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Abstract

Background: Complex regional pain syndrome type-1 (CRPS-1) is a severely disabling painful
disease challenging to treat. This multicenter, randomized, double-blind placebo-controlled
trial examined the efficacy of intramuscular (i.m.) neridronate in CRPS-1 patients.

Methods: A total of 78 patients diagnosed with CRPS-1 (aged 59.5 + 10.3, 66.7% female) were
randomly assigned to 25mg (i.m.) neridronate (N=41) given once daily for 16 consecutive days
or placebo control (N=37). Efficacy was assessed after 30days using a visual analogue scale
(VAS] pain score and the number of patients achieving =50% reduction in VAS score. Change
in clinical signs and symptoms, quality of life (QoL) using Short Form Health Survey (SF-36)
and the McGill Pain Questionnaire were also assessed.

Results: After 30 days, VAS score decreased significantly to a greater extent in neridronate-
treated patients versus placebo (31.9 + 23.3mm versus 52.3 = 27.8 mm, p=0.0003).
Furthermore, the proportion of patients achieving a VAS reduction of =50% was greater in
the neridronate group (65.9% versus 29.7%, p=0.0017). Clinical signs and symptoms were
improved significantly in the neridronate group versus placebo for edema (72.5% versus
79.9%, p=0.03), pain during motion (70% versus 83.3%, p=0.0009), allodynia (20% versus
63.3%, p=0.0004), and hyperalgesia (20% versus 56.7%, p=0.0023). Whereas no difference was
observed for QoL measures using the SF-36 questionnaire, three of the four pain variables
using the McGill Pain Questionnaire improved significantly in the neridronate group. No
serious drug-related adverse events were reported during the study.

Conclusion: In patients with acute CRPS-1, i.m. injections of 25 mg neridronate were
associated with clinically relevant benefit compared with placebo controls.

Trial registration: EU Clinical Trials Register: https://www.clinicaltrialsregister.eu/ctr-
search/search?query=2014-001156-28

Keywords: algodystrophy, bisphosphonates, complex regional pain syndrome type 1,
neridronate, randomized clinical trial.
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Introduction

Complex regional pain syndrome type 1 (CRPS-
1) is a disabling painful disease, the main charac-
teristic of which is pain disproportionate to
inciting events, together with other hallmarks of
this disease including swelling, vasomotor insta-
bility, and abnormal sensory findings.!> As a

result of pathogenic mechanisms that are not fully
understood, a multitude of therapeutic interven-
tions have been proposed, but a widely shared
therapeutic algorithm has yet to be established.

Over the past three decades, several case reports,
open studies and five randomized controlled trials
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(RCTs) have shown efficacy of bisphosphonate
(BP) therapy in the treatment of CRPS-1.48 All
these studies described positive results in control-
ling pain, local inflammation, functional disabil-
ity, and improving the quality of life (QoL) of
patients. The results of some meta-analyses con-
firm the clear benefit offered by BPs, mainly in
patients with early disease.®19 Among RCTs, the
study on neridronate administered intravenously
(i.v.) showed more convincing results for its
design, such as the number of patients, the end-
points evaluated, and length of follow up.® From
February 2015, i.v. neridronate was approved
and licensed in Italy for the treatment of acute
CRPS-1. Nevertheless, i.v. neridronate treatment
can be given only in the hospital setting, in
patients suffering from a severely disabling dis-
ease and therefore often unwilling or unable. To
overcome these difficulties, an at-home treatment
would be more convenient and less expensive. In
Italy, neridronate is also licensed and used safely
in 25mg ampoules given intramuscularly (i.m.)
for the treatment of Paget disease of bone and
osteogenesis imperfecta.l1:12

To offer a more suitable treatment to CRPS-1
patients sometimes not able to undergo i.v. treat-
ment, the present study aimed to test whether the
i.m. route would maintain the same efficacy of
neridronate administered by i.v. infusion.8

