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ABSTRACT

Aims: To describe the effects of two
consecutive intravenous infusions of
aminohexane bisphosphonate (Neri -
dronate) in patients with active Paget's
disease of bone.

Methods: The study population inclu -
ded 83 patients, aged 41 to 85 years,

randomized to 4 cumulative doses of
Neridronate (25, 50, 100, 200 mg)

given over 2 days, with a follow up of
180 days. The baseline serum alkaline
phosphatase activity was at least 10%
above the upper limit of the laboratory
range. The response to treatment was
assessed by changes in the serum total

alkaline phosphatase (primary end
point of the study), bone alkaline phos -
phatase and N-telopeptide urinary ex -
cretion.

Results: All Neridronate doses signifi -
cantly suppressed the biochemical

indices of disease activity. The nadir of

total alkaline phosphatase levels
ranged from -16 % to -57.5% of pre-

treatment values in the four groups,

with a dose-response relationship that

was apparent even between the two

highest doses. The proportion of pa -
tients still maintaining a partial re -
sponse (decreases in serum total alka -
line phosphatase > 25%) at the 6 month

follow-up was also related to the dose:

98%, 67%, 57%, 21% in the patients
given 200, 100, 50, 25 mg respectively.

The proportion of responders in terms
of bone alkaline phosphatase and N-

telopeptide excretion changes was sim -
ilar. Bone pain attributed to Paget’'s
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disease was significantly reduced. A
typical acute phase reaction (fever

and/or arthromyalgia) occurred in 16

out of 83 patients.

Conclusions: We conclude that all of

the Neridronate doses tested here were
well tolerated and effective in decreas -
ing, in a dose-related manner, the bone
turnover parametersof Paget’s disease

The highest dose (200 mg) resulted in

the normalization of the markers of dis -
ease activity in more than 60% of the
patients.

Introduction

Paget’ s disease of boneis characterized
by alocalized disorder of bone remod-
eling, starting with an abnormality in
osteoclast-mediated bone resorption
followed by an increase in formation,
an event closely coupled to theincrease
in bone resorption (1). The newly
formed bone is architecturally abnor-
mal and prone to deformity and, less
commonly, to fracture.
Bisphosphonates have been demon-
strated to be potent inhibitors of bone
resorption both in vitro and in vivo in
animals and in humans, acting directly
on the osteoclasts, the principal cell
type responsible for bone resorption,
and are considered the treatment of
choice in Paget’s disease (2).

The newest bisphosphonates, such as
alendronate and risedronate, despite
some preliminary experiences with 1V
administration (3, 4) have been devel-
oped for oral use (5-8) , but this formu-
lation is not appropriate for patients

Table . Basdine characteristics of the study population (mean £ SD or median with range)
divided according the cumulative 1.V. dose of Neridronate.

25mg 50 mg 100 mg 200 mg

No. 21 21 20 21
Sex (m/f) 1110 6/15 8/12 13/8
Age 65.7+1.8 69.0+ 1.7 68.1+21 64.8+25
Weight (Kg) 735+£30 66.5+ 2.8 700+ 2.6 715+£29
Height (cm) 165.0+ 2.1 1634+ 1.8 164.8+ 1.7 166.2+ 2.4
Total akaline phosphatase 262 270 326 372

(53-1851U/L) 192-357 230-318 247-431 290-478
Bone alkaline phosphatase 62 74 90 104

(12-411U/L) 40-94 59-91 64-125 77-140
N-telopeptide 265 306 385 361

(5-65 nmol BCE/Mmol Cr) 186-376 237-395 255-583 254-512
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with the severe form of the disease, in
whom a prompt suppression of disease
activity iswarranted or in patients who
do not tolerate ora bisphosphonates
(9).

