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pharmacoiogical action by binding to the bone matrix, o ostesbiasts and to ostenciasts, Thay directly
inhibit ostecclast activity, formation and recruitmant, and can cause ostenclast apoptosis. Nitrogren
containing bisphosphonates, such as zoledronic acld, alse inhibit the mevalonate pathway in the
ostesclast thereby interrupting normal ostecclast function {121

Plausibiiity of the grphan condition; rationale for use of the rmedicinal pmduid:

- The sclentific rationale for the use of zoledronic add in the trestment of CRES is as follows:

2} Akey feature of CRPS is patchy ostesporosis and bone marrow edema which are the result of
ostecclast hyperactivity [1-4]. Zoledronic acid is a potent inhibitor of bone resarption and
osteoclast activity {12-13, 31-32}.

by Painis the primary symptorn of CRPS [1-41, Zoledronic acid has been shown to relieve pain !‘1
other disease settings both clinically as well a5 in animat models f14-19].

<) - Zoledronic acid has been used te successfui!y treat CRPS patients in a controlied study and
- case report {21, 221,

CRPS Is associated with lecalized bone resorption and bone marrow edema In the affected fimb which
are the result of osteodlastic hyperactivity. Consequently, investigators have theorized that

kisphosphonates might be beneficial in the treatment of CRPS sinca these compounds inhibit bone
resorption and have analgesic efficacy [20]. As will be discussed beiow, initial clinical reports are
supportive of the potential efficacy of zoledronic acld In the trestment of CRPS {21, 22}

The analgesic efficacy of zoledronic acid has been demonstrated in patients with bone pain associated
with both malignant and non-malignant disorders {14-191. Arimal studies, as reviewsd by Yanow et al.
{187 have demonstrated the antinodiceptive effects of zoledronic acid and other bisphosphonates in
non-bone-related pain. These cinical and preciinical observations support the potential analgesic
adivity of zoledronic acid in CRPS.

The mechanism by which bisphosphonates provide pain reliel in CRPS is unknown but may involve
inhibition of osteodast activity as well as inhibition of prostaglendin £2, protesiytic enzymes, and lactic
acid [7, 19]. Activated ostecdasts produce an acidic micreenvironment in bone thereby activating acsd-
sensing nociceptors, and refease nerve growth factor (NGF) which is also thought to contnbute to
hyperalgesia {19].

Ciinical Experience with Zoledronic Acid in the Treatment of CRPS

Zoledronic acid has been successfully used to treat patients with CRPS as reportad In a controlied
study and case report {21, 221, These reports are summarized ih Table 4

Zaspel et al, tested roledronic acid in 3 prospactive active corttrol study of 24 patients with CRPS [21].
Patients in the treatment group received a 5 my single infusion of zoledronic acid while those i the
control group received methy!predmsoione Patients were followed for.six months, and pain was
measured using the VAS (visual analog pain scale). The zoledronic acid group experienced a 70%
reduction in pain, an effect that was maintained over the entire siemonth observation period.
Furthermore this affect was statistically stgnificant versus control {p<0.001). The control group, in
wontrast, showed only transient pain relief through month 1 versus baseline. No reduction in pain was
seen in the controf at other tme points.
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Triat and Case Report Investigatt

ng the Use of Zoledronic Add for Complex Regionatl Pain

1Y, intravenous; VAS, Visual Analog Pain Scale

Svndrome
Dosage, Patient{s} and |
Study administration | Outcomes follow-up duration Results ;
Zaspel e Smyg IV single VYAS, dystrophic 24 patients {10 70% pain reduction E
al., 2007 infusion symptoms, edema, | zoledronic acid, 14 with zoledronic acid
f21] sudomotor activity methyiprednisclone), lasting 6 months,
: & months statist. signif. versug
control. Tendency
towards improvernent
of dystrophic
sysnptoms. ‘
de Castro Smg IV single Pain, edema 3i~year old patient Total regression of pain ‘
et al,, infusion ' with CRPS-I for 16 and edema with no
2011 {223 years refractory to recurrence for 6
multiple treatments, | months.
6 months

de Castro et al. reported the successful use of zoledronic acid in & 31-year old patient who had
suffered from CRPS for 16 years [22]. This patient presented with severs pain and had falled mustiple
therapeutic interventions including steroids, NSAIDs, arnitriptyline, other antidepressants;
carbarnazapine, other anti-convulsants, sympéthetic_nerve blocks with lidocaine and bupivacaine,

opicids, neuromuscilar blockers,

dexmedetomiding, magnesiura sulfate and chlorpromazine over a°

two-year period. Given the lack of response ko thase measures, the patient was treated with a S mg

infusion of zoledronic acid, The result was total regression of pain and ede

Corroborating the potential for 2o}
several randomized controlied studies using other bisph

feports are summarized in Table 5§,

ma fasting six months.,

edroric acid in this disease setting are the positive results from
sphonates to treat CRPS {23-25]. These