Methods

Patients

Patients were recruited from the outpatient ser-
vices of 10 Italian Rheumatology centers. All
patients included in the study fulfilled the
International Association for the Study of Pain
(IASP) diagnostic criteria for CRPS,!3 previously
referred to as the “Budapest criteria”.!# No patients
showed any major nerve damage, suggestive of
CRPS-2. To ensure a correct comparison, we
maintained the same inclusion criteria employed in
the i.v. neridronate study.® Patients were aged at
least 18years, disease duration was no longer than
4months, spontaneous pain intensity in the
affected limb was of at least 50 mm on a visual ana-
logue scale (VAS) ranging from 0 (no pain) to
100mm (maximum pain).!5 In all patients, bone
scintigraphy was performed and only patients with
an increased uptake in the late phase at the disease
site were recruited.!® Opioid analgesics, non-opi-
oid analgesics, non-steroidal anti-inflammatory
drugs (NSAIDs), anticonvulsants, antidepressant

drugs, and other non-drug therapies prescribed for
CRPS-1 were asked to be suspended when patients
were enrolled (5-7 days before the first neridronate
administration) and a rescue medication (acetami-
nophen 500mg tablets) was provided and allowed
throughout the study. Women of childbearing
potential had to have a negative pregnancy test
before entering the study. Prior treatment with BP
and the presence of renal disease were exclusion
criteria. The study was conducted under the provi-
sions of the Declaration of Helsinki, and in accord-
ance with the International Conference on
Harmonization Consolidated Guideline on Good
Clinical Practice. The study was approved by
Milano B Ethics committee (28 October 2014).
All patients provided written informed consent to
participate in the study.

Study design

This was a multicenter, randomized, double-
blind, placebo-controlled study to assess the effi-
cacy and safety of 25mg neridronate ampoules
(2ml), after repeated i.m. administrations in
patients diagnosed with CRPS-1 [EudraCT
Number: 2014-001156-28]. Patients assigned
placebo received i.m. indistinguishable sham
injections of saline (0.9% sodium chloride solu-
tion). The site recommended for i.m. injection
was the ventrogluteal muscle of the hip by alter-
nating right and left sides, preferably at the same
hour each day. All patients received instructions
from a nurse on how to correctly perform the
injection. The study was performed in 10 centers,
located across Italy from April 2015 to April
2019. Eligible patients were randomized (1:1
ratio, on the basis of a predetermined computer-
generated randomization list) to receive either
neridronate 25mg i.m. or matched placebo i.m.
daily day for 16 consecutive days. Neither patients
nor investigators knew whether assignment would
be to the placebo or neridronate group. At the
end of the double-blind phase of the study
(30days from the start of treatment), the blind
code was broken and patients treated with pla-
cebo during the double-blind phase of the study
could be treated with neridronate at a dose of four
100mg i.v. infusions (one every third day). The
results of the double-blind phase of this trial are
reported in the present manuscript.

Outcome measures
Outcome measures were assessed on the day of
the first injection (day 1). Further assessments
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were obtained on day 8, at the end of treatment
(day 16) and after 30 days.

The primary efficacy measure was the change in
VAS pain score 30 days after the first administra-
tion of neridronate in the double-blind phase of
the study. A decrease from the baseline value of at
least 50% was considered clinically significant
and qualified the patient as a responder.!® Clinical
assessment included: allodynia tested as pain to
light stroking with a small brush (the end of a
Q-Tip) and hyperalgesia defined as a stimulus
evoked by a pinprick being perceived as more
painful or lasting longer than the duration of the
stimulus in the affected limb compared with the
contralateral limb, both rated as a dichotomous
variable (present/absent).1” Local edema and pain
at passive motion were also recorded: local edema
scored as O=none, 1=mild, 2=moderate,
3=severe was evaluated at ankle and midfoot
level for the foot involvement, wrist, center of
hand dorsum and finger for hand involvement;
pain evoked by passive motion (ankle and finger
joints for foot involvement and wrist and finger
joints for hand involvement) was rated as 0 =none,
1=mild, 2=moderate, 3 =severe; both parame-
ters were scored by the direct comparison with
the contralateral unaffected limb. In each partici-
pating center the clinical evaluation was per-
formed independently by two investigators
unaware of the treatment and any side effects; in
case of discordance, assessment was repeated by a
third investigator and the score shared by at least
two investigators was assigned.

To assess functional status, McGill Pain
Questionnaire and 36-Item Short Form Health
Survey (SF-36) questionnaire were evaluated.18:19
Both questionnaires were self-administered. All
these outcome parameters were considered as
secondary endpoints.

