study sample includes adult patients (aged > 20 years)
with OI, enrolled in a single investigational study site.
Patients were enrolled from a dedicated outpatient clinic
of a national reference Centre for Osteogenesis Imperfecta.
All the patients had previously received the diagnosis on
the basis of a history of fragility fractures (one or more,
especially during youth), concomitant positive family his-
tory and/or extraskeletal manifestation specific for the dis-
ease such as hearing loss, blue sclerae, or dentinogenesis
imperfecta. The study concerned only clinical fractures
(both vertebral and non-vertebral). During the study period,
we did not routinely perform spine X-rays in order to detect
morphometric fractures. Exclusion criteria were a previ-
ous treatment with bisphosphonates, serious concomitant
comorbidities including cardiovascular, hematological,
psychiatric or pulmonary disease, renal failure with serum
creatinine >1.5 mg/dl, history of adverse drug reactions to
bisphosphonates. Fertile women (except those taking oral
contraceptives) were excluded too.

Istituto Gentili (Pisa, Italy), currently Abiogen Pharma,
offered to provide the drug free of charge for every enrolled
patient and for the entire duration of the study. For the
study, the authorization of the Italian ‘Istituto Superiore
di Sanita,” the Italian Ministry of Health, and the reference
Independent Ethics Committee (IEC) for the participating
center was obtained. Patients signed an informed consent
before to be enrolled in the study. Here, we show the data
concerning the extension of a previous study in which the
data regarding the first 2 years were reported.

Treatment Administered
Neridronate was administered by i.v. infusion at a dosage
of 2 mg/kg, up to a maximum of 100 mg in saline solu-

tion (NaCl 0.9%) (approximately 10 mg/100 cc), with an
infusion time lasting two hours at least. The infusions were
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scheduled every three months. Supplementation with cal-
cium (1000 mg daily) and Vitamin D (800 Ui daily) was
prescribed to the patient.

Efficacy Outcomes

Dual X-ray absorptiometry (DXA) of the lumbar spine,
hip, and ultradistal and proximal radius (Hologic 4500,
Waltham, US) was evaluated every 6 months. The preci-
sion error for BMD at different skeletal sites ranges from 1
to 2.5% in subjects with a wide range of bone mass values.

All the fractures occurred in the last 3 years before the
study baseline and the ones occurred during the study
were validated through standard X-ray or radiologist vali-
dated reports. The serum calcium, phosphate, albumin, and
fasting urinary calcium/creatinine ratios were obtained at
baseline and every 3 months. For the determination, total
alkaline phosphatase (tALP) was used (Roche Diagnos-
tics). Serum bone alkaline phosphatase (BAP, Alkphase—B;
Metra Biosystems) was measured by enzyme-linked immu-
nosorbent assay.

Total alkaline phosphatase (tALP: Roche Diagnostics)
was measured by an immunoassay analyzer, while serum
bone alkaline phosphatase (BAP, Alkphase—B; Metra Bio-
systems) by an enzyme-linked immunosorbent assay. Both
these measurements were performed every 12 months only
in a proportion of patients. The inter- and intra-assay varia-
tions ranged from 7 to 12%.

Safety Variables

AEs were categorized by System Organ Class (SOC) and
Preferred Term (PT) by using the MedDRA dictionary
(version 11.0). The occurrence of clinical and biochemi-
cal (hematology, blood chemistry, urinalysis) adverse event
(AEs) were recorded at all visits.

Statistical Methods

In the statistical analysis, we considered the safety popula-
tion, defined as all patients who received at least one dose
of study medication, and the intention-to-treat population
(ITT), defined as all patients who received at least one dose
of study medication and with post-baseline data. These two
populations coincided in this study.