Neridronate (6-amino-1-hydroxyhex-
ilidene-1,1-bisphosphonate monosodi-
um) is a third generation aminobispho-
sphonate. Several pharmacological and
clinical studies are aready availablein
the literature, indicating that Neridro-
nate is very well tolerated even at high
doses (10-14). Itsuse in alimited num-
ber of patients with Paget’s disease has
shown that Neridronate in ora and
intravenous (V) preparations decreas-
es serum alkaline phosphatase as well
as other markers of disease activity (10,
13,14). Bone histological examination
showed that Neridronate is not associ-
ated with osteomalacia and does not
impair bone mineralization (10, 11).
This multicenter, open, randomized
study was conducted in patients with
Paget’s disease of bone to assess the
safety, tolerability and efficacy of IV
Neridronate and to determine the dose-
response relationship, following pre-
sent European registration guidelines.

Materials and methods

Patient population and study design
Eighty-three patients, aged 41 to 85
years, with active Paget’'s disease of
bone diagnosed by radiographic meth-
ods together with bone scintiscans
when atotal body X-ray evaluation was
not carried out, were enrolled in six
centers. Patients were required to have
increased serum activity of alkaline
phosphatase. Fifteen of the patients had
been treated in the past, but were
excluded if they had received bisphos-
phonates within 12 months or calci-
tonin within 6 months preceding the
study. They were aso ineligible if they
had severe cardiovascular, renal, hepa
tic or pulmonary disease, or other
metabolic bone diseases that could
interfere with the interpretation of the
results. The baseline characteristics of
the study population are shownin Table
I

Patients satisfying the entry criteria
were randomly assigned to receive one
of the following four neridronate (Abio-
gen, Pisa, Italy) regimens. 12.5 mg
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(group 1), 25 mg (group 2), 50 mg
(group 3), or 100 mg (group 4), adminis-
tered once a day for two consecutive
days. The study drug was diluted in 250
ml of saline and given intravenously
over aperiod of at least 1 hour. At base-
line and 7, 30, 60, 90 and 180 days after
the trestment course, blood and urine
samples were collected for bone turn-
over evaluation and safety assessment.
At the same visits, a physical examina-
tion was a'so performed.

Biochemical parameters

Serum and urine samples were collect-
ed after an overnight fast and stored at -
20°C for the evaluation of serum total
and bone akaline phosphatase (total
and bone AP) and of urinary N-telo-
peptide of type | collagen to creatinine
ratio (NTX).

Bone turnover markers were measured
in a single laboratory. Total AP was
assayed by a colorimetric kinetic meth-
od (Chema Diagnostica; normal range
53-185 IU/L). The intra- and inter-
assay coefficients of variation (CVs)
were below 1.6%. Bone AP was mea
sured using the EIA method “Alk-
phase-B” (Metra Biosystem; normal
range 11.6-41.3 IU/L). Intra- and inter-
assay CVs were 3.9% and 7.6%, re-
spectively. NTX evaluation was carried
out using an EIA (Osteomark, Ostex),
and the results were expressed as Bone
Collagen Equivalents (BCE; normal
range 5-65 nmol BCE/mmol creati-
nine). Intra- and inter-assay CV's were
less than 10%.

Efficacy assessment

The changes in total AP were consid-
ered as the primary end point, and
changes in serum bone AP and NTX
urinary excretion were considered sec-
ondary end points. The changesin total
AP wereclinically classified as follow:
(a) the nadir total AP was defined asthe
mean of the 3 lowest consecutive val-
ues reached after treatment; (b) “com-
plete response” was a reduction in the
nadir total AP within the normal range;
(c) a“partial response” to the treatment
was defined as a decrease of 25% or
more from the baseline value of tota
AP on 3 consecutive visits; and (d) a
“partia response at 6 months” was a >
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25% decrease at the 6th month of

observation.

The primary goals of the trial were:

- To assess the safety and tolerability of
Neridronate at the 4 different doses;

- To determine whether 1.V. Neridro-
nate induced a partial response in
over 90% of patients and a complete
response in over 50% for total AP;

- To determine if there is a dose-effect
relationship.

At each visit a physical examination
(including brief cardiac, respiratory,
abdominal and musculoskeletal exami-
nations, pulserate and blood pressure)
was carried out. Bone pain at skeletal
sites with X-rays or bone scan evidence
of Pagetic involvement was assessed
using a body map and a linear visual
anaogue scale (VAS). The VAS was
scored in millimeters from the left mar-
gin (0 = no pain) to the right (100 =
most pain ever). Analgesic consump-
tion was also recorded to indirectly as-
sess the effect of treatment on pain.