Safety

Physicians at the study sites reported adverse
events (AEs) that were coded as preferred terms
in the Medical Dictionary for Regulatory Activities
(MedDRA) system. According to investigators’
judgment, a drug-related AE was defined as defi-
nitely, probably, or possibly related to study treat-
ment. The percentage of AEs are expressed as the
number of patients reporting an AE divided by
the total number of patients in that treatment arm
(expressed as a percentage).

All patients were informed about a possible acute-
phase reaction (polyarthralgia and/or fever)20
occurring after parenteral aminobisphosphonate
administration and assumption of 500 mg aceta-
minophen tablets is recommended if these symp-
toms appeared.

Statistical analysis

The sample size calculation was based on the pri-
mary efficacy endpoint of the study, that is, the
proportion of patients achieving a reduction in
pain intensity =50% from baseline to day 30.
Sample size calculation was performed assuming
a two-tailed probability of typel error equal to
0.05. A total sample size of 74 subjects, 37 in
each treatment group, would have achieved an
80% power to detect a difference of 35% between
the null hypothesis that both group proportions of
responders were 30%, and the alternative hypoth-
esis that the proportion of responders in the
neridronate i.m. group was 65%. Assuming a
drop-out rate or otherwise non-evaluable patients
of about 20%, 90 patients were to be randomized
to obtain the 74 evaluable patients. Statistical
analysis was carried out according to the inten-
tion-to-treat principle, including all randomized
patients who received at least one dose of the
study medication. Missing data were replaced by
LOCF (last observation carried forward). Data
were evaluated for normal distribution using the
Kolmogorov—Smirnov test. Baseline characteris-
tics were compared with the use of Student’s ztest
for quantitative variables whereas the Fisher’s
exact test was used to compare differences
between binary variables. Changes in VAS scores
were evaluated using an analysis of covariance
(ANCOVA) model for repeated measures using
the change from baseline as the dependent varia-
ble; treatment, visit, center, and the treatment-
by-visit interaction as factors and baseline as
covariates. In a separate ANCOVA model, differ-
ences in the cumulative dose of rescue medication
were assessed: treatment group, gender, and
center were considered as factors, while patient’s
age and the VAS pain value at baseline were used
as covariates. Differences between treatments
were reported as least-square mean estimates
together with associated two-sided 95% confi-
dence intervals (CIs). The proportion of respond-
ers (VAS reduction =50%) as well as dichotomous
variables (allodynia and hyperalgesia) were com-
pared with Fisher’s exact test while results were
reported as risk difference together with
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Withdrew consent (N=1)

Visit 4 (Day 30
(N=40)
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(N=37)

Drop outs (N=7)
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Failure to comply with protocol (N=1)
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Visit 4 (Day 30)
(N=30)

Figure 1. Flowchart according to CONSORT statement for the report of randomized trials.

i.m., intramuscularly.

associated two-sided 95% ClIs. The results of the
McGill Pain Questionnaire and SF-36 question-
naire were analysed using ANCOVA models
using the change from baseline to day 30 as
dependent variable, treatment and center as fac-
tors, and the baseline value as covariate. The
comparison of clinical parameters evaluated by
means of rating scales (edema and pain at passive
motion) were performed using the Wilcoxon rank
sum test. All statistical analyses were performed
on changes in raw values, not transformed data
(e.g., percentage change).

Statistical analysis was performed using SAS®
Software (release 9.4) for Microsoft Windows.
All tests were two-tailed and a p value of <0.05
was considered statistically significant.

Results

Study population

A total of 112 patients were screened and 78 were
randomized to the assigned treatment group: 41
to neridronate and 37 to placebo. Patient disposi-
tion is summarised in Figure 1. A total of 34
patients were screening failures and were not ran-
domized, mainly because the diagnostic criteria
for research purposes could not be applied.!?
Overall, eight patients (one in the neridronate
group and seven in the placebo group) discontin-
ued the study after randomization during the
double-blind phase of the study.

The two treatment groups were well matched for
demographic clinical characteristics (Table 1).

The majority of patients were female (66.7%)
with mean age of 59.5 = 10.3 years. The most fre-
quent precipitating event was a trauma without
fracture (contusion, sprain, or ligament tear).
Fracture (all types/locations) was the second most
frequent predisposing event. No difference was
found between groups, either for surgery (elec-
tive) and for other/'unknown predisposing events.
Mean pain VAS score at baseline was
73.4+12.5mm in the neridronate group and
74.6 = 11.2mm in the placebo group.