Demographic and baseline characteristics were sum-
marized by means of descriptive statistics, in form of
number of observation, mean, standard deviation, mini-
mum and maximum for continuous variables, and fre-
quency distributions (number and percentages) for cat-
egorical variables. Medical history, concomitant diseases
(codified using the MedDRA dictionary version 11.0),
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Table 1 Demographic characteristics and type of OI of the study
sample

N=114)
Gender, N (%)
Males 43 (37.7%)
Females 71 (62.3%)

Age, years (mean + SD) 40.0+ 12.45 (range 20.9; 71.5)
148.0+21.81 (range 86.0; 180.0)

56.4 +15.58 (range 20.0; 108.0)

Height, cm (mean+ SD)
Weight, kg (mean+ SD)
Type of O, N (%)

1 87 (76.3%)
3 13 (11.4%)
4 14 (12.3%)

N=Number of patients

Table 2 Reasons for withdrawal from the study

Number (%)
(Total N=114)
Patients who completed the study 97 (85.1%)
Patients who discontinued the study 17 (14.9%)
Reasons for discontinuations
Adverse event 1(1.0%)
Serious adverse events 0 (0.0%)
Appearance of exclusion criteria 2 (1.8%)
Patient non-compliance 11 (11.3%)
Consent withdrawal 0(0.0%)
Economic reasons 3(2.6%)

and previous and concomitant medication (codified with
WHO Drug Dictionary) were collected.

The percent changes of bone mineral density (BMD)
were analyzed, since the baseline by means of descrip-
tive statistics, and the mean values of percent changes
since the baseline were compared with 0 by means of a
one-sample Student’s t-test. In order to manage multiple
tests, Bonferroni’s correction was applied to the probabil-
ity associated with each test. The percentage change from
baseline of bone markers’ parameters was analyzed as for
the densitometric efficacy parameters.

The frequency of fractures was considered as the num-
ber of patients with new fractures and number of frac-
tures/year and it was accounted for the 3 years prior the
study baseline and during all the treatment period. The
distribution of patients’ rates with fractures observed
before and during the treatment period was analyzed by
means of McNemar’s test. Furthermore, the distributions
of the number of fractures in the two periods were com-
pared by means of the Wilcoxon signed-rank test.

Results

The original study sample consisted of 164 patients. Fifty
patients were excluded since they were unable to guarantee
the appropriate attendance to the scheduled visits. One hun-
dred and fourteen patients were included in the study and
started treatment with the study drug. The demographic
characteristics and type of OI are shown in Table 1.

Ninety-seven subjects (85.1%) completed the scheduled
36-month treatment period, while 17 (14.9%) of them early
discontinued the study. The patients received 1143 infu-
sions (minimum 1, maximum 13). The summary of patients
who completed or discontinued the study and the respective
reasons for withdrawal are shown in Table 2. Lack of com-
pliance was the main reason for early discontinuation.

The study population included more females than
males (62.3 vs. 37.7%). Most of the patients (76.3%) had
type 1 OL In the medical history of patients, fragility frac-
tures were reported by all the patients leading 90 patients
(78.9%) to receive medical support.

The mean lumbar spine BMD significantly increased
from baseline to any time point (p<0.001). The percent-
age variations from baseline progressively increased
from month 6 to month 36 (Table3). The mean total hip
BMD significantly increased from baseline to any time
point (p<0.001 at all times) (Fig. 1). The mean proximal
radius BMD did not change (data not shown), while the
mean ultradistal radius BMD significantly increased from
baseline at month 18 (p=0.026), 30 (p=0.046), and 36
(p=0.013).

As expected, mean ALP and BAP levels significantly
decreased from baseline to any post-baseline time point
(p<0.001 at any time point) of about 25-30% (Fig. 2).The
study was not able to find any statistically significant effect
on fracture risk. The number of patients suffering fractures
was unchanged during the 3 years of treatment compared to
the 3 years before treatment (p=0.19) (Table 2).

The mean number of fractures per patient decreased dur-
ing treatment (Wilcoxon signed-rank test p-value p=0.003)
(Table 2).