Triai_s Investigating the Use of other Bisphosphonates for Complex Reglonal Pain Syndrome

Patients and
Study Drug studied | Type of stusdy followr-up duration | Results
Manicourt Alendronate RCT, double-blind, 39 patlents (19 drug, | Statist. signif.
et al,, 4ﬁmg oral placebo-cantrolied 20 placebn), 12 ' improvement in
2004 [23] | dally for 8 weeks spontanesys pain,
weaks pressure tolerance, and
Joint mobility,
Robinson Pamidronate RCY, double-biind, 27 {14 drug, 13 Statist, é_ignif.
et al., 80mg IV, one placebo-controlied placebo), 3 months Improvernent in pain
2004 {247 | time score, global
assessment of disease
severity score, and
R phivsical function,
Varenna et | Clodronate RCY, double-biind, 32 patients {15 drug, Statist. signif.
al., 2000 300mg IV for placebo-controlled 17 placebo), 40 days Improvement In pain
{gS] 10 days ' ' score and clinical glebat
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Patients and

S’tudy Brug studied | Type of study follow-up duration | Results ‘ ' |

assessment.

Of all the bisphosphonate compounds avallable chinteaily, zoledronic acid has baen shown to be the
most potent inhibitor of ostecclast-mediated bane resorption [12]. For example, by some In vitro
measures i is approximately 20 times as potent as alendronate {Fesamax} and over 60 times as
potent as panvidronate (Aredia} {12]. This Increased potency has transiated ints more rapid, more
complete and more sustained clinically therapeulic effects than other bisphosphonates {131, Therefore
zoledronic add may potentially provide greater gfficacy, faster onset of action, and less frequent
dosing than other bisphosphonates in the treatment of CRPS.

As a whole, we beliave the signals of efficacy from these reports s:uppart the development of this
polentially promising therapy fora debilitating, d;ﬁacult—t@ ~treat condition with few safe and effective
treatrment options, and for which there is currently no medicinal product authorized in the £.4.

Comment § %

Zoledronic acld (zoledronate) belongs to the dass of bisphosphonates; molecules used for the :
i treatment of osteoporesis and other osteodastic conditions basad on their inhibition of sstesdlastic '
- bone resorption. The sponsor i3 applying for orphan designation of zoledronic acid for oral use, and (as
§ described in sechion 1) is developing zeledronic acid as disodium salt. The sponsor states that
zoledronate is currently availiable as an intravenous formulation only. The company is in the pracess of
completing the initial manufacture of the sodium salt,

™
If’\‘

The sponsor proposes the product for the treatment of CRPS base.on the potentialto treat some of ‘Lhi‘
g 1, clinical features of CRPS, namely patchy osteoporosis and bone marrow oedama. In addition, the

f spensor claims that zoledronic acid has been able to reduce pein associated to different diseases, and
the reduction of pain could be extrapaiated to the progased condition.

The sponsor provides enly 2 citations directly related to the use of intravencus zoledsonic ackd in CRPS,
The first of these references {Zaspel et 81, 2007}, is.a meeling abstract that apparently has not been
-subsequently published as a full paper; As reported in this abstract, 24 patients with CRPS (type I,
early stage) received treatment either with zoledronic acid {10 patients) or methylpredniscione {i4
' patients). The sponsor reports that zoledronic acid seemed to Induce reduction of pain as compared to
methylipradnisolone. However the authors stated also that “over the entire penod compared o the
bisphosphonate, cortisone showed 3 significant {p <0.061) impact on the improvement of dystrophic
symmtom‘; such 25 cedema and sudomotor activity”™. From this study it seems that the product would
be active on pain but not necescarily on sedema. In addition, being the the study reported as a short
communication and not published in a peer-reviewad Journal, it lacks relevant information that would
be necessary for an in-depih assessmant of the results -

oy

The other reference is a single case report publishad in Revtsta Dor {(Brasil), which is a ragional peer-
{\6 ravaew;d pain Journal, The description of the case is lacking details that would be useful for the

{ evaluation of the efficacy of the product, e.q. thera is no mentunmg of any initiating noxious event,
which is 3 typical criterion for CRPS,

Even though there are more relevant references to pubdished studies on other bisphosphonates in

7 1 CRPS, the sponsor provides no spemf‘ ic data or discussion as te whether such data can be extrapoiated
to their product.
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