Pain VAS

Mean pain VAS score decreased progressively
from baseline up to day 30 in both treatment
groups (Figure 2a). The extent of the mean
decrease from baseline was higher in the neridro-
nate group than in the placebo group at any post-
baseline time point. The mean [+ standard
deviation (SD)] change from baseline to day 30 in
pain VAS score was —41.6+22.7mm in the
neridronate group and —22.3 £27.1mm in the
placebo group. The adjusted mean changes from
baseline at day 30 estimated by the ANCOVA
model for repeated measures were —43.1mm
(95% CI: =50.3mm to —35.8mm) for neridro-
nate and —-23.9mm (95% CI: —-31.7mm to
—16.2mm) for placebo groups, respectively. The
adjusted mean difference between the neridro-
nate and the placebo group was —19.12 (95% CI:
—29.3 to —8.97; p=0.0003) (Figure 2a).

A =50% reduction in pain VAS at day 30 was
seen in 27 patients (65.9%, 95% CI. 49.4%—
79.9%) in the neridronate group versus 11 patients
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Table 1. Baseline demographic and clinical characteristics of CRPS-1 patients treated with neridronate or

placebo.
Characteristic Neridronate (n=41) Placebo (n=37) pvalue
General
Female gender 25 (61) 27 (73) 0.77
Age, [years] 59.3£10.2 59.7+£10.5 0.87
Caucasian 40 (97.6) 37 (100) 1
BMI, (kg/m?) 26.7+5.1 26.6+ 4.4 0.93
Disease characteristics
VAS pain score 73.4+125 74.6+11.2 0.66
Time since CRPS-1 diagnosis (weeks) LB8+49 43+55 0.67
Precipitating event
Trauma 22 (53.7) 15 (40.5) 0.24
Fracture 10 (24.4) 10 (27.0) 0.79
Surgery 4(9.8) 8 (21.6) 0.14
Other/unknown 5(12.1) 4(10.8) 0.84
Site
Hand 12 (29.3) 17 (45.9) 0.16
Foot 29 (70.7) 20 (54.1) 0.16
Comorbid diseases
At least 1 concomitant disease 33(80.5) 26 (70.3) 0.43
Concomitant medication
At least 1 concomitant medication 31(75.6) 25 (67.6) 0.59

Data are presented as mean =+ SD for continuous variables and number and % for dichotomous variables.
BMI, body mass index; CRPS-I, complex regional pain syndrome type-1; SD, standard deviation; VAS, visual analogue scale.

in the placebo group (29.7%, 95% CI: 15.9%—
47%), with a treatment difference of 36.1% (95%
CI: 14.01%-55.7%; p=0.0017) (Figure 2b).

Clinical signs and symptoms

The number of patients experiencing edema and
pain evoked by passive motion significantly
decreased in the neridronate group compared
with the placebo group. At day 30, the edema
score fell from a baseline value of 1.93-0.9 in the
neridronate group in comparison with a decrease
from 1.86-1.3 in the placebo group (p=0.03).
Similarly, at day 30, pain on passive motion was

absent in 12 patients (30.0%) in the neridronate
group, and 5 patients (16.7%) in the placebo
group (Figure 3b). At day 30, pain at passive
motion score decreased from a baseline value of
2.17-0.85 in the neridronate group in compari-
son with a decrease from 2.16 to 1.5 in the pla-
cebo group (p=0.009).

A marked improvement was seen for allodynia
and hyperalgesia in the neridronate group com-
pared with placebo. At baseline, allodynia was
detected in 33 (80.5%) patients in the neridro-
nate group and in 33 (89.2%) patients in the pla-
cebo group. At day 30, allodynia was present in 8
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Figure 2. Change in VAS pain score in CRPS-I treated with neridronate or
placebo. (a) Change in mean VAS pain score [mm)] from baseline to day 30

in CRPS-1 patients treated with neridronate or placebo. Absolute mean
differences (delta) between VAS scores for the two groups are shown for 8,
16, and 30days. Data are presented as mean = SD. (b) Proportion of patients
achieving a =50% reduction in pain VAS score from baseline to day 30 in the
neridronate (N=27/41) and placebo (11/37) group. Data are presented as %

and 95% Cls.

p values denote level of statistical significance between groups.
Cl, confidence interval; CRPS-I, complex regional pain syndrome type-1; SD, standard
deviation; VAS, visual analogue scale.