The most common AEs were fragility fractures (21.1%),
back pain (21.9%), arthralgia (20.2%), fever (3.5%), and
joint sprain (6.1%). An acute phase reaction with flu-like
illness was reported in 26 (22.8%) patients and was the
most frequent adverse event, mainly related to the drug.
No fatal events occurred. Serious adverse events (SAEs)
were reported in 26 (22.8%) patients. None of the reported
SAEs were considered treatment-related, considering the
SAE graduation as possibly, probably, or highly probably
related with the study treatment. Treatment-related adverse
events were reported in 25.4% of patients. No cases of oste-
onecrosis of the jaw (ONJ) or atypical femur fracture were
reported.
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Table 3 Effects on fracture

risk comparing the 3 years Before treatment (3 years)

Number (%) of patients with fractures

During treatment (3 years)

of treatment with the 3 years
before treatment

Number of patients with fractures

Patients without frac- Patients with fractures, N (%)

Patients without fractures, N 70 (72,1%) tures, N (%) 10 (10.3%)
Patients with fractures, N 27 (27,9%) 60 (61.8%) 9 (9.3%)
18 (18.6%)
McNemar’s test p-value 0.185
Mean number of fractures 0.6+1.28 (0-8)
Number of fractures, mean +SD (range) 0.3+0.56 (0-3)
Before treatment (3 years)
During treatment (3 years)
Wilcoxon signed-rank test p-value 0.003
N =Number of patients
Fig. 1 BMD percentage e
variations at different sites
from baseline to any time point. 9 =
°p<0.05, **p<0.001 versus x ]
baseline 8
4 0 Lumbar spine
7 — BMD
6 L @ Total hip BMD
s
&, i . |
;‘Z o B Ultradistal
2 * ] radius BMD
x% ‘|
. o
2 3
B (|
L 1
i}
) Monthé Month12 Month18 Month24 Month30 Month36
0.00 Month 12 Month 24 Month 36 The laboratory tests (blood count, general blood chem-
istry, and urinalysis) did not show substantial changes in
the results from baseline up to 36 months. Clinically sig-
-10.00 nificant and not treatment-related abnormalities in labora-
——ALP tory parameters were reported in a very small number of
20,00 —EAL patients: 1 patient with anemia, 1 with thrombocytopenia, 1
L 27A° with AST elevation, 1 with blood creatinine elevation, and
28** . .
%51 8 2 with gamma-GT elevation.
30,00
29,7 **
31,3
-40,00

Fig. 2 Percent changes from baseline of bone markers: alka-
line phosphatase (ALP) and bone alkaline phosphatase (B-ALP).
°p<0.05, *¥p<0.001 versus baseline
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Discussion

The aim of this study was to assess the 3-year efficacy and
tolerability of neridronate, administered in adult patients
with OI by intravenous infusions at the dosage of 2 mg/
kg (up to a maximum of 100 mg) once every 3 months for
3 years. The study sample included 114 patients, mostly
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affected by type 1 OI (type 1 OI 76.3%, type 3 OI 11.4%, or
type 4 OI 12.3%).

Neridronate already proved its efficacy since 2003, when
the results of a randomized trial involving 46 adults with OI
for a study period of 24 months were published. That study
reported positive data on BMD, bone turnover markers,
and fracture incidence. Two years later, the data of a RCT
with a similar design and similar good results on pediatric
patients were published. These two positive experiences led
to the registration of neridronate for osteogenesis imper-
fecta in Italy and for both children and adults [18, 19].

The present 3-year observational study represents the
extension of the previous 2-year randomized trial (18)
and showed that neridronate treatment was associated
with marked and statistically significant increase of the
BMD at the lumbar spine and total hip from baseline up to
36 months of treatment (Fig. 1). These increases in BMD
observed during neridronate therapy are likely caused by
suppression of bone resorption and secondary lowering of
bone remodeling [21].

Although there is no head-to-head studies, we tried to
compare our results with the ones of the trials with alen-
dronate [22] and risedronate [23], on the basis of BMD and
bone marker changes induced by the treatment. All these
three studies involved adult patients affected by OI. The
changes in BMD at 36 months appear in some way simi-
lar between alendronate and neridronate (10.1 vs. 8,6% at
the spine and 3.3 versus 4.3% at the total hip, respectively)
and furthermore both drugs induced a clinically relevant
and statistically significant decrease in bone turnover mark-
ers. In the study with risedronate 35 mg weekly [23], the
changes in BMD were lower (+3.9% at the spine and no
change in total hip) and also the bone turnover appeared to
be lesser inhibited. So, we estimate that risedronate (35 mg
weekly) cannot be considered as equivalent to the treatment
with alendronate (10 mg daily) or neridronate in terms of
antiresorptive potency. Thus, it is not surprising that the
fracture risk did not change in the patients treated with rise-
dronate [23]. In the study with alendronate, the sample size
was not powered to show an effect on fracture rate [22],
while the present study is not controlled.