The axillary temper ature (morning and

evening) was measured during the first

5 days, and the incidence of patients

showing fever (temperature >37C°)

was recorded.

The clinical trial protocol was approv-

ed by the Italian Health Authorities and

afterwards was submitted for evalua-
tion to the local Ethical Committeesfor
the authorization. All patients provided
their informed consent and the study
was conducted in accordance with the
declaration of Helsinki (Hong Kong
revision, 1989).

Satigtical analysis

The biochemical efficacy parameters
total AP, bone AP and NTX were log-
transformed to normalise their distribu-
tion and all analyses were carried out
on the transformed values. Mean values
and 95% confidence intervals were
antilogged for presentation. Baseline
homogeneity was checked by means of
one-way analysis of variance (ANOVA).
Percent changes from baseline within
each group were evaluated by Student's
t-test for paired samples. Between group
comparisons at each visit and the chan-
ges from baseline to nadir values were
analysed using one-way ANOVA; in
cases of significance of the overall test,
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pairwise treatment comparisons were
carried out by the Newman-Keuls test.
The proportions of patients showing
either apartial or complete response, or
apartial response at the 6th month were
compared by means of the chi-square
test. The extended Mantel-Haenszel
test was used to determine if atrend in
the response occurred over the 25 mg
to 200 mg cumulative dose range. Sta-
tistical analysis was performed using
the SPSS statistical package (SPSS
Inc., Chicago, IL). All tests were two-
tailed and significance was defined asp
< 0.05.

Results

At baseline the indices of disease activ-
ity were somewhat higher in the pa
tients given 100 or 200 mg, but these
differences were not significantly dif-
ferent (Table 1). The proportion of
patients with polyostotic disease (38%)
or previously treated with bisphospho-
nates was virtually identical among the
four groups. All patients completed the

planned follow-up. Percent changes
from baseline in the total AP (main
efficacy parameter) showed a signifi-
cant decrease over timein al treatment
groups (Fig.1). One month after the
treatment course, the percent decrease
in group 4 (200 mg) was statistically
greater (p<0.05) compared to the other
treatment doses, with statistical signifi-
cance maintained over most of the
study points. At month 6 the AP
changes found in groups 3 and 4 were
not statistically different. The propor-
tion of patients showing partial and
complete responses in group 4 was
94.7% and 64.7%, respectively (Table
I1). The highest percentage of patients
still showing a partia response at the
end of the six-month period was aso
obtained with the highest dose (p<
0.001) (Table I1). In group 4 the percent
change to nadir was -56.5%. This
decrease was statistically different (p <
0.05) from that observed in the other
groups,indicating that the dose response
relationship did not reach a plateau.
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The evolution over time of serum bone
AP showed a profile similar to that
reported for AP (Fig.1). A statistically
significant difference (p<0.05) be-
tween the two highest dose groups was
aready apparent at the first month and
persisted until the end of the follow-up.
Urinary NTX decreased within 7 days
after the start of treatment in all study
groups (Fig. 1).

At baseline 62 out of 83 patients report-
ed pain which could be linked to
Pagetic disease. Although the results
showed a global and significant decline
in the pain scores over time for al
groups (data not shown),no differences
among the treatment doses were detect-
ed.

Anincreasein body temperature 1 to 2
days after the IV infusion, together
with the presence of flu-like symptoms,
was observed in 16 patients (1 patient
in group 1, 6 patients in group 2, 4
patients in group 3, and 4 patients in
group 4). The symptoms completely
disappeared within 4 days and there
was no statistical trend for a dose-
response relationship.

All biochemical safety parameters (ser-
um transaminases, haematocrit, serum
creatinine) were within the normal ref-
erence range over the study period.
Mean levels of serum calcium signifi-
cantly decreased at day 7 and returned
towards the baseline values at the sub-
sequent visits (data not shown). Serum
calcium levels fell below the normal
range in 75% of the patients given 200
mg Neridronate and in a smaller pro-
portion with the other doses, but
hypocalcemia was never symptomatic
(data not shown).