(20%) neridronate-treated patients and in 19
(63.3%) placebo patients, a 43.3% difference
between groups (95% CI: 20.02%-63.1%,
p»=0.0004) (Figure 3c). Hyperalgesia was present
at baseline in all 41 patients in the neridronate
group and in 35 (94.6%) in the placebo group. At
day 30, hyperalgesia was detected in 8 (20%)
patients in the neridronate group and in 17
(56.7%) patients in the placebo group, with a
36.7% difference between groups (95% CI:
12.98%-57.31%, p=0.0023 (Figure 3d).

Short-form 36

Although the majority (7/10) of SF-36 scores for
domains and components improved significantly
to a greater extent from baseline to day 30 in the
neridronate group compared with placebo, the
differences between groups were not statistically
significant. The domain pain and physical com-
ponent scale showed the greatest improvement in
the neridronate group compared with placebo
(Table 2).

McGill Pain Questionnaire Short-Form

Scores for pain measures (sensory, affective, pre-
sent pain intensity, and VAS pain intensity) using
the McGill Pain Short-Form (SF) questionnaire
improved in patients treated with neridronate
compared with placebo after 30days, although
affective components of pain were not statistically
different between the two groups (Figure 4).

Drug compliance and use of rescue medication
The mean number of i.m. injections was
15.6 = 2.2 in the neridronate group and 15.2 = 2.5
in the placebo (p=0.45). Over the entire double-
blind phase of the study, 35 patients (85.4%) in
the neridronate group and 26 (70.3%; p=0.18) in
the placebo group received at least one dose of
rescue medication. The mean cumulative dose
over the entire study period in the neridronate
group was 11.1+12.82g versus 11.0+=12.7g in
the placebo group, p=0.87).

Safety

Neridronate was well tolerated and the safety
results were in line with the known safety profile
of this drug. A total of 114 AEs were reported in
26 patients (63.4%) in the neridronate group and
45 AEs were reported in 17 patients (45.9%) in
the placebo group. AEs judged as treatment-
related (TAEs) were reported in 18 patients
(43.9%) in the neridronate group (74 TAEs) and
in 9 (24.3%) in the placebo group (19 TAEs). No
severe AEs occurred in either group. The most
commonly reported TAEs in the neridronate
group were symptoms of the acute-phase reaction
or were due to local effects at the site of injection.
These events were generally well tolerated by
patients for the entire 16-day treatment phase, as
only one patient in each group discontinued the
study drug due to TAEs. None of the patients in
the neridronate group discontinued the study due
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Figure 3. Change in clinical signs and symptoms in CRPS-| treated with neridronate or placebo. Data are
presented as the proportion of patients presenting with signs/symptoms such as edema, pain on motion,

allodynia, or hyperalgesia. Edema and pain on passive motion are based on a 0-3 rating scale (none, mild,
moderate, severe], while allodynia and hyperalgesia are dichotomous data (present/absent).

p values denote level of statistical significance between groups.

CRPS-I1, complex regional pain syndrome type-1.

to AEs at the injection site. In both treatment
groups, there were no clinically important changes
from baseline to any post-baseline time point in
safety laboratory parameters and in vital signs.

Discussion

The results of this randomized, double-blind,
placebo-controlled study provide evidence that
patients treated with neridronate given i.m. expe-
rienced significant benefits not seen in a control
group treated with sham injections. These results
have been achieved by an intention-to-treat anal-
ysis, irrespective of age, gender, site of disease,
and precipitating event. These findings confirm
and extend our previous study demonstrating
that 400 mg neridronate course is effective in the
treatment of acute CRPS-1, administered both
i.v. and now via i.m. in the present study, with a
closely similar temporal trend in the reduction of
pain and overlapping efficacy profile.® Indeed, by
comparing the results of this study with those

obtained when the same drug amount was admin-
istered in 4 X 100 mg i.v. infusions over 10 days,®
the rate of patients attaining the primary end-
point, i.e., reduction in pain greater than 50%,
was not statistically different (p=0.63). Of note,
all clinical parameters exploring the local signs of
disease gave consistent results.