Anyway the present study was not able to find any statis-
tically significant effect on fracture risk. The percentage of
patients with fractures was unchanged during treatment as
compared to the 3 years before treatment (Table 2).

The hallmark of OI is surely the fragility fractures and
the patients had an increased fracture rate throughout their
life. However, the fracture risk appears to be very high dur-
ing youth and adolescence and in the elderly, while during
the adulthood it is only mildly increased, achieving simi-
lar values to the ones of the healthy population of refer-
ence [24]. This could be the main reason why in adults
with OI it is so difficult to show an anti-fracturative effect

of any therapy. When we also consider the 3 years of treat-
ment together versus the 3 years before treatment, most of
patients (61.5%) did not have fractures. Thus, we cannot
exclude that, for this same reason, the potential positive
effect of treatment on the incidence of fractures (expressed
as patients incurred in new events during the study as com-
pared to the three years before treatment) could not be
detected (Table 2). For these reasons, the observation that
the mean amount of fractures observed in the three years of
treatment was significantly lower (about 50%) than the one
observed in the three years preceding the start of the treat-
ment (Table 2) cannot be considered not relevant.

Besides efficacy, what is essential for a treatment is to be
safe and well-tolerated.

Regarding osteoporosis or other bone diseases, we have
consistent data on most bisphosphonates and they show
good safety profile with a low incidence of serious adverse
event such as atypical femur fracture or ONJ. These data
cannot be transferred to OI patients mainly due to the dif-
ferent pathophysiology of OI and the different balance
between fragility fracture and side effects in this peculiar
population. Indeed, in this kind of disease, the risk of ONJ
induced by bisphosphonates seems to be very low even
though the data were mainly collected in children and ado-
lescents [25, 26]. Furthermore, the pattern of femoral frac-
ture in Ol is surely different from the one in osteoporosis.
In O, in fact, the fractures mostly involve the femoral dia-
physis, while in osteoporosis the femoral neck is mainly
involved and this pattern seems to be changed by bisphos-
phonate treatment [27].

In any case during the three years of the study, we did
not observe any drug-related serious adverse event. No
cases of atypical fracture or ONJ were observed, though
you should keep in mind that these two events are too rare
to be seen in a study of this size.

The most common side effects were the ones related
to the acute phase response that sometimes follows an
aminobisphosphonate administration, especially if given
intravenously. These symptoms are not serious, transient,
and usually appear only after the very first infusion. They
never led to treatment discontinuation during the study in
any patient (Table 1). When patients dropped, they did it
mainly because of personal issues which prevented them
to guarantee the regular attendance to the visits (Table 1).
The trial was monocentric and many patients come from far
away with substantial difficulties.

The results of laboratory tests (hematology, blood chem-
istry, and urinalysis) did not show substantial changes from
baseline up to 36 months for any parameter. In particular,
there were no alterations in hepatic or renal function.

Differently from the oral one, the i.v. route guarantees
a total adherence and bioavailability. Moreover, the i.v.
route prevents the well-known gastrointestinal side effects

@ Springer



346

O. Viapiana et al.

responsible for a significant frequency of discontinuation in
the osteoporosis population.

The limits of our study are the sample size and its not
controlled design. These features do not allow obtaining
conclusive data about the anti-fracturative effect of the
treatment.

In conclusion, neridronate in OI adults at the dose of
100 mg i.v. every three months has showed to be safe, well-
tolerated, and effective in increasing BMD and decreasing
bone turnover. Nevertheless, post-marketing follow-up has
a key role to give a complete picture for safety in an even
longer-term period. The lack of properly controlled data,
necessary to provide adequate evidence on a sustained
decrease in fracture risk, makes essential the future design
of larger and placebo-controlled trials.
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