None of the patients violated the pro-
tocol during the follow-up. The inten-
tion-to-treat analysis was not pre-plan-
ned. All patients who received 1V Neri-
dronate finished the 6-month follow-
up, but 3 refused to participate in the
trial after randomization. These 3 pa-
tients had higher initial AP values,
ranging from 582 to 878, and the as-
signed therapy (cumulative dose) was
25 mg in 2 patients and 50 mg in one.
This could explain the lower baseline
disease activity found in the patients
who were actually given the 25 and 50
mg doses.
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Table 1. Percent of patients with a complete response (normalization of total alkaline phos-
phatase), a partial response and a partial response at six months (see text for details).

Cumulative Neridronate dose

25mg 50 mg 100 mg 200 mg
Complete response (%) 21.1 18.8 58.8 64.7
Partial response (%) 21.4 333 73.7 94.7
Partial response a 6 months (%) 211 28.6 57.9 89.5

Discussion

This study demonstrates that Neridro-
nate administered by 1V infusion is a
well tolerated treatment for Paget’sdis
ease of bone. Previous studies (10-14)
included a limited number of patients,
were not carried out according to the
“good clinical practice” criteria neces-
sary for registration procedures and
were not designed as dose-finding stud-
ies. The cumulative doses tested ranged
here from 25 to 200 mg gvenin 2 infu-
sions. There was a proportionality be-
tween the dose and the effect that tend-
ed to flatten out with the highest dose,
although without reaching an obvious
plateau. This suggests that an even bet-
ter outcome in patients with extremely
active disease might be expected with
larger doses. However, the baseline dis
ease activity was somewhat more
severe in the patients given the highest
dose and this might have lowered the
proportion of these patients with both a
partial and a complete response. In this
regard, it should also be pointed out
that most of the patients included in
this study had moderately active dis-
ease; only 32% had serum total AP lev-
els more than 3 times above the upper
limit of normal. In such patients, in
future phase 3 clinical trials repeated
treatment courses with 200 mg Neri-
dronate may be necessary in order to
increase the proportion of complete
suppression of disease activity. The
inclusion in this study of patients with
moderately active disease reflects the
recent tendency to treat not just for
symptoms or when Paget’'s disease is
extremely active, but also to treat pa
tients with active disease as assessed by
turnover markers (15). This new at-
titude has undoubtedly been driven by
the favorable cost/benefit ratio of bis
phosphonate therapy, which islikely to
reduce the risk of late complications

that can seriously impair both function-
ing and the quality of life (15).

For comparable cumulative doses, the
effects observed here are comparable to
those reported in other pilot studies
where a single Neridronate 1V dose
was tested (10, 14).

Even though a head-to-head compari-
son has never been carried out, the
potency of Neridronate IV seems to be
close to that of Pamidronate (16) and
10 times less than that of IV Alendro-
nate (3, 4). The effect on bone markers
of two IV infusions of 100 mg Neridro-
nate are comparable to those obtained
with the newest aminobisphospho-
nates, Alendronate and Risedronate
given orally over 3 and 6 months (5-8).
Thetolerahility of 1V Neridronate was
excellent. The only relevant side effect
was an acute phase response that occur-
red in ~20% of the patients. This effect
is shared by all aminobisphosphonates
given intravenously; usually it does not
last for more than 2-3 days and it does
not occur after subsequent IV adminis-
trations (17).

There was no difference between the
12.5, 25, 50 and 100 mg daily infusions
in terms of tolerability. It has been
shown that the effect is equal whether
the same cumul ative dose of aminobis-
phosphonate is given over one or two
infusions (16). Thus, in terms of corve-
nience to the patient and cost a single
or double 100 mg Neridronate infusion,
depending on the disease severity,
should be preferred to lower doses. At
these doses significant suppression of
disease activity may be achieved in a
large proportion of patients with a sin-
gle 1V infusion that could be repeated a
few months later if the improvement is
not considered adequate.
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