With regard to QoL measures, three out of four
pain measures significantly improved using the
McGill Pain Questionnaire while results from the
SF-36 questionnaire were less convincing. This
may be due to an earlier evaluation (30days in
the present study versus 40 days for the i.v. study),
as further improvement over time cannot be
excluded.

The almost identical efficacy of i.m. and i.v.
neridronate administration is likely to be true
only if the same dosage of drug is given over a
similar time frame and there is substantial bio-
equivalence between neridronate administered
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Table 2. SF-36: treatment difference estimates from baseline to day 30 in CRPS-1 patients treated with

neridronate or placebo.

Domains Difference between neridronate and placebo
Estimate 95% CI p value
Physical functioning 6.14 -1.92,14.21 0.13
Role limitations due to physical health -4.7 -17.6, 8.2 0.47
Role limitations due to emotional problems -2.95 -18.9, 13 0.71
Energy/fatigue (vitality) -0.016 -6.45, 6.41 0.99
Emotional well-being (mental health) 0.46 -7.1,7.99 0.9
Social functioning -4.05 -13.1,5 0.37
Pain 5.13 -2.8,13 0.19
General health 4.8 -1.58,11.2 0.14
Components
Physical component scale 1.92 -0.4,4.2 0.1
Mental component scale -1.45 -5.2,2.3 0.45

Data are presented as least-square mean estimates with associated 95%Cls.
Cl, confidence interval; CRPS-I, complex regional pain syndrome type-1; SF-36, 36-Item Short Form Health Survey.

i.v. or im. To reach the same total amount of
400mg of the i.v. schedule, the length of treat-
ment had to be slightly prolonged, from 10 to
16days, because the only neridronate formula-
tion available and safely given via i.m. is the 25 mg
ampoule.

It is worth observing that the assessment of
change in pain was carried out 30days from the
start of the study, 10 days before the pain evalua-
tion performed in the i.v. neridronate study, in
which the pain measure was assessed 40 days after
starting therapy. This difference does not neces-
sarily mean a faster effect of the i.m. administra-
tion because, in the i.v. study, no assessment was
performed at 30days. For the present study, we
selected this time frame to accomplish an evalua-
tion on a possible earlier effect, as can be sug-
gested by a significant pain reduction (p=0.043)
observed 10days after starting i.v. treatment
almost attaining statistical significance (p=0.06)
at the day of the last i.m. injection.8

Furthermore, the changes observed in scores for
edema and pain at passive motion were very simi-
lar to those observed in the neridronate i.v. study
in which these improvements further increased
over time.8 We think that the real clinical meaning

of our findings is that a small but significant
improvement has been achieved only 14 days after
the end of the treatment, therefore allowing an
earlier rehabilitation program, when a more pain-
ful disease subsides and physical therapy can be
more effective.

Besides the observed overlap in efficacy of
neridronate regardless of the administration
route, the choice to explore the added value of
i.m. administration has been prompted by the
needs of patients unwilling or unable to be treated
with i.v. administration. The Italian National
Health System requires that i.v. treatment is per-
formed in patients only in a hospital setting, but
without hospitalization. In this regard, sometimes
severely disabled patients may need to go to the
hospital up to four times, necessitating a more
expensive treatment. The i.m. treatment can
instead be administered at home, without the
presence of a medical doctor.

As discussed elsewhere,?! and confirmed by the
results of an animal model study,?? it is conceivable
that many BPs can provide effectiveness for the
treatment of acute CRPS-1 to some extent, as long
as some important requirements are met. Firstly,
patients should be treated as early as possible, when
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Figure 4. Change in McGill Pain Questionnaire items in CRPS-| treated with neridronate or placebo from
baseline to 30days. Data are presented as mean = SD for the following items: sensory, affective, present pain

intensity and VAS.

p values denote level of statistical significance between groups.

CRPS-I, complex regional pain syndrome type-1; PPI, present pain intensity; SD, standard deviation; SF-MPQ, short-form

McGill pain questionnaire; VAS, visual analogue scale.

peripheral pathogenic mechanisms prevail. In a ret-
rospective study on 194 CRPS-1 patients treated
with BPs,?3 disease duration was predictive of
responsiveness to treatment, with a progressive
responder rate loss over time and an estimated
absence of effect after 12-14months from onset of
disease.?* Furthermore, among BPs, the drug used
should have some specific pharmacokinetic and
pharmacodynamic characteristics. The most suita-
ble BP is likely to be a drug with an affinity to
hydroxyapatite crystals that is not too high to avoid
being captured throughout the entire skeleton (e.g.,
zoledronate), but high enough to ensure adequate
uptake at the site of disease as bone scan frequently
shows in the early phase of the disease.?5:26 In this
regard, neridronate shows an affinity profile lower
than that of zoledronate,?” but higher than that of
clodronate or pamidronate,?328 so likely allowing
the appropriate local drug concentration. Moreover,
when high local uptake has been reached, the drug

should exert an inhibitory effect on the local pro-
duction of inflammatory mediators by pro-
apoptotic properties,?® mainly on macrophage
population,3° reducing cytokine levels and counter-
acting pain and clinical signs of the disease.?? Like
all other aminosubstituted BPs, neridronate is able
to exert a good level of activity in inhibiting local
inflammation.3! Finally, the last requirement is to
employ a dosage large enough in a short period of
time to avoid only a partial remission of the symp-
toms achieved when BPs have been used at an
overall dosage that is too low,*7 or administered for
too long.® The same lesson can be learned also by
the failure of some trials on neridronate in CRPS
treatment performed elsewhere. When the drug has
been employed at too low a dosage [ClinicalTrials.
gov identifier: NCT02402530],32 or when the
patients have been inadequately selected because of
too long disease duration [ClinicalTrials.gov iden-
tifier: NCT03560986],3> poor efficacy can be
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expected. In these circumstances, the successful
treatment of CRPS by oral administration would
probably be difficult to achieve.

The safety profile of i.m. neridronate did not
reveal any untoward effects. No serious drug-
related AEs were reported during the study and
no changes in biochemical analyses were found.
As expected, the more frequent AE was an acute-
phase reaction, such as a flu-like syndrome with
polyarthralgia and/or fever never exceeding 38°C.
This side effect disappeared within a few days
after initial injections, without causing any study
discontinuation. However, the similar assumption
of rescue medication in both groups (despite the
significant pain reduction in neridronate-treated
patients) can be attributed to the greater amount
of acetaminophen consumption in patients treated
with neridronate to counteract symptoms of the
acute-phase reaction. In fact, in the first (days
1-8) and second week (days 9-16) of treatment,
65.9% and 73.2% of patients received rescue
medication in the neridronate group compared
with 56.8% and 59.5% in the placebo group,
respectively. More importantly, no difference was
observed in the last 2weeks (day 17—day 30) up to
day 30 in the proportion of patients receiving res-
cue medication (56.1% in neridronate group ver-
sus 54.1% in placebo group), when the primary
outcome measure was assessed.

A further concern could have been local tolerabil-
ity. Patients treated with neridronate showed a
significant greater incidence of site injection pain,
decreasing progressively after 30min. This side
effect has been reported at day 8, but not on the
day of the last injection. No local inflammation
was induced and no patients treated with neridro-
nate left the study due to local injection pain.
With regard to other possible AEs shared by all
BPs, the short treatment length shelters from fear
of osteonecrosis of the jaw and atypical fractures.
Neridronate treatment for CRPS-1 was licensed
in Italy more than 5years ago and, to date, no
case of these AEs have been reported, despite
hundreds of patients being treated.

Limitations

This study has some weaknesses. A limitation
refers to one of the inclusion criteria employed.
The short disease duration does not exclude
patients who spontaneously recover as described
in some reports,3435 although none of the patients

with early CRPS-1 recruited by using the same
diagnostic criteria we employed were healed after
12months.?¢ A further limitation would be the
potential for the study not to be fully blinded due
to the acute phase reaction occurring only in
some neridronate-treated patients. However, out-
come measures included self-administered tools
and, according to study design, investigators who
assessed clinical measures were blinded to possi-
ble side effects reported by patients. Lastly, this
study described the effects of a neridronate course
given i.m. after 30days, so a possible relapsing
disease cannot be excluded.

Conclusion

This study demonstrated a robust, clinically sig-
nificant improvement in patients treated with
neridronate compared with placebo, further con-
firming that this treatment is a helpful therapeutic
strategy in acute CRPS-1, irrespective of the
route of administration. The efficacy of neridro-
nate has been demonstrated when this extremely
painful, disabling, and possibly long-standing dis-
ease is treated at an early stage with an effective
molecule administered at the appropriate dosing
regimen